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Abstract: In 2021, China’s power generation industry took the lead in launching carbon emissions
trading, ushering in a major challenge and opportunity for the sustainable development of power
enterprises. Assessing the sustainable development performance of power enterprises has become
the key to the sustainable financing and development of power enterprises in this new developmental
stage. Based on the integration of the long-term UN Sustainable Development Goals (SDGs) and
the ESG (Environmental, Social, and Governance) evaluation indicators of listed companies, this
paper constructed an index system for the evaluation of the sustainable development of electric
power companies consisting of 75 indicators corresponding to four dimensions: economic, social,
environmental, and governance. Given the vision for the sustainable development of electric power
companies, the assessment thresholds for each indicator were determined by the practical explo-
ration and typical progress assessment of SDGs. Aggregate assessment and dashboard assessment
techniques for the sustainable development of electric power companies were established, and we
conducted a robustness analysis of the evaluation system. The results revealed the following details:
(1) The disclosure of sustainable development indicators of Chinese electricity enterprises was 94.13%,
among which the four dimensions of economy, environment, society, and governance were 99.89%,
82.62%, 94.00%, and 97.71%, respectively. (2) The aggregate sustainable development index for
Chinese power companies was 59.34, and the environment, society, governance, and economic scores
were 62.10, 64.49, 76.79, and 41.37, respectively. (3) Based on the results of the dashboard, investment
in innovation, public welfare, emissions of greenhouse gases, and economic sustainability are the
key factors limiting the achievement of sustainable development. (4) The framework’s robustness
analysis showed that the results of the evaluation of this paper’s indicator framework fell within a
reasonable range of variation using different ranking and weighting systems. Chinese electricity com-
panies should comprehensively control costs and expenses, strengthen capital management, expand
funding channels, focus on enhancing R&D capabilities, enhance their scientific and technological
innovation management systems, and improve their disclosure of information about greenhouse
gas emissions, resource consumption and use, and employee issues to improve the overall level
of sustainable development. The evaluation system developed in this paper further enriches the
evaluation of corporate sustainability performance. This paper explored the application of the SDG
index and dashboard construction methods at the national level to the evaluation of sustainability
at the corporate level, providing a clear picture of corporate performance with respect to various
dimensions, issues, criteria, and indicators.
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1. Introduction

Sustainable development strategies have become one of the key development strate-
gies for all industries and sectors around the world. China set a peak carbon-neutral
target in 2020 (referred to as the double carbon target) and is committed to forming a new
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energy structure by 2030 with a focus on non-fossil energy and natural gas [1]. Under the
double carbon target, China’s power industry, as its main energy-consuming sector, was
the first to be included in the carbon emissions trading target, and the first compliance
cycle for the power generation industry in the national carbon market was also officially
launched in 2021, making the green and low-carbon transformation of the power industry
imperative [2]. As independently operated economic entities, the sustainability level of
power enterprises directly restricts the development level of the entire power industry while
significantly affecting the sustainability of national economic and social development [3].
In the current environment of energy scarcity, enhancing the competitiveness and achieving
the sustainable development of electric power enterprises have become urgent. Therefore,
the sustainable development performance of electric power enterprises is of great concern.
The realization of such sustainable development requires the establishment of a set of
effective evaluation mechanisms in order to assess the sustainable development perfor-
mance of each enterprise and understand and analyze the performance of an enterprise
to facilitate the enterprise’s sustainable development management and provide reference
advice to stakeholders.

As a sustainable development evaluation that takes into account economic, environ-
mental, social, and governance benefits, the ESG framework is an investment philosophy
that pursues long-term value growth and adheres to a corporate governance mindset
focusing on the big picture and a comprehensive approach [4]. The ESG evaluation system
is based on ESG information disclosed by enterprises or provided by third parties and
is based on three perspectives of the environment, social responsibility, and corporate
governance. The ESG evaluation system, serving as a tool for measuring corporate sus-
tainability performance, has received much attention from stakeholders in recent years.
The ESG framework provides tools and methods for integrating governance considerations
into enterprise-level sustainability. As tools and methods, ESG scores provide readily
available data on corporate sustainability performance, and ESG scores, ESG ratings, and
ESG evaluation systems are widely used in the literature to measure the sustainability
performance of firms [5]. Some scholars have directly adopted existing ESG rating systems,
such as those produced by Bloomberg [5] and Morgan Stanley Capital International (MSCI),
into their studies [6].

Directly adopting the ESG evaluation frameworks of rating agencies to measure corpo-
rate sustainable performance is a common practice in current research. However, there are
some problems in this regard, such as interagency ESG evaluation system disagreement [7],
whether the analyzed ESG rating method incorporates sustainability principles into the
evaluation system [8], and instances in which the relationship between ESG and corporate
economic performance has not yet been harmonized [9,10]. The existing ESG frameworks
need to be optimized in order to better measure corporate sustainability performance.
This paper established a sustainable development evaluation system for electric power
enterprises based on the existing ESG evaluation system and drawing on the practical
exploration and typical experiences of the long-term progress assessment of the UN Sustain-
able Development Goals. The evaluation system established in this paper further enriches
the evaluation of enterprises’ sustainable performance. Specifically, the evaluation system
in this paper combines three aspects of ESG with three aspects of sustainability, namely,
environmental, social, and economic, constituting an enterprise sustainability evaluation
system supported by four dimensions: economic, environmental, social, and governance.
This paper also explores the application of the country-level SDG index and dashboard
construction methods to corporate-level sustainability evaluation to clearly demonstrate
corporate performance across dimensions, issues, guidelines, and indicators.

The rest of the paper is structured as follows. Section 2 is a literature review that exam-
ines three related studies on corporate sustainable performance evaluation, the application
and shortcomings of the ESG framework in measuring corporate sustainable performance,
and the integration of ESG and SDGs. Section 3 provides the methodological and theoretical
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foundations of the study. Section 4 shows the results of the study. Section 5 provides a
discussion and analysis of the results and robustness tests. Section 6 concludes the study.

2. Literature Review
2.1. Corporate Sustainability Performance Evaluation

An important extension of the concept of sustainable development is the concept of cor-
porate sustainability. Corporate sustainability is the application of the concept of sustainable
development at the corporate level [11]. Due to the complexity of sustainability, researchers
have proposed theories such as environmental sustainability, eco-efficiency, business ethics,
and the three bottom lines in an attempt to define corporate sustainability, which has
led to the development of different frameworks for corporate sustainability performance
constructed based on various theories. Researchers have developed many methodological
frameworks in order to make corporate sustainability more easily quantifiable [12-14].
Initial sustainability assessments focused on the evaluation of single dimensions of sustain-
ability, such as corporate environmental performance [15,16], as well as corporate social
performance [17]. Measurement frameworks based on the environmental dimension cover
indicators that measure corporate emissions of pollutants, resource use, erosion of biodi-
versity, and climate-warming impacts [18]. The measurement framework for the social
dimension covers indicators for employees, supply chain management, equity, occupational
health, and human rights [19]. In the economic dimension, the measurement framework
measures the profitability, operating capacity, growth capacity, and credit-worthiness of
a business with financial indicators, aiming to maximize wealth [20]. The shortcomings
of one-dimensional measurement frameworks are not limited to their measurement of
only one aspect of corporate sustainability [21]; there are also problems such as a lack
of standardization techniques [16] and a lack of measurement of specific companies or
sectors [22]. Triple performance was proposed to systematically measure the performance
of the three perspectives of sustainability, and many researchers and institutions have
conducted extensive and in-depth research on corporate sustainability based on triple
performance [23]. The first edition of GRI's Sustainability Reporting Guidelines (G1) was pub-
lished by the Global Reporting Initiative and applied triple bottom line theory to provide a
core framework for the measurement of an organization’s economic, environmental, and
social performance [24].

Specifically for the evaluation of sustainability in the power generation sector, Qazi
sought to analyze the impact of reform measures, such as structural transformation, insti-
tutional development, and policy advancement, on the sustainability of Pakistan’s power
sector by using different indicators to measure the developmental performance of Pakistan’s
power generation, transmission, and distribution sectors [3]. Wang applied the material
element extension approach to economic, environmental, technological, and social aspects
to establish a sustainability evaluation framework to assess and analyze the sustainability
of five Chinese power generation industries [25]. Deng constructed a data envelopment
analysis (DEA), hierarchical analysis (AHP), and dynamic evaluation system based on
data envelopment analysis (DEA) to determine the economic sustainability performance
of Chinese nuclear-related enterprises [26]. Gopal assessed the degree of sustainability
and trends in the power sector in India using 11 indicators corresponding to three di-
mensions: economic, environmental, and social [27]. Simone assessed the sustainability
performance of the Brazilian power sector based on the Global Reporting Initiative (GRI)
energy sector indicators by applying the directed distance function (DDF) as specified by
data envelopment analysis (DEA) [28].

2.2. Application of ESG in Corporate Sustainability

The above literature has generally considered three dimensions of sustainable devel-
opment: economic, environmental, and social. In recent years, with the rise of responsible
investment, governance, serving as a new dimension of sustainable development, has
received the attention of many researchers [29,30]. Whether at the sectoral, national, or
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international levels or at the corporate level, governance is key to achieving sustainable
development [31]. The ESG framework provides tools and methods for integrating gov-
ernance factors into sustainable development at the corporate level. ESG scores provide
readily available data on corporate sustainability performance, and ESG scores and ESG
evaluation systems are widely used in the literature to measure corporate sustainabil-
ity performance [5]. Some scholars have directly used existing ESG evaluation systems,
such as those offered by Bloomberg (Bloomberg) [5], Morgan Stanley Capital Interna-
tional (MSCI) [6,32], Thomson Reuters [33,34], and Refinitiv [34], for their studies. Some
researchers have also adopted measurement frameworks similar to international measure-
ment methods, adapting specific indicators in the evaluation framework based on the
research context [35,36].

The ESG framework can analyze and assess the ability of companies to incorporate
environmental, social, and governmental sustainability principles into their policies [37].
However, as more and more companies, NGOs, and other organizations begin to offer
their own views on the composition of indicators and the number of rating and ranking
products continues to expand, several problems have emerged with regard to using the ESG
framework for measuring corporate sustainability performance. First, the differences in the
ESG evaluation frameworks belonging to different organizations cannot be underestimated
because the specific connotations of ESG are not clearly defined. The shortcomings of
evaluation frameworks are reflected in various aspects, such as topic selection, indicator
selection, weight positioning, evaluation methods, and data sources [7,38,39]. The ESG
evaluation frameworks also suffer from problems such as a lack of transparency [40], sub-
stitutability between criteria [41], and failure to meet all stakeholders” expectations [42].
Although the development of the ESG rating system in China occurred later than in Western
and developed countries and the advanced techniques of ESG evaluation abroad can be
utilized, the divergence of ESG rating agencies still exists. Min Liu analyzed the ESG
rating data of Chinese A-share-listed companies based on SynTao Green Finance, Sino-
Securities Index CASVI, WIND ESG, FTSE Russell, and Rankins (six Chinese ESG rating
agencies) and found that the six rating agencies had a low correlation, although quantita-
tive disclosure could reduce the disagreements between the rating systems [43]. The basic
question “which indicators or measures are the best” is not easy to answer, as they still
lack uniform definitions and evaluation criteria [38]. However, the indisputable fact is
that the comprehensive ESG evaluation framework has gained general acceptance. The
second problem in the existing ESG evaluation frameworks is whether ESG evaluation
can determine the true level of corporate sustainable performance. Escrig-Olmedo et al.
divided the sustainability principles in the evaluation into four categories and carried out
a comparative descriptive analysis based on publicly available information. They found
that ESG rating agencies have incorporated the new criteria into their assessment models
but have not fully integrated sustainability principles into their corporate sustainability
assessment process [44]. More studies have analyzed existing sustainability evaluation
frameworks in terms of strong and weak sustainability. Weak sustainability allows for
adaptation to environmental issues without sacrificing economic growth and relinquishing
power and control [8]. Landrum argued that current corporate sustainability and evalua-
tion practices revolve around weak sustainability [45]. This implies that businesses are not
truly sustainable and that the productivity of businesses is not changing in order to meet
human needs [45]. Strong sustainability entails that economic and social relationships are
closely related, but maintaining the economy is equally as important of a sustainability di-
mension as the environment and society [45]. ESG studies consider the economic benefits of
corporate sustainability as an additional result of its environmental, social, and governance
performance [46], failing to view corporate sustainability in terms of the sustainability
economy and, therefore, failing to actually meet the definition of strong sustainability.
Third, ESG evaluation focuses greatly on the non-financial performance of enterprises,
such as the environmental, economic, and social elements, but lacks an evaluation of eco-
nomic aspects [47]. The economic performance of corporate sustainability is considered
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an additional result of its environmental, social, and governance performance, and a sig-
nificant amount of research on ESG in corporate economic performance can be found in
the literature. However, the relationship between ESG and economic performance has not
been uniformly addressed, and various relationships have been found, such as a significant
positive correlations [9,48], negative correlations [10,49], non-significant relationships [8],
and indirect relationships [50]. However, whichever framework is adopted, common prob-
lems, such as a lack of standardization, reliability issues, and structural failures, cannot be
ignored. Establishing a universally accepted framework to measure corporate sustainability
performance is a difficult task because the concept of sustainability encompasses a variety
of complex terms and components from different scientific fields [51]. Therefore, measuring
the true sustainability level of a firm through ESG evaluation requires optimization of the
existing ESG evaluation frameworks.

2.3. ESG Integration with Sustainable Development Goals (SDG)

The use of ESG frameworks to measure corporate sustainability performance would
not be as prevalent as it is today if only governance factors were included in corporate
sustainability evaluations. In 2015, the United Nations (UN) 2030 Agenda for Sustainable
Development identified 17 goals and 169 sub-goals of the Sustainable Development Goals
(SDGs), which not only emphasize the important role of business in the process of achieving
sustainable development [52] but also have far-reaching implications for corporate sus-
tainability evaluation, including the inclusion of many human rights, cultural, and ethical
factors in the assessment of sustainable development [53]. ESG evaluation acts as a tool for
the implementation of the SDGs at the enterprise level and contributes to a better under-
standing of the contribution of organizational commitment to the SDGs. Some studies have
used ESG frameworks to link corporate sustainability to the SDGs and have demonstrated
the feasibility of using the ESG framework to measure corporate sustainability levels based
on measuring corporate contribution to the SDGs through aspects of ESG [54-57]. DeMates
and Phadke first used a mapping approach to map 30 SASB ESG categories to 17 SDGs,
linking corporate sustainability activities to the SDGs [57]. Betti mapped 30 SASB ESG
issues to SDGs and found that some ESG issues were more relevant to SDGs and their goals
than others issues [54]. Similarly, Consolandi mapped SASB ESG questions to SDGs to
examine how healthcare companies contribute to SDG 3 [55]. Khaled mapped/linked SDGs
to Refinitiv ESG scores to contribute to the emerging research on SDGs, helping companies
to identify and prioritize what is most relevant to their sustainable business practices based
on the most relevant SDGs and indicators [56]. In terms of ESG-SDG relationships, the
current research is limited to linking ESG topics to elements of the SDGs. There is a lack
of research on linking the SDG indexes and the method of building the index base for
ESG evaluation.

3. Methods

In this paper, we adopted a corporate sustainability evaluation system based on the
ESG framework and the SDG index calculation method to establish the four dimensions
of economic, environmental, social, and governance, with the aim of assessing the sus-
tainability performance of Chinese power generation companies. We decomposed the
measurement framework into multiple steps for its construction [58]. This section details
the design principles and structure of the framework, the selection of data and samples,
the indicator base and indicator selection processes of the measurement framework, the
calculation of the sustainability index for Chinese power generation enterprises, and the
establishment of the sustainability tool for the power generation industry. The research
ideas are presented in Figure 1.

The sustainability evaluation system in this paper considered the coupling of ESG
evaluation indicators and SDGs based on three aspects: indicator selection, evaluation
method, and evaluation result characterization. In the process of establishing the indicator
database, ESG disclosure criteria and ESG evaluation systems that are supported by the
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Step 1: Framework design
principles and structure

® Bottom-up analysis of the
feasibility of the framework
design in four dimensions:
economic, environmental, sodal,
\ and governance

literature or documents with links to the SDGs were selected. For example, the GRI
document “Linking the SDGs to the GRI Standards” contains a list of existing disclosures
in the GRI standards that map the GRI indicator content to the 17 UN SDGs at the goal
level, thereby helping companies to measure and report their impact and thus contribute
to the achievement of the sustainable development goals [59]. Studies have generally
used mapping methods to link existing ESG frameworks in indicator evaluation systems
(e.g., SASB and Refinitiv evaluation systems) to SDGs, thus contributing to the emerging
research on SDGs and helping companies to identify and prioritize the SDGs and indicators
most relevant to their sustainable business practices [50-53]. During the execution of the
indicator evaluation technique, the indicator evaluation method of the SDGs evaluation
framework was determined with reference to current domestic and international practical
explorations and typical experiences with SDG progress assessment, using the scenario
method to determine indicator thresholds and using equal weights to assign weights to
dimension-, issue-, and criterion-level indicators. With regard to the characterization of
evaluation results, a method consisting of using the SDG index and indicator panel was
applied to the process of sustainable development assessment of Chinese power generation
enterprises, and the sustainable development index and dashboard of Chinese power
generation enterprises were established with reference to the establishment method of SDG
index aggregation and the dashboard, which were used to characterize the sustainable
development level of Chinese power generation enterprises.

Step 4: Indicator Scores, Indexes

. : (Step 3:Indicator Screening and [
Al DT Indicator Evaluation Framework TP

indicator database ® Indicator evaluation methods for the SDG
® Considering the linkage with the ® Compliance indicators are used for the et
SDCs and f\e chara ctgn’stics of the conditional screening of sample companies SDGf:ﬂm to the typical expetience of
et ind the evaluation ind ‘ ® The remaining indicators were screened progress assessment
e esm“;;:—"}"e i according to the principle of sustainable ® Establishing corporate sustainability
> S development and the availability of mms and dashbqards vm.h reference to
fnandal importance and impact L e \ the index aggregation and index panel
importance construction methods of SDGs

Figure 1. Establishment of the indicator framework and the ideas for establishing the sustainable
development index.

3.1. Framework Design Principles and Structure

This section validates the soundness of the proposed framework by conducting a
bottom-up analysis of the relevant economic, environmental, social, and governance dimen-
sions in the context of strong sustainability. The economic dimension is an important aspect
of corporate sustainability, and for for-profit companies, improving financial performance
is important [60]. The previous economic sustainability framework focused on evaluating
the financial costs and benefits of firms, reflecting their long-term profitability and financial
sustainability. In contrast, the sustainable economic framework constructed using key
performance indicators (KPIs), such as return on equity (ROE), return on assets (ROA),
and economic value added (EVA), is only useful for assessing the long-term profitability,
earnings quality, and cash flow of a firm [61]. From the strong sustainability perspective,
wherein economic activities are constrained by environmental limits, corporate economic
sustainability should be linked to the intangible values possessed by environmentally
friendly and socially responsible companies with sound governance policies [62]. There-
fore, a framework for corporate sustainability constructed with consideration of economic,
social, environmental, and governance factors would be reasonable from a sustainability
economy perspective.

Effective environmental sustainability performance, such as reducing pollution and
greenhouse gas emissions, can affect the economic performance of businesses [63]. In terms
of stakeholder factors, excellent performance in environmental sustainability is one of the
dimensions of corporate social performance that leads to greater access to finance and
enhances sustainability value [64]. Ecological performance is a visual representation of an
organization’s framework for environmental management, and good environmental per-
formance reflects well on a firm’s ability to cope with increasing environmental challenges.
For these reasons, the assessment of environmental dimensions is important.
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The relationship between social performance and sustainability performance can be
drawn from stakeholder theory, legitimacy theory, and signaling theory. By fulfilling so-
cial responsibility, a company communicates to the outside world its desire to conform
to the norms and expectations of its stakeholders, thus establishing good relationships
with multiple stakeholder groups that can improve sustainability performance in the long
run by assisting in the development and maintenance of valuable intangible assets [65].
Many studies have found that corporate social responsibility brings benefits to companies
in terms of human resource management, such as increased employee contribution to
a company [66], improved employee retention [67], and an increased sense of organiza-
tional identity among employees [68]. Good corporate social performance also leads to
increased productivity, lower training costs [69], and sustainable competitiveness and
economic performance [70,71]. Social performance is inextricably linked to the economic
performance and sustainability of a firm, and policies, measures, and outcomes under the
social dimension of a firm must be considered in assessing its sustainability performance.

While the importance of the quality of corporate governance strategies and mech-
anisms to the operation and development of a firm is indisputable, a business is led by
its Board of Directors, setting strategic goals for the business’s long-term success and
survival. Effective corporate governance mechanisms ensure the effective implementa-
tion of a firm’s strategy. By implementing internal, goal-oriented corporate governance
mechanisms such as board diversity, board independence, an appropriate board size,
sustainability committees at the board level, CEO roles, ownership concentration, and
disclosure and transparency practices, companies are able to implement goal-oriented sus-
tainability measures [72]. The evaluation of the governance dimension is thus an integral
part of the evaluation of corporate sustainability.

3.2. Indicator Bank and Indicator Selection

Figure 2 shows the creation of the indicator pool and the indicator-screening process,
the latter of which consists of the following components.

Sustainability topics and indicators l Sustainability issues and indicators ]

based on financial significance

based on the importance of impact

|

|

ESG issues and indicators linked to the I GRI issues and indicators linked to the ] \ Featured sustainability topics and

SDGs (SASB and Refinitiv)

SDGs indicators for the power industry

v

Sustainable Development Indicator
Bank for Power Companies

!

v

| Compliance Indicators l

!

Remaining Sustainability Issues and Indicator Selection Principles

|

| Sample Screening l

dodicators ® Sustainability dimensions and
le balance
\ 2 ® Intergenerational Perspective
Sustainable development evaluation index - Sf"k"h"l‘i“ A_PP_“’“h
framework for power companies ® lLife Cycle Thinking

Figure 2. Establishment of the indicator database and indicator selection process.

1.  The GRI guidelines;

2. Indicators mentioned in the literature on the sustainable development performance of
power generation companies [3,17,25-28,47,51,73-77];

3. ESGissues and indicators that link ESG concerns to SDGs.

The selection of indicators is often based on many factors, such as the financial per-
formance of a firm, the relevant level of economic development, and the corresponding
evaluation target model, evaluation time, and social geography [78]. The indicator screen-
ing process performed in this study is as follows: In the first step, we grouped the indicators
into four dimensions, namely, environmental, economic, social, and governance, based on
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the sustainability dimensions measured using the indicators. In the second step, duplicate
indicators were eliminated. In the third step, we filtered out compliance indicators under
the four dimensions, such as “number of administrative penalties imposed on the com-
pany” and “measures to avoid child labor and forced labor”. The framework developed in
this paper aimed to measure the true sustainability level of a company. The compliance
indicators only measure the degree to which a company meets its policy, whereas they
do not show the company’s willingness to improve its true sustainability performance
voluntarily. In this paper, compliance indicators were not included in the sustainability
framework; they were used to exclude firms lacking the will to achieve sustainability. If
a firm did not meet the requirements of the compliance indicators, it was dropped from
the sample. In the fourth step, the remaining indicators were screened with respect to
sustainability. The principle of the sustainability screening of indicators was based on
the conceptual principles of sustainability proposed by Escrig, which, in turn, were based
on seminal references in the field of sustainability [8]. According to the sustainability
dimensions and the principle of balance, in the process of screening indicators, we aimed
to achieve the same number of indicators under each dimension and avoid weighting
one dimension more heavily than the others in order to achieve mutual balance between
the sustainability dimensions. According to the intergenerational principle, the screened
indicators reflected the current performance level of a company and the current impact of
said company’s decisions on its long-term sustainability so as to achieve a balance between
long-term performance and short-term performance. From the stakeholder perspective,
the screened indicators should address the contemporary and future needs of stakeholders
such as employees, product users, shareholders, social citizens, and the government. Life
cycle principles require that companies be economically, environmentally, and socially
responsible in order to achieve sustainability across legal organizational boundaries. In
this regard, indicators should address managing the impact of upstream and downstream
activities, such as supply chain management. In the fifth step, a final screening of the indi-
cator framework was performed based on the availability of indicators. As sustainability
disclosure in China is not yet mature, some indicators face challenges in data collection.
Only when more than 60% of companies have data for the indicator will the indicator be
included in the evaluation system.

In line with the principle of measuring the true sustainability of companies, we did not
impute or model any missing data. We only addressed the following essential indicators.

e  The number of penalties received by enterprises from regulatory authorities for en-
vironmental issues: According to the regulations of the China Securities Regulatory
Commission, for enterprises penalized for environmental issues, the number of penal-
ties received and related information must be disclosed in their annual reports. For
enterprises that did not disclose such information, we assumed that the number of
occurrences of the event was 0.

e  The number of occurrences of major equipment accidents (times): According to the
regulations of the China Securities Regulatory Commission, for enterprises suffering
from major equipment accidents, the number of occurrences and related information
must be reported. For enterprises that did not disclose information on this indicator,
we assumed that the number of major equipment accidents was 0.

e  The number of patents granted per capita (items/person): For enterprises that did
not disclose the annual number of patents granted, we assumed that the number of
patents granted per capita for the year was 0.

It is worth noting that the differences in the types of power generation were taken into
account when constructing the system of sustainability indicators at the environmental
level. Different indicators were selected depending on the type of power generation (ther-
mal and clean energy generation). Under the environmental dimension, there are common
evaluation indicators for both types of power generators and differential indicators. Re-
garding atmospheric pollution, thermal power generation data can be used to measure the
degree and level of protection and emissions reduction of an enterprise according to the air
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pollutants emitted from the units; the lower the emission equivalent, the higher the level of
environmental sustainability. However, new forms of energy generation do not produce
the air pollutants emitted by traditional thermal power generation companies, so we used
the alternative indicator “air pollutant reduction through clean energy”, i.e., the reduction
in air pollutants through clean energy generation compared to thermal power generation
units of the same size (g/kwh). The higher the value of this indicator, the greater the
reduction in emissions and the higher the level of environmental sustainability. In the selec-
tion of indicators, two types of indicators were considered: intensity analysis indicators,
which measure the performance of a company in the current period, and progress analysis
indicators, which measure the change in a company’s performance. The final established

indicator framework is shown in Table 1.

Table 1. Sustainable development indicator framework for power generation enterprises.

Dimensions Topics

Criteria

Indicators

Emission (A1)

Emission intensity (A1.1)

NOx emission intensity (A1.1.1). Soot emission intensity
(A1.1.2). Sulfur dioxide emission intensity (A1.1.3).

Emissions Reduction
Effectiveness (A1.2)

NOx emission intensity reduction rate (A1.2.1). Reduction
rate of soot emission intensity (A1.2.2). Sulfur dioxide
emission intensity reduction rate (A1.2.3).

Resource (A2)

Resource consumption (A1.3)

Electricity consumption rate of power plants (A2.1.1).
Standard coal consumption for electricity supply (A2.1.2).

Resource conservation (A2.1)

Power plant electricity consumption rate reduction rate
(A2.2.1). Reduction rate of standard coal consumption for
electricity supply (A2.2.2). Comprehensive utilization rate
of fly ash (A2.2.3). Comprehensive utilization rate of slag

(A2.2.4).

Environment

Climate
Change (A3)

Green technology (A2.2)

Operating rate of desulfurization facilities (A3.1.1).
Operation rate of denitrification facilities (A3.1.2).

Greenhouse gas emissions and
effectiveness (A3.1)

CO2 reduction through non-fossil energy generation
(A3.2.1). Greenhouse gas emissions reduction growth rate
(A3.2.2). Carbon dioxide emission intensity (A3.2.3).

Green electricity (A3.2)

Standard coal saved through non-fossil energy generation
(A3.3.1). Sulfur dioxide reduction through non-fossil energy
generation (A3.3.2). NOx reduction from over non-fossil
energy generation (A3.3.3).

Environmental
Risks (A4)

Negative information (A4.1)

Number of times punished by relevant regulatory
authorities due to environmental problems (A4.1.1).

Employee
(S1)

Social

Employment stability (S1.1)

Labor-contract-signing rate (S1.1.1). Employee turnover rate

(S1.1.2).

Occupational health and
employee development (51.2)

Employee medical examination rate (S1.2.1). Social
Insurance Coverage (S1.2.2). Number of employee
workplace accidents (51.2.3). Average number of training
sessions for employees (51.2.4).

Equality and diversity (S1.3)

Percentage of ethnic minority employees (S1.3.1).
Percentage of female managers (S1.3.2). Ratio of male to
female employees (51.3.3).

Social (52)

Social contribution (52.1)

Consumption of poverty alleviation funds as a proportion
of operating income (52.1.1).

Safe and efficient production
(52.2)

Number of general equipment accidents (S2.2.1). On-grid
power/generation capacity (52.2.2). Unit cost of electricity
generation (52.2.3). Unit power generation cost reduction
rate (52.2.4). On-grid tariff (S2.2.5). Rate of increase in
electricity on the grid (52.26). Safety hazard correction rate
(52.2.7). Hours of utilization of power generation
equipment (52.2.8).
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Table 1. Cont.

Dimensions Topics Criteria Indicators
Attendance of directors’ representatives in the Board of
Board operation status (G1.1) Directors (G1.1.1). Number of board meetings (G1.1.2).
Di1]'3ecto(1:'ls afnd Director turnover rate (G1.1.3).
Dire(é?érs(zGl) Percentage of independent directors (G1.2.1). Number of
Board composition (G1.2) board of directors members (G1.2.2). Percentage of female
p ) directors (G1.2.3). Independent directors’ remuneration as a
percentage of directors” and supervisors’ salaries (G1.2.4).
Shareholding ratio of the second to tenth largest
] Shareholding structure (G2.1) shareholders to the first largest shareholder (G2.1.1).
Shareholding Shareholding percentage of the largest shareholder (G2.1.2).
structure and M il tion stat
Governance other anageria gpera ton status Frequency of managerial staff changes (G2.2.1).
management (G22)
operations . Percentage of employee supervisors (G2.3.1). Number of
(G2) Sup Crvisory board structure and supervisory board members (2.3.2). Supervisor turnover
operation status (G2.3) rate (G2.3.3)
Stakeholder Information disclosure (G3.1) Compan_y 1qd1cator comp leteness (G3.1.1). Frequency of
Relations updating information on company website (G3.1.2).
(G3) Stakeholder engagement (G3.2) Response rate to stakeholder inquiries (G3.2.1).
Innovative Innovation input and R&D expenses/revenue (G4.1.1). Number of R&D staff as a
Development offec tivenessp(G 4.1) percentage of total company headcount (G41.2). Number of
(G4) ) patents granted per capita (G4.1.3).
Basic earnings per share (B1.1.1). Return on Net Assets
Profitability (B1) (B1.1.2). Return on total assets (B1.1.3). Return on main

business (B1.1.4). Return on power generation business
(B1.1.5)

Total assets turnover ratio (B2.1.1). Current assets turnover
ratio (B2.1.2). Accounts receivable turnover ratio (B2.1.3).

Economy Balance sheet ratio (B3.1.1). Current ratio (B3.1.2). Cash flow
Solvency (B3) ratio (B3.1.3). Equity ratio (B3.1.4).

Operating income growth rate (B4.1.1). Capital
accumulation ratio (B4.1.2). Total assets growth rate (B4.1.3).
Fixed assets growth rate (B4.1.4). Net profit growth rate
(B4.1.5).

Operating capacity (B2)

Development capacity (B4)

3.3. Corporate Sustainability Index Calculation
3.3.1. Determination of Indicator Thresholds

In determining the upper limit of the indicator threshold, the optimal value of the
indicator was determined using the scenario method with reference to the current practical
exploration and typical experiences of domestic and international progress assessment of
SDGs. In determining the lower limit of the indicator, considering that the worst value is
more sensitive to outliers, the worst value after excluding the worst 2.5% of observation
values of power generation industry performance was adopted as the lower limit of the
indicator. The following scenarios were considered in the setting of the optimal values of
the indicators.

e  The optimal value that can be achieved in the enterprise’s achievement of sustainable
development, for example, 100% comprehensive utilization rate of fly ash in thermal
power generation, 100% recycling and reuse rate of water and water extraction, 100%
coverage rate of work-related injury insurance, and a number of occupational health
and safety accidents equal to 0.

e  If the indicators are in line with the international context and the best-performing
enterprises in China are also far behind the international level, the indicator values of
the best-performing international enterprises were used.

e  For all other indicators in the base indicator pool, the average of the data of the three
best-performing enterprises in the observed sample were used.
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3.3.2. Normalization Process

To render the data comparable across indicators, each variable was reclassified from
0-100, with 0 indicating the worst performance (2.5 percentile) and 100 indicating the best
sustainability performance. Therefore, all values above the upper limit were scored 100,
while those below the lower limit were scored 0.

Data processing was performed using a modified deviation normalization method.
After obtaining upper and lower limits for all indicators according to the method for deter-
mining indicator thresholds, the calculation of indicator variables was completed using
Equations (1) and (2), depending on the polarity of the indicator (i.e., positive or negative).

Positive indicators:

/ X — min(x,-)

= max(x;) — min(x;) @

Negative indicators:
L min(x) — % "
max(x;) — min(x;)

where xi denotes the original data of the ith indicator; max (x;) and min (x;) denote the
upper limit (best value) and lower limit (worst value) of the ith indicator, respectively;
and xi’ is the calculated score of the ith indicator. After this calculation process was
completed, all indicators were able to be compared, and a higher score meant a higher level
of sustainability for the enterprise under that indicator dimension. For example, if a city
scores 0.50 on an indicator, it means that the company has achieved 50% of the optimal
value for that indicator under the current framework.

3.3.3. Weight Setting

The weight setting of each indicator will have an important impact on the performance
and relative ranking of enterprises in the Corporate Sustainability Index. Referring to
the weight setting of the SDG index, this paper adopted the same weights for the four
dimensions of economic, social, environmental, and governance, as all four dimensions
were considered equally important for companies to achieve sustainable development.
Equal weights were also adopted for the issue dimension and the criteria dimension.

3.3.4. Aggregate Evaluation
The linear weighting function method was used to calculate the sustainability level

of the topic- and criterion-level indicators in the sustainable development framework
of electric power enterprises, and the corresponding calculation formula is shown in

Equations (3) and (4):
f3(x) =Y wifa(x) 3)

where j is the number of criterion indicators in each topic, and wj is the weight of different
criterion indicators at each level, considering that the importance of criterion level indicators
to topic indicators is equal, so each criterion level indicator was equally weighted, w; = 1/j.

f3(x) =) wix; (4)

where i is the number of indicators contained under a criterion indicator, w; is the weight of
the indicator in the criterion-level indicator, and xi’ is the indicator score, while the formula
for calculating the indicator score is shown in Equations (1) and (2). Dimension scores
(f1(x)) were calculated in the same way as the criteria-level and issue-level indicators.

The composite score of the sustainability level of power enterprises was calculated in

Equation (5).
fx)={/T1A (5)

where 7 is the number of dimensional layer indicators.
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However, note that reserve data are dynamic and change with technology, mining
costs, the discovery of new deposits, etc. Thus, the risk level of minerals will also change.
Furthermore, this study considered only some energy technologies, and no other appli-
cations were considered. The evaluation results can only be regarded as an indication.
Additionally, during risk assessment, the characteristics of extraction and production were
uncertain because the most critical materials are produced as byproducts/coproducts
together with other main materials.

3.4. Power Company Sustainability Dashboard

The purpose of the dashboard was to highlight sustainability dimensions and indica-
tors that require special attention for each company and to help companies identify and act
on sustainability issues as early as possible.

To assess a company’s progress with respect to a given metric, we considered four
bands. The green band was delimited by the maximum achievable value for each variable
(i.e., the upper limit) and the threshold for achieving the SDGs. The three bands from yellow
to orange and red indicated an increasing distance from achieving sustainability. The red
band was bounded at the bottom by the value of the 2.5th percentile of the distribution,
with the same upper and lower limits as the Corporate Sustainability Index.

The dashboard ratings for each criterion were aggregated by estimating the two worst-
performing indicators of the metrics measuring that criterion tier on the evaluation of
the criterion tier. An additional rule was applied, i.e., if a criterion is rated green, the
two worst-performing indicators measuring that criterion must be green; otherwise, the
criterion is rated yellow. Similarly, a red rating was applied to the secondary indicator
only if both of the worst-performing indicators were red. If the available indicators under
the criterion were not disclosed, the dashboard color for the criterion was “gray”. If the
criterion was not applicable to the company being evaluated, the color of the dashboard
was “blue”.

3.5. Data and Samples

First, we set the sample to 52 companies after excluding 9 companies, aside from
power generation companies, from the industry classification “Electricity, Heat Production
and Supply” of the China Securities Regulatory Commission. In the second step, we
screened the sample companies based on compliance indicators, and companies that did
not meet the requirements of the compliance indicators were directly excluded. We believe
that true sustainability is based on compliance, and only by meeting the compliance
indicators requirements can we reflect a company’s autonomous will to achieve sustainable
development. The compliance indicators are shown in Table 2. Finally, we eliminated
companies with an excessive number of missing indicator data, and the final sample
included 50 power generation companies in 2021 (E1-E50).

Table 2. Compliance indicators used to screen the sample of companies.

Dimensionality

Indicators

Environmental

New construction projects for environmental impact assessment and preparation of environmental
impact assessment reports
Establishment of specialized environmental management positions
Corporate environmental management policy /system

Social

Use criteria for screening suppliers
Contingency planning
Measures to avoid child labor and forced labor

Governance

Compensation of directors, supervisors, and senior management; decision-making process and
basis for determination
The listed company and its directors, supervisors, senior management, controlling shareholders for
suspected illegal and non-compliant behavior
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In the sample of this paper, in order to further analyze the impact of enterprise genera-
tion type on sustainable development performance, we classified enterprises into thermal
power generation, clean energy generation, and integrated power generation, according
to generation type. Among them, thermal power generation enterprises refer to those
that only include one or more of the following four types of power generation: coal-fired
power generation, oil-fired power generation, waste-to-energy power generation, and
cogeneration. Clean energy power generation enterprises refer to those that only include
nuclear power generation, hydro power generation, wind power generation, photovoltaic
power generation, and biomass power generation. Integrated power generation enter-
prises refer to those that include both thermal power generation and clean energy power
generation (see Appendix A for sample enterprises, types, and codes). The corporate
sustainability data in this article were obtained from public announcements, information
from the companies’ official websites, and publicly released reports, including ESG reports,
sustainability reports, social responsibility reports, annual and semi-annual company re-
ports, and environmental reports. Official websites included the China Emission Permit
Management Information Platform, Publication China IPR Government Services Platform,
and the official websites of local ecological and environmental bureaus.

4. Results

This section is divided into three parts. The first part introduces indicator disclosures
on sustainability issues. In the second part, the results are presented to reflect the different
perspectives of the different scenarios. In the last part, a correlation analysis and a robust-
ness/sensitivity analysis of the results are carried out, thereby verifying this framework
and its feasibility.

4.1. Sustainable Information Disclosure

The results of the disclosure can be seen in Figure 3, which shows that the companies
had an absolute advantage in disclosing economic indicators, with a disclosure rate of
more than 99%. Only E17 did not disclose an indicator under the economic dimension. The
disclosure of environmental indicators was the least satisfactory, with a total disclosure
rate of only 83%. Only 24 companies disclosed 100% of their environmental indicators,
with the lowest disclosure rate being 41% (E35). Among the environmental dimensions,
“GHG emissions and effectiveness” (A3.2) had the highest number of missing data, and
“environmental risks” (A4) ranked first in terms of data completeness. Following further
research on the indicators, the disclosure statuses of “GHG emission intensity” (A3.2.3)
and “GHG emission reduction growth rate” (A3.2.2) were the most unsatisfactory, with
undisclosed rates of the indicators of 20% and 27%. Regarding the social dimension, the
undisclosed indicators were mainly concentrated on the topic of “employees” (S1). The
missing data rates of “employee turnover rate” (51.1.2), “av-erage training times of em-
ployees” (S1.2.4), and “ratio of male and female employees” (S1.3.3) were the top three,
amounting to 42.3%, 27.0%, and 23.5%, respectively. Indicators under the “social” (S2)
topic had a high level of disclosure (above 80%). In the governance dimension, only two
indicators had a data missing rate of more than 10%: “proportion of employee supervisors”
(G2.3.1:13.5%) and “patent grants per capita” (G4.1.3:28.8%). The disclosure rate of indica-
tors in the economic dimension reached more than 99%. This may be related to the fact that
many economic indicators are already used in traditional financial reporting [18]. Relevant
studies have also shown that the definition of financial performance is clear and that the
indicators are structured (such as return on assets and return on investment), while social
and environmental performance is quite heterogeneous [18].

4.2. Corporate Sustainability Performance

In the evaluation framework of this paper, the governance dimension has the highest
score, the economic dimension has the lowest score and the largest standard deviation, and
the social dimension score has the smallest standard deviation value. Overall, the economic
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performance of Chinese power generation companies in 2021 was not satisfactory and
varied significantly between companies, but the governance performance of Chinese power
generation companies was good.
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Figure 3. Disclosure of enterprise indicators according to dimension.

Table 3 shows that the corporate governance dimension has the highest score, the
economic dimension has the lowest score and the largest standard deviation, and the
social dimension score has the smallest standard deviation value. Overall, the economic
performance of Chinese power generation companies in 2021 was unsatisfactory and varied
greatly between companies, but the governance performance of Chinese power generation
companies was good.

Table 3. Sustainability dimension scores for power generation companies.

Mean Max. Min. Std. Dev.
Epvuron.mental 65.10 85.54 38.30 10.74
Dimension Score
S(?Clal . 64.69 86.04 51.82 8.23
Dimension Score
vaerngnce 76.79 94.08 53.95 9.08
Dimension Score
Economic 4137 8435 6.97 15.02

Dimension Score

Figure 4 provides further analysis at the topic-level. The results of the study showed
that the issues that most power companies value are “environmental risks” (A4), “stake-
holder relations” (G3), and “ Shareholding structure and other management operations”
(G2). Specifically, 22 of the 33 power generation companies regulated by the relevant
authorities have not been penalized by the regulatory authorities for environmental issues.
Half of the power companies have achieved a strong sustainability level in “shareholding
structure and other management operations”, which are highly valued by power compa-
nies. In the “stakeholder relations” issue, although not many companies scored 100 points
(E5, E14, E29: 100 points), the standard deviation for this topic was the smallest among all
topics. This proved that, on average, power generation companies pay more attention to
communication and exchange with their stakeholders. The largest number of companies
scored zero on “innovation and development” (E20, E24, E28, E33, E43, E45, and EC51: 0).
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Figure 4. Companies’ scores at the topic level.

Table 4 shows the overall performance of each criterion. As shown in Table 4, under the
social dimension, the power industry focuses on employment (51.1), employee health and
development (51.2), and safe and efficient production (S2.2). This can be easily explained by
the fact that in the capital-intensive electricity sector, the focus is on the production process
in the enterprise sector. A focus on employees not only leads to higher retention rates [67]
but also increases productivity [69]. At the same time, we found that the performance
of China’s power industry in terms of social contribution (S2.1) is not ideal, which has
been reflected in the insufficient participation and enthusiasm of enterprises in the rural

revitalization plan.

Table 4. Scores for corporate sustainable development at the standard level.

Code

Al.1l 69.32 98.34 0.00 20.66
Al2 54.16 83.73 0.00 21.43
A2.1 64.36 100.00 0.00 29.06
A2.2 47.34 100.00 0.00 24.69
A3.1 92.51 100.00 47.34 16.62
A3.2 65.06 100.00 10.21 29.56
A33 64.67 96.67 32.62 20.66
A4l 85.15 100.00 0.00 30.83
S1.1 89.31 100.00 50.00 13.84
S1.2 82.34 100.00 51.03 11.29
S1.3 46.41 99.81 13.66 19.76
S2.1 11.72 100.00 0.00 22.37
S2.2 72.30 88.41 48.47 7.49
Gl1.1 59.35 87.25 11.46 16.74
G1.2 61.69 87.88 44.21 9.64
G2.1 36.32 100.00 0.00 25.98
G2.2 64.46 100.00 0.00 33.09
G2.3 96.38 100.00 63.16 6.44
G3.1 80.32 100.00 41.67 20.23
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Table 4. Cont.

Code Mean Max. Min. Std. Dev.

G3.2 96.37 100.00 96.00 1.34
G4.1 23.05 85.32 0.00 24.85
B1 45.97 92.58 6.30 21.72
B2 40.82 76.86 5.43 16.12
B3 40.58 84.20 5.43 13.64
B4 32.94 83.76 10.66 13.62

In terms of the environment, the highest-scoring criteria were environmental technol-
ogy (A3.1), as almost all thermal power generation enterprises have installed desulfuriza-
tion and denitrification facilities, and the operation rate of these facilities is maintained
at quite a high level. China’s ultra-low-emission thermal power generation units reached
about 90% of the total units in service 2021. High environmental technology scores seem to
pay off, with power plants averaging over 60 on pollutant emissions (Al.1) and resource
consumption (A2.1). At the same time, however, we note that companies have large stan-
dard deviations in these two areas. The high standard deviation of resource consumption
is due to the high auxiliary power consumption rate and high standard coal consumption
of thermal power generation compared with clean energy power generation. However,
regarding pollutant emissions (A1.1) only applicable to thermal power generation enter-
prises, the scores of enterprises were still very different, which indicated that there is a
large gap between pollutant emission levels and resource utilization levels among power
generation enterprises. At the same time, we observed that although funds have been
invested in the process of unit energy-saving transformation, the progress index scores of
power generation enterprises, such as the “emission reduction effect” (A1.2:54.15 points)
and “resource conservation” (A2.2:47.16), are not ideal. We reviewed the raw data and
found that nearly half of the companies underwent negative growth in their auxiliary
power consumption and coal consumption for power supply.

The type of electricity generation employed is an important factor affecting the level
of sustainable development of power generation enterprises [25]. We examined the sus-
tainability performance of firms with different generation types under each dimension
and found that only environmental sustainability performance was related to a firm’s
generation type. As shown in Figure 5, clean energy power generation enterprises had
the highest total environmental score, while thermal power generation enterprises had the
lowest total environmental score, and integrated power generation enterprises had scores
that were in between.

Chinese electric power companies under the governance dimension perform poorly
with respect to the two topics of equity structure (G2.1) and, especially, innovation devel-
opment (G4.1). To further analyze the causes of the poorer performance in innovation
development (G4.1), we examined the three indicators measuring this criterion, and the
results showed that the scores of patents granted per capita (G4.1.3) were significantly
higher than those of both innovation investment (G4.1.3) and innovation input (G4.1.3).
This result indicates that although the Chinese power industry has made breakthroughs
in key technologies and R&D innovation achievements, the Chinese power industry lacks
investment in technology R&D and the cultivation of innovative talents in the development
process. The Chinese power industry generally performs poorly with respect to the four
criteria for measuring economic sustainability. This has resulted in economic sustainability
being the worst-performing of the four dimensions.

4.3. Corporate Sustainability Index and Dashboard

The results of the enterprise sustainability index show that there is still more room for
improving the sustainability level of Chinese electric power enterprises. Since the composite
index is aggregated based on the geometric mean of the scores of each dimension, lower-
scoring dimensions will have a greater impact on the aggregation result than the index
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aggregated by the arithmetic mean. According to the aggregation rules of the sustainability
index, the sustainability index of Chinese power generation enterprises established in this
paper is shown in Table 5.
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Figure 5. Criteria tier scores of companies according to generation type.
Table 5. Sustainability index of Chinese power generation enterprises.

Code Index Code Index Code Index
El 62.68 E18 44.60 E35 40.49
E2 65.93 E19 65.45 E36 60.85
E3 44.44 E20 60.96 E37 53.63
E4 47.85 E21 51.99 E38 66.94
E5 57.10 E22 69.07 E39 57.59
E6 66.18 E23 47.65 E40 67.15
E7 54.83 E24 4891 E41 60.86
E8 64.92 E25 61.63 E42 60.48
E9 61.73 E26 58.03 E43 63.72
E10 64.33 E27 67.94 E44 45.92
E11 63.68 E28 71.07 E45 54.48
E12 54.11 E29 54.36 E46 75.28
E13 63.75 E30 65.25 E47 59.20
E14 57.82 E31 67.87 E48 58.04
E15 67.82 E32 67.94 E49 57.50
E16 57.68 E33 58.15 E50 65.35

E17 4472 E34 59.28

We have created a sustainability dashboard for Chinese power generation companies
at the criteria level (Figure 6). Please note that the dashboard-building rules are not based
on a simple division of scores but on the methodology mentioned in Section 3.4. The
purpose of the dashboard is to highlight sustainability dimensions and indicators that
require special attention for each company and to help companies identify and act on
sustainability issues as early as possible.
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Figure 6. Criteria-level corporate sustainability scores and dashboards.

5. Discussion

In this section, we first analyze the independence of the selection of evaluation frame-
work topics. Then, we use different weights and ranking schemes to verify the stability of
the evaluation results. Finally, we delve into the causes of the research results.

5.1. Collinearity/Redundancy Analysis

To verify the independence of the framework, we analyzed the articulation (redun-
dancy) of the four dimensions and the issues under each dimension. Tables 6 and 7 show
the pairwise Pearson correlations at the dimension and issue levels, respectively. The results
show that there is no evidence of articulation (defined as >0.9) among the dimensions and
issues, which proved the independence of the issue selection of the evaluation system.
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Table 6. Pairwise Pearson correlation coefficients between dimensions.
Economy Environmental Social Governance
Economy 1
Environmental 0.14 1
Social 0.16 —0.06 1
Governance 0.08 0.06 —0.03 1
Table 7. Pairwise Pearson correlation coefficients between topics.
Al A2 A3 A4 S1 S2 G1 G2 G3 G4 Bl B2 B3 B4
Al 1
A2 0.11 1
A3 —-022 —-043 1
A4 —0.37 055 —0.28 1
S1 —0.12 0.14 0.34 0.58 1
S2 0.43 043 —0.6 0.12 0.19 1
Gl —0.49 0.31 0.13 0.52 052 —0.36 1
G2 —0.12 0.05 —0.07 0.44 048 —0.36 0.48 1
G3 —0.60 0.07 —-0.43 0.01 -0.16 026 —0.33 0.18 1
G4 -014 -036 —-022 -026 —-02 —-028 —041 0.42 0.52 1
Bl —0.33 0.18 0.31 0.60 042 —-0.36 0.72 027 —-033 —-0.57 1
B2 0.17 0.06 0.18 0.41 0.37 —0.30 0.35 0.38 011 -0.21 0.8 1
B3 0.03 —0.16 039 0.236 035 —0.38 0.24 023 -013 027 0.77 0.81 1
B4 —-0.10 —0.09 0.49 0.28 057 —044 0.20 038 —-031 -0.14 0.65 0.73 0.88

5.2. Sensitivity Analysis

To further test the stability of the framework, we compared the difference between the
arithmetic and geometric rankings in the corporate sustainability framework. The results
are shown in Figure 7. The fluctuation between rankings was limited, with only one firm
showing a difference of more than five positions between the arithmetic and geometric
rankings. These differences were due to the nature of the geometric mean, which, unlike
the arithmetic mean, penalizes very low scores on a particular goal.

E46E28E22E82E27EI5E40 E6 E31E38 E2 E19 EB E30E50EI13E43E10E41 EY E11 Bl E25E36E33E42B16 E34E26 E20 BV E47E48E39E14E49E21 E5 E45E87E35E29E12E24 E23E44E17 E4 EA8 E3

Geometric ranking minus arithmetic ranking
Figure 7. Difference between arithmetic and geometric rankings.

Sensitivity testing was also performed to verify the sensitivity of the metrics created
based on different weighting schemes. Monte Carlo (MC) simulations were run to test
the sensitivity of the composite index to different weighting schemes. This technique uses
1000 sets of randomly generated simulated weights to calculate the possible composite
indicator score for each country under different weighting schemes. This is equivalent
to assuming uncertainty as to the most appropriate value for each weight assigned to
construct the composite indicator.

The results are shown in Figure 8. The circles represent the scores assigned in the
report, and the lines represent the range of scores possible using a random combination of
1000 weights. On average, corporate sustainability index scores varied by 13.8 percentage
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points upward and 9.6 percentage points downward. The weight of the goal also changed
the scores and rankings of the businesses. However, no matter which weighting scheme
was adopted, the top 11 enterprises always scored above the industry average, while the
bottom 8 enterprises always scored below the industry average, which proved the stability
of the framework established in this paper.

E46

E22

E32

E27

E15

E31

E6
E38

E2
E19

E&

@ o=
i BEEVE

M~
o=
w

E50
E13
E43
E41
E11
E42
E33
2
E16
E34
E39
E49
E14
E
E21
E45
E37
E35
E29
E12
2
E23
E44
E17
E4
E18
E3

o o~
mog
ik}

E26

E4

wl

Average score Corporate Score

Figure 8. Monte Carlo simulation: Impact of random combinations of weights for each indicator on
the total index score.

5.3. Analysis of Performance Causes

The results on GHG emissions disclosure diverge from those presented in the study
by Eng et al. [74]. In the sample studied in this paper, GHG emissions were identified as
the indicator with the highest rate of missing information, whereas Eng et al. found that
GHG emissions constitute the indicator with the highest rate of disclosure by U.S. power
producers. This is because although China has mandatory requirements for companies to
disclose carbon emissions information, the relevant policies started late. On 16 July 2021,
power generators were mandated to be included in the Chinese carbon emissions trading
system in order to verify information related to the GHG emissions of power generators.
Since the data node used in this paper is the end of 2021, the carbon information disclosure
of enterprises is not satisfactory due to the lag in policy implementation.

The evaluation results show that the top-scoring issues were “Environmental risks”,
“Shareholding structure and other management operations”, and “Stakeholder Relations”.
These phenomena can be explained by legitimacy theory, in which the rise and fall of
enterprises depend on the level of tolerance of their behavior in society, and only socially
beneficial enterprises are allowed to operate. The Chinese government has issued a number
of policy documents to monitor the environmental impacts of key polluters, which can face
fines for negative behavior such as failing environmental impact assessment or exceeding
pollutant emissions standards. This institutional environment has caused China’s power
enterprises to pay particular attention to the environmental risks of enterprises. At the same
time, the China Securities Regulatory Commission has clear regulations for the governance
behavior and structure of listed companies. These rules and regulations constrain corporate
governance behavior. Similarly, Sueyoshi and Goto believe that better regulation of poor
power generators’ output and the implementation of strict policies are important to improve
the performance of power companies [79].

As a response to unsatisfactory environmental sustainability performance, we dis-
tributed the electricity types to analyze the cause of this deficit. The economic losses of coal
and electricity enterprises were mainly due to the periodic imbalance between the supply
and demand of thermal coal in 2021, when the coal price reached an all-time high. Due to
the irrational rise in thermal coal prices, fuel costs have risen sharply, and coal-fired power
enterprises and cogeneration enterprises have continued to suffer substantial losses. For
hydropower enterprises, due to factors such as less precipitation in the main basins in flood
season and the rapid increase in power consumption, hydropower generation has shown
negative growth, and the economic performance of hydropower enterprises is poor. Regard-
ing wind and solar power, the reasons for their poor economic performance are twofold:
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First, the power industry is over capacity. In recent years, the average growth of China’s
electricity demand has slowed, while the installed capacity of electric power in China is
still growing rapidly. The growth rate of power supply capacity is faster than that of power
demand, and the overall power generation capacity of wind power and photovoltaic power
is limited. Second, the existing power operation management mechanism does not meet
the needs of large-scale wind power and solar power grid connection. Most new energy
power plants are concentrated in remote areas such as Xinjiang, Gansu, and Inner Mongolia,
which are rich in wind energy and solar energy resources but lack the presence of a power
load center. The construction speed and scale of power transmission and transformation
channels for transmitting electric energy to domestic-power-load-concentrated areas cannot
keep up with the construction speed and scale of forms of green energy such as wind power.

In the analysis of the sustainable development performance of companies’ different
power generation types, Wang et al. applied the material element extension model to clas-
sify Chinese power enterprises into five categories, namely, thermal power, nuclear power,
hydropower, wind power, and photovoltaic power, and constructed a sustainable devel-
opment evaluation system for Chinese power enterprises consisting of 23 indicators [25].
This article is based on the coupling of the SDGs and ESG indicators and establishes a
sustainable development evaluation framework for China’s power generation industry
consisting of four dimensions and 75 indicators. We compared the environmental sustain-
ability performance of enterprises with Wang’s research and found that although different
methods were used to construct evaluation frameworks, the sustainable development
level of new-energy-based power generation is always higher than that of thermal power
generation. To improve the sustainability of thermal power and narrow the gap with
clean energy, thermal power generation enterprises need to optimize the structures of
their combustion systems and improve their energy utilization rates and CO, capture
technology, desulfurization technology, and denitrification technology in order to reduce
their emission of pollutants.

6. Conclusions

This study constructed a sustainability evaluation framework for the power gener-
ation industry in China based on the SDG index and the dashboard-building method to
evaluate the sustainability level of China’s power generation industry. The main findings
are as follows:

1.  Asustainable development evaluation index system for the power generation industry,
consisting of a dimensional layer, an issue layer, a standard layer, and an indicator
layer, was constructed. In order to comprehensively and systematically evaluate the
sustainable development level of the power generation industry, an evaluation index
system of 75 indicators was constructed with respect to four dimensions: economic,
environmental, governance, and social. Compliance indicators were also used to
eliminate companies that had no will to achieve sustainable development.

2. The status of sustainability disclosure in China’s electric power industry was ana-
lyzed. Overall, Chinese power companies need to improve their environmental, social,
and governance disclosures. At the dimensional level, the environmental dimension
showed the severest lack of information, with a missing rate of 17.38%. The disclosure
of the social dimension was better, but companies should still focus on quantitative
information disclosure related to employee issues (missing rate: 30.93%) and rural
revitalization (missing rate: 24.00%). In terms of corporate governance, enterprises
should strengthen the information disclosure of innovation investment and achieve-
ments; the completeness of indicators under the economic dimension reached over
99%. Regulators can set stricter disclosure regulations to enhance corporate infor-
mation disclosure. Enterprises should increase investor participation and enhance
the degree to which the profound notion of corporate sustainability through high
corporate governance levels is understood in order to promote the improvement of
corporate disclosure.
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3.  Considering the target of the sustainable development of electric power enterprises, a
sustainable development evaluation index and indicator board for China’s electric
power industry were established by drawing on the practical exploration and typical
experience of SDG progress assessment. Economic sustainability is the dimension that
Chinese power enterprises need to pay special attention to. Innovation investment,
resource saving, and social welfare level constrain the overall sustainability level
of China’s electric power industry. In conjunction with the results of this research,
companies have actively disclosed the schemes of their environmental protection
business, increased investment in environmental protection, vigorously promoted
the transformation of low-carbon clean energy, and increased their low-carbon clean
energy share. At the same time, companies should accelerate the modernization of
the governance system and governance capacity and promote the soundness of the
modern enterprise system, the rule of law, and risk control systems.

4. A robustness analysis was conducted on the framework system established in this
paper. Firstly, an independence analysis was conducted for the selection of sustainable
development topics, and the results showed that there was no significant correlation
between the dimensions of the framework established in this paper and the topics.
Second, the sensitivity of the framework was verified. Through running Monte Carlo
(MC) simulations to assign different weighting schemes to the indicators, the results
showed that the evaluation framework established in this study had good stability.

5. Although this framework used 75 indicators in four dimensions, namely, environ-
mental, social, governance, and economic, some of the more important indicators
for sustainable development were not selected due to the availability of indicators,
such as water use and conservation, wastewater discharge, land use and conservation,
other energy (e.g., oil) consumption indicators, carbon emission identification and
measurement, green office indicators, species diversity conservation, etc. A more
comprehensive evaluation of corporate sustainability would be based on a deeper
understanding of sustainability and the more comprehensive disclosure of sustain-
ability information. This paper only analyzed the sustainability performance in 2021;
sustainability performance in previous years was not studied, and a future trend
analysis could be conducted on sustainability performance in recent years.

Author Contributions: Data curation, R.D. and Z.L.; formal analysis, S.X.; investigation, R.D. and
C.S.; supervision, C.S.; writing—original draft, R.D.; writing—review and editing, C.S. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was supported by the National key research and development program (NO.
2022YFC3802902) and the National Natural Science Foundation of China (SDGs Localized Assessment
Technology Methodology and Application) (No. 42071292), The authors appreciate the insightful and
constructive comments of each reviewer.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data used to support the findings of this study will be made
available by the corresponding authors upon request.

Acknowledgments: The authors would like to thank the anonymous reviewers and the editor for
their constructive comments and suggestions for this paper.

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



Sustainability 2023, 15, 8960

23 of 26

Appendix A

Sample enterprises, types, and codes.

Table Al. Sample enterprises, types, and codes.

Company Name

Power Generation Type

Company Code

GUANGDONG BAOLIHUA NEW ENERGY STOCK CO., LTD.
SICHUAN CHUANTOU ENERGY CO., LTD.
DALIAN THERMAL POWER CO., LTD.
DATANGINTERNATIONALPOWERGENERATIONCO., LTD.
FUJIAN FUNENG CO., LTD.

GEPIC ENERGY DEVELOPMENT CO., LTD.
JIANGXI GANNENG CO., LTD.

SICHUAN GUANGAN AAAPUBLIC CO., LTD.
GUANGZHOU DEVELOPMENT GROUP INCORPORATED.
GUANGXI GUIDONG ELECTRIC POWER CO., LTD.
GUANGXI GUIGUAN ELECTRIC POWER CO., LTD.

GD POWER DEVELOPMENT CO., LTD.

SDIC POWER HOLDINGS CO., LTD.

HUBEI ENERGY GROUP CO.,, LTD.

HUNAN DEVELOPMENT GROUP CO., LTD.
HUADIAN POWER INTERNATIONAL CORPORATION LIMITED.
HUADIAN ENERGY COMPANY LIMITED.
HUANENG POWER INTERNATIONAL, INC.

JILIN ELECTRIC POWER CO., LTD.
NINGXIAJIAZE RENEWABLES CORPORATION LIMITED.
JOINTO ENERGY INVESTMENT CO., LTD. HEBEIL
CECEP WIND-POWER CORPORATION.
SHENYANG JINSHAN ENERGY CO., LTD
BEIJING JINGNENG POWER CO., LTD.
LUENMEIQUANTUMCO.,, LTD.
GUANGDONG MEIYANJIXIANG HYDROPOWER CO., LTD.
FUJIAN MINDONG ELECTRIC POWER LIMITED COM.
SICHUAN MINGXING ELECTRIC POWER CO., LTD.

INNER MONGOLIA MENGDIAN HUANENG THERMAL POWER.

NINGBO ENERGY GROUP CO., LTD.

GUIZHOU QIANYUAN POWER CO,, LTD.
CHONGQING THREE GORGES WATER CONSERVANCY AND
ELECTRIC POWER CO., LTD.

SHANGHAI ELECTRIC POWER CO., LTD.
GUANGDONG SHAONENG GROUP CO., LTD.
SHENZHEN NANSHAN POWER CO., LTD.
SHENZHEN ENERGY GROUP CO,, LTD.
GUANGZHOU HENGYUN ENTERPRISES HOLDING LTD.
CECEP SOLAR ENERGY CO., LTD.

XINJIANG TIANFU ENERGY CO., LTD.

TOP ENERGY COMPANY LTD. SHANXI.

AN HUI WENERGY COMPANY LIMITED.
SICHUAN XICHANG ELECTRIC POWER CO., LTD.
NING XIA YIN XING ENERGY CO.LTD.

HENAN YUNENG HOLDINGS CO., LTD.
GUANGDONG ELECTRIC POWER DEVELOPMENT CO., LTD.
CHINA YANGTZE POWER CO., LTD.

CHN ENERGY CHANGYUAN ELECTRIC POWER CO., LTD.
ZHEJIANG ZHENENG ELECTRIC POWER CO., LTD.
CHINA NATIONAL NUCLEAR POWER CO., LTD.
ZHONGMIN ENERGY CO., LTD.

Integrated power generation
Clean energy generation
Thermal power generation
Integrated power generation
Integrated power generation
Clean energy generation
Integrated power generation
Clean energy generation
Integrated power generation
Integrated power generation
Integrated power generation
Integrated power generation
Integrated power generation
Integrated power generation
Clean energy generation
Integrated power generation
Thermal power generation
Integrated power generation
Integrated power generation
Clean energy generation
Thermal power generation
Clean energy generation
Integrated power generation
Thermal power generation
Thermal power generation
Clean energy generation
Clean energy generation
Clean energy generation
Integrated power generation
Integrated power generation
Clean energy generation

Clean energy generation

Integrated power generation
Integrated power generation
Thermal power generation
Integrated power generation
Thermal power generation
Clean energy generation
Integrated power generation
Thermal power generation
Thermal power generation
Clean energy generation
Clean energy generation
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Integrated power generation
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