
Singapore Management University Singapore Management University 

Institutional Knowledge at Singapore Management University Institutional Knowledge at Singapore Management University 

Research Collection School Of Computing and 
Information Systems School of Computing and Information Systems 

8-2018 

ESG and corporate financial performance: Empirical evidence ESG and corporate financial performance: Empirical evidence 

from China's listed power generation companies from China's listed power generation companies 

Changhong ZHAO 
North China Electric Power University 

Yu GUO 

Jiahai YUAN 

Mengya WU 

Daiyu LI 

See next page for additional authors 

Follow this and additional works at: https://ink.library.smu.edu.sg/sis_research 

 Part of the Asian Studies Commons, Databases and Information Systems Commons, Environmental 

Sciences Commons, and the Finance and Financial Management Commons 

Citation Citation 
ZHAO, Changhong; GUO, Yu; YUAN, Jiahai; WU, Mengya; LI, Daiyu; ZHOU, Yiou; and KANG, Jiangang. ESG 
and corporate financial performance: Empirical evidence from China's listed power generation 
companies. (2018). Sustainability. 10, (8), 1-18. 
Available at:Available at: https://ink.library.smu.edu.sg/sis_research/7237 

This Journal Article is brought to you for free and open access by the School of Computing and Information 
Systems at Institutional Knowledge at Singapore Management University. It has been accepted for inclusion in 
Research Collection School Of Computing and Information Systems by an authorized administrator of Institutional 
Knowledge at Singapore Management University. For more information, please email cherylds@smu.edu.sg. 

https://ink.library.smu.edu.sg/
https://ink.library.smu.edu.sg/sis_research
https://ink.library.smu.edu.sg/sis_research
https://ink.library.smu.edu.sg/sis
https://ink.library.smu.edu.sg/sis_research?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F7237&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/361?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F7237&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/145?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F7237&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/167?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F7237&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/167?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F7237&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/631?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F7237&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:cherylds@smu.edu.sg


Author Author 
Changhong ZHAO, Yu GUO, Jiahai YUAN, Mengya WU, Daiyu LI, Yiou ZHOU, and Jiangang KANG 

This journal article is available at Institutional Knowledge at Singapore Management University: 
https://ink.library.smu.edu.sg/sis_research/7237 

https://ink.library.smu.edu.sg/sis_research/7237


sustainability

Article

ESG and Corporate Financial Performance: Empirical
Evidence from China’s Listed Power
Generation Companies

Changhong Zhao 1, Yu Guo 1, Jiahai Yuan 1,2,* ID , Mengya Wu 1, Daiyu Li 1, Yiou Zhou 3 and
Jiangang Kang 3

1 School of Economics and Management, North China Electric Power University, Beijing 102206, China;
zchh21@126.com (C.Z.); 17600078711@163.com (Y.G.); 18810183461@163.com (M.W.);
17801153006@163.com (D.L.)

2 Beijing Key Laboratory of New Energy and Low-Carbon Development, North China Electric Power
University, Beijing 102206, China

3 School of Foreign Languages, North China Electric Power University, Beijing 102206, China;
50802207@ncepu.edu.cn (Y.Z.); 50800366@ncepu.edu.cn (J.K.)

* Correspondence: yuanjiahai@ncepu.edu.cn or yuanjh126@126.com or 50601511@ncepu.edu.cn;
Tel.: +86-10-61773099

Received: 21 June 2018; Accepted: 23 July 2018; Published: 25 July 2018
����������
�������

Abstract: Nowadays, listed companies around the world are shifting from short-term goals of
maximizing profits to long-term sustainable environmental, social, and governance (ESG) goals.
People have come to realize that ESG has become an important source of the corporate risk and
may affect the company’s financial performance and profitability. Recent research shows that good
ESG performance could improve the financial performance in some countries. Yet, the question
of “how does ESG affect financial performance” has not been thoroughly discussed and studied
in China. In this article, we study China’s listed power generation groups to explore the relationship
between ESG performance and financial indicators in the energy power market based on the panel
regression model. The results show that good ESG performance can indeed improve financial
performance, which has significant meanings for investors, company management, decisionmakers,
and industry regulators.

Keywords: ESG; financial indicators; panel regression model; power generation; China

1. Introduction

Environmental, social, and governance (ESG) refers to the environmental, social, and corporate
governance performance that is considered in corporate decision-making. ESG information disclosure
refers to the legal system in which the issuer of securities releases the company’s environmental, social,
governance, and financial management information in a comprehensive, timely, and accurate manner
for the market to have a rational judgement for the value of the investment in order to safeguard
the legitimate rights and interests of the shareholders or creditors. Since 1992, the United Nations
Environmental Programme Financial Initiative (UNEP FI) has been advocating for financial institutions
to integrate ESG factors into the decision-making process. Since then, ESG has gradually become one
of the three main dimensions for the international community to measure the ability of the sustainable
development of economic entities.

The need for ESG research in China’s energy power market is urgent at present. In the next
decade, China’s carbon dioxide emissions will continue to increase, and the pressure for emission
reductions will continue to increase [1]. As investment in coal-fired power continues to rise, operating
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efficiency will continue to deteriorate [2]. As a result, development will continue in most provinces
in China in 2020. Yields are lower than the national average, and there are even negative values,
which are destructive to the development of the entire industry [3]. China has begun to take action in
this area. The “Integrated Reform Plan for Promoting Ecological Progress” released by the CPC Central
Committee and State Council at the end of 2015 declares that “A mechanism will be established for
the mandatory release of environmental protection information by listed companies” in the capital
market, following the “13th five-year plan”, which pointed out that it is necessary to move the
industry towards the mid- to high-end level and raise the “eco-friendly development” concept to
a strategic goal. In the energy sector, the primary policy is to “adjust inventory, make incremental
improvements and actively resolve excess capacity”. The formulation of these policies and regulations
means that the traditional energy industry can no longer take the old path of “the extensive style of
economic growth”. Because the large power generation groups in China are affecting China’s energy
trends, the orientation of its development then would be the key to determining whether they could
achieve those macro goals. This forced China’s power generation groups to rethink their strategic
approach and adjust their profit model. Moreover, how to achieve sustainable development while
maintaining profits has become a problem that has to be faced.

At the international or regional level, according to the Schroeder investment survey results,
emerging market investors place more emphasis on the concept of ESG investment than do investors in
developed countries. Global investment in ESG-related companies has increased from 17 trillion dollars
to 28 trillion dollars [4] from 2012 to 2014. Thus, it can be seen that the concept of ESG investment
has become one of the hot spots in the world. In addition, the importance of ESG disclosure has been
recognized by more and more regulatory agencies, exchanges, and investors. Many stock exchanges in
the world have launched listed company ESG disclosure requirements or guidelines in countries, such
as the United Kingdom, Brazil, Canada, India, Malaysia, Norway, South Africa, Sri Lanka, Thailand,
Germany, the Philippines, Poland, Singapore, Turkey, and so on [5]. On 21 December 2015, the Hong
Kong Stock Exchange (HKSE) amended the “Guidelines for ESG Reporting” and added the “Comply
or Explain” clause. This clause requires listed companies to disclose specific ESG information or
explain the reason why this information is not disclosed.

With the continuous progress of China’s “One Belt and One Road” initiative and the continuous
deepening of international energy cooperation, the construction of the ESG system will help China’s
energy companies gain more international recognition and facilitate their “going global” strategy.
For China, ESG is still a relatively new concept. China’s ESG construction started late. A considerable
number of listed companies have only started issuing ESG special disclosures in recent years, but there
are still many listed companies that have adopted the production of ESG disclosure as a future plan
and that have not really implemented it to date. Due to the weak awareness of corporate managers
and the lack of supervision by the supervisors, their development is also slow. At present, there are
few studies on the relationship between ESG and financial performance and the construction and
rating of China’s ESG evaluation index system. The construction and rating of the ESG evaluation
index system for China’s power industry and its relationship with ESG and financial performance are
rare. The inquiry is almost nonexistent.

The textual structure of this paper is explained as follows: The Introduction in Section 1 discusses
the background of ESG research and emphasizes the urgency and importance of studying ESG in
large-scale power generation listed companies in China. In Section 2, a literature review is presented
regarding the disclosure of corporate social responsibility information and the research results of
ESG in China and abroad. Section 3 is about the research objectives of this research. In Section 4, the
methodology, the construction, and evaluation process of the ESG evaluation system is explained,
and the panel regression model is explained too. The empirical analysis is carried out at the end
of Section. Finally, in Section 5, we discuss our conclusions and make policy suggestions according to
the significance of the conclusions.
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2. Literature Review

Experts and scholars around the world have produced relevant research and discussion on
the disclosure of corporate social responsibility information. Braametal [6] noted that “legality” in
corporate social responsibility disclosure is an important consideration for companies in choosing to
disclose social responsibility information and also emphasized the role of the regulatory agencies by
exploring the relationship between the level and nature of voluntary corporate environmental reporting
(CER) practices, multiple corporate environmental performance metrics, and external assurance.
The quality of social responsibility information disclosure depends on many aspects. First, the regulator
as a supervisor can play an important role in disclosure. For example, a series of mandatory directives
issued by the European Union (EU) has played an important role in standardizing the information
disclosure of the domestic enterprises of the EU member states [7]. Secondly, the position of corporate
managers in the disclosure of social responsibility information cannot be ignored. Fontana et al. [8]
examined the documentation of listed firms and pointed out that in many cases, the lack of disclosure
information is caused by the lack of relevant awareness of business managers. Grigoris Giannarakis [9]
used the least-squares dummy variable model (LSDV) to examine the influence of plausible variables
on the ESG disclosure score and its sub-categories and then pointed out that we should pay attention
to the disclosure of information and, according to the industry, have a corresponding focus, which
provides a basis for us to establish an ESG evaluation system for Chinese power companies. The size
of the company [10] and the diversity of the Board of Directors [11] will also affect the quality of
the information disclosure of the enterprise to some extent. For investors, the impact of information
disclosure depends on the value of information disclosure [12].

Although, the development in the global ESG research field is still at an early stage, both domestic
and foreign academics have achieved significant progress. In the research field of ESG valuation
and regional studies, Achima et al. analyzed 65 selected companies listed on the Bucharest Stock
Exchange (BSE) in Romania between 2011 and 2012. The research team found that the listed companies
in Romania score higher in environmental and social aspects than in corporate governance [13].
Auer et al. [14] analyzed companies’ ESG performance and investor relations in the Asia-Pacific
region, the United States (US), and Europe and found that in the Asia-Pacific region and the United
States, investors can obtain relatively good returns by investing based on ESG performance, while
in Europe this strategy tends to be less effective. Sassen et al. [15] studied the correlation between
ESG performance and the systematic, specific, and total risks of 8752 listed companies in Europe
between 2002 and 2014. The results show that the improvement of environmental performance
significantly reduces the company’s risk, while governance performance has no significant influence
on the three aforementioned types of risks. Rose et al. [16] analyzed the relationship between the
financial performance of Danish companies and corporate governance and found a positive correlation.
Sanches Garcia et al. [17] analyzed the relationship between ESG and financial performance in a total
of 365 listed companies in sensitive industries in BRICS (Brazil, Russia, India, China, and South Africa)
in the Thomson Reuters EikonTM database between 2010 and 2012. Panel data analysis shows that
these listed companies in sensitive industries have a better performance in environmental governance,
and the correlation between systematic risk and ESG performance of these companies shows an
inverted U curve; that is, there is a maximum ESG performance. Chelawat et al. [18] used panel
regression to study the correlation between the ESG performance and the financial performance of
listed companies in India. Regression results show that companies with good ESG performance can
improve financial performance.

Except for the correlation between ESG and the company-related factors mentioned above, experts
and scholars have also studied the correlation between ESG and other factors. Duuren et al. [19]
found that traditional managers are already considering incorporating ESG evaluation reports into
investment due diligence processes, and financial analysts in the market emphasize that corporate
governance has a positive effect on a company’s long-term financial performance and return on equity.
Al-Tuwaijri et al. [20] comprehensively analyzed environmental information disclosure, environmental
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performance, and economic performance and concluded that good economic performance is positively
correlated with good environmental performance. In addition to the environment, social performance
also helps the financial stability of a company [21]. Fatemi et al. [22] studied the impact of ESG on
a company’s valuation and discussed the impact of ESG disclosure. The research found that the
environmental score was positively correlated with the corporate valuation, and lower scores in the
social and governance sectors were correlated with lower valuation of the company, while a higher
score had little effect on the valuation of the company. Capelle-Blancard et al. [23] analyzed 33,000
published ESG-related news articles from 2002 to 2010 in Covalence EthicalQuote and found that the
market value of companies facing critical events dropped by 0.1%, while positive events had little
impact on the company’s market value. Crifo et al. [24] studied the correlation between additional
financial aspects of ESG factors and the sovereign bond market. Using panel data of 23 Organization for
Economic Co-operation and Development (OECD) countries between 2007 and 2012, the paper shows
that good ESG performance reduces government bond yield spread. In addition, corporate social
responsibility also helps management to predict corporate financial income levels more accurately [25].
Through the above references, in general, enterprise ESG has a certain degree of influence on corporate
financial-related indicators, which leads to the first hypothesis of our research as follows:

Hypothesis 1. The environmental, social, and corporate governance of large-scale listed power generation
companies in China will have a certain degree of impact on corporate financial performance.

For the relevant research on ESG in China, in terms of disclosure and content, Lee et al. [26]
adopted data from manufacturing companies listed on the Shanghai and Shenzhen stock exchanges
from 2008 to 2012 and found that the state subsidy is a determining factor for a company to decide
whether to disclose ESG-related data or not. Dong et al. [27] started with mining companies listed
in both stock exchanges mentioned above and emphasized the key role of industry oversight in
controlling the quality of corporate responsibility; moreover, returning overseas talents will also
help develop Chinese companies’ ESG [28].On the correlation between financial performance and
social responsibility, Yin et al. [29] analyzed non-financial A-share listed companies that issued social
responsibility reports in 2009 and 2010 and found that current corporate social responsibility has
a significant positive impact on the financial performance of the current period. Zhang et al. [30],
using system GMM method and empirical analysis of the interaction span effect between corporate
social responsibility and financial performance on A-share listed companies in the Shanghai stock
exchange from 2007 to 2011, showed that social responsibility from the previous period has a significant
positive impact on financial performance on the current period, and current financial performance has
a significant positive influence on current social responsibilities. However, Yang [31] and Dou et al. [32]
found that the corporate social responsibility of listed companies has no positive effect on financial
performance. Through the abovementioned ESG-related references for Chinese companies, combined
with the research results of other countries in the world, it can be seen that ESG can have a positive
impact on the financial performance of enterprises. Therefore, we assume the following here:

Hypothesis 2. The environmental, social, and corporate governance of large-scale listed power generation
companies in China can contribute to the improvement of corporate financial performance.

This study discusses the criteria and particularity of the ESG-related index in the power generation
industry, combs out a series of ESG important indexes, constructs an ESG evaluation system of China’s
large power generation listed companies, and further explores the relationship to financial performance
through a sample company’s ESG performance level. This provides a reference for the ESG evaluation
system of other industries in China and makes up for the vacancy of ESG and financial performance in
China’s electric power industry, which has a certain value in the academic field.
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3. Research Objectives

The ESG evaluation system, which is suitable for China’s own electric power group enterprises, is
constructed by reference to international research and the actual situation in China. The performance
level of ESG is determined by the comprehensive evaluation method, and the panel regression method
is used to reveal the relationship between the ESG performance and the financial performance of
China’s listed power generation corporations, which guides the government, enterprises, and investors
to pay attention to the performance of ESG and enables regulators to introduce relevant policies and
regulations to help decision makers make relevant investment choices. The objectives of this study
are also to promote China’s rapid integration with large international exchanges, lay the foundation
for the opening up of financial markets, develop corporate social responsibility standards, gain more
international recognition, and reduce barriers to “going out”.

4. Methodology

4.1. Evaluation Methods and Data Sources

4.1.1. Explanation of Evaluation Indicators

A sample description and the establishment of an evaluation indicator system are as follows:
Table 1 shows the groups and subordinate companies in the sample. The sample includes China’s
five major power generation groups, and all sample companies account for more than half of China’s
total installed capacity, so they are representative. Based on the pressure-state-response (PSR) concept
model proposed jointly by the OECD and the UNEP from the perspective of coordination between
the various business activities of the power generation group and social development [33], building a
comprehensive ESG evaluation index system requires a comprehensive ESG assessment of the listed
power generation groups at the goal level, the “stress”, “state”, and “response” at the rule level, and
a number of specific evaluation indicators that can reflect the ESG performance of the listed power
generation groups at the index level. Taking China Resources Power Holdings Company Limited as
an example, the construction of an indicator evaluation system is shown in Table 2.

Table 1. The Groups and Subordinate Companies in the Sample.

Group Company

China Datang Group

Datang International Power Generation Co., Ltd.
Datang Huayin Electric Power Co., Ltd.

China Datang Corporation Renewable Power Co., Ltd.
Guangxi Guiguan Electric Power Co., Ltd.

State Power Investment Group

Jilin Electric Power Co., Ltd.
Shanghai Electric Power Co., Ltd.

China Power International Development Co., Ltd.
China Power International New Energy Holding Co., Ltd.

China Huadian Group Huadian Power International Co., Ltd.
Huadian Fuxin Energy Co., Ltd.

China Huaneng Group

Huaneng Power International Co., Ltd.
Huaneng Renewables Co., Ltd.

Inner Mongolia Mengdian Huaneng Thermal Power Co., Ltd.
Shandong Xinneng Taishan Power Generation Co., Ltd.

China Resources Group China Resources Power Holdings Co., Ltd.

China Shenhua Group China Shenhua Energy Co., Ltd.

China Guodian Group
Guodian Power Development Co., Ltd.
Guodian Changyuan Electric Co., Ltd.

China Longyuan Power Group Co., Ltd.

State Development and Investment Group SDIC Power Holdings Co., Ltd.
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The determination of the standard value of the indicators is as follows: After the evaluation
of the listed power generation company’s ESG, the actual values need to be compared with their
standard values before they can be normalized or standardized. The actual values refer to the social
responsibility reports disclosed by the power generation group companies in the year or the ESG report.
The determination of the standard values of each indicator by referring to internationally recognized
values and world averages, by consulting the experts in the field, or by adopting the average values of
the indicators of each power generation group company during the research period. Taking China
Resources Power Holdings Company Limited as an example, the distribution results of the indicator
weights are shown in Table 2.

The determination of index weights is as follows: According to the relevant references and
experts’ recommendations, the environment (E) has a significant impact on the financial performance
of power companies. The investment in environmental aspects of power companies not only involves
the surrounding environmental protection but also includes the improvement of the emission reduction
performance of their own equipment and the transformation investment. With the improvement of
relevant environmental laws and regulations and the strengthening of law enforcement, violations
of power companies in this area will also affect the financial performance of enterprises. Social (S)
indicators are mostly related to the enterprise system, which will directly affect the efficiency of
enterprises, thus affecting financial performance. The impact of the corporate governance (G)-related
indicators on the company’s financial performance has no significant environmental and social impacts,
and the disclosure of information on corporate governance is limited, which limits the selection
and governance of the indicators to some extent. To obtain the financial impact, therefore, of the
environmental, social, and governance aspects, we will divide the weight by 6:3:1. In the weight
ratio of the secondary and tertiary indicators, due to the wide coverage of various indicators, there
is a lack of consensus in the opinions regarding weights allocation and relevant references, so this
paper uses a combination of analytic hierarchy process (AHP) and ESG research literature to obtain
index weights. It provides simple decision-making ideas for complex decision-making problems
with multiple objectives, multiple criteria, or no-structure characteristics and can effectively analyze
qualitative and quantitative indicators to analyze problems. Taking China Resources Power Holdings
Company Limited as an example, the distribution results of the indicator weights are shown in Table 3.

The construction of a comprehensive measurement model is as follows: ESG evaluation
indicators have a wide range and are complex and diverse. There are both positive and negative
indicators and both quantitative and qualitative indicators. In order to unify various indicators with
different meanings that are not comparable, it is necessary to non-dimensionalize various indicators.
This paper uses the following non-dimensionalized model to calculate the sustainability index of
each evaluation index. In the case of China Resources Power Holdings Company Limited, the
non-dimensionalized results of the indicators are shown in Table 3.

4.1.2. Method of Data Processing

(1) Standardization

Positive indicator:

p(xi) =

{
1 xi ≥ yi

xi/yi xi < yi
i = 1, 2, . . . , m (1)

Negative indicator:

p(xi) =

{
1 xi ≤ yi

yi/xi yi < xi
i = 1, 2, . . . , m (2)

where xi is the actual value of the ith index; yi is the standard value of the evaluation index; and
p(xi) is the sustainability index of the evaluation index.
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(2) Comprehensive evaluation

The comprehensive evaluation index formula of the weighted summation is as follows:

E =
m

∑
i = 1

wi p(xi) (3)

where E is the sustainability comprehensive evaluation index; Wi is the weight corresponding to
each factor; and p(xi) is the sustainability index of the evaluation index.

Table 2. The Construction of the Index Evaluation System from China Resources Power Holdings
Company Limited in 2016.

Criteria Level Index Level Unit Directionality Actual Value Standard Value

E

EP

Emission rate of nitrogen oxide g/kWh negative 0.2 0.35
Emission rate of sulfur dioxide g/kWh negative 0.13 0.39
Emission rate of carbon dioxide g/kWh negative 856.31 822

Emission rate of smoke g/kWh negative 0.02 0.08
Emission rate of waste water g/kWh negative 24.79 50.75

Number of environmental safety accidents case negative 3 0

ES

Power supply standard coal consumption g/kWh negative 305 312
Power plant power consumption rate % negative 5.75 5

Yuan industrial added of water
consumption ton negative 371.56 52.8

Yuan industrial added of energy
consumption Mtce negative 12.67 6.8

ER

Total investment in environmental
protection as % of revenue % positive 3 1.48

Investment in technology improvement of
energy conservation accounted for

operating revenue
% positive 3 3.3

Ash utilization rate % positive 97.39 90
Proportion of installed capacity of clean

energy operation equity % positive 14.15 33

Installation rate of desulfurization
facilities for coal-fired thermal power unit % positive 100 93.6

Installation rate of denitration facilities for
coal-fired thermal power unit % positive 100 85.8

S

SP

Major equipment accident case negative 0 0
General equipment accident case negative 0 4.8

Casualty accident case negative 3 1.9412
Unplanned outage set negative 20 2.125

SS

Proportion of female employee % positive 16.88 43.1
Proportion of employee with disabilities % positive 0.03 1.15
Proportion of security engineers as % of

security management personnel % positive 10.92 15

Proportion of licensed security
management personnel % positive 5.45 3

Average annual paid holidays per
employee day positive 8 11

SR

Rate of social insurance % positive 100 100
Annual training rate of employees % positive 82 100

Annual rate of health check % positive 100 100
Charity donations as % of revenue % positive 0.17 0.19

G

GS

Number of nomination committee
meeting per year time positive 2 1.6

Number of remuneration committee
meeting per year time positive 1 1

Audit committee time positive 3 3.2
Board meetings per year time positive 5 6.6

GR

Annual training time of company
secretary hour positive 15 15

Attendance rate of the nomination
committee % positive 50 100

Attendance rate of the valuation and risk
committee % positive 58.5 100

Attendance rate of board meeting % positive 64.6 100
Attendance rate of remuneration

committee % positive 66.7 100
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Table 3. China Resources Power Holdings Company Limited 2016 Index Evaluation.

Rule Level Index Level Weight Score Score Score Score

E

EP

Emission rate of nitrogen oxide 0.207 0.207

0.354407

0.414055

0.811185

Emission rate of sulfur dioxide 0.232 0.232
Emission rate of carbon dioxide 0.21 0.201586

Emission rate of smoke 0.154 0.154
Emission rate of waste water 0.143 0.143

Number of environmental safety accidents 0.054 0

ES

Power supply standard coal consumption 0.28 0.28

0.173712
Power plant power consumption rate 0.22 0.191304

Yuan industrial added of water consumption 0.25 0.035526
Yuan industrial added of energy consumption 0.25 0.134175

ER

Total investment in environmental protection
as % of revenue 0.188 0.188

0.29999
Investment in technology improvement of

energy conservation accounted for operating
revenue

0.21 0.190909

Ash utilization rate 0.081 0.081
Proportion of installed capacity of clean

energy operation equity 0.221 0.094762

Installation rate of desulfurization facilities for
coal-fired thermal power unit 0.15 0.15

Installation rate of denitration facilities for
coal-fired thermal power unit 0.15 0.15

S

SP

Major equipment accident 0.278 0.278

0.21963

0.311456

General equipment accident 0.238 0.238
Casualty accident 0.3 0.194118
Unplanned outage 0.184 0.01955

SS

Proportion of female employee 0.172 0.067363

0.171325
Proportion of employee with disabilities 0.182 0.004748
Proportion of security engineers as % of

security management personnel 0.229 0.166712

Proportion of licensed security management
personnel 0.272 0.272

Average annual paid holidays per employee 0.145 0.105455

SR

Rate of social insurance 0.221 0.221

0.387684
Annual training rate of employees 0.249 0.20418

Annual rate of health check 0.204 0.204
Charity donations as % of revenue 0.326 0.291684

G

GS

Number of nomination committee meeting
per year 0.2 0.2

0.699957

0.085674

Number of remuneration committee meeting
per year 0.2 0.2

Audit committee 0.2 0.1875
Board meetings per year 0.4 0.30303

GR

Annual training time of company secretary 0.1 0.1

0.156787
Attendance rate of the nomination committee 0.1 0.05

Attendance rate of the valuation and risk
committee 0.3 0.1755

Attendance rate of board meeting 0.4 0.2584
Attendance rate of remuneration committee 0.1 0.066667

Generally speaking, as part of the report, the listed companies’ corporate and social responsibility
(CSR) reports or environmental, social, and governance report will list economic performance
individually. This provides us with a method of selecting financial performance indicators that
are comparable to those of ESG. The disclosed economic performance indicators include return on
invested capital (ROIC), return on capital employed (ROCE), return on equity (ROE), return on asset
(ROA), return on net assets (RONA), and so on. This article will measure the financial performance of
a company based on accounting indicators—we choose ROCE as a financial performance indicator.
The ROCE indicators of each corporate group in this article are sourced from the CSMAR.

4.2. Panel Regression Model

The main tools applied for data analysis are as follows:
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The Levin–Lin–Chu (LLC) test—also known as the unit root test—was proposed by Levin, Lin,
and Chu. This test checks the stationarity of the data and avoids spurious correlation to ensure the
validity of the regression. It examines the existence of unit root in the panel data and is carried out
before the regression.

The co-integration test was carried out to test whether there is a stable long-term correlation
among the variables in the model. Under the circumstances, those independent variables and the
dependent variables are on the same order in the unit root test.

Panel data here is a panel data set that contains both cross-sectional and time series data. Strictly
speaking, it refers to a series of individuals (such as residents, countries, companies, etc.) that is
continuously observed data obtained during a time frame.

Panel data could well solve the problem of the missing variables. The omitted variable bias
is a common problem. Missing variables are often caused by unsolvable individual differences or
“heterogeneity”. If this individual difference is “time-invariant”, the panel data, therefore, provides a
tool to solve for missing variables. Because the panel data has both the cross-sectional and the time
series dimensions, to some extent, it can solve the problem that cannot be solved by cross-section data
or time series data separately; in addition, due to the cross-section dimension and the time dimension,
the sample size of the panel data is usually larger. This can improve the accuracy of the evaluation.

There are three main methods for modeling panel data: fixed effect regression model (Fe); random
effect regression model (Re), and mixed regression model (Me). The equation of the panel data
regression model can be written as follows:

Yit = α + β1Xit + uit (4)

where Yit is the dependent variable, i and t respectively represent the dimension of the section and the
time dimension, Xit represents the observed dependent variable of the i-th dimension in the t-th time
period, the uit is the error term, the α is a scalar constant, and the β is the regression coefficient vector.

Fixed effect model (Fe)—for a particular individual i, it means that the factors that do not change
with time, such as individual consumption habits, state social system, regional characteristics, gender,
etc., we generally call it “individual effect”. If the “individual effect” is treated as a fixed factor that
does not change over time, the corresponding model is called the “fixed effect” model. The fixed effect
regression model is:

Yit = β1X1,it + β2X2,it + . . . + βkXk ,it + αi + uit (5)

where i = 1, 2, ..., n; t = 1, 2, ..., T; X1 indicates the value of the first regression variable for individual i
in period t; and X2 indicates the value of the second regression variable, and so on. α1, α2, . . . , αn are
the intercepts for a particular individual.

The intercept of the random effect model (Re) is different from that of the fixed effect model. In
the fixed effect model, αi is used as an explanatory variable to indicate the individual effect of the
model. In the random effect model, the random error term is divided into two parts, one part is the
error term αi that does not change with time, and the other part is the error term uit that changes with
time as follows:

Yit = β1Xit + νit (6)

where,
νit = αi + uit (7)

The fixed effect model eliminates variables that do not change with time by using group
dispersion method. This ensures the unbiasedness of the model, yet the model cannot estimate
the impact of variables that do not change with time. This can be implemented in the random
effect model.
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The Hausman test is one of the tools to judge whether to select a fixed effect model or a random
effect model for panel data. If Cov(αi,Xit) = 0, Re is more efficient. If Cov(αi,Xit) 6= 0, Re is biased. In
other words, if the null hypothesis, Cov(αi,Xit) = 0, is true, then the random effect model should be
adopted, and if the null hypothesis is not true, then the fixed effect model should be adopted.

The White test is a common method for testing heteroskedasticity. This test method does not need
to make any assumptions about the nature of the heteroskedasticity.

The model is as follows:

Yi = β0 + β1X1i + β2X2i + . . . + βkXki + µi (8)

if,
Var(µi) = σi

2 . (9)

Namely, for different sample points, the variances of the error terms are not constant, and they
are different from each other; therefore, it is assumed that there is heteroskedasticity in the model.
The heteroskedasticity will invalidate the model prediction.

If there is heteroskedasticity in the model, then new estimation models need to be used. The most
common method is the weighted least-squares (WLS) method. The weighted least-squares method
weights the original model to correct for heteroskedasticity in the new model and then uses an ordinary
least-squares method to estimate its parameters.

4.3. Variables Explanation

The variables for analyzing are described below:
Return on capital employed (ROCE) is the ratio of earnings before interest and tax (EBIT) to

the total capital employed by the company. It is one of the more commonly used indicators to
measure corporate financial performance. ROCE eliminates the interference of tax rates in measuring
corporate financial performance so that the horizontal comparisons between different companies
can be conducted more equitably. As a dependent variable in the regression model, it is used as a
financial performance indicator based on accounting indicators to assess the impact of ESG factors on
financial performance.

Environmental, social, and governance performance of the company was used as an independent
variable of the regression model to study its impact on financial performance. ESG performance
builds index evaluation framework through the PSR-AHP index classification method and weight
distribution, and they are all obtained nondimensionalized. The actual number of each listed company
comes from the social responsibility report or environmental, social, and governance report disclosed
each year.

The debt-to-equity ratio (D/E) reflects the company’s capital structure and the company’s default
risk dimension. It is considered to be one of the key factors in the company’s financial performance.
Because the debt-to-equity ratio of a company with good financial performance remains within a
reasonable level, it is usually negatively correlated with financial performance. It is used as a control
variable in the regression model in this study.

Size is another important factor in corporate financial performance. It can be measured in terms
of assets or total sales. In the paper, the logarithm of total assets (Log TA) is used to represent the size
of the company, which is used as a controllable variable in the regression model.

4.4. Empirical Analysis

In order to assess the impact of corporate ESG performance on financial performance, this paper
uses ROCE to estimate regression models and measure corporate financial performance. The panel
data for the study are from 20 large listed power generation companies in China, each of which
includes observations for 10 years. Because many entities in the dataset have missing values and do
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not have the same number of observations, the dataset is unbalanced. The panel data must first be
tested before proceeding to the panel regression analysis.

4.4.1. Tests for Data

Before the panel regression analysis, the Levin–Lin–Chu method is used to test the stationarity
of the test data. The results of the LLC test are listed in Table 4. The results show that the null
hypothesis of the presentation unit root can be rejected. Therefore, the dataset can be considered as
stationary. Table 5 shows the co-integration test results. The p-value is less than the corresponding
significance level, indicating that the variables are co-integrated. Table 6 lists the correlation matrix that
contains all the variables. Because the correlations among the independent variables are not significant,
we do not have to consider the problem of multicollinearity. However, using only the correlation
matrix, the relationship between the company’s financial performance and the regression variables
cannot be explained. Therefore, we must return to the panel regression results in order to explore the
relationship between them.

Table 4. Test Results of the Stationarity of the Panel Data.

Levin–Lin–Chu(LLC) Test ROCE ESG DE Log TA

-Test statistic −8.85858 −5.6903 −14.1276 −32.1545
-Probability 0.0000 0.0000 0.0000 0.0000

Table 5. Test Results of Co-Integration.

t-Statistic Prob.

ADF 1.984964 0.0236

Table 6. Correlation Matrix.

ROCE ESG DE Log TA

ROCE 1 0.121801 −0.38527 0.317982
ESG 1 0.109448 0.200122
DE 1 −0.23922
Log TA 1

This article uses the Hausman test to determine whether to use a fixed effect model or a random
effect model. The null hypothesis of Hausman’s test assumes that the generalized least-squares
(GLS) estimation is consistent, which means that the random effect model should be preferred.
The alternative hypothesis assumes that the GLS estimation is inconsistent, so the fixed effect model
is a more suitable model. Table 7 shows the Hausman test results for the dependent variable ROCE
regression model. The Hausman test results show that in those two models, the p-value is not
significant at the 5% level. Therefore, the null hypothesis cannot be rejected, which means that the
random effect model is the preferred model.

Table 7. Test Results of the Hausman Test.

Dependent Variable Test Summary Chi-Square Statistic df p-Value

ROCE Random effects test 2.693694 3 0.4413

4.4.2. Panel Data Regression in the Random Effect Model

Table 8 shows the results of the panel regression of the random effects model for the dependent
variable ROCE. The estimated coefficients, t-statistics, and p-values can be seen in the table. In this
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paper, we applied heteroskedasticity tests on the regression results and drew a scatter plot. It is shown
that the scatter plot of the residual square term e2 against the explanatory variable ESG is mainly
distributed at the bottom of Figure 1, which describes a marginal trend that residual square term e2

increases with the change of the ESG. Therefore, the model is likely to have heteroskedasticity, but
whether or not heteroskedasticity does exist remains to be proven in further tests.

Table 8. Panel Regression of the Random Effects Model for the Dependent Variable ROCE.

Coefficient Std. Error t-Ratio p-Value

Constant −0.013727 0.044578 −0.30793 0.7585
ESG 0.028063 0.048343 0.580494 0.5623
DE −0.009102 0.00194 −4.692117 0.0000 ***
Log TA 0.029737 0.008878 3.349515 0.0010 ***
Mean-dependent variable 0.018648 S.D.-dependent variable 0.0284
Sum squared residual 0.127595 S.E. of regression 0.0264
R-squared 0.146328 Durbin–Watson statistic 1.2364
Adjusted R-squared 0.132334 F-statistic 10.4561

*** p value < 0.01.
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4.4.3. White Test

In this paper, the White test is carried out separately in the cases with cross product items
and no cross product items. Table 9 shows that in the case with cross product items, the White’s
statistic is nR2 = 187 × 0.241625 = 45.18, according to the χ2 distribution at a 5% significance
level, and the critical value of the χ2 distribution with a degree of freedom of 5 is χ2

0.05 = 11.07.
Because nR2 = 45.18 > χ2

0.05 = 11.07, the null hypothesis of homoskedasticity is rejected, indicating
that heteroskedasticity exists. Under the condition with no cross product items (Table 10), White’s
statistic is nR2 = 187 × 0.105907 = 19.8, under the 5% significance level, and the null hypothesis of
homoskedasticity is still rejected, indicating that the model does have heteroskedasticity. In order to
correct for heteroskedasticity, the WLS model is used in this study (Table 11). In this model, the weight
of each value of the independent variables is inversely proportional to the error variance.

In order to achieve a better goodness of fit of the model, the difference between the predictions
and the observations (i.e., the standard error) must be controlled within a reasonable range of values.
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It is generally believed that the smaller the standard error values, the closer the observations to
the regression line, which means that the prediction is more accurate. A good model should have
a significant and large F-statistic (the F-statistic is at least greater than 1). The R2 indicates the
degree of explanatory value of the independent variable by the dependent variable, and the individual
coefficients show the degree to which all the independent variables can explain the dependent variables.
From the model output, it can be seen that the standard error after regression using WLS is small
(0.000674), the F statistic is large and significant (11609.11), and R2 indicates that the independent
variables can explain 99% of the changes of the dependent variable. In addition, the output shows
that the standard error based on the original data is 0.089621; meanwhile, the standard error based
on the WLS model is reduced to 0.000674. The decrease of the standard error indicates a significant
improvement in the goodness of fit.

With impacts of other predictor values remaining the same, the individual coefficient values show
how much each independent variable contributes to the dependent variables. Combining coefficient
columns with p-values, we can see that the ESG coefficient is positive and is significant. The Log TA
coefficient is negative, it contributes more to financial performance than does the DE coefficient, and
the negative effect of the DE coefficient on the model is small. The abovementioned correlation between
the independent variable and the dependent variable can be explained by the following equation:

ROCEit = −0.3361 + (0.9295)ESGit + (−0.0904)LogTA + (−0.0287)DE + uit (10)

Table 9. White Test with Cross Product Items.

Variable Coefficient Std.Error t-Statistic Prob.

C 0.041836 0.021826 1.916819 0.0569 *
ESGˆ2 −0.01248 0.032052 −0.389371 0.6975
ESG*(Log TA) 0.011888 0.005661 2.100065 0.0371 **
ESG*DE 0.001339 0.001654 0.809387 0.4194
ESG −0.017365 0.05014 −0.346326 0.7295
(Log TA)ˆ2 0.000966 0.000673 1.434881 0.1531
(Log TA)*DE 0.000631 0.000228 2.765141 0.0063 ***
Log TA −0.018081 0.005071 −3.565827 0.0005 ***
DEˆ2 0.000153 5.16 × 10−5 2.973528 0.0034 ***
DE −0.004243 0.001449 −2.92754 0.0039 ***
R-squared 0.241625 Mean-dependent variable 0.001326
Adjusted R-squared 0.203063 S.D.-dependent variable 0.002411
S.E. of regression 0.002152 Akaike information criterion −9.39274
Sum squared residual 0.00082 Schwarz criterion −9.21996
Log-likelihood 888.2216 Hannan–Quinn criterion −9.32273
F-statistic 6.265963 Durbin–Watson statistic 2.208507
Prob(F-statistic) 0.000000

* p value < 0.1, ** p value < 0.05, *** p value < 0.01.

Table 10. White Test with No Cross Product Items.

Variable Coefficient Std.Error t-Statistic Prob.

C 0.003699 0.001198 3.086659 0.0023 ***
ESGˆ2 0.000119 0.001736 0.068704 0.9453
(Log TA)ˆ2 −0.000247 6.38 × 10−5 −3.863267 0.0002 ***
DEˆ2 −0.0000497 1.49 × 10−5 −3.341188 0.001 ***
R-squared 0.105907 Mean-dependent variable 0.001326
Adjusted R-squared 0.09125 S.D.-dependent variable 0.002411
S.E. of regression 0.002298 Akaike information criterion −9.29228
Sum squared residual 0.000966 Schwarz criterion −9.22317
Log-likelihood 872.8285 Hannan–Quinn criterion −9.26428
F-statistic 7.22555 Durbin–Watson statistic 1.896084
Prob(F-statistic) 0.000131

*** p value < 0.01.
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Table 11. Weighted Least-Squares (WLS) Regression for ROCE.

Coefficient Std. Error t-Statistic Prob.

Constant −0.336124 0.02757 −12.19145 <0.00001 ***
ESG 0.929534 0.049735 18.68962 <0.00001 ***
Log TA −0.090359 0.003082 −29.31395 <0.00001 ***
DE −0.028742 0.001356 −21.19234 <0.00001 ***
Statistics based on the weighted data
R-squared 0.994773 Mean-dependent variable 0.005959
Adjusted R-squared 0.994687 S.D.-dependent variable 0.058067
S.E. of regression 0.000674 Akaike info criterion −11.74503
Sum squared residual 8.32 × 10−5 Schwarz criterion −11.67592
Log-likelihood 1102.161 Hannan–Quinn criterion −11.71703
F-statistic 11609.11 Durbin–Watson statistic 2.024415
Prob(F-statistic) 0.000000 Weighted mean dep. 0.057482
Statistics based on the original data
Mean-dependent variable 0.063281 S.D.-dependent variable 0.041216
Sum squared residual 1.469843 S.E. of regression 0.089621

*** p value < 0.01.

From Table 12, we can see that the White’s statistic is nR2 = 187 × 0.030183 = 5.644, which is less
than the critical value of χ2

0.05 = 12.59, under the 5% significance level and with the corresponding
degree of freedom of 6, which does not reject the null hypothesis of homoskedasticity. Therefore, this
model is very suitable for this group of panel data.

Table 12. White Test after WLS.

Coefficient Std. Error t-Statistic Prob.

Constant 4.04 × 10−7 2.54 × 10−7 1.59011 0.1135 *
ESGˆ2*WGTˆ2 0.001754 0.000742 2.365297 0.0191 **
(Log TA)ˆ2*WGTˆ2 −3.55 × 10−5 1.50 × 10−5 −2.367057 0.019 **
DEˆ2*WGTˆ2 −9.50 × 10−6 4.00 × 10−6 −2.372869 0.0187 **
WGTˆ2 −0.000686 0.000293 −2.342019 0.0203 **
Mean-dependent variable 4.45 × 10−7 S.D.-dependent variable 3.45 × 10−6

Sum squared residual 2.14 × 10−9 S.E. of regression 3.43 × 10−6

R-squared 0.030183 Durbin–Watson statistic 2.071845
Adjusted R-squared 0.008868 F-statistic 1.416062

* p value < 0.1, ** p value < 0.05.

5. Research Conclusions and Policy Implications

5.1. Research Conclusions and Academic Contribution

The conclusions of the study confirm the two aforementioned hypotheses that the ESG
performance of large listed power generation companies has an impact on financial performance
and that the impact is positive. The results of the equations above are basically in accordance with the
research conducted by Chelawat et al. [18] on India. Regardless of whether in China or India, ESG
performance contributes positively to financial performance. The reason why China is more prominent
than India may be related to China’s earlier realization of the importance of ESG construction.
In addition, the supervisory standards and enforcement of the supervisory authority will also affect
the contribution of the two countries’ ESG indicators. From the perspective of developed countries,
Sidhoum et al. [34] used the copula method to explore the correlation between the ESG performance of
the US electric power company and its financial performance. The results are inconsistent with the
conclusions of this study. All of the above suggests that strengthening the construction of corporate
social responsibility standards will have a long-term and outstanding contribution to a company’s
financial performance. As for the influence of the scale of the electrical power group on financial
performance, Li et al. [35] explored the economies of scale of fire-powered electric power plants in
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China from 2003 to 2010 based on China’s actual condition using panel data and a translog cost model
and found that the power generation plants’ economies of scale reduce with the increase of the scale
of the power plants. The minimum efficient scale (MES) of power plants are declining year by year.
While the research scope of this paper is from 2007 to 2016, according to the results of Li et al., it can
be predicted that the economies of scale will further reduce. This conclusion is also consistent with
the results of this article. From an international perspective, Angel et al. [36] studied the economies
of scale for Spanish power generation companies and found that the economies of scale for Spanish
power generation companies, which are supposed to be more developed than China’s, did not exist
anymore at the end of the last century. The economic boost basically relies on the improvement of
management and technical aspects.

With respect to academic value, this research creates a new ESG comprehensive evaluation system
based on China’s large power generation listed companies, which provides important references for the
disclosure of social responsibility information and the guidance of supervisors in the power industry.
In the evaluation method, we extend the traditional qualitative description of social responsibility to
more intuitive quantitative analysis. The conclusion of the study on scoring has laid a foundation for
other related studies in the future. In addition, the study compensates for the gap between China’s
ESG and financial performance correlation analysis and confirms the important contributions of ESG
to the financial performance measurement index—ROCE. Thus, improving ESG can improve the
corresponding financial performance, and excellent ESG performance can achieve excellence in the
power generation industry. The financial results of this study have also produced good insights for
emerging economies, such as that of China.

5.2. Conclusions and Implications

The research results in this article show that under the current market conditions, China’s large
listed power generation group can improve their financial performance through good ESG performance.
This can be confirmed by the financial performance indicator—ROCE. The results of this study
have practical implications for investors, company management, and decisionmakers, as well as
industry regulators.

This article will enable investors to pay more attention to the company’s ESG performance when
making investment decisions. For example, investors can determine a company’s enterprise value
and risk and select companies with investment potential by interpreting the company’s ESG report;
meanwhile, companies will also focus on ESG improvement through the urging of their investors.
Taking the US S&P 500 index as an example, from 2011 to 2015, the number of companies that
released responsibility reports has increased from 20% to 81% [37]. The sharp increases in corporate
sustainability disclosures have come from major customers’ requests for such information disclosure.

For a company’s management and decisionmakers, it is necessary to shift the focus from profit
maximizing to corporate social responsibility in order to achieve a long-term profitability goal. This will
help to improve the company’s societal impact and public relations and achieve long-term sustainable
and healthy development of the company. The improvement of ESG performance also helps China’s
listed power generation companies gain international recognition and remove unnecessary obstacles
for “going out”.

For industry regulators, companies that pay attention to ESG development will help stabilize
and stimulate the sustainable development of the capital market. An MSCI study showed that the
S&P 500′s ESG index has a higher long-term return and lower volatility than the S&P 500 index [38].
This shows that the mandatory disclosure of ESG information can balance the interests between
companies and external stakeholders, which benefit the stable development of the capital market.

5.3. Policy Proposal

Regulators must implement the principle of “Comply or Explain” in a corporate
disclosure statement. Due to companies’ differences in business scale and industry-specific and
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corporate management experience, not all issuers can reach the same depth of information disclosure
within the same time period. In the electric power industry, the companies’ sizes and the degree of ESG
information collection and disclosures vary. Strictly following the principle of “Comply or Explain”
will improve the level of disclosure.

China has not been successful in establishing an index system to evaluate listed companies’ ESGs.
Compared with foreign ESG disclosures, China’s ESG disclosure system lacks standards. Most
companies have released ESG reports, yet the quality of the reports has been uneven, and it is difficult
to make industry-wide comparisons. The levels of disclosure on sensitive projects are not deep enough,
the data are not clear enough, the scopes are not wide enough, and the problem of “great emphasis on
quantity, little focus on quality” is prominent. All of these lower the value added by the ESG reports. It
is recommended that stock exchanges and the relevant departments in charge of bonds approval and
registration specify regulations and clarify the expected contents and templates for the disclosures. For
key information, especially the major pollution emission indicators, disclosures should be significant
and frequent. In this regard, EU standards should be used for reference: due to environmental and
social externalities, the decision to disclose information should be based on environmental and social
impacts rather than on financial criteria.

The agencies that provide environmental information analysis should be supported and
developed to strengthen the evaluation, supervision, guidance, and incitation of corporate
environmental information disclosure. Support from third-party consulting agencies to provide
environmental information assessment and prepare environmental responsibility reports for some
listed companies and debt-issuing companies should also be encouraged.

For regulators, it is necessary to strengthen the supervision and enforcement of environmental
information disclosures. Stock exchanges should punish companies that are in violation of
environmental information disclosure requirements via public denunciation. The environmental
protection department should also consider similar methods to punish such behavior. It should
provide supportive policies to companies with good ESG assessments, such as incentives in the areas
of tendering, procurement, tax deductions, and so on, as well as facilitate the IPO process, refinancing,
green credit, and so forth.
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