Science for Energy and Environment \CIIIC

Review

The Application and Challenges of Environment, Social
and Governance in the Global Carbon Neutrality Vision

Ruhan Ma 2, Hengjia Jia !, Gaotingyue Li 13, and Fanghua Li 1-2*

1 National Engineering Research Center for Safe Disposal and Resources Recovery of Sludge, School of Environment,
Harbin Institute of Technology, Harbin 150090, China

2 State Key Laboratory of Urban-Rural Water Resource and Environment, School of Environment, Harbin Institute of
Technology, Harbin 150090, China

3 Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China

* Correspondence: fanghuahope01@hit.edu.cn

Received: 11 March 2025; Revised: 26 March 2025; Accepted: 14 April 2025; Published: 21 April 2025

Abstract: In the urgent context of global warming, this paper comprehensively examines the application and
challenges of environmental, social, and governance (ESG) frameworks in achieving the global carbon neutrality
vision. ESG, encompassing environmental, social, and governance factors, serves as a critical tool for evaluating
the sustainable development performance of enterprises. ESG ratings provide essential data for research and
strategic decision-making on ESG initiatives. Originating from socially responsible investment in the 1960s, the
concept of ESG has evolved through four distinct stages: origin, development, establishment, and rapid
development. This paper begins by outlining the concept of carbon neutrality, detailing its emergence, timeline,
and current status. It then traces the evolution of ESG. Through an extensive review of literature and detailed case
studies, this paper synthesizes existing research to offer actionable insights for stakeholders, reflecting on past
practices, analyzing current applications, and forecasting future challenges and opportunities in the journey
towards global carbon neutrality.
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1. Introduction

The advancement of our civilizations from the humble beginnings of humankind has created the Industrial
Revolution that opened a Pandora’s box of dependence on using fossil fuels, leading to the destructive greenhouse
gases release and global warming [1]. Their influence could be felt in all aspects of the natural and man-made
environment and can be expressed in a variety of ways, such as rising temperatures, melting ice and rising sea
levels, changes in precipitation patterns, biodiversity loss, oceanic impacts, impacts on agriculture and food
security, human health risks, and socioeconomic consequences [2]. If human beings do not intervene in the
phenomenon of global warming, it will bring great challenges to the natural environment and human life. For more
than 200 years, carbon emissions had been produced with the vigorous development of global industrialization,
making it very difficult for us to control carbon emissions and restore clean and beautiful living environments. In
view of the current energy and resource crisis in the world, as well as the call for environmental protection, it was
imperative to achieve balanced economic, social and environmental development.

As we all know, climate change was a global challenge that transcends national borders. Addressing this
would require coordination at all levels and international cooperation to help countries transition to a low-carbon
economy. In response to climate change and its negative effects, the 21st session of the Conference of the Parties
(COP21) was held in Paris on 12 December 2015, where world leaders made important progress and jointly
reached the historic Paris Agreement. It entered into force on 4 November 2016, and is a legally binding
international treaty. 194 parties (193 countries plus the European Union) were now party to the Paris Agreement.
However, since the entry into force of the Paris Agreement, global warming has continued to accelerate, with
global greenhouse gas emissions (including from land use changes) reaching 5.53 <10 t of CO; eq in 2018, of
which emissions from fossil fuels use and industrial activities reached 3.75 x10'° t of CO,eq, an increase of 2%
over 2017.Therefore, the Paris Agreement proposed to achieve net zero greenhouse gas emissions in the second
half of the 21st century, that is, to reduce man-made carbon emissions to a level that forests and oceans can absorb
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after 2050 [3].Carbon neutrality generally referred to the total carbon dioxide or greenhouse gas emissions directly
or indirectly generated by countries, enterprises, products, activities or individuals within a certain period, through
afforestation, energy conservation and emission reduction forms to offset their own carbon dioxide or greenhouse
gas emissions to achieve relative “zero emissions” [4]. In simple terms, carbon neutrality was a state in which an
economy achieves net zero carbon emissions over a certain period of time. It was encouraging to see that since
2016, many economic entities around the world have published carbon neutral targets and action plans to 2050.
Such as Chinese government says its CO2 emissions would peak by 2030 and achieve carbon neutrality by 2060
[5], European Union’s overall goal is to achieve carbon neutrality by 2050 whose member states also have national
plans in line with this goal [6], Canada introduced a draft law in November 2020 that explicitly aims to achieve
carbon neutrality by 2050 [7].

1.1. Environmental, Social, and Governance (ESG)

The concept of ESG originated from the socially responsible investment in the 1960s for using to measure a
company’s sustainability performance [8]. Figure 1 showed the general development of ESG over the past 60 years,
which can be roughly divided into four periods of origin, development, establishment, and rapid development.
ESG ratings were the data basis for ESG-related research and decision-making, and a large number of academic
studies and industry evaluations have used ESG ratings as a measure of ESG performance [9]. We can see that it
has always been closely related to environmental and social changes and has gradually become standardized.

In 2011, the SASB began developing standarts of ESG disclosure metrics for specific industry.

In 2015, the United Nations Sustainable Development Summit agreed on the 2030 Agenda for Sustainable Development.
2 00 7_ ]3 resent I In 2020. GRL SASB. CDP. CDSB and [IRC jointly issued a plan to build a unified ESG information disclosure standard.

In 2022, ISSB published the International Guidelines on Disclosure of Information for Sustainable Development.

(Drafi for Comment)

I 1999, the Dow Jones Sustainability Index was released to evaluate the sustainability of enterprises
from environment, social and governance.
102000, the CDP was established to require the world's largest companies to disclose their carbon
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General Motors to suspend all operations in South Africa until apartheid was

l 970_ l 990 abolished, and Parks Global Asset Management of the United States Development
I established the world's first socially responsible mutual fund.
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Figure 1. The development of ESG over the past 60 years.

The term “ESG” became popular in the 21st century and often comes up in the same conversations as
sustainability and corporate social responsibility (CSR). The ESG framework is based on three dimensions:
environmental, social, and governance. The environmental dimension includes issues such as climate change,
greenhouse gas emissions (GHG), deforestation, biodiversity, carbon emissions, waste management, and pollution.
The impact of organizations on people, culture, and communities also looks at the social dimensions of diversity,
inclusion, human rights, and the social impact of supply chains, and how organizations are guided, and at the
jurisdictional dimensions of corporate governance factors such as executive compensation, succession planning,
board management practices, and shareholder rights [8]. Among them, the environmental criteria include how a
company used renewable energy in its operations, how it evaluated and managed industrial waste, how it manages
air and water pollution, how it optimized supply chain management, and how it viewed biodiversity conservation.
Of course, corporate agendas and business models related to climate change mitigation and decarbonization are
increasingly becoming ever more important [10].

Social criteria focus on social relationships between employees and stakeholders, including wage equity,
employee benefits, retirement plans, and policies on diversity, equity, and sexual harassment. In general, it
concerns the human right to survival and development.

Governance standards include the various actions of the Board of Directors, executive management and
stakeholders. For example, corporate directors should prioritize the best interests of shareholders, the degree of
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employee participation in governance, customer satisfaction, and so on. At the same time, financial reporting and
transparency in finance and accounting are also important standards.

With the increasing importance of sustainable development in countries around the world, the continuous
improvement of ESG evaluation standards, and the deepening of global ESG practice, ESG concept had become
the focus of common attention of enterprises, investors, governments, international organizations, and other
stakeholders. ESG was expected to become a key force to promote the development of the global economy in a
more green, fair and transparent.

1.2. Carbon Neutrality

Carbon neutrality generally refered to the total carbon dioxide or greenhouse gas emissions directly or
indirectly generated by countries, enterprises, products, activities or individuals within a certain period of time,
through afforestation, energy conservation, and emission reduction, to offset their own carbon dioxide or
greenhouse gas emissions, to achieve positive and negative offset, to achieve relative “zero emissions” [11,12].
Currently, carbon neutrality had become a major global action, which might have a profound impact on the future
of society and economy. More than 130 countries, which account for 73% of global CO, emissions and 70% of
global GDP, have adopted carbon neutrality targets. As the largest developing country, China was also taking
active actions to achieve carbon neutrality [13], and the Chinese government said China will acheive carbon
neutrality by 2060.

China said that to achieve the goal of peaking carbon neutrality, it was necessary to plan and coordinate,
clarified the path and adopted comprehensive policies. Reform of the energy system was the fundamental approach,
transformation in key areas was an important starting point, technological innovation was a key engine, carbon
sink capacity improvement was an important supplement, and governance system reform was the basic guarantee.
For each industry, there were different measures to achieve the strategic goal of carbon neutrality. For example,
the key to achieving carbon neutrality in the power sector was to promote clean electricity and reduce reliance on
traditional fossil fuels [14]. Tourism-related industries (such as hotels, transportation, and recreational facilities)
should be more energy efficient and use renewable energy sources such as solar and wind as much as possible
[15]. In the sewage treatment industry, photovoltaic power generation, cogeneration, and water source heat pump
can be used to offset the energy consumption and carbon emissions in the sewage treatment process [16]. For
companies, ESG was the best way to advance carbon neutrality and achieve sustainable development.

1.3. Links between ESG and Carbon Neutrality

In fact, ESG could effectively and comprehensively measure the sustainable development ability of the
industry in tackling climate change and achieving carbon neutrality targets and provided the basic conditions for
the realization of its own carbon neutrality targets. It was obvious that ESG is intrinsically consistent with carbon
neutrality goals and Sustainable development Goals, and ESG can be used as a key variable to promote the
realization of the global carbon neutrality vision and stimulate the subjective initiative of market players. It is
precisely because the ESG framework has built-in issues related to climate change and carbon neutrality, with
comprehensive coordination, flexible framework, and strong practical characteristics, it can be used as an effective
comprehensive measure of enterprises to achieve carbon neutrality vision and sustainable development [17].
Environment of ESG involvef climate change, natural resources, pollution and consumption, environmental
governance, green development, and other aspects, which coincides with the national strategic layout of “carbon
neutral and sustainable development”. Therefore, ESG investment was a “living water” to achieve the goal of
carbon neutrality. Foreign capital markets had widely included climate change in the investment scope of ESG,
becoming the most core concept of the environmental dimension in ESG, and thus forming a subsector of climate
investment and financing.

Building an ESG framework in the market can also enable more entities such as governments and
international organizations to efficiently utilize ESG as a tool to better assume their social responsibilities in terms
of carbon neutrality. At the same time, we also note that carbon neutrality will also have an impact on ESG, such
as increasing the weight of the environment in the environment, society, and management, expanding the scope of
ESG practice, and enhancing the recognition and influence of ESG on a global scale.

2. The Application of ESG in the Global Carbon Neutrality Vision

In order to mitigate global warming, governments and international organizations must strive to achieve the
goal of carbon neutrality. Many country’s governments usually adopt means such as setting up green development
funds and promulgating policies and regulations [9]. Taking China as an example, CICC Public Energy Group
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proposed a three-step pathway for China’s energy development of “High Carbon—Low Carbon—Zero Carbon”. (1)
From now to 2028, the era of new energy parity will come, coal and oil consumption will peak, and carbon
emissions will peak in 2028; (2) From 2028 to 2040, oil and coal will be replaced by natural gas in the non-
electricity sector, new energy in the power sector will gradually shift from incremental replacement to stock
replacement, and China’s carbon emissions will move from high carbon to low carbon; (3) 2040-2060, with the
further reduction of power generation costs, hydrogen energy towards parity, and complete energy carbon
neutrality. In this process, the realization of new energy, energy storage, and hydrogen energy balance costs that
continue to decline will be the key.

In addition, the application of ESG provides a reliable way to achieve this goal Made the ESG concept truly
contributed to the achievement of carbon neutrality goals, as shown in Figure 2. In particular, it should be noted
that the realization of the three pathways is not only a great benefit to the ecology, but also injects more stability
factors into the real economy and the financial industry. Next, there will provide a detailed introduction on how
ESG achieve carbon neutrality goals.
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Figure 2. The pathway of ESG promoting carbon neutrality.

2.1. First Pathway

On 15 July 2020, the National Green Development Fund Co., Ltd. was inaugurated in Shanghai, raising 88.5
billion yuan in the first phase. According to the industrial and commercial registration data, the fund was managed
by the Shanghai Municipal Government entrusted by the Ministry of Finance and takes the form of a company,
with a registered capital of 88.5 billion yuan and 26 shareholders. Among them, the Ministry of Finance, PRC was
the largest shareholder with a shareholding ratio of 11.30%; China Development Bank, Bank of China, China
Construction Bank, Industrial and Commercial Bank of China and Agricultural Bank of China each hold 9.04%,
while Bank of Communications holds 8.47%.

The National Development Green Fund has always adhered to the concept of ESG, especially highlighting
the weight of its environmental part, reflecting China’s strategic guiding role at the national level. The Fund
continued to play a leading role in the concept, industry, capital, and technology of green development. The Fund
takes collaborative governance as the starting point and water as the link, it focused on the comprehensive
management of major lakes and major tributaries of the Yangtze River and invested in water pollution control,
river, and lake ecology, wetland protection and restoration, and biodiversity conservation from point to line and
surface, and it also closely focusing on the “new three” investment directions such as electric vehicles, lithium
batteries, and photovoltaic products, we will promote new production relations to serve new quality productivity,
and fully promote the implementation of high-quality green industrial transformation in the Yangtze River
Economic Belt [18,19]

Figure 3 showed the flow of China’s National Green Development Fund (NGDC), and the inflow of funds
in the dual carbon sector had reached 72%, which clearly demonstrated a successful case of the country
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implementing ESG concepts through the issuance of funds and other means to promote the achievement of carbon
neutrality.

28%

m Carbon Peak and Carbon Neutrality

w Ecological and Environmental Protection

Figure 3. The proportion of investment direction of the NGDF.

At the same time, it was worth noting that the Chinese government has issued many policies and regulations
to regulate the development of ESG. Governmental efficiency and regulations on reporting were bound to affect a
company’s activity companies operating in countries characterized by formal rules, constitutional constraints, and
other political constraints might feel a less impellent need to produce information beyond the formality required
from institutions [20]. The following would take the greening of its tax system as an example. Improving the green
taxation system, based on the principle of “polluters pay”, is an inevitable measure to promote green development
and harmonious coexistence between humans and nature [21].

For example, the State-owned Assets Supervision and Administration Commission of the State Council of
China formulated and issued the Guiding Opinions on Central Enterprises’ High Standards for Fulfilling Social
Responsibility in the New Era to make arrangements for central enterprises’ social responsibility work in the new
era. It was pointed out that ESG work should be integrated into the overall management of social responsibility
work, and the opportunities and challenges brought by the development of ESG should be actively grasped and
dealt with. Promote the holding listed companies to implement environmental management requirements with high
standards around ESG issues, actively fulfill social responsibilities, improve corporate governance, strengthen
high-level ESG information disclosure, constantly improve ESG governance capabilities and performance levels,
and enhance value recognition in the capital market. Encourage overseas operating institutions to take ESG work
as an important content in overseas operation management and the implementation of major projects, actively
adapt to the requirements of ESG norms in the countries and regions where they are located, strengthen ESG
governance, practice and information disclosure, and continue to improve the competitiveness of the international
market. The environmental provisions of this guideline undoubtedly greatly promote the goal of carbon neutrality
and promote the sustainable development of China’s economy and environment [22].

2.2. Second Pathway

While the ESG concept promotes the financial industry to make greater contributions to carbon neutrality,
financial products guided by the ESG concept tend to attract more customers with more stable and sustainable
characteristics, that is to say, the second path can achieve both the brand image and good returns of financial
institutions and brokerages-take Huatai Securities and Standard Chartered Bank as examples.

Huatai Securities had established and improved the ESG governance structure and implementation system,
incorporated ESG into the scope of due diligence, actively practiced responsible investment, explored cutting-edge
issues such as ecological environment access in ESG investment, and set ESG as an important consideration
criterion for investment and financing business. And promote wholly owned subsidiary Huatai Securities
Management to join the United Nations Principles for Responsible Investment Organization (UNPRI) [23]. In
2021, Huatai Securities Asset Management launched the first Huatai Yixin series of public welfare theme asset
management products, which will not only provide financing support for the green industry, but also donate part
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of the management fee to support the conservation of biodiversity, integrate and connect high-quality capital and
asset resources, and focus on the development of green and low-carbon industries. Select ESG outperforming
targets as underlying assets. “One Yangtze River” was one of Huatai Yixin’s key projects, selected as the “Global
Special recommended case”, the project took the Yangtze River Basin as the key region to support ecological
environmental protection work, provides continuous momentum for the development of environmental public
welfare industry talents, was committed to ESG as a link, promote dialogue and cooperation between the ecological
protection community and the capital market, and guide capital and finance to the good.

In 2019, Standard Chartered Bank developed the ESG Select evaluation framework, which forms a scientific
and rigorous evaluation system based on the ESG concept, and then selects high-quality solutions to help
customers achieve sustainable and stable investment goals with the organic combination of products. The
evaluation system can be generally divided into two levels, and the second level has two review procedures. First
of all, the prerequisite for becoming an ESG Select Fund is to be assessed as a Fund Select Fund by Standard
Chartered Bank. And then the fund can then enter the ESG Select review process including (1) In line with Standard
Chartered’s position statement and sustainable products framework, companies that have a negative impact on the
environment and society are eliminated. (1I) In the process of communicating with fund managers and the other
ESG team, Standard Chartered reviews the product using a self-developed evaluation framework to assess the
breadth and depth of its ESG strategy integration through five key indicators: company status, ESG strategy, ESG
expertise, ESG integration, and effectiveness and measurement.

As of June 2022, Standard Chartered China has around 20 products in its portfolio that are identified as
sustainable investment products by the Group, and a number of products meet the Standard Chartered Group’s
ESG Select Fund framework and criteria. To be sure, because ESG-compliant companies tend to have more
potential to attract financing and more sustainable development, these products are more robust and bring good
market feedback to Standard Chartered.

2.3. Third Pathway

The third path is mainly about the government, financial institutions and securities brokerages to form a joint
force, forcing enterprises to embed ESG concepts in the business framework, take the initiative to conduct ESG
reports to adapt to the social green change, and seek long-term development.As key players in economic and social
development, enterprises are not only the core driving force for economic activities but also the main bearers of
social responsibility. As the far-reaching impacts of climate change and environmental challenges on global
economic structure and social well-being have become increasingly prominent, enterprises have been given a
series of responsibilities and missions to pay attention to environmental protection, mitigate carbon emissions, and
ensure long-term and sustainable development [24].

Firms aligning their operational strategies to ESG considerations undeniably stand to be the biggest
beneficiaries as ESG initiatives may not only be financial relevance, but also will create business value [25].This
is especially the case in today’s fast-changing business environment where businesses have to respond to the
diverse needs and changing expectations of various parties, including regulators, consumers, and communities on
sustainability issues while remaining competitive [26].

Under the vision of global carbon neutrality, enterprises had to face not only the pressure of the government
on carbon reduction policies, but also the expectation of the society for them to actively fulfill their responsibilities.
An unsatisfactory ESG report disclosure will bring a series of cascading harms to the company, which makes it
more important and urgent for enterprises to embed ESG into the corporate structure and future planning.

Research by Zhang et al. [27] found that (1) Businesses with strong ESG performance can foster the
development of corporate value and improve their capacity for bi-dimensional innovation. The conclusion hold
truly even after running a number of robustness tests, including lag regression and proxy variable measurement.
(2) The results of mechanism testing indicated that the relationship between company value and ESG performance
was mediated by dual green innovation. Because of its low R&D expenses and low innovation difficulties,
exploratory green innovation played the most significant mediation role among these.

2.4. Explore the Application Paradigms of ESG in Practice

Based on the application examples of the three paths mentioned above, we can delve deeply into the
application paradigms of ESG in practice. Firstly, the first path, through the establishment and operation of funds
at the national level, clearly demonstrates the guiding role and financial support of the government in promoting
the ESG concept. This path emphasizes the guiding role of national policies, which can effectively drive the
concentrated allocation of green development resources. The operation of national-level ESG funds not only
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provides strong financial support for green projects but also guides the green development trend of the entire
society through the selection of investment directions.

Secondly, the second path leverages the power of the market through the practices of financial institutions
and securities brokerages in ESG to promote the ESG concept. The cases of Huatai Securities and Standard
Chartered Bank illustrate that financial institutions can attract more customers concerned about sustainable
development and achieve brand enhancement and economic benefits for themselves by establishing and improving
ESG governance structures, developing ESG evaluation frameworks, and launching ESG-themed products. This
path emphasizes the spontaneity and flexibility of market mechanisms. The innovation of financial products not
only meets the needs of investors but also promotes the development of green projects and the spread of the ESG
concept through the flow of capital.

Lastly, the third path, through the collaborative efforts of the government, financial institutions, and
enterprises, showcases the importance of multiple stakeholders jointly pushing enterprises to proactively engage
in ESG reporting and practice. This path emphasizes the importance of embedding ESG in the long-term operations
of enterprises. Enterprises need not only to respond to government policy requirements and societal expectations
but also to enhance their social value and market competitiveness through their own ESG reporting and practice.
The integration of enterprises with the ESG concept has significantly boosted their own green innovation
capabilities.

Overall, these three paths together form a comprehensive application paradigm of ESG. The first path
provides policy support and financial guarantees, the second path achieves widespread dissemination and
application of the ESG concept through market mechanisms, and the third path emphasizes the central role and
initiative of enterprises in ESG practice. Through the coordinated efforts of these three paths, a complete chain of
ESG promotion in the field of carbon neutrality can be formed, from national policies to market mechanisms, and
then to enterprise-led actions. This comprehensive application paradigm not only effectively promotes the
implementation of the ESG concept but also advances the sustainable development of the economy, society, and
environment, achieving a win-win situation for all parties.

3. The Challenges of ESG in the Global Carbon Neutrality Vision

3.1. The Necessity to Analyze the Challenges of ESG

We performed a co-occurrence analysis using VOSviewer on a dataset of 477 articles retrieved from a Web
of Science database. The analysis focuses on the co-occurrence of key words, (Figure 4a), and we can clearly see
that ESG is facing risks and challenges that cannot be ignored in the field of carbon neutrality. The risk and
challenge of negative public sentiment towards ESG concept caused by inconsistent scores, the occurrence of
greenwashing behavior, and the misjudgment of enterprise greenwashing caused by different levels of data skew
are increasingly more obstacles for ESG practice. If these issues are ignored, it is unrealistic to drive global carbon
neutrality through ESG.
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perfommance

corporate social-responsibility

(b)

Figure 4. (a) Co-occurrence analysis of keywords that appear nine times or more in 477 authoritative papers
(Source from web of science via keywords “ESG”). (b) Co-occurrence analysis of keywords that appear four times
or more in 8 authoritative papers (Source from web of science via keywords “ESG” and “risk”) [28-35].

Through further searching and reading of relevant authoritative papers in the field of ESG, we find that the
inconsistency of ESG evaluation system was the main reason that brought great challenges to ESG. The challenges
in ESG application include misrepresentations, greenwashing, confusion in ESG disclosures and so on [36].

3.2. Differences in ESG Evaluation System

There were a variety of ESG evaluation systems in the world, such as MSCI ESG evaluation system, FTSE
Russell ESG evaluation system, Sustainalytics ESG evaluation system, S&P Global ESG score, S&P Global ESG
score, and so on. The complex and varied evaluation system meant that despite the significant investment in the
accumulation of ESG data and the construction of rating methods, it was unlikely that every evaluation will
accurately reflect the true ESG profile of a company [37].

There were various reasons for the inconsistent ESG ratings. From a technical point of view, differences in
evaluation methods and indicator selection among rating agencies could lead to differences in rating results.
Different rating agencies had different ESG evaluation frameworks and weight allocations, resulting in
inconsistent ratings of the same company by different agencies. Rating agencies rely on publicly disclosed data
and information to make their assessments, and differences in the level and quality of data disclosure between
different companies could lead to inconsistent ratings results [38].

3.3. The Greenwashing

3.3.1. Overview of Greenwashing

Greenwashing is the deceptive practice of presenting a misleadingly positive image of a company’s
environmental efforts to stakeholders, while the reality often falls short of these claims. This practice has become
more prevalent as responsibility and sustainability issues receive increasing attention. Many companies resort to
false ESG reporting in order to attract market favor. As a result, while ESG evaluations could play a crucial role
in addressing global sustainable development challenges, such as achieving carbon neutrality, they are sometimes
used by the capital market as a tool for profit-seeking rather than genuine progress.

The co-occurrence analysis of 956 literatures on the topic of greenwashing was made, and it was found that
the research on greenwashing was developing rapidly (Figure 5) , which reflected the more and more frequent
occurrence of greenwashing. This phenomenon is concerning. Research by Biju, A.V.N. and others demonstrated
a linear relationship between perceptions of ESG and “greenwashing”. For example, the rate of “greenwashing”
increased in step with the rate of ESG growth [39].

In other words, from the perspective of global carbon neutrality, the challenge posed by greenwashing to
ESG is not only that the company cannot take environmentally friendly actions as it has disclosed, wasting social
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investment, but also that it will greatly reduce people’s social expectations for ESG, so that the so-called role of
ESG in promoting carbon neutrality will only become an empty concept.
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Figure 5. The co-occurrence analysis of 956 literatures on the topic of greenwashing.

3.3.2. Examples about Greenwashing

(1) Decathlon

Decathlon claims that since its establishment in 1976, the brand has provided high-quality, sustainable
development principles and cost-effective products, so that the broadest public, with the desire to exercise, to share
the benefits of sports. We always regard sustainable development as an important strategic direction and are
committed to creating a new circular business model. However, in 2022, an investigation by the Netherlands
Consumer and Market Supervision Authority (ACM) found that Decathlon had misleading sustainable labels and
used generic terms with broader meanings such as “eco-design” for products, but did not immediately provide a
clear explanation and explanation. After being accused, Decathlon promised to adjust or stop the use of sustainable
labels and advertising on its clothing and website, and stipulated in its sustainability report that products that meet
relevant standards in terms of carbon reduction, pollution reduction, durability, repairability, recycled materials,
etc., can be defined as “eco-design”. Obviously, Decathlon misled consumers, using vague concepts to create an
environmentally friendly green image to win favor.

(2) Lufthansa

In July 2023, Lufthansa placed an AD on Google that referred to “flying in a more sustainable way”. At the
same time, on the Lufthansa Chinese website, clicking on “Fly more sustainably” will show that Lufthansa plans
to be carbon neutral by 2050, reducing aviation emissions as much as possible. One of the results of this strategy
is green fares, which make sustainable travel possible. In December 2023, the UK’s Advertising Standards
Authority concluded that Lufthansa’s Google ads describing its products as being able to fly more sustainably,
without explaining how “flying more sustainably” would work in practice, gave consumers the misconception that
Lufthansa had less of an impact on the environment than other airlines. In the end, the Advertising Standards
Authority ruled that the AD must not appear in this form again.

3.4. Another Issues

Another important issue we have overlooked in the discussion of corporate ESG reporting and the potential
for greenwashing is how ESG standards should be defined. The lack of consistency in these standards can create
a barrier between scholars, the media, and businesses, leading to misjudgments of “greenwashing.” This, in turn,
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undermines the positive environmental actions of companies, such as efforts toward carbon reduction. Additionally,
it can erode public confidence in ESG evaluations, ultimately hindering progress in the sustainability field.

Take Tesla as an example, Tesla’s environmental performance is more prominent, especially its innovation
in the field of electric vehicles and its contribution to reducing carbon emissions. However, in some ESG
evaluation systems, Tesla’s overall score is not high due to the relationship between factor weights. For example,
Standard & Poor’s Global Ratings has given Tesla a relatively low score in its ESG score, due to Tesla’s relatively
weak performance in the “social” and “corporate governance” parts, such as the racial discrimination controversy,
overstating the effectiveness and safety of autonomous driving allegations. But from Tesla’s positive impact on
the environment and the promotion role in the field of sustainable transportation, such a low score may lead some
people to believe that it has been misjudged in ESG performance, and may even be misunderstood as
“greenwashing”, when in fact Tesla has a lot of substantive initiatives and contributions in sustainability.

4. Recommendations for the Development of ESG in the Carbon Neutrality Vision

4.1. Improve Regulations Related to ESG

It is necessary to formulate mandatory requirements and norms for some enterprises that may not be interested
in sustainable development and long-termism and are not active in the disclosure of ESG reports. The following
is an example of what happened in the Hong Kong Stock Exchange.

In 2012, Hkex issued the “Environmental, Social, and Governance Reporting Guidelines” and incorporated
them into the Appendix of the Listing Rules. These guidelines were amended in 2019 to include key ESG
performance indicators, broaden the scope of mandatory disclosures, and introduce requirements for “disclosure
or interpretation,” thereby further strengthening the overall disclosure requirements.

From 2012 to 2014, as this reporting guideline had just been issued, there is not much data to support it, so
this paper chooses the data of 2015, 2019, and 2023 to make a rough estimate and statistics on the number of
disclosed ESG reports of enterprises listed on the Hong Kong Stock Exchange, as shown in Figure 6. We can
intuitively feel that the formulation of relevant policies is conducive to the wider application of ESG and can
effectively force enterprises to innovate in the direction of sustainable development, which will undoubtedly
greatly promote the realization of the vision of carbon neutrality.

1 \:l Total number of companies listed on HKEX
3000 - - Number of companies filing ESG reports on HKEX
2604

7]
S 2500 - 2395
=
2,
E 2000 - 1866 1930
=]
7]
-
S 1500 -
1
D 4
E

1000 -
= 902
Z.

559
500
0
2015 2019 2023
Years

Figure 6. Number of companies filing ESG reports on HKEX compared with the total number of companies listed
on HKEX.
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4.2. Public Participation

Globally, a significant proportion of the general public is still unfamiliar with the concept of ESG. For many
people, the focus of daily attention is more focused on the, daily concerns, consumer products themselves, etc.,
and the lack of in-depth understanding of the comprehensive considerations of enterprises in the environmental,
social and corporate governance levels. And they may be less focused on carbon neutrality, an important goal that
will affect the future of humanity.

Building a complete ESG society requires the active participation of all parties, but the public is often
overlooked. Only enterprises, institutions, governments and other large social machines cannot form an organic
ESG cycle. The public is often the consumer, the communicator of public opinion and the source of government
power. They are small chains in the huge structure of ESG society. Therefore, deepening public awareness of
sustainable development concepts such as ESG and carbon neutrality is a direction that all parties need to work
towards so that the chain can participate in the operation of the machine.

4.3. Media Supervision

As ESG stakeholders, media and journalists can shape public perception and influence a company’s
reputation through their views and reports on ESG . Therefore, if ESG is to continue to exert influence in the field
of carbon neutrality, media supervision and encouragement are necessary. As a relatively independent stakeholder,
the media should strive to objectively and impartially track and report the ESG implementation of enterprises, so
that ESG is truly conducive to the realization of carbon neutrality goals.

The following section examines the impact of media coverage on the ESG performance of heavy-polluting
enterprises in China. Based on panel data covering 390 Chinese listed companies from 2011 to 2021, Li, S. et al.
investigated the potential impact of media coverage on the environmental, social, and governance (ESG)
performance of heavy polluters. In their study, they found that positive media coverage significantly contributes
to an enhanced ESG performance among heavy-polluting enterprises, particularly those in eastern and western
China and those entrenched within highly competitive industries. Positive media coverage predominantly
amplifies these enterprises’ environmental and social performance dimensions, while intriguingly, negative media
coverage unexpectedly positively impacts their environmental performance. Green total factor productivity and
green innovation emerge as crucial facilitators in bolstering the relationship between positive media coverage and
the ESG performance of these enterprises.

However, while seeing the supervision and incentive effect of media reports on enterprises’ ESG practice,
we should also pay attention to the fact that the pressure of public opinion caused by excessive negative media
reports may induce managers to adopt short-sighted behaviors such as ESG greenwashing.

5. Route Optimization

Based on the research on the application and challenges of ESG concepts in the context of carbon neutrality,
and combined with the case analysis and development suggestions mentioned earlier, we have constructed a more
detailed and quantitative path optimization framework for the interaction and collaboration among government,
financial institutions, and enterprises in ESG practices, grounded in stakeholder theory, institutional theory, and
resource dependence theory.

5.1. Goal Setting

For governments of various countries, the first step should be to actively formulate and implement ESG laws
and regulations, aligning them with national carbon neutrality or carbon reduction policies, striving to improve the
country’s ESG policies or regulations within the context of carbon neutrality. Additionally, they should issue
related funds to support the ESG efforts of financial institutions and enterprises. Lastly, governments should also
focus on the extent of dissemination, actively conducting training and educational activities across different
regions, covering government officials and the public, to create a collaborative environment for the widespread
application and compliance monitoring of ESG. Financial institutions and enterprises should actively respond to
government initiatives. Financial institutions should support enterprises’ ESG practices through financial tools and
investment strategies, while enterprises should enhance their ESG performance from multiple perspectives.

5.2. Building Collaborative Mechanisms

It is essential to establish a dialogue platform for government, financial institutions, and enterprises, in the
form of tripartite ESG-themed forums or summits. Each year, at least one global multi-party ESG action plan
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should be promoted, along with various forms of regional ESG cooperation. Influential financial institutions and
enterprises should lead the initiation of ESG joint projects across different sectors, particularly emphasizing their
connection to carbon neutrality goals, with sustainable development as the foundation.

5.3. Resource Allocation

Firstly, governments should actively promote tax incentive policies in their fiscal expenditures, covering over
90% of enterprises, and consider establishing a dedicated ESG regulatory body. Secondly, both financial
institutions and enterprises should set up specialized ESG departments in terms of human resource allocation and
increase budget investments in ESG, especially in sustainable development. Lastly, for financial institutions in
particular, increasing investment products related to environmental protection and carbon neutrality should be a
priority, striving to ensure that over 80% of their investment portfolios meet ESG standards.

5.4. Monitoring, Evaluation, and Feedback Mechanisms

Consistently collect and analyze data by establishing an ESG data collection and analysis system to monitor
the effects of tripartite cooperation. Collect and analyze ESG data quarterly, ensuring a coverage rate of over 98%,
and release a detailed annual ESG data analysis report for public and stakeholder oversight and reference. Based
on this data and reports, evaluate the effectiveness of ESG practices, reflecting the outcomes of tripartite
collaboration, and establish a regular practice feedback mechanism.

6. Conclusions

ESG (Environment, Society, and Governance) was inherently aligned with the global vision of carbon
neutrality and could serve as a key driver for its realization. In the context of the global carbon neutrality goal,,
ESG had ushered in faster and better development. Through extensive literature review and case studies, this study
not only summarizes the basic application path of ESG, points out that the challenges and risks in the
implementation process of ESG are objective, but also proposes a complete set of path optimization schemes. In
order to promote the sustainable development of human society and the better practice of ESG in the field of
carbon neutrality, it was necessary to cooperate with multiple forces, stimulate the enthusiasm of stakeholders, and
collectively build an organic and advanced ESG operation model under the global framework.

Author Contributions

R.M.: data curation, writing—original draft preparation, methodology, software; H.J.: conceptualization,
writing—reviewing and editing; G.L.: writing—reviewing and editing; F.L.: supervision, conceptualization,
software, visualization, investigation. All authors have read and agreed to the published version of the manuscript.

Funding

The authors acknowledge the funding support from the Harbin Institute of Technology, China, grant Number
FRFCU5710053121, from National Engineering Research Center for Safe Sludge Disposal and Resource
Recovery, China, grant Number Z2024A019 and from the National Key R&D Program of China, grant Number
2024YFE0116800.

Conflicts of Interest

The authors declare no conflict of interest.

References

1. EWM. Health, Wealth and Population in the Early Days of the Industrial Revolution. Nature 1927, 119, 379-381.
Song, F.; Dong, H.; Wu, L.; Leung, L.R.; Lu, J.; Dong, L.; Zhou, T. Hot season gets hotter due to rainfall delay over
tropical land in a warming climate. Nat. Commun. 2025, 16, 2188.

3. Musah, M.; Gyamfi, B.A.; Kwakwa, P.A.; Agozie, D.Q. Realizing the 2050 Paris climate agreement in West Africa: The
role of finanscial inclusion and green investments. J. Environ. Manag. 2023, 340, 117911.

4.  Zhao, R.; Huang, X.-J.; Yun, W.; Wu, K.; Chen, Y.; Wang, S.-J.; Lu, H.-L.; Fang, K.; Li, Y. Key issues in natural resource
management under carbon emission peak and carbon neutrality targets. J. Nat. Resour. 2022, 37, 1123-1136.

5. Li, L.; Zhang, Y.; Zhou, T.; Wang, K.; Wang, C.; Wang, T.; LU G. Mitigation of China’s carbon neutrality to global
warming. Nat. Commun. 2022, 13, 5315.

12 of 14



Sci. Energy Environ. 2025, 2, 2 https://doi.org/10.53941/see.2025.100005

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Wiese, F.; Taillard, N.; Balembois, E.; Best, B.; Bourgeois, S.; Campos, J.; Marignac, Y. The key role of sufficiency for
low demand-based carbon neutrality and energy security across Europe. Nat. Commun. 2024, 15, 9043.

Van Soest, H.L.; den Elzen, M.G.J.; van Vuuren, D.P. Net-zero emission targets for major emitting countries consistent
with the Paris Agreement. Nat. Commun. 2021, 12, 2140.

De Souza Barbosa, A.; da Silva MC, B.C.; da Silva, L.B.; Morioka, S.N.; de Souza, V.F. Integration of Environmental,
Social, and Governance (ESG) criteria: Their impacts on corporate sustainability performance. Humanit. Soc. Sci.
Commun. 2023, 10, 410.

Deng, J. Exploring the heterogeneous effects of environmental, social, and governance performance on idiosyncratic risk:
Do political ties matter? Humanit. Soc. Sci. Commun. 2025, 12, 422.

Kammen, D.M.; Sunter, D.A. City-integrated renewable energy for urban sustainability. Science 2016, 352, 922-928.
https://doi.org/10.1126/science.aad9302.

Jia, Z.; Lin, B. How to achieve the first step of the carbon-neutrality 2060 target in China: The coal substitution
perspective. Energy 2021, 233, 121179.

Zhang, Z.; Hu, G.; Mu, X.; Kong, L. From low carbon to carbon neutrality: A bibliometric analysis of the status, evolution
and development trend. J. Environ. Manag. 2022, 322, 116087.

Zhang, Q.; Liu, J.-F.; Gao, Z.-H.; Chen, S.-Y; Liu, B.-Y. Review on the challenges and strategies in oil and gas industry’s
transition towards carbon neutrality in China. Pet. Sci. 2023, 20, 3931-3944.

Teng, Q.; Zhang, Y.-F.; Jiang, H.-D.; Liang, Q.-M. Economy-wide assessment of achieving carbon neutrality in China’s
power sector: A computable general equilibrium analysis. Renew. Energy 2023, 219, 119508.

Zhang, W.; Cuijing, J.; Liu, Z.; He, P.; Wuhao, E. Examining the impact of tourism on carbon neutrality and
environmental sustainability in China: The role of renewable energy. Energy Strategy Rev. 2024, 56, 101579.

Yang, M.; Pan, H.; Ma, X.; Zhang, Y.; Lyu, Y.; Zhang, X.; Shui, W.; Yang, Z. Energy self-sufficiency and carbon
neutrality potential of Chinese urban wastewater treatment. J. Clean. Prod. 2024, 475, 143657.

Liu, H.; Wang, J.; Liu, M. Can digital finance curb corporate ESG decoupling? Evidence from Shanghai and Shenzhen
A-shares listed companies. Humanit. Soc. Sci. Commun. 2024, 11, 1613.

Shen, H.; Lin, H.; Han, W.; Wu, H. ESG in China: A review of practice and research, and future research avenues. China
J. Account. Res. 2023, 16, 100325.

Zhao, J.; Tang, Y.; Zhu, X.; Zhu, J. National environmental monitoring and local enforcement strategies. Nat. Cities 2025,
2,58-69.

Baldini, M.; Maso, L.D.; Liberatore, G.; Mazzi, F.; Terzani, S. Role of country- and firm-level determinants in
environmental, social, and governance disclosure. J. Bus. Ethics 2018, 150, 79-98.

Lin, C.; Lu, S; Su, X.; Wen, C. RETRACTED ARTICLE: Can the greening of the tax system improve enterprises’ ESG
performance? Evid. China Econ. Chang. Restruct. 2024, 57, 127.

Jia, L.; Li, F. Carbon Dioxide and Nitrate Electrocatalytic C-N Coupling for Sustainable Production of Urea. Sci. Energy
Environ. 2024, 1, 2.

Cao, M.; Duan, K.; Ibrahim, H. Green investments and their impact on ESG ratings: An evidence from China. Econ. Lett.
2023, 232, 111365.

Younis, O.; Xiao, X.; Yang, J.; Aly, K.1.; Bakhite, E.A.; Yang, X. Advancements in Luminescent Metal-Organic Cages:
Applications and Future Prospects. Sci. Energy Environ. 2024, 1, 8.

Xiao, Y.; Xiao, L. The impact of artificial intelligence-driven ESG performance on sustainable development of central
state-owned enterprises listed companies. Sci. Rep. 2025, 15, 8548.

Romolini, A.; Fissi, S.; Gori, E. Scoring CSR reporting in listed companies—Evidence from Italian best practices. Corp.
Social. Responsib. Environ. Manag. 2014, 21, 65-81.

Zheng, Y.; Feng, Q. ESG performance, dual green innovation and corporate value—Based on empirical evidence of listed
companies in China, Environment. Dev. Sustain. 2025, 27, 609-624.

Avramov, D.; Cheng, S.; Lioui, A.; Tarelli, A. Sustainable investing with ESG rating uncertainty. J. Financ. Econ. 2022,
145, 642-664.

Chai, H.R.; Cheng, Z.H.; Wu, W.X. Is ESG performance a protective umbrella for ESG violations? Int. Rev. Financ.
Anal. 2025, 98, 103858.

Luo, D.Q.; Yan, J.Z.; Yan, Q.H. The duality of ESG: Impact of ratings and disagreement on stock crash risk in China.
Financ. Res. Lett. 2023, 58, 104479.

Sahin, O.; Bax, K.; Czado, C.; Paterlini, S. Environmental, Social, Governance scores and the Missing pillar-Why does
missing information matter? Corp. Social. Responsib. Environ. Manag. 2022, 29, 1782-1798.

Sahin, O.; Bax, K.; Paterlini, S.; Czado, C. The pitfalls of (non-definitive) Environmental, Social, and Governance scoring
methodology. Glob. Financ. J. 2023, 56, 104479.

13 of 14



Sci. Energy Environ. 2025, 2, 2 https://doi.org/10.53941/see.2025.100005

33.

34.

35.

36.

37.

38.

39.

Shakil, M.H. Environmental, social and governance performance and financial risk: Moderating role of ESG
controversies and board gender diversity. Resour. Policy 2021, 72, 102144.

Yang, R.F.; Caporin, M.; Jiméez-Martin, J.A. ESG risk exposure: A tale of two tails. Quant. Financ. 2024, 24, 827-
849.

Zeng, Q.D.; Xu, Y.; Hao, M.S.; Gao, M.Q. ESG rating disagreement, volatility, and stock returns. Financ. Res. Lett. 2025,
72, 106602.

Dai, T. Delving into the green growth dilemma and ESG investing in Southeast Asia. Humanit. Soc. Sci. Commun. 2025,
12, 193.

Sun, W.; Luo, Y.; Yiu, S.-M.; Yu, L.; Ding, W. ESG scores, scandal probability, and event returns. Financ. Innov. 2024,
10, 121.

Dai, L.; Wang, J. The impact of ESG rating disagreement on corporate risk-taking: Evidence from China. Digit. Econ.
Sustain. Dev. 2024, 2, 18.

Biju, A.V.N.; Kodiyatt, S.J.; Krishna, P.P.N.; Sreelekshmi, G. ESG sentiments and divergent ESG scores: Suggesting a
framework for ESG rating. SN Bus. Econ. 2023, 3, 209.

14 of 14



