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Abstract

Based on panel data from Chinese A-share listed companies during 2014-2023 and em-
ploying text analysis to measure Sustainable Business Model Innovation (SBMI), this study
investigates how corporate ESG performance promotes SBMI. The results reveal that firms
with superior ESG ratings tend to exhibit stronger SBMI capabilities. Furthermore, patient
capital and corporate reputation serve as partial mediators in this relationship, indicating
that ESG indirectly promotes SBMI by attracting long-term-oriented capital and enhancing
a firm’s reputation. Based on these observations, it is advised that the participation of
green investors, the advancement of digital transformation, and the implementation of
government innovation subsidies all significantly strengthen the positive impact of ESG
on SBMLI. Based on these findings, this paper recommends that (1) governments enhance
innovation subsidy policies, (2) enterprises deepen the integration of ESG practices with
digital transformation and actively attract green investors, and (3) green investors use
financial tools to support the development of SBMI. These combined efforts can thereby
jointly promote the sustainable transformation of enterprises.

Keywords: ESG performance; sustainable business model innovation; patient capital; cor-
porate reputation; green investors; digital transformation; government innovation subsidy

1. Introduction

As an extension and deepening of responsible investment, the Environmental, Social,
and Governance (ESG) concept has garnered widespread global attention in recent years.
Increasing ESG awareness among firms has led to a shift in how they design sustainable
business strategies to enhance their awareness of sustainable development and, under
the dual pressures of market competition and policy guidance, to explore sustainable
business models. In addition to these dual pressures, the concept of fiduciary duty is
increasingly relevant. Recent scholarship emphasizes that fiduciary responsibilities of
directors and managers extend beyond short-term financial performance to encompass
sustainability considerations, thereby reinforcing the strategic importance of ESG practices
in business model transformation [1]. From a regulatory perspective, the European Union’s
far-reaching sustainability policies, such as the Corporate Sustainability Reporting Directive
(CSRD), have exerted global influence, setting higher benchmarks for ESG disclosure and
accountability. Meanwhile, China has also made significant advancements by developing
its own sustainability disclosure standards and elevating ESG to a strategic priority within
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corporate governance norms. These regulatory pushes together strengthen firms’ incentives
to pursue Sustainable Business Model Innovation (SBMI). In this study, we focus on SBMI,
which we define as the process by which firms redesign their value propositions, creation,
delivery, and capture mechanisms to simultaneously achieve economic, environmental, and
social objectives. SBMI emphasizes innovation that minimizes negative externalities and
fosters positive sustainability outcomes, thereby representing a fundamental transformation
beyond traditional business model innovation.

For firms, ESG presents both a challenge and a critical driving force for Sustainable
Business Model Innovation (SBMI), particularly in areas such as low-carbon transition,
efficient resource utilization, and meeting social responsibilities. The ability to react swiftly
to external shifts and embrace new business models is critical for companies. This capability
is instrumental to strengthening sustainable advantages and elevating organizational
sustainability performance [2]. From a market economy perspective, although external
policy incentives and regulatory guidance play an important role in advancing corporate
sustainability, they are often insufficient for achieving the comprehensive transformation
required for long-term social and environmental sustainability [3]. Therefore, firms must
proactively cultivate sustainability from within, positioning SBMI as a vital pathway for
internal transformation and upgrading.

As sustainability issues become more pressing and corporate leaders increasingly
acknowledge their strategic significance, companies are proactively seeking approaches
to integrate environmental and social responsibilities into business model innovation [4].
This form of SBMI, which combines social responsibility with commercial objectives, em-
phasizes that while pursuing economic sustainability, enterprises should also incorporate
ecological and social mechanisms into their strategic design to maximize the creation of
ESG value [5]. In contrast to conventional business model innovation, SBMI calls for a
fundamental transformation in how firms conceptualize, deliver, and retain value, ensuring
alignment with sustainability objectives. Prominent global corporations, such as Apple,
IKEA, LEGO, and Google, have taken the lead in implementing SBMI by deeply integrat-
ing environmental and social responsibilities into their core operations and reinforcing
sustainable development goals. For Chinese enterprises, the rising emphasis on ESG not
only influences corporate sustainability strategies but may also serve as a catalyst for SBMI
in response to the growing demands of a green and low-carbon transition.

Opverall, existing studies on SBMI can be synthesized into three main research streams.
The first stream focuses on conceptual foundations and definitions, clarifying how SBMI
differs from conventional business model innovation and emphasizing its integration of
economic, social, and environmental value creation [6]. The second stream emphasizes
drivers and barriers, such as regulatory pressures, stakeholder expectations, technological
capabilities, and resource constraints, which jointly shape firms” ability to implement
SBMI [2,7]. The third stream explores measurement approaches, ranging from qualitative
case studies and survey-based tools to more recent applications of text mining and big data
analysis [8]. Existing research on SBMI has primarily focused on the practices of individual
firms or specific industries [9,10]. While these studies offer valuable case analyses and
experiential insights, their findings often lack generalizability and are difficult to extend
across sectors. Moreover, the driving forces behind SBMI—particularly how external
sustainability pressures influence firms’ innovation patterns—have not been systematically
explored. This limitation hinders a deeper understanding of how enterprises can effectively
advance SBMI. In the Chinese context especially, the mechanisms through which ESG
influences SBMI remain theoretically underdeveloped, and there is a lack of integrative
perspectives examining how ESG shapes the trajectory of business model transformation
toward sustainability. Against this backdrop, this study seeks to systematically analyze
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how ESG performance affects SBMI among Chinese listed companies and to explore its
implications for long-term competitive advantage and overall corporate sustainability. This
study empirically investigates the factors influencing SBMI, aiming to fill existing research
gaps while uncovering the role of ESG as an external governance force that facilitates the
implementation of sustainable business models.

Given the limited existing research, this paper examines how and through what
mechanisms ESG performance contributes to advancing SBMI in firms. To highlight the
novelty of this paper, we explicitly distinguish the contributions into three aspects:

o  Theoretical contribution: Theoretically, this paper constructs a preliminary framework
of the influence mechanism, with a focus on introducing “patient capital” and “cor-
porate reputation” as mediating variables, attempting to reveal how ESG shapes the
driving force for business model innovation of enterprises through capital structure
and organizational identity. This perspective differs from the existing research’s fo-
cus on technical capabilities or external institutional pressures, and responds to the
academic community’s practical concerns about the mechanism of action of ESG. In
addition, this paper also examines key background factors such as green investors,
digital transformation, and government innovation subsidies; analyzes the situational
differences in the impact of ESG on SBMI; and highlights the interaction between the
external environment and internal capabilities of enterprises. This not only enriches
the boundaries of research on the economic consequences of ESG but also echoes the
exploratory discussions in recent years on “how ESG can produce practical effects.”

e  Methodological contribution: In terms of research methods, this paper employs text
mining techniques to process the sustainable development reports disclosed by listed
companies, constructs a keyword dictionary suitable for SBMI measurement, and,
on this basis, realizes large-scale quantitative scoring. Compared with traditional
measurement methods based on surveys or cases, this approach is more objective,
scalable and replicable. This methodological innovation offers new possibilities for the
systematic assessment of SBMI and lays the foundation for future research in larger
sample sizes and cross-industry scenarios.

e  Practical contribution: Taking Chinese A-share listed companies from 2014 to 2023 as
samples, this paper reveals the mechanism path by which ESG affects SBMI through
empirical methods, providing the first batch of systematic evidence for quantitative re-
search on this topic in the Chinese context, and also offering data and a methodological
basis for subsequent related research. The research results are of practical significance
to both managers and decision-makers. For managers, the research findings highlight
the value of integrating ESG practices into corporate strategies to promote sustainable
business model innovation and enhance long-term competitiveness. For policymakers,
the evidence provided by this study indicates that promoting ESG practices can facili-
tate the sustainable transformation of enterprises, which is in line with the country’s
sustainable development goals.

This paper proceeds as follows: Section 2 clarifies the concept of SBMI and reviews
related ESG literature. Section 3 formulates the theoretical framework. Section 4 describes
the data and methods. Section 5 reports empirical findings and robustness tests. Section 6
summarizes the conclusions and discusses the managerial implications.

2. Institutional Background and Literature Review
2.1. Institutional Background

The continuous improvement of China’s policy and regulatory framework has driven
the development of ESG information disclosure and related practices among listed com-
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panies. This evolution has not only shaped corporate ESG behavioral norms but also has
become a key external driver of SBMI.

In the early stage (2002-2014), policies focused on establishing baseline requirements
for environmental information disclosure and pollution control. For instance, the Code
of Corporate Governance for Listed Companies (2002) first mentioned corporate social
responsibility, and the Measures for the Disclosure of Environmental Information (Trial)
(2007) called for a combination of voluntary and mandatory environmental disclosure.
Under these regulations, firms often responded passively, prioritizing end-of-pipe treatment
measures with limited contributions to SBMI. In the middle stage (2015-2020), policies
gradually formed an institutionalized ESG framework, refining environmental and social
responsibility disclosure at the industry level. Meanwhile, green finance policies lowered
the threshold for applying sustainable technologies, embedding ESG requirements into
procurement, production, and product design along the value chain. This integration
promoted partial business model optimization. Since 2021, ESG has been elevated to
a core element of corporate competitiveness and strategy. The Action Plan for Carbon
Peaking Before 2030 (2021), issued by the State Council, mandated quantified carbon targets
and a “one enterprise, one policy” approach. In the same year, the Ministry of Ecology
and Environment released the Measures for the Administration of Legal Disclosure of
Enterprise Environmental Information, further specifying disclosure requirements. In 2022,
the China Securities Regulatory Commission (CSRC) issued the Guidelines on Investor
Relations Management, incorporating ESG into statutory disclosure for the first time.
In 2024, the Ministry of Finance and other departments jointly released the Corporate
Sustainability Disclosure Standards, requiring the disclosure of innovative practices and
strategic transformation outcomes. These policies have directly catalyzed the systemic
restructuring of value propositions, partner networks, and revenue models in Chinese
enterprises (see Table 1).

Table 1. Evolution of ESG-related policies in China and their impacts on SBMI.

Stage Core Features Impact on SBMI
Compliance Establish baseline requirements; Policy pressure focused on pollution control; firms
Foundation identify and control environmental =~ mainly invested in end-of-pipe environmental

(2002-2014)

Institutional
Integration
(2015-2020)

Innovation-Driven
(2021-present)

Build a systematic ESG framework

risks. equipment; limited impact on SBMI.

ESG embedded into procurement, production, and
product design; optimization of value chains;
financing incentives lowered the threshold for

and integrate it into corporate sustainable technology adoption, providing funding

operations. for innovation and enabling partial SBMI
improvements.
Coexistence of pressures and opportunities; policies
Position ESG as a core directly mandate disclosure of innovative practices;
competitiveness driver, enabling business model restructuring is catalyzed toward
strategic transformation and sustainability; firms explore new value propositions,
innovation. reconfigure partner networks, and innovate revenue

models; ESG becomes the central driver of SBMI.

China’s policy and regulatory framework employs a diverse set of instruments to shape
corporate ESG practices and drive the implementation of SBMI. In terms of mandatory
disclosure and standardization, the Measures for the Administration of Legal Disclosure of
Enterprise Environmental Information (2021) and the Corporate Sustainability Disclosure
Standards (2024) have enhanced the visibility and comparability of ESG performance,
enabling firms to more easily identify innovation opportunities along their value chains and
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optimize inefficient components of their business models. Regarding economic incentives
and financing support, the Guiding Opinions on Supporting the Development of Green
Bonds issued by the People’s Bank of China in 2017 has reduced financing costs, alleviating
the challenges of high upfront investment and long payback periods in the SBMI process. In
the area of governance constraints and responsibility enhancement, the 2018 revision of the
Code of Corporate Governance for Listed Companies by the China Securities Regulatory
Commission required boards of directors to strengthen oversight of ESG risks, while
the Guiding Opinions on High-Standard Fulfillment of Social Responsibility by Central
SOEs in the New Era released by the State-owned Assets Supervision and Administration
Commission in 2024 integrated ESG into corporate development strategies. In terms of
evaluation mechanisms and reputation drivers, the information disclosure evaluation
systems of the Shanghai and Shenzhen stock exchanges link ESG disclosure quality with
regulatory ratings and market image, incentivizing companies to go beyond compliance
baselines and proactively pursue innovative initiatives such as green product design,
circular economy practices, and low-carbon technology adoption.

Overall, the evolution of China’s ESG policy system reflects a shift from passive risk
control to proactive value creation. Early policies emphasized compliance through pollution
control and environmental disclosure, the middle stage lowered the cost and entry barriers
for SBMI through institutional integration and financial support, and recent policies have
leveraged standardization, incentives, and evaluation mechanisms to establish ESG as a
core source of corporate competitive advantage. This framework not only clarifies the
boundaries between regulation and incentives but also fosters a favorable market and
capital environment, transforming ESG from a compliance cost into an innovation engine.

While compliance-driven ESG policies have played an important role in standardizing
disclosure and raising baseline accountability, their effectiveness has been mixed. On the
positive side, the introduction of mandatory reporting requirements and stricter regulatory
oversight has improved the visibility of corporate ESG practices, leading to reductions in
certain forms of pollution and greater transparency in carbon emission data [11]. However,
evidence also shows that compliance alone has often resulted in superficial or symbolic
responses, with many firms focusing narrowly on meeting minimum requirements rather
than pursuing substantive transformation [12]. This limited effectiveness of compliance-
driven approaches helps explain why the policy narrative has increasingly shifted toward
positioning ESG as an innovation and value-creation engine. In the Chinese context, this
transition reflects both domestic and international pressures: achieving “dual carbon”
targets (carbon peaking and carbon neutrality) requires breakthroughs that go beyond com-
pliance, while global markets increasingly reward firms that integrate ESG into innovation
and competitive strategy [13]. Therefore, the insufficient success of compliance-centered
policies in delivering deep sustainability outcomes has driven the current emphasis on
innovation and economic returns as a more powerful pathway to accelerate the low-carbon
transition [14].

In this process, SBMI has transitioned from being a voluntary choice of individual
enterprises to a strategic transformation driven jointly by policy guidance, market demand,
and capital support.

2.2. Literature Review
2.2.1. Definition and Measurement of SBMI
As an emerging research topic in the field of business models, SBMI has attracted

increasing scholarly attention in recent years, although a universally accepted definition
has yet to be established.
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SBMI is generally understood as the process through which firms modify their busi-
ness models to overcome internal and external challenges, thereby facilitating the market
introduction of sustainable products, services, or processes [15]. It can also be seen as a
series of changes aimed at simultaneously creating economic value while substantially
reducing negative environmental and social impacts [3]. This transformation involves
reconfiguring value propositions, value creation, delivery, and capture to enable a sustain-
able transition [16]. Central to SBMI is the design and execution of business models that
minimize harmful externalities and promote positive social and environmental outcomes,
ultimately resulting in competitive and sustainable solutions [17]. Furthermore, SBMI
includes the identification and conversion of previously unrecognized forms of value to
enhance the implementation of sustainable business models [18].

Different scholars have offered varying perspectives on SBMI. From a corporate social
responsibility standpoint, SBMI is conceptualized as integrating social responsibility within
business models to achieve both economic and social gains [19]. Some research highlights
the importance of circular economy principles in SBMI, emphasizing the reduction of
energy use and the enhancement of resource reuse [20]. Additionally, other studies focus
on maximizing stakeholder value across economic, social, and environmental dimensions,
providing innovative pathways for SBMI [21]. A broader interpretation views SBMI as
encompassing diverse approaches that collectively represent sustainable business model
transformations [22]. This type of innovation aims to enhance resource efficiency, reduce
environmental impacts, and generate social value [23].

Consequently, this study defines corporate SBMI as the development of new business
models that pursue integrated environmental, social, and economic objectives.

Given its multidimensional nature, the measurement of SBMI remains a developing
area. Current approaches include interviews [16,24,25] and survey-based methods [26,27].
While these approaches provide valuable insights, they often suffer from limitations such
as small sample sizes, subjectivity, and lack of longitudinal coverage [28]. For the purpose
of this study, which requires a large-scale and replicable measure spanning nearly a decade
of panel data, such traditional approaches are insufficient. With advances in machine
learning, an increasing number of studies have adopted text analysis to extract relevant
information from publicly disclosed corporate reports [29], offering a novel perspective for
SBMI measurement. In the context of Chinese firms, text analysis has become an especially
viable and important method for assessing the degree of SBMI, given its feasibility in
assessing large-scale disclosure data. Therefore, we adopt a text-mining method based on
sustainability reports of Chinese A-share listed companies to construct an objective and
scalable measure of SBML

2.2.2. The Relationship Between ESG and SBMI

As a fundamental framework for assessing corporate performance across ESG as-
pects, this approach has attracted growing interest for its ability to drive SBMI. From the
perspective of strategic corporate responsibility, firms are encouraged to embed social
responsibility deeply into their core strategies [30]. By aligning social goals with economic
value creation, companies can achieve sustainable development. This theory advocates
that firms should look beyond short-term financial gains and give due consideration to
long-term factors such as customer needs, supply chain fairness, and labor rights protection,
thereby enhancing their competitiveness.

McAlister et al. (2002) [31] similarly argue that firms should embed social responsibility
into strategic execution, including areas such as investment in new technologies, product
innovation, and brand development. In this context, the business model is viewed as a
crucial vehicle for realizing strategic objectives. Therefore, embedding social responsibility
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within business model innovation allows firms to establish competitive advantages in the
sustainability era.

Within China, government policies have a crucial influence on the relationship between
ESG and SBMI. Initiatives such as the “dual carbon” goals, green finance policies, and
sustainable supply chain regulations have provided institutional support for corporate
SBMI. However, this also suggests that Chinese enterprises operate within a regulatory
environment that differs substantially from that of Western economies. Moreover, ESG
investment awareness in the Chinese market is still evolving. These contextual differences
may influence the mechanisms through which ESG affects SBMI.

Therefore, this study further explores how national policies in China interact with
ESG practices to jointly drive SBMI among enterprises.

3. Theoretical Framework and Research Hypotheses
3.1. The Impact of ESG on SBMI in Chinese Listed Companies

In recent years, global attention to ESG issues has been steadily increasing, and
companies have gradually begun integrating sustainability concepts into their day-to-
day operations [32]. In particular, under the pressure of China’s “dual carbon” goals,
firms across various industries are facing unprecedented transformation challenges [33].
This study argues that ESG practice is a crucial pathway for firms to realize SBMI, and it
draws upon three theoretical perspectives—sustainable development, triple bottom line,
and business ecosystem—to build the research hypotheses. The implementation of ESG
strategies not only helps enterprises respond effectively to external environmental changes
but also enhances their long-term competitiveness. SBMI has emerged as a key pathway
through which such strategic goals can be realized.

First, from the perspective of sustainable development theory, ESG provides the nor-
mative foundation for SBML. Sustainable development theory provides a broad viewpoint
focusing on fairness, continuity, and shared benefits. Its goal is to tackle resource scarcity
and environmental issues. ESG, as a practical embodiment of this theory, guides corporate
behavior in environmental, social, and governance dimensions [34]. Thus, sustainable
development theory not only provides the theoretical foundation for ESG but also clarifies
that enterprises must balance environmental and social responsibilities alongside economic
goals, thereby setting a clear direction for SBMIL

Second, based on the triple bottom line, ESG offers measurable dimensions through
which SBMI can be operationalized [35]. This concept emphasizes that organizations must
simultaneously achieve economic success, fulfill social duties, and maintain environmental
stewardship. According to this theory, corporate success should not be measured solely by
financial returns but also by the firm’s contributions to society and its environmental impact.
The ESG framework operationalizes this theory by providing quantifiable metrics to assess
a firm’s environmental and social performance, encouraging businesses to consider non-
financial factors in business model innovation. Implementing ESG strategies can not only
enhance corporate reputation and stakeholder trust but also promote resource efficiency
and green technological innovation—key enablers of SBMI.

Third, business ecosystem theory highlights ESG as a systemic driver of SBMI. This
perspective positions the firm within a broader network of stakeholders and integrates the
concepts of shared value and the circular economy. It encourages firms to adopt systemic
thinking in addressing social and environmental challenges to achieve a win-win balance
between economic and societal value. Within this framework, ESG serves as a strategic tool
for enhancing the sustainability of the business ecosystem. By adopting ESG strategies,
firms can improve resource efficiency, reduce environmental pollution, and build green
supply chains, providing a strong impetus for SBMI [36].
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In summary, ESG is not only a key tool for promoting corporate sustainability but also
a central driving force behind SBMI. By integrating resources, fostering technological inno-
vation, and optimizing governance structures, ESG opens up new business opportunities
and market value for enterprises. Based on the above theoretical foundations, this study
proposes the following hypothesis:

H1. ESG performance is positively related to SBMI firms” SBML

3.2. The Mediating Mechanisms in the ESG-SBMI Relationship Among Chinese Listed Companies
3.2.1. The Mediating Role of Patient Capital

Patient capital refers to a form of investment that prioritizes long-term value creation,
characterized by a high tolerance for risk and a low demand for liquidity. Unlike traditional
short-term investors, patient capital holders are more focused on a firm’s strategic outlook,
managerial quality, and commitment to social responsibility. Their goal is to achieve both
financial returns and positive environmental and social outcomes over an extended time
horizon [37]. This type of capital typically exhibits longer holding periods, deeper strategic
engagement, and greater tolerance for short-term financial fluctuations, thereby offering
crucial support for high-risk, long-term innovation activities.

Corporate performance in ESG serves as a crucial signal for attracting patient cap-
ital. Investor trust is fragile, and both investors and financial intermediaries are highly
concerned about the risk of “greenwashing.” Poorly designed or symbolic ESG initiatives
can erode the credibility of firms and weaken the confidence of patient capital, thereby
undermining long-term sustainability efforts [38,39]. Strong ESG outcomes indicate ef-
fective management in ESG areas, boosting investor trust in the company’s sustainable
development potential. Additionally, ESG reporting helps bridge the information gap
between firms and investors, enabling external financiers to gain clearer insights into the
company’s long-term strategies, non-financial results, and risk control abilities [40]. As
a result, patient capital investors are more inclined to allocate resources to companies
that demonstrate robust, stable, and improving ESG performance, aiming to achieve both
long-term capital appreciation and sustainable impact. ESG performance enhances both
corporate reputation and strategic transparency [41], which in turn increases the likelihood
and magnitude of patient capital inflows.

Due to SBMI'’s nature involving extended innovation periods, significant expenses,
and modest immediate gains, conventional short-term investors tend to avoid backing these
initiatives and can even hinder their progress. This aversion is empirically demonstrated in
contexts with stringent environmental regulations, where studies confirm reductions in
both foreign-invested enterprises and FDI utilization efficiency following sustainability-
focused policies [42]. Conversely, patient capital prioritizes sustained financial health and
alignment with long-term strategies. It provides a consistent source of funding that is less
sensitive to short-term volatility, offering firms the financial resilience needed to experiment,
iterate, and adjust their sustainable business models. Additionally, patient capital may exert
a positive influence through corporate governance by supporting long-term strategic goals,
prioritizing sustainability issues, and reducing pressure for short-term performance [43],
thereby strengthening a firm’s motivation and strategic coherence in pursuing SBMI.

Overall, companies enhancing their ESG performance tend to draw patient capital
that matches their long-term strategic goals. As a reliable and supportive external resource,
patient capital can ease financial limitations and overcome strategic barriers during the
SBMI process [44]. Therefore, the following hypothesis is formulated:
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H2. Patient capital mediates the relationship between ESG performance and SBMI, such that ESG
facilitates SBMI by attracting patient capital.

3.2.2. The Mediating Role of Corporate Reputation

Corporate reputation serves as a crucial bridge between ESG performance and SBMI.
It reflects external stakeholders” overall evaluation of a firm, and a strong reputation not
only enhances market recognition but also facilitates resource acquisition, investor attrac-
tion, and long-term sustainable development [45]. Thus, the mediating role of corporate
reputation can be understood through two key pathways: ESG’s influence on reputation
and, in turn, reputation’s contribution to SBMIL

First, ESG performance significantly shapes corporate reputation. Firms excelling in
ESG dimensions are more likely to gain trust from customers, investors, regulators, and
other stakeholders, while poor ESG outcomes can damage their reputation [46]. In the
environmental dimension, actions such as improving energy efficiency, reducing emis-
sions, and adopting circular economy principles help build a sustainable brand image
and enhance brand equity [47]. In terms of social responsibility, companies that prioritize
employee welfare, supply chain management, and community engagement are more likely
to gain public approval [48,49]. From a governance perspective, increased transparency and
better disclosure practices reduce trust costs for external investors and further strengthen
corporate reputation [50]. Therefore, improvements in ESG performance are often first
reflected in an enhanced reputation.

Second, corporate reputation acts as a driver of SBMI. A strong reputation signals
trustworthiness, which generates multiple advantages. Reputable firms are more likely to
attract long-term investors, reliable partners, and loyal customers, thus gaining resources
and competitive advantages essential for business model innovation [51]. They also enjoy
easier access to bank credit, government subsidies, and social capital, while exercising
greater influence over suppliers, contractors, and partners [52,53], thereby supporting
green technological innovation and upgrading business models. Moreover, reputation
positively interacts with employee relations: reputable firms attract and retain skilled
employees, boost loyalty, and encourage participation in innovation, which fosters deeper
SBMI development [54]. Finally, enhanced corporate reputation reduces the risks associated
with policy uncertainty and public scrutiny [55,56], providing firms with more flexibility
and capacity in implementing SBML

In summary, ESG performance fosters SBMI indirectly by first enhancing corporate
reputation, which then facilitates innovation and transformation.

H3. Corporate reputation mediates the relationship between ESG performance and SBMI, such
that ESG promotes SBMI by enhancing corporate reputation.

3.3. Moderating Effects in the ESG-SBMI Relationship Among Chinese Listed Companies
3.3.1. ESG, Green Investors, and SBMI

Green investors represent a distinct group in capital markets who, due to their strong
emphasis on ESG performance, play a critical moderating role in the ESG-SBMlI relationship.
Unlike traditional investors who primarily pursue short-term financial returns, green
investors tend to favor companies with superior ESG performance. This unique investment
preference not only provides firms with more stable and long-term capital support but
also sends strong market signals that guide companies to increase their commitment to
SBMI—thereby accelerating the sustainable transformation of business practices [57,58].
Their influence operates through two major mechanisms: capital market pressure and
green capital support.
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First is the capital market pressure mechanism. Green investors exert pressure through
capital markets, encouraging firms to continuously improve their ESG performance in
order to enhance their market competitiveness [59]. This form of pressure incentivizes firms
to prioritize ESG performance, thereby laying a solid foundation for sustainable business
model innovation.

Second is the green capital support mechanism. Green investors not only reward firms
with capital inflows but also provide direct financial resources for green innovation projects.
This financial backing ensures firms have the necessary funding for R&D, lowers the risks
of innovation, and accelerates the commercialization of sustainable technologies [60,61].

Finally, the signaling effect of green investors amplifies their moderating role. The
attention and endorsement from green investors send strong signals to the market, demon-
strating that superior ESG performance enhances corporate reputation, attracts stakeholder
resources, and opens up collaboration opportunities [62]. This accumulation of trust and
resources forms a virtuous cycle of sustainability, motivating firms to further engage
in SBMI.

In summary, green investors not only provide direct financial support but also shape
market expectations, thereby strengthening the positive relationship between ESG perfor-
mance and SBML

H4. Green investors positively moderate the relationship between ESG performance and SBML

3.3.2. ESG, Digital Transformation, and SBMI

Digital transformation plays a pivotal role in shaping how ESG practices contribute to
SBML. It refers to the process by which firms leverage next-generation digital technologies
to optimize resource allocation, enhance operational efficiency, and foster innovation
capabilities [63]. By modernizing traditional production models, strengthening information
transparency, and promoting resource integration, digital transformation provides critical
support for SBMI [64,65].

From an environmental perspective, digital technologies allow accurate tracking and
immediate response, thereby enhancing resource utilization and reducing both energy
loss and pollutant discharge. These capabilities offer strong support for achieving green
manufacturing goals [66]. From social and governance perspectives, digital transformation
increases transparency in external communication, boosts stakeholder engagement and
trust, and improves internal management processes and governance efficiency. In this
way, digital technologies amplify the effectiveness of ESG initiatives and open broader
opportunities for SBMI [67,68].

Therefore, the degree of a firm’s digital transformation directly influences the extent
to which ESG practices promote SBMI. On the one hand, advanced digital transformation
enables firms to maximize the benefits of ESG by responding more effectively to regulatory
requirements, shifting consumer preferences, and dynamic market conditions [69]. On the
other hand, firms with limited digital capabilities often face constraints such as insufficient
resources or outdated technologies, thereby diminishing the impact of ESG on SBMI [70].
Consequently, digital transformation is expected to significantly moderate the relationship
between ESG and SBML

H5. Digital transformation positively moderates the relationship between ESG performance and
SBML

3.3.3. ESG, Government Innovation Subsidies, and SBMI

Firms with strong ESG performance are often able to accumulate both environmental
technologies and social trust capital, thereby laying a foundation for sustainable business
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model innovation [71]. However, despite these advantages, external uncertainty and inter-
nal resource gaps may still hinder their ability to advance sustainable transformation. [72].
On the one hand, sustainable transitions require technological innovations that inherently
carry the risk of failure. Moreover, upstream suppliers and downstream customers may
respond slowly, weakening firms” incentives to proactively engage in SBMI. On the other
hand, innovation demands continuous and substantial R&D investment, which may exceed
the firm’s typical resource allocation capacity.

To address these challenges, government innovation subsidies can play a crucial mod-
erating role by strengthening the impact of ESG on SBMI [73]. First, such subsidies help
bridge the funding gap in corporate innovation efforts [74]. By easing cash flow constraints
and sharing innovation costs, subsidies reduce the risks associated with sustainable trans-
formation, making firms more willing to pursue green innovation and enabling lower-cost
transitions aligned with sustainability objectives. Second, from the perspective of signaling
theory, government subsidies send strong policy signals to the market, which attract ex-
ternal investors’ attention and mitigate corporate financing constraints [75]. Based on the
above reasoning, this study proposes the following hypothesis:

He6. Government innovation subsidies positively moderate the relationship between ESG perfor-
mance and SBMI, such that the impact of ESG on innovation is stronger when subsidy intensity

is higher.

The proposed conceptual framework is graphically represented in Figure 1.

H2 . ) ] H2
. 4)[ Patient Capital J N

Green Investors Digital Transformation

H4 H5 A 4

+ +

¢ ¢ Sustainable Busi Model

Corporate ESG Performance H > ustainable us!ness ode
+ T Innovation

H6
+ A

Government Innovation Subsidies

E— '13 4)[ Corporate Reputation } '13

Figure 1. Theoretical framework diagram.

4. Research Design
4.1. Sample Selection and Data Sources

The sample comprises A-share firms spanning 2014-2023, with ESG scores obtained

from Bloomberg. The following screening procedures were applied:

e  Firms with ST*, ST, or PT status, as well as those in the financial and insurance
industries, are excluded;

e  Firms with negative values for total assets, largest shareholder ownership, or net assets
are removed,;

e  Samples with missing values for any key variables are excluded;



Sustainability 2025, 17, 7965

12 of 26

e  All continuous variables are winsorized at the 1st and 99th percentiles to mitigate the
influence of outliers.

After the above processing, the final sample consisted of 8947 firm-year observations.
ESG score data were sourced from Bloomberg’s ESG rating database, while the remaining
financial and corporate information was obtained from the CSMAR database, CNRDS
database, RESSET Financial Database, the official websites of the Shanghai and Shenzhen
Stock Exchanges, and CNINFO.

Data processing was conducted using Excel, Stata 17.0, and Python 3.13. As some
firms have missing data in certain years, the final dataset constitutes an unbalanced panel.

4.2. Variable Design
4.2.1. Dependent Variable

This study adopted the SBMI measurement framework proposed by Bashir et al.
(2002), which decomposes SBMI into three core dimensions [76]. Each dimension is further
broken down into three to four specific issues to ensure a comprehensive and nuanced
assessment.

Building on this, the study incorporated the classification scheme developed by Bocken
et al. (2014), which categorizes SBMI into eight archetypes, each with its own set of descrip-
tive keywords [3]. Based on these frameworks and following the methodological approach
of Zhou et al. (2023) [28], this study applied text analysis techniques to quantitatively
measure SBMI. The complete SBMI keyword dictionary and its mapping to Bocken et al.
(2014) ’s [3] archetypes are provided in Appendix A. For example, a report that explicitly

e

emphasizes “low-carbon manufacturing,” “circular economy,” and “stakeholder engage-
ment in governance” would be assigned a high SBMI score, as it covers multiple archetypes
in our dictionary.

The next step involved the careful selection of SBMI-related keywords. Drawing on
the above literature, a systematic process was conducted to identify and screen potential
representative terms for SBMI. During this process, terms that were inconsistent with
the core meaning of SBMI or semantically ambiguous were removed. The refined set of
keywords was then independently reviewed and validated by three domain experts in
SBM], resulting in the final seed word set.

With the SBMI keyword set finalized, a custom SBMI dictionary was developed. Using
Python programming, word frequency statistics were computed based on sustainability
reports disclosed by listed firms. This yielded the final quantitative score for SBMI.

4.2.2. Independent Variable

In empirical studies, institutional ESG ratings are commonly used as a standard
measure of corporate ESG performance [77,78]. One major advantage of using institutional
ratings lies in their objectivity and authority. As third-party evaluation tools, they ensure
transparency and consistency of data while reducing the bias inherent in self-reported
disclosures. Moreover, institutional ESG scores integrate multiple data sources, including
public disclosures, third-party information, and assessments of social and environmental
risks, thus providing a comprehensive ESG evaluation framework that supports inter-
industry and cross-regional comparisons.

In this study, we employed Bloomberg ESG ratings as the primary measurement
of ESG performance. Bloomberg’s ESG ratings consider multiple dimensions, including
environmental impact, social responsibility, and governance structure. By combining firm-
disclosed data with third-party resources, these ratings offer a holistic assessment of a
company’s ESG performance and provide deep insights into its sustainability-related risks
and opportunities.
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4.2.3. Moderating and Mediating Variables

Patient capital: Considering the particular institutional context of China, we used
institutional ownership stability to represent patient capital. Stable institutional share-
holding reflects a long-term investment horizon and monitoring style, which are
central to the concept of patient capital, and this measure has been widely applied in
prior research [79]. Compared with survey-based measures or qualitative assessments,
this proxy is observable, consistent across firms, and suitable for large-sample empiri-
cal analysis. Therefore, it provides a reliable way to capture the extent to which firms
benefit from patient, long-term-oriented investors.

Drawing on the approach used in prior studies [80], the stability of institutional
ownership was calculated as the ratio of institutional shareholding in firm i during
year t to the standard deviation of its institutional ownership over the preceding
three years.

Corporate reputation: Drawing on existing reputation rankings and the works of
Cravens et al. (2003) [81] and Chun (2005) [82], this study selected representative
indicators of corporate reputation. This approach was commonly adopted in prior
empirical research because financial strength, profitability, and risk profiles are the
most visible and comparable dimensions through which external stakeholders form
perceptions of firm reputation. Alternative measures such as survey-based rankings or
media-based indicators are not consistently available for our full sample. Thus, factor
analysis of financial metrics offers both data availability and comparability across
firms, making it a feasible and valid proxy in this context.

Green investors: Referring to Tang et al. (2024) [58], this study identified green
investors by matching the “Fund Entity Information Table” and “Equity Investment
Details Table” from the CSMAR database for the period 2014-2023. A fund is classified
as a green investor if its investment goals or scope include sustainability-related

7o ”oa

keywords. In addition to “environmental protection,” “ecology,” “green,” and “new
energy development,” our keyword set also covers broader terms such as “clean
energy,” “renewable,” “low-carbon,” and similar descriptors to ensure comprehensive
identification. If any such fund holds a listed firm, it is considered to have green
investors.

Digital transformation: Based on the study by Gong et al. (2021) [83], this variable
was measured by counting the frequency of 139 digitalization-related keywords across
three dimensions: technology classification, organizational empowerment, and digital
application.

Government innovation subsidies: Following Lyu et al. (2024) [84], government
innovation subsidy data were obtained from firms’ disclosed financial statement
notes. Based on the subsidy classification framework in Zuo et al. (2022) [85], we
calculated the indicator as the sum of all government innovation-related financial

support disclosed by listed companies.

4.2.4. Control Variables

To address potential firm-level differences in scale, financial performance, and gover-

nance characteristics, a range of control variables was incorporated into the model. Addi-

tionally, year, industry, and firm fixed effects were included to account for time-varying

shocks, sector-specific traits, and unobserved heterogeneity. Full definitions of all variables

are provided in Table 2.
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Table 2. Variable definitions.

Variable Type Variable Name Symbol Definition
Sustainability-oriented Dummy variable. Equal to 1 if §takeholders participate in
corporate governance or if there are customer
Customers - .
communication channels; otherwise, 0.
Sustainable value Product and service Dummy Var.1able. Equal to 1 if there are public wcilfare.
or A products/services or if the company provides functionality
proposition sustainability . .
instead of ownership.
e Dummy variable. Equal to 1 if management is involved in
Self-positioning as . ; .
X ESG and if a dedicated green governance department is
sustainable .
established.
More sustainable core
Dependent Sustainable business SBMI competencies and Proportion of green patents.
variable model innovation Sustainable value resources
creation and . . Dummy variable. Equal to 1 if actions are taken to maximize
) Transformation of internal . ..
delivery . i material/energy efficiency, create value from waste, or
. . value creation activities R .
innovation substitute with renewable energy/natural processes.
Sustainable distribution Green supplv chain
channels PPLY '
Increased profitability . . . . :
. f = fit/R
Sustainable value  from sustainable products Operating profit margin = Operating profit/Revenue
capture Reduced manufacturing
innovation costs via sustainability Cost profit margin = Total profit/Operating cost
practices
Independent
variable ESG performance ESG Natural log of Bloomberg ESG scores plus one.
. . Ratio of institutional investor shareholding in year t to the standard deviation of shareholding in the past
Patient capital PC 3 years
Mec!lalljtlmg Calculated using factor analysis based on variables such as total assets, revenue, net profit, industry rank, debt
variables corporate reputation CR ratio, current ratio, long-term debt ratio, EPS, DPS, Big Four auditing status, sustainable growth rate, and
independent director ratio.
Green investors GI Dummy variable. Equal to 1 if the company has green investors; otherwise, 0.
Moderating Digital transformation Ln(DCG) Natural log of (frequency of digital-related keywords in company reports + 1).
variables Government Gov Amount of government innovation subsidies disclosed in financial statement notes.

innovation subsidy
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Table 2. Cont.
Variable Type Variable Name Symbol Definition
Firm size Size Natural log of total assets at year end.
Leverage ratio Lev Total liabilities / Total assets.
Return on assets ROA Net profit/Total assets.
Ownersh}p Topl Shareholding ratio of the largest shareholder.
concentration
CEO duality Dual Dummy variable. Equal to 1 if CEO and Chairman positions are held by the same person; otherwise, 0
Control variables Pr(ljir(r)rrlﬁa(;grf y Age Years since the company went public.
. P . Indep Ratio of independent directors to total board members.
independent directors
Revenue growth rate Growth (Current period revenue — Previous period revenue)/Previous period revenue.
Ownership type SOE Dummy variable. Equal to 1 if the firm is state-owned; otherwise, 0.
Institutional ownership INST Shareholding ratio of institutional investors.
Year fixed effects Year Year dummies to control for time effects.
Firm fixed effects Id Firm-level fixed effects.
Industry fixed effects Industry Industry-level fixed effects.
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4.3. Model Specification

To test Hypothesis 1, which proposes that ESG performance positively correlated
SBMI among Chinese firms, the baseline Model 1 was constructed as follows:

SBMI; ¢ = otp + o1 ESG; ¢ + Z oy, X Controlsy ¢ + ZYear + Z Industry + Z Id +¢

To test Hypothesis 2, which concerns the mediating effect of patient capital, we built
Model 2 based on Model 1:

PCi = Bo + P1 ESG;i + Z Bx x Controlsy ; + ZYear + Zlndustry + ZId +e

To test Hypothesis 3, which examines the mediating role of corporate reputation, we
built Model 3 as follows:

CRit = vo +v1 ESGit + ZYk x Controlsy  + ZYear + Z Industry + Z Id +-€

To examine the moderating effect of green investors on the relationship between ESG
performance and SBMI (Hypothesis 4), we constructed Model 4:

SBMI;; = 0 + 01 ESG; +0, Gl +03 ESG;; X GLi ¢ + )0y x Controlsy  + ) Year
+ ) Industry +)_Id +e

To avoid multicollinearity, the digital transformation variable (In(DCG)) is mean-
centered before interacting with ESG. Based on this, Model 5 was constructed to test the
moderating effect of digital transformation (Hypothesis 5):

SBMIiy = Ao+ AESGit+ Ay ln(DGC)i/t +A3ESG;¢ xc_ ln(DGC)ilt + Y Ax x Controlsy ¢
+ ) Year + ) Industry + ) Id +e

To examine Hypothesis 6, which considers whether government innovation subsidies
moderate the relationship between ESG and SBMI, we developed Model 6 as follows:

SBMIi; = 8¢ + 81 ESG;t +82 Govi¢ +83 ESGi ¢ x Govi¢ + 3 8yt x Controlsy ; + ) Year
+ Y Industry +) Id +e

5. Empirical Results
5.1. Descriptive Statistics

Table 3 summarizes the descriptive statistics of the main variables. The dependent
variable SBMI has a mean of 0.119 and a standard deviation of 0.678, showing wide
differences in sustainable business model innovation among firms. ESG scores range from
2.672 to 4.121, with a mean of 3.458 and relatively low dispersion, indicating moderate
variability in ESG performance.

Among control variables, firm size (mean = 23.384) and ROA display noticeable
variation, suggesting diversity in operational scale and profitability. The average leverage
ratio is 0.480, reflecting generally stable capital structures. Governance-related indicators
such as Topl (mean = 0.366) and Indep (mean = 0.375) show firm-level differences in
ownership and board composition. The mean growth rate is 0.313, but the high standard
deviation indicates performance divergence. Meanwhile, the proportion of state-owned
enterprises is nearly balanced (SOE mean = 0.517).

Overall, the sample reflects substantial heterogeneity across ESG, SBMI, and firm
fundamentals, providing a robust basis for regression analysis.
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Table 3. Descriptive statistics.

VarName Obs Mean SD Min Median Max
SBMI 8947 0.119 0.678 —0.966 —0.011 2.727
ESG 8947 3.458 0.277 2.672 3.430 4.121
Size 8947 23.384 12.69 20.680 23.280 27.150

Lev 8947 0.480 0.197 0.078 0.488 0.918
ROA 8947 0.042 0.062 —0.225 0.037 0.220
Topl 8947 0.366 0.157 0.084 0.351 0.768
Dual 8947 0.209 0.406 0.000 0.000 1.000
Age 8947 15.008 7.205 0.000 15.000 33.000
Indep 8947 0.375 0.054 0.333 0.364 0.571
Growth 8947 0.313 0.800 —0.650 0.111 5.319
INST 8947 0.543 0.217 0.038 0.568 0.933
SOE 8947 0.517 0.500 0.000 1.000 1.000

5.2. Correlation Analysis

Table 4 presents the Pearson correlation coefficients for key variables. A significant

positive correlation is observed between ESG and SBMI (r = 0.541, p < 0.01), providing initial

evidence that better ESG performance is associated with greater progress in sustainable

business model innovation. This result supports the subsequent regression design.

Table 4. Correlation analysis results.

SBMI ESG Size Lev ROA Top1l Dual Age Indep Growth INST SOE
SBMI 1
gsc 2
. 0.471 0.431
SIZE *%% Lt 1
v PN W7
—-0.133  0.067 —0.052 —0.466
ROA *%% %% %% *%4% 1
—0.021  0.036 0.246 0.077 0.086
Topl *%% %% %% *%% Ex 1
Dual 0016 0003  oatl —0082 0.087  —0.101 1
0.100 0.173 0.169 0191 —-0.180 —0.025 —0.204
Age *%% %% %% *%4% bt 3% 3% 1
0.039 0.065 0.084 0.025 0.026 0.076 0.087  —0.031
Indep *%% Edd *3%% *3% *% %% *3% *3% 1
Gowth o> U ooor %P 0P oo TOEME B
0.107 0.197 0.444 0.158 0.089 0.613 —0.184 0.126
INST *%% %% %% *%4% bt %% *3% *%% 0'020 * _0009 1
0.027 0.059 0.257 0.211 —-0.172 0.284 —-0.315 0.370 " 0.370
SOE *3% et *3%% *%% et %% *3% *%% 0'013 0043 o *%% 1

Note: ***,** and * denote significance at the 1%, 5%, and 10% levels, respectively. The same applies hereinafter.

Among control variables, firm size shows a strong positive correlation with SBMI
(r=0.471, p < 0.01), suggesting that larger firms may have more capacity to innovate
sustainably. Leverage also correlates positively with SBMI (r = 0.275, p < 0.01), implying a
potential link between financial structure and innovation efforts. In contrast, CEO duality
exhibits no significant correlation with SBMI, indicating that managerial control structure
may not play a major role. The correlation between Top1 and SBMI is negative, indicating
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that firms with highly concentrated ownership tend to be more conservative in sustainable
business model innovation.

5.3. Regression Analysis
5.3.1. Regression Results of ESG and SBMI

Table 5 presents regression results on the ESG-SBMI relationship. Across all models
(Columns 1+4), ESG has a consistently positive and significant effect on SBMI at the 1%
level. In the baseline model, the ESG coefficient is 1.322 (R? = 0.292). Adding fixed effects
(Column 2) lowers the coefficient to 1.036 while improving model fit (R? = 0.385). Further
inclusion of control variables (Column 3) yields a coefficient of 1.004 (R? = 0.408). In the
fully specified model (Column 4), ESG remains significant, with a coefficient of 0.579 and
R? of 0.513.

Table 5. Regression results of ESG and SBMI in Chinese firms.

Variables uh)] 2) 3) @
SBMI SBMI SBMI SBMI
1.322 *** 1.036 *** 1.004 *** 0.579 ***
ESG (60.73) (15.68) (28.06) (8.60)
Controls No No Yes Yes
—4.453 *** —3.464 *** —6.742 *** —5.658 ***
Constant (—58.96) (—15.36) (—41.94) (—15.95)
Year No Yes No Yes
Industry No Yes No Yes
Id No Yes No Yes
Observations 8947 8947 8947 8947
R-squared 0.292 0.385 0.408 0.513

Note: The values in parentheses are t-statistics. The same applies to the following tables.

In summary, although the ESG coefficient decreases after introducing control variables
and fixed effects, its positive influence on SBMI remains robust, and the overall model
fit improves significantly. The above results validate the core hypothesis that ESG per-
formance significantly promotes sustainable business model innovation in enterprises.
Thus, this suggests that corporate investment in ESG not only improves environmental and
social performance but also effectively facilitates the sustainable transformation of their
business models.

5.3.2. Regression Results of the Mediation Effect

Table 6 displays the regression results for the mediation analysis between ESG and
SBMLI. A two-step regression approach is adopted to explore possible mediating pathways.
In Column 2, ESG performance is found to positively influence patient capital, indicating it
may act as a mediating channel. Column 3 reveals a significant positive link between ESG
and corporate reputation, supporting its role as another potential mediator.

Table 6. Regression results for mediation effects.

. 1) (2) 3)
Variables SBMI PC CR
0.666 *** 0.220 *** 0.153 ***
ESG (11.21) (2.76) (5.19)
Controls Yes Yes Yes
Constant —6.102 *** 1.338 *** —8.414 ***
(—19.76) (3.22) (—50.06)

Year Yes Yes Yes
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Table 6. Cont.

. ® (2) 3)
Variables SBMI PC CR
Industry Yes Yes Yes
Id Yes Yes Yes
Observations 8947 8784 7982
R-squared 0.511 0.400 0.790

In summary, patient capital and corporate reputation serve as important bridges
between ESG and SBMI, offering new pathways for firms to achieve sustainable business

model innovation.

5.3.3. Regression Results of the Moderation Effects

Table 7 reports the moderation analysis examining how green investors, digital trans-
formation, and government innovation subsidies influence the ESG-SBMI relationship.

Table 7. Moderating effect regression results.

Variabl ® (2) 3)
arlables SBMI SBMI SBMI
0.579 *** 0.709 *** 0.627 ***
ESG (8.60) (11.22) (8.04)
—0.363 **
Gl (—1.77)
0.120 ***
ESG x GI (1.97)
—0.156 **
In(DCG) (—1.99)
0.067 ***
ESG x c_In(DCG) (2.91)
—7.030 **
Gov (—2.21)
2.051 **
ESG x Gov (2.34)
Controls Yes Yes Yes
Constant —5.658 *** —5.855 *** —5.686 ***
(—15.95) (—16.46) (—16.00)
Year Yes Yes Yes
Industry Yes Yes Yes
Id Yes Yes Yes
Observations 8947 7501 4029
R-squared 0.513 0.537 0.490

e  Column 1: The interaction term ESG x GI has a positive and significant coefficient
(0.120, p < 0.01), indicating that the presence of green investors amplifies ESG’s effect

on SBMI.

e  Column 2: The interaction ESG x In(DCG) is also positive and significant (0.067,
p < 0.01), suggesting that digital transformation enhances the effectiveness of ESG in
promoting SBMI, likely due to improved ESG implementation capabilities.

e Column 3: The interaction ESG x Gov yields a significant coefficient (2.051,
p < 0.05), showing that government innovation subsidies further strengthen the ESG-

SBMI linkage.
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Interestingly, the direct coefficients of green investors (GI), digital transformation
(In(DCG)), and government innovation subsidies (Gov) on SBMI are negative. This sug-
gests that these factors, when considered alone, may place additional resource burdens,
compliance costs, or adjustment pressures on firms, thereby hindering immediate SBMI
progress. However, their interaction terms with ESG are positive and significant, indicat-
ing that when combined with strong ESG performance, they act as important contextual
enablers that amplify the positive impact of ESG on SBML

In conclusion, all three moderators significantly reinforce ESG’s impact on SBMI,
affirming the robustness of the main findings across different contextual factors.

5.4. Robustness Tests
5.4.1. Replacing the Independent Variable

To reduce potential measurement errors arising from different data sources, this study
replaced the core explanatory variable ESG score with an alternative metric. Specifically,
the ESG rating from the Huazheng (CNI) database was used to substitute the original
Bloomberg ESG score. The ratings range from “AAA” to “C” and were numerically
converted from 9 to 1. The annual average rating was then calculated. The regression result
is shown in Column 1 of Table 8. The result indicates that the main hypothesis still holds
under this alternative ESG measure, further confirming the robustness of the findings.

Table 8. Robustness test regression results.

Replacing the Changing the .
IndepeIr)ldenthariable Samplég W;gndow Instrumental Variable Approach
Variables 0 2 3) @) ®) ©6)
SBMI SBMI First Second First Second
ESG SBMI ESG SBMI
esg 0.085 ***
9.17)
ESC 0.852 *** 0.855 *** 0.973 ***
(10.75) (9.77) (8.88)
0.806 ***
L1_ESG (92.61)
0.693 ***
L2_ESG (55.41)
Controls Yes Yes Yes Yes Yes Yes
Constant —4.868 *** —7.358 *** 0.401 *** —6.926 *** 0.547 *** —7.506 ***
(16.39) (—20.49) (12.14) (—20.13) (11.17) (—20.06)
Year Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
Id Yes Yes Yes Yes Yes Yes
Observations 8947 4531 7017 7017 6208 6208
R-squared 0.493 0.476 0.802 0.509 0.693 0.502

5.4.2. Changing the Sample Window

To examine whether the conclusions are sensitive to the selection of the time window,
this study adjusted the research period to 2019-2023. This time frame encompasses the
outbreak and continuation of the COVID-19 pandemic globally, during which corporate
data performance differs significantly from non-pandemic periods, with increased volatility.
By selecting the 2019-2023 window, the study ruled out potential data heterogeneity
caused by drastic external environmental changes before and during the pandemic, thereby
ensuring the robustness and credibility of the conclusions under this unique and critical
period. The regression result is shown in Column 2 of Table 8 and remains robust.
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5.4.3. Instrumental Variable Approach

To mitigate potential endogeneity concerns, this study applied a two-stage least
squares regression using lagged ESG values (t — 1 and t — 2) as instrumental variables. As
shown in Columns 3 to 6 of Table 8§, the first-stage regression indicates a strong correlation
between the instruments and ESG. The second-stage results remain significantly positive,
confirming that the positive effect of ESG on SBMI is not affected by endogeneity.

6. Conclusion, Implications, and Future Research
6.1. Conclusions and Recommendations

This study focuses on Chinese listed companies and investigates the impact mecha-
nism of ESG on SBML. It also explores the mediating roles of patient capital and corporate
reputation, and reveals the moderating effects of green investors, digital transformation,
and government innovation subsidies in this process.

The findings indicate that ESG practices significantly promote the development of
SBMI among Chinese listed firms, demonstrating that strong performance in environmental,
social, and governance dimensions is a key driver of sustainable business model innovation.
The involvement of green investors, the advancement of digital transformation, and the
provision of government innovation subsidies all significantly enhance the positive effect
of ESG on SBM], highlighting the crucial role of market forces and policy environments.
Additionally, patient capital and corporate reputation partially mediate the link connecting
ESG and SBML. A series of robustness checks further validates the consistency and reliability
of these results.

Based on the above research findings, we propose the following targeted recommen-
dations:

e  First, the government should strengthen the ESG-related policy framework. This
includes standardizing ESG disclosure and rating criteria, as well as implementing
diverse incentives, such as tax incentives and green credits, to encourage more in-
vestment in SBMI. Furthermore, the government should improve innovation subsidy
policies to ensure accurate targeting and effective implementation, thereby offering
clear policy support and institutional guarantees for enterprises.

e  Second, enterprises should integrate ESG principles into their strategic development
and actively embrace technologies like big data and artificial intelligence in the digi-
tal transformation process. These efforts can help optimize resource allocation and
stimulate green innovation. Firms are also encouraged to attract green investors and
increase the share of patient capital to enhance ESG performance, market competi-
tiveness, and internal sustainability. At the same time, attention should be paid to
reputation management, as sustained improvement in ESG performance can enhance
trust among external stakeholders, creating a more favorable external environment
for SBML

e  Finally, investors should pay close attention to ESG construction in enterprises and
actively transition into green investors. This shift can encourage firms to continuously
improve and achieve a balance between economic returns and social responsibility.
Green investors should continue to play a leading role by using financial instruments
to provide strong financial support, helping transform SBMI from concept to practice.

6.2. Limitations and Future Research

While this study provides novel insights into how ESG practices promote SBMI,
several avenues remain for refinement and future exploration.

First, the proxies for the mediating variables—patient capital and corporate reputation—
though widely applied in prior studies, may not fully capture the conceptual richness of
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these constructs. For instance, the stability of institutional ownership primarily reflects
behavioral outcomes such as low turnover, and factor analysis-based measures of corpo-
rate reputation may partially overlap with financial characteristics. Future research could
further enrich measurement by developing alternative or more direct indicators, thereby
complementing the current approach.

Second, although this study employed instrumental variables and multiple robustness
tests, endogeneity concerns may still remain to some extent. Reverse causality between
ESG and SBMI, or the influence of omitted variables, cannot be fully ruled out. Future
work could strengthen causal inference by adopting natural experiments or longitudinal
designs, which would provide further support to the findings presented here.

Third, this paper treats ESG performance as a composite construct. While this holistic
approach highlights the overall effect of ESG, it may also mask differences among the
environmental, social, and governance pillars. Disaggregating ESG in future studies
could provide a more nuanced understanding of which dimension plays a greater role in
driving SBML

Finally, the analysis is based on Chinese listed firms. This unique institutional setting
offers valuable insights, yet cultural and contextual differences may limit generalizabil-
ity. Future research could extend this framework through cross-country comparisons or
in-depth case studies to enrich theoretical understanding of how ESG, patient capital,
and corporate reputation interact to shape SBMI. With the global sustainable develop-
ment agenda advancing rapidly, exploring how emerging technologies and new practices
integrate into this process will be a promising direction for further research.
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Appendix A

Table A1l. Mapping of Bocken’s SBMI archetypes to keywords used in this study.

Bocken’s Archetypes

Keywords Description

1. Maximize material
productivity and energy
efficiency

Lean manufacturing and management

Low-carbon manufacturing and management

Smart manufacturing Practices aimed at improving resource
Cleaner production utilization and reducing energy consumption
Energy management and monitoring;

environmental management
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Table Al. Cont.

Bocken’s Archetypes

Keywords

Description

2. Create value from
“waste”

3. Substitute with
renewables and natural
processes

4. Deliver functionality,
rather than ownership

5. Adopt a stewardship
role

6. Encourage sufficiency

7. Re-purpose the business

Circular economy

Excess capacity sharing

Extended producer responsibility

Renewable energy (wind/solar)

New energy-based technological innovation
Zero emissions

PSS: Repair and extended warranty

PSS: Leasing

PSS: Pay-per-use

Green supply chain

Environmental management

Risk identification mechanisms

Customer communication channels

Public welfare-oriented products or services
Managerial participation in ESG management
Establishment of dedicated green governance

Approaches that reuse, recycle, or share
resources to reduce waste and create additional
value

Transition to renewable energy sources and
adoption of green technologies

Product-Service Systems (PSSs) that satisfy
needs through services rather than ownership

Firms acting as stewards of environmental and
social resources, emphasizing responsibility
and accountability

Promoting moderate consumption and offering
low-impact products and services

Reorienting business purposes toward social

for society /environment

8. Develop scale-up

and environmental missions beyond profit
maximization

bodies
Stakeholder participation in corporate governance
Smart manufacturing

Low-carbon manufacturing and management Scaling up technologies and business models to

solutions New energy-based technological innovation achieve large-scale sustainable transformation
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