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increasingly relies on coordinated infrastructure

management, environmental accountability, and
collaboration across multiple stakeholders. While
sustainability governance and digital transformation
have each received considerable scholarly attention,
their integration remains limited, particularly in
explaining how digital systems support governance
across complex industrial ecosystems. This paper
Digital
Sustainability Governance through a structured

develops a conceptual framework for
literature synthesis. The proposed Smart Digital
Sustainability Governance Model comprises four
interrelated pillars: governance leadership, digital
sustainability infrastructure, industrial ecosystem
collaboration, and institutional policy alignment.
The framework emphasizes that sustainability
governance extends beyond firm-level ESG practices
digital

and

to include estate-level leadership,

monitoring,  collaborative  coordination,
institutional support. Drawing on the Indonesian
context, with reference to Surabaya Industrial Estate
Rungkut (SIER) as an illustrative context, the paper
shows how digital transformation can strengthen
sustainability governance in industrial ecosystems
and offers an integrated framework applicable to

emerging economies.
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INTRODUCTION

Global economic development is increasingly shaped by the intersection of industrial
transformation (Ba & Galik, 2023; Li & Zhao, 2023), technological innovation (Ahmad et al., 2023; Weng et
al.,, 2024), and sustainability imperatives (VoRbeck & Fastenrath, 2024), which together are redefining
pathways toward more competitive, adaptive, and environmentally responsible growth (He, 2026; Shahzad
& Muhammad, 2025). The global commitment to the Sustainable Development Goals has intensified
expectations that firms embed environmental and social responsibility into long-term strategy (Almnadheh
et al.,, 2025; Sarkar et al., 2023; Sasaki et al., 2024). In this setting, governance is no longer viewed merely as
a mechanism of control, compliance, or shareholder protection (Dandapani & Shahrokhi, 2022), but
increasingly as a strategic arrangement through which organizations aligh economic performance with
social legitimacy and environmental accountability (Aguilera & Ruiz Castillo, 2025; O’Higgins, 2023). This
shift has strengthened the incorporation of stakeholder interests, ESG commitments, and sustainability
oversight into contemporary governance logics (Ludwig & Sassen, 2022; Sousa & de Bem Machado, 2024; S.
Wang & Wang, 2022).

At the same time, digital transformation has reconfigured how industrial organizations operate,
coordinate, and make decisions through increasingly data-intensive systems (Brarda et al., 2026; Fantozzi et
al.,, 2025; Yaqub & Alsabban, 2023). The expansion of the Internet of Things, digital monitoring systems,
analytics platforms, and integrated enterprise infrastructures has enabled firms to capture and process
operational information at greater speed and scale (Basingab, 2025; Duan & Xu, 2024; Karic et al., 2025).
Most studies connect digitalization to productivity, efficiency, and technological upgrading (Chauhan et al.,
2021; Li et al., 2020). Yet its implications extend beyond operational improvement. As information becomes
more visible, traceable, and shareable across organizational boundaries, digital systems increasingly shape
how responsibility is allocated, how sustainability performance is monitored, and how collective decisions
are coordinated in complex industrial environments (Coskun-Setirek et al., 2024; Tariq et al., 2026).

Despite their relevance, sustainability governance and digital transformation remain insufficiently
integrated in the literature (Beier et al., 2020; Guandalini, 2022; Nadeem et al., 2026). Research on
corporate governance and ESG has advanced understanding of oversight, disclosure, accountability, and
stakeholder engagement (Escamez et al., 2026; Ludwig & Sassen, 2022; Yang et al., 2024). By contrast,
digital transformation research has concentrated more on technology adoption, process optimization,
innovation capability, and organizational agility (Chatterjee et al., 2021; Duan & Xu, 2024; Fantozzi et al.,
2025). These streams rarely converge in ways that explain how digital infrastructures actively support
sustainability governance, particularly where environmental and governance challenges are distributed
across multiple actors rather than contained within a single firm (Irajifar et al., 2023; Mihai et al., 2025;
Mulligan et al., 2024).

This conceptual gap becomes especially visible in industrial ecosystems, where economic activities,
shared infrastructures, environmental pressures, and institutional responsibilities are deeply interconnected
(Burstrom et al., 2024; Le Tellier et al., 2022; Sgambaro et al., 2026). Industrial estates provide a particularly
relevant setting because they bring together tenant firms, estate managers, regulators, infrastructure
providers, service organizations, and surrounding communities within a shared governance environment
that requires continuous coordination across organizational boundaries (Taddeo, 2016; Hudalah et al., 2019;
Burstrom et al., 2024). In such settings, sustainability outcomes are not determined solely by the internal
practices of individual firms. They depend on cross-actor coordination, the management of shared
infrastructure and environmental risks, and governance mechanisms that connect information,
accountability, and collective action across organizational boundaries (Parli et al., 2021; Sundqvist-Andberg
& Akerman, 2022; Wang et al., 2023; Zhao et al., 2023). Industrial ecosystems therefore require governance
arrangements that move beyond firm-level compliance and support collaborative sustainability
management at the ecosystem level (Burstrom et al., 2024; Han & Xie, 2025).
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The issue is particularly salient in emerging economies, where industrial estates are expected
simultaneously to drive industrialization, support regional development, and respond to mounting
environmental and institutional pressures (Adegbite, 2021; Schack et al., 2024; Nainggolan et al., 2020).
These overlapping demands often expose a tension between policy ambition and governance capacity
(Bourguignon & Libois, 2023; Samaratunge & Alam, 2021). Indonesia offers a relevant setting because
industrial-estate development is increasingly positioned at the intersection of industrial expansion, green
transformation, and digital industrial policy (Alriansyach et al., 2024; Mursadi et al., 2024, Sjaifuddin, 2020).
Within this trajectory, SIER is analytically useful as an illustrative case of how sustainability governance in a
multi-actor industrial environment depends not only on firm-level commitment, but also on coordination
capacity, infrastructure management, stakeholder engagement, and institutional support (Hudalah et al.,
2019; Nainggolan et al., 2020; Noegroho, 2025).

Against this background, this study develops a conceptual framework for understanding how digital
transformation can strengthen sustainability governance in industrial ecosystems, with relevance to
industrial estates in emerging economies. The article argues that digital transformation should be examined
not merely as a technological or operational shift, but as part of the governance architecture through which
sustainability-related information becomes visible, coordinated, and actionable (Tariq et al., 2026). The
theoretical novelty of this study lies in integrating governance and digital transformation at the ecosystem
level. Unlike conventional corporate governance models, which primarily explain sustainability through
internal firm structures and board-level oversight, the present framework conceptualizes sustainability
governance as an ecosystem-level capacity shaped by interdependence, shared infrastructure, and
multi-actor coordination (Ludwig & Sassen, 2022; Burstrom et al., 2024; Han & Xie, 2025). Likewise, unlike
generic digital transformation models that emphasize productivity, automation, or organizational agility, this
framework treats digitalization as a governance-enabling mechanism that supports visibility, accountability,
and coordinated sustainability action across industrial estates (Guandalini, 2022; Tariq et al., 2026). Drawing
on a structured synthesis of literature on corporate governance, sustainability management, digital
transformation, and industrial ecosystem governance, the paper proposes a Smart Digital Sustainability
Governance Model composed of four interrelated pillars: governance leadership, digital sustainability
infrastructure, industrial ecosystem collaboration, and institutional policy alignment.

This study makes three contributions. First, it brings digital transformation into the sustainability
governance conversation as an enabling governance mechanism rather than a background condition of
modernization (Guandalini, 2022; Shabbir, 2025). Second, it extends the analytical focus from the individual
firm to the industrial ecosystem, where sustainability is shaped by interdependence, shared infrastructures,
and cross-actor coordination (Le Tellier et al., 2022; Dunn et al., 2023; Sgambaro et al., 2026). Third, it offers
an integrated conceptual basis for explaining how industrial estates may strengthen sustainability
governance through the combined roles of leadership, digital systems, collaboration, and institutional
alignment (Burstrom et al., 2024; Han & Xie, 2025; St6tzel, 2024).

Corporate Governance and Sustainability Governance

Corporate governance has traditionally been understood as the system through which firms are
directed, monitored, and controlled, with primary emphasis on accountability, transparency, fiduciary
responsibility, and the protection of shareholder interests (Dandapani & Shahrokhi, 2022; O’Higgins, 2023).
Over time, however, this understanding has expanded in response to intensifying environmental pressures,
social expectations, and demands for more responsible forms of long-term value creation. As a result,
governance is increasingly viewed not only as an internal control mechanism, but also as a strategic
arrangement through which firms align economic performance with stakeholder expectations and broader
societal legitimacy (Wang & Wang, 2022; Aguilera & Ruiz Castillo, 2025).
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This shift has contributed to the rise of sustainability governance, a perspective that links
governance structures to the integration of environmental, social, and governance (ESG) considerations into
corporate strategy, oversight, and accountability. Recent studies show that board structures, governance
mechanisms, stakeholder engagement, and sustainability-oriented oversight increasingly influence how
firms respond to ESG demands, sustainability disclosure, and broader developmental agendas such as the
Sustainable Development Goals (Ludwig & Sassen, 2022; Sousa & de Bem Machado, 2024; Escamez et al.,
2026). In this context, governance is no longer limited to preventing managerial opportunism or ensuring
compliance. It also shapes how organizations define sustainability priorities, allocate responsibility, and
internalize long-term environmental and social commitments (Kateb et al., 2025; Saha et al., 2026).

At the same time, the literature suggests that firm-level governance remains only part of the
picture. Much of the existing work still centers on internal organizational arrangements such as board
composition, audit structures, disclosure quality, ownership patterns, and stakeholder responsiveness
within individual firms (Yang et al., 2024; Ding et al., 2024; Doni et al., 2022). These dimensions are clearly
important, yet their explanatory reach becomes more limited when sustainability outcomes depend on
shared infrastructures, inter-organizational coordination, and external institutional conditions rather than
internal decision structures alone. This limitation is especially relevant in industrial environments where
multiple firms, service providers, and regulators contribute jointly to sustainability-related outcomes.

For this reason, the governance literature provides an important foundation for the present study,
but not a complete explanation. It clarifies why authority, accountability, and strategic direction matter for
sustainability, yet it leaves underdeveloped how governance operates when sustainability challenges are
distributed across interconnected actors and organizational boundaries. This limitation points toward the
need to extend sustainability governance from the level of the individual firm to the level of the industrial
ecosystem, where governance must coordinate not only internal commitments but also shared operational
and institutional responsibilities.

Digital Transformation in Industrial Organizations

Digital transformation in industry is widely understood as a systemic reconfiguration of processes,
structures, business models, and organizational capabilities through digital technologies rather than a
narrow program of technical upgrading alone (Yaqub & Alsabban, 2023; Ghosh et al.,, 2022). Within
industrial settings, this transformation is commonly associated with Industry 4.0 technologies such as the
Internet of Things (loT), cyber-physical systems, artificial intelligence, cloud computing, big data analytics,
and digital twins (Karic et al., 2025; Vuksanovi¢-Herceg et al., 2020). These technologies enable firms to
generate richer operational data, automate information flows, and coordinate production and managerial
decisions with greater speed and precision (Duan & Xu, 2024; Karic et al., 2025).

Unsurprisingly, the literature often links digital transformation to productivity gains, process
efficiency, quality improvement, and organizational resilience (Paucar et al., 2025; Wang & Shao, 2024).

Its significance, however, extends beyond operational performance. Digital systems affect not only
what firms can do, but also how they observe, evaluate, and govern organizational activities (Coskun-Setirek
et al., 2024; Tariq et al., 2026). Data infrastructures make processes more visible, traceability systems render
flows and transactions more auditable, and integrated platforms expand the feasibility of coordination
across units and across organizational boundaries (Kloppenburg et al., 2022). Consequently, digital
transformation increasingly influences how accountability is structured, how compliance is monitored, and
how strategic decisions are informed by real-time or near-real-time information (Chen et al., 2025; Hu &
Yang, 2024). Recent work therefore begins to frame digital transformation not only as an efficiency tool, but
also as part of a broader governance architecture (Tariq et al., 2026).

The governance implications of digital transformation become clearer when attention shifts from
isolated technologies to digital infrastructures and ecosystems. Data governance influences whether
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information is interoperable, reliable, and actionable across organizational boundaries (Engvall & Flak,
2022). Digital platforms shape how participation, coordination, and oversight are organized among multiple
actors (Salamzadeh et al., 2024). Artificial intelligence and analytics add predictive and adaptive capacity by
helping organizations monitor performance, detect anomalies, and optimize responses to emerging
sustainability problems (Munonye et al.,, 2025; Spilotro et al., 2025). Blockchain and related traceability
systems strengthen verification, auditability, and trust, especially where multiple actors rely on shared
information that must remain transparent and resistant to manipulation (Kumar & Shah, 2025; Suta & Téth,
2023; Schulz et al., 2020). Taken together, these developments suggest that digital transformation becomes
governance-enabling when it is embedded in arrangements that connect data, decision rights, and
accountability.

Even so, digital transformation does not automatically produce governance benefits. Its effects
depend on organizational capabilities, strategic alignment, workforce skills, data quality, and institutional
support (Kans & Campos, 2024; Hansen et al., 2025; Ghosh et al., 2022). Weak strategy, organizational
inertia, limited digital capabilities, cultural resistance, and cybersecurity challenges can all constrain the
outcomes of digital transformation (Hansen et al., 2025; Kans & Campos, 2024; Shahzad et al., 2025). Digital
technologies therefore do not govern by themselves. Their governance value depends on whether
organizations and ecosystems can align technology adoption with broader structures of coordination,
oversight, and collective action (Ghosh et al., 2022; Coskun-Setirek et al., 2024; Tariq et al., 2026). This
insight is central to the present study because it opens the possibility of understanding digital
transformation not merely as modernization, but as an enabling condition for sustainability governance in
complex industrial environments.

Industrial Ecosystems and Industrial Estates

Industrial ecosystems are increasingly conceptualized as socio-technical systems in which co-located
or interconnected firms exchange resources, share infrastructures, and develop interdependent economic
and environmental relationships (Burstrom et al., 2024; Babkin et al., 2021). This perspective draws heavily
from industrial symbiosis, where by-products, waste, water, energy, and services circulate across firms to
improve resource efficiency and environmental performance (Wang et al., 2022; Palagonia et al., 2025).
More recent work extends this view by emphasizing governance, coordination, digital integration, and
institutional embedding as central features of industrial ecosystems (Babkin et al., 2021; Burstrom et al.,
2024; Palagonia et al., 2025).

Industrial estates concentrate tenant firms, estate managers, infrastructure operators, regulators,
logistics actors, service providers, and surrounding communities within a shared spatial setting (Taddeo,
2016; Hudalah et al., 2019). Because they depend on shared infrastructures and generate overlapping
environmental externalities, sustainability outcomes are shaped not only by the practices of individual firms
but also by the quality of collective coordination and the governance of shared systems (Burstrom et al.,
2024; Perrucci et al., 2022).

The literature on industrial ecosystems and eco-industrial parks underscores this point. Research
shows that collaborative exchange, shared utilities, coordinated waste treatment, joint monitoring, and
institutional support are critical to whether industrial ecosystems generate meaningful environmental and
economic benefits (Le Tellier et al., 2022; Wang et al., 2023; Jarusen & Cheunkamon, 2025). At the same
time, studies also indicate that ecosystem performance is often constrained by weak coordination,
fragmented responsibilities, trust deficits, unequal capabilities, and limited policy coherence
(Sundqvist-Andberg & Akerman, 2022; Goldschmeding et al., 2024; Bourguignon & Libois, 2023). These
findings suggest that interdependence alone does not produce sustainability outcomes. What matters is
whether actors can translate spatial proximity and shared infrastructure into workable arrangements of
information exchange, collective action, and governance.
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This issue becomes especially salient in emerging economies, where industrial estates are expected
to support industrialization, regional development, environmental upgrading, and policy implementation
simultaneously. Under such conditions, governance is often shaped by uneven digital maturity, limited
administrative capacity, and fragmented institutional support. Industrial estates therefore provide an
important setting for examining how sustainability governance can be organized under conditions of shared
infrastructure, distributed accountability, and institutional complexity, and, by extension, for developing a
framework that links governance leadership, digital transformation, and ecosystem-level sustainability.

Digital Sustainability Governance

Taken together, the preceding literatures reveal a clear conceptual gap. Sustainability governance
research remains largely focused on firm-level accountability and oversight. Digital transformation research
explains how organizations build visibility and adaptive capacity through digital technologies. And industrial
ecosystem research emphasizes interdependence and coordination in shared industrial environments. What
remains insufficiently theorized is how digital systems can support sustainability governance when
responsibility is distributed across multiple actors, shared infrastructures, and institutional levels, precisely
the conditions that characterize industrial estates in emerging economies.

This gap is particularly significant because sustainability problems in industrial estates are rarely
confined to internal organizational decisions. Waste treatment, water use, emissions monitoring, logistics
flows, and infrastructure efficiency are shaped by shared systems and collective operational
interdependence rather than by isolated firm behavior alone (Parli et al., 2021; Wang et al., 2023; Jarusen &
Cheunkamon, 2025). Under such conditions, sustainability governance cannot rely exclusively on formal
compliance structures, reporting routines, or board-level commitments. It also depends on the capacity to
generate reliable information, coordinate responses across organizations, and align local operational
practices with broader institutional expectations (Zhao et al., 2023; Burstrom et al., 2024; Han & Xie, 2025).
In this context, digital systems become strategically important because they provide the informational and
operational architecture through which distributed governance can be made visible, coordinated, and
actionable (Coskun-Setirek et al., 2024; Tariq et al., 2026).

On this basis, this study defines digital sustainability governance as a socio-technical governance
arrangement in which digital infrastructures, organizational coordination mechanisms, and institutional
structures jointly support sustainability-oriented monitoring, accountability, collaboration, and
decision-making across industrial ecosystems. This concept rests on four interrelated assumptions. First,
sustainability governance increasingly depends on timely and shared visibility rather than static disclosure
alone (Escamez et al., 2026; Tarig et al., 2026). Second, digital transformation can provide such visibility
through sensing, analytics, traceability, and platform-based coordination (Karic et al., 2025; Duan & Xu,
2024). Third, the governance value of digitalization becomes more salient where actors are operationally
interdependent and sustainability challenges emerge from collective resource use (Le Tellier et al., 2022;
Sundqvist-Andberg & Akerman, 2022). Fourth, these digital capacities generate sustained governance
effects only when they are embedded in leadership structures, collaborative routines, and institutional
alignment rather than implemented as isolated technological upgrades (Burstrom et al., 2024; Han & Xie,
2025; Mulligan et al., 2024).

Accordingly, digital sustainability governance should not be understood as the simple coexistence of
sustainability initiatives and digital modernization. Rather, it refers to a governance logic through which
leadership, digital systems, inter-organizational collaboration, and policy alignment are combined to
organize sustainability in complex industrial environments. This perspective shifts the analytical focus from
technology adoption as an end in itself toward digitally enabled governance as a mechanism for improving
coordination, accountability, and adaptive capacity in industrial ecosystems. It also extends sustainability

19



Journal of Strategic Innovation and Business Management

Vol. 02 | Number 01 | June 2026

governance beyond firm-centric assumptions by recognizing that many environmental and social outcomes
are produced through shared infrastructures, overlapping responsibilities, and multi-actor interactions.

This conceptualization provides the theoretical basis for the model proposed in the next section.
Specifically, it suggests that effective sustainability governance in industrial estates depends not only on
managerial commitment or technological investment, but on the alignment of governance leadership,
digital sustainability infrastructure, industrial ecosystem collaboration, and institutional policy support
within an integrated architecture.

MATERIALS AND METHODS
Methods

This study adopts a conceptual research design to develop a framework for understanding digital
sustainability governance in industrial ecosystems, with relevance to industrial estates in emerging
economies. A structured literature-synthesis approach was selected because the focal problem is not the
absence of prior research, but the lack of an integrative framework linking sustainability governance, digital
transformation, and industrial ecosystem governance within a single explanatory model (Beier et al., 2020;
Guandalini, 2022; Burstrom et al., 2024). This approach is appropriate for concept development in
fragmented and cross-disciplinary fields because it enables the systematic identification, comparison, and
theoretical integration of dispersed constructs (Jiang et al., 2020; Ullah, 2021; De Matteis et al., 2025).

1. Conceptual Problem Definition

Idertily fragmentalicn seross sustainabilty gevernance, digital rarsfoemalicn, and indusirial
annsysiam gosameance, and e nesad for an Inlagraliva

framenmark
Cendust a structured lilerature synthesis across four domains: corporate and sustainability

aewarnance, digital ranslormalion, industisl ecosyatems and industial eatates. and digilal
govamnance for sustainability

2. Knowledge-Base Mapping

|¢

3. Concept Extraction and Categorization

Extraci recuming concepts, themes, and refationships from the lterature, then group them into
higher-onder analytical calegeries.

|¢

4. Integration and Theory Synthesis

Synihesize the exiracted concapts info an inbegrated model consisting of four pilars; govemance

Iradership, digital sustainability infrastructure, industral ecosystem collaboration, and instbutional
palicy alignement

9

5. Conceptual Refinement and Contextual Anchoring

Asspss inbemal coherence and theonztical consistency, then anchor the framewaork in the comext of
irdustial aslales in emenging aconomies, wilh SIER usad as a contextual illustrafsan

’

Figure. 1. Methodological stages for developing the Smart Digital Sustainability Governance Model. Source: Authors
elaboration based on Jiang et al. (2020), Ullah (2021), De Matteis et al. (2025), and Sewenet et al. (2026).
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The data for this study were obtained primarily from the Scopus database, which was selected
because of its broad multidisciplinary coverage and rigorous indexing of high-quality international journals
in business, management, and sustainability research (Baas et al., 2020). In line with the methodological
stages presented in Figure 1, the literature mapping process was conducted as a structured and iterative
synthesis rather than as a single-query extraction. The search process focused on four literature domains
underpinning this study: (1) corporate governance and sustainability governance, (2) digital transformation
in industrial organizations, (3) industrial ecosystems and industrial estates, and (4) digital governance for
sustainability.

Within this second stage of knowledge-base mapping, Scopus searches were conducted using

” u

combinations of keywords such as “corporate governance,” “sustainability governance,” “ESG,” “digital

n o ”ou

transformation,” “digitalization,” “Industry 4.0,” “digital governance,” “industrial ecosystems,” “industrial

n

estates,” “eco-industrial parks,” and “industrial symbiosis.” Additional contextual terms such as “shared

”n u ” u

infrastructure,” “collaboration,” “coordination,” and “emerging economies” were used to broaden coverage
of ecosystem-level and institutional dimensions. Searches were applied primarily to titles, abstracts, and
keywords and were limited mainly to publications from 2020 to 2026 to capture current developments,
while selected foundational studies were retained to preserve conceptual continuity and theoretical
grounding.

The literature selection process also followed basic inclusion and exclusion criteria. Included studies
were those that addressed at least one of the following dimensions in a conceptually relevant way:
sustainability governance, digital transformation with governance implications, industrial ecosystems or
industrial estates, and institutional or collaborative arrangements related to sustainability. Preference was
given to peer-reviewed journal articles, recent conceptual and empirical studies, and high-relevance
scholarly publications. Articles were excluded when they focused solely on firm-level operational
digitization without governance implications, on sustainability disclosure without ecosystem relevance, or
on industrial clusters without meaningful engagement with governance or digital dimensions. In addition to
the primary Scopus search, relevant sources were further refined through iterative screening and selective
citation-based tracing to ensure conceptual completeness across the four literature domains. This
procedure was consistent with the purpose of knowledge-base mapping, namely, to build a sufficiently rich

and analytically relevant corpus for subsequent conceptual extraction and synthesis.

Following the mapped knowledge base, the third stage involved concept extraction and
categorization. Through iterative comparison of the reviewed studies, the analysis identified recurring
concepts, themes, and relationships related to strategic direction, digital information capacity,
inter-organizational coordination, and institutional embedding. These recurring elements were then
grouped into higher-order analytical categories.

The fourth stage involved integration and theory synthesis. At this stage, the extracted concepts
were synthesized into an integrated model consisting of four interrelated pillars: governance leadership,
digital sustainability infrastructure, industrial ecosystem collaboration, and institutional policy alignment.
Their selection was guided by their recurrence in the literature and their integrative value in connecting
governance, digital transformation, and industrial ecosystem management within a unified conceptual
framework (Ullah, 2021; De Matteis et al., 2025).

The fifth stage involved conceptual refinement and contextual anchoring. The framework was
refined by assessing its internal coherence and theoretical consistency, particularly in relation to the
dynamics of shared industrial environments. It was then anchored in the context of industrial estates in
emerging economies, with Surabaya Industrial Estate Rungkut (SIER) used as a contextual illustration. This
step was not intended as full empirical validation, but as a contextual exercise to assess the practical
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relevance of the framework in settings characterized by infrastructural interdependence, multi-actor

coordination, and institutional complexity (Hudalah et al., 2019; Nainggolan et al., 2020; Noegroho, 2025).
Accordingly, this study does not claim the procedural exhaustiveness of a formal systematic

literature review in the strictest sense. Rather, it employs a structured and theory-oriented synthesis

designed to support conceptual integration and framework development. This approach is intended to

balance transparency, conceptual breadth, and analytical focus, ensuring that the proposed model emerges

from a coherent synthesis of governance, digital transformation, and industrial ecosystem literatures (Ullah,

2021; De Matteis et al., 2025; Sewenet et al., 2026).

RESULTS
Proposed Conceptual Framework: Smart Digital Sustainability Governance Model

Building on the preceding synthesis, this study proposes a Smart Digital Sustainability Governance
Model for industrial ecosystems, with relevance to industrial estates in emerging economies. The model
conceptualizes sustainability governance as an ecosystem-level capacity shaped by the alignment of four
interrelated pillars: governance leadership, digital sustainability infrastructure, industrial ecosystem
collaboration, and institutional policy alighment. Rather than treating sustainability governance as a
firm-bound function or digital transformation as a purely technical process, the framework explains how
governance capacity in shared industrial environments emerges through the interaction of authority
structures, information systems, collaborative arrangements, and institutional conditions (Burstrém et al.,
2024; Han & Xie, 2025; Tariq et al., 2026).

Governance Leadership

The first pillar, governance leadership, refers to the strategic and institutional capacity to define
sustainability priorities, allocate responsibility, and mobilize coordinated action across the industrial
ecosystem. Leadership remains central because sustainability governance does not arise automatically from
data availability or technological connectivity. It requires actors with the authority and legitimacy to frame
collective objectives, mediate competing interests, and embed sustainability into decision-making
structures (O’Higgins, 2023; Aguilera & Ruiz Castillo, 2025). In corporate governance research,
sustainability-oriented oversight increasingly shapes long-term organizational direction through ESG
structures, stakeholder-responsive governance, and board-level accountability (Almnadheh et al., 2025;
Ludwig & Sassen, 2022; Kateb et al., 2025). In industrial ecosystems, however, leadership extends beyond
the governance boundary of a single firm and becomes an ecosystem-level function involving estate
managers, anchor firms, regulators, infrastructure providers, and other actors capable of influencing
collective priorities (Hudalah et al., 2019; Burstrém et al., 2024; Han & Xie, 2025).

This pillar is essential because shared industrial environments are characterized by
interdependence, yet interdependence alone does not ensure coordination. Collective sustainability efforts
often weaken when no actor or coalition of actors can translate broad sustainability ambitions into
governance routines, resource commitments, and operational priorities (Sundqvist-Andberg & Akerman,
2022; Pérli et al., 2021). In industrial estates, firms may face common environmental risks while operating
under different incentives, capabilities, and time horizons (Taddeo, 2016; Hudalah et al., 2019; Burstrém et
al., 2024; Schack et al., 2024). Within the proposed model, governance leadership therefore performs an
integrative function by linking sustainability goals to institutional authority, ensuring that digital systems
serve governance purposes, and creating conditions under which collaboration and policy alignment can be
pursued coherently.

Digital Sustainability Infrastructure

22



Prasetiyono et al.

The second pillar, digital sustainability infrastructure, refers to the digital systems, data
architectures, and information-processing capacities that enable sustainability-related visibility, monitoring,
traceability, and decision support across the industrial ecosystem. This includes loT-based sensing systems,
digital monitoring platforms, analytics infrastructures, integrated ecosystem platforms, and traceability
technologies such as blockchain-based verification systems (Karic et al., 2025; Basingab, 2025; Duan & Xu,
2024; Schulz et al., 2020). While industrial digitalization research often treats these systems primarily as
instruments of efficiency, productivity, or automation (Li et al., 2020; Karic et al., 2025), the present
framework positions them as governance-enabling infrastructures that shape how sustainability-relevant
information is generated, circulated, and acted upon (Coskun-Setirek et al., 2024; Tariq et al., 2026).

This pillar matters because sustainability governance in industrial ecosystems depends heavily on
informational capacity. Shared environmental risks, collective resource dependencies, and multi-actor
accountability arrangements require more than static reporting routines. They require continuous or
near-continuous access to reliable information on emissions, waste flows, resource use, infrastructure
performance, and operational anomalies (Spilotro et al., 2025; Kloppenburg et al., 2022; Engvall & Flak,
2022). Digital sustainability infrastructure provides this informational backbone by making processes more
visible, comparable, and traceable across actors and organizational boundaries (Kloppenburg et al., 2022;
Engvall & Flak, 2022). It can also reduce information asymmetries that weaken governance when actors
possess uneven access to operational or sustainability-relevant knowledge (Madanchian & Taherdoost,
2025; Mulligan et al., 2024).

Within the model, digital sustainability infrastructure does not function as a neutral technical layer.
Its governance significance depends on whether it supports accountability, learning, coordination, and
institutional responsiveness. Data alone does not produce governance, but when digitally enabled
information is connected to leadership structures, collaborative processes, and regulatory expectations, it
can improve auditability, strengthen monitoring, and align sustainability objectives with operational realities
(Hu & Yang, 2024; Chen et al., 2025). For this reason, the model treats digital infrastructure as a constitutive
element of governance rather than a background condition of modernization.

Industrial Ecosystem Collaboration

The third pillar, industrial ecosystem collaboration, refers to the forms of coordination, information
sharing, joint problem-solving, and collective action through which multiple actors respond to shared
sustainability challenges. This pillar is grounded in the recognition that sustainability outcomes in industrial
estates are rarely produced by isolated firms acting independently. Instead, they emerge through the
interactions of tenants, estate managers, infrastructure operators, regulators, communities, and service
providers linked by spatial proximity, shared infrastructures, and interdependent environmental
externalities (Burstrém et al., 2024; Sgambaro et al., 2026). Research on industrial symbiosis has shown that
exchanges of materials, water, energy, and services depend not only on technical opportunity, but also on
relational and institutional coordination among actors (Wang et al., 2022; Palagonia et al., 2025). The same
logic applies to sustainability governance more broadly.

Collaboration is essential because many sustainability problems in industrial ecosystems are
collective-action problems. Waste management, pollution control, resource efficiency, and environmental
monitoring frequently cannot be resolved by one actor alone, particularly when infrastructure is shared and
impacts spill across organizational boundaries (Le Tellier et al.,, 2022; Wang et al.,, 2023). Studies on
collaborative governance indicate that coordination quality, trust, knowledge exchange, and the distribution
of power shape whether collective arrangements become effective or remain largely symbolic (Dunn et al.,
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2023; Sundqvist-Andberg & Akerman, 2022; Zuhdi et al., 2025). In this context, collaboration is not a
supplementary feature of sustainability governance, but one of its core conditions.

Within the proposed framework, industrial ecosystem collaboration performs two main functions.
First, it translates information into action by creating channels through which shared sustainability data can
be interpreted, discussed, and used collectively. Second, it reduces fragmentation by linking actors that
might otherwise treat sustainability as an individual compliance burden rather than an ecosystem-level
governance issue (Parli et al, 2021; Hall & Meng, 2023). This pillar is particularly important in
emerging-economy settings, where institutional gaps and uneven capabilities often make formal
governance arrangements insufficient unless supported by collaborative bridging mechanisms across
organizations and sectors (Bourguignon & Libois, 2023; Goldschmeding et al., 2024).

Institutional Policy Alignment

The fourth pillar, institutional policy alignment, refers to the extent to which sustainability
governance in industrial ecosystems is supported by coherent regulations, policy frameworks, governance
standards, and institutional incentives. This pillar recognizes that ecosystem-level sustainability governance
cannot be sustained by leadership, infrastructure, or collaboration alone if external institutional conditions
remain fragmented, contradictory, or weakly enforced (Narayan et al., 2025; Bourguignon & Libois, 2023).

Its relevance is particularly pronounced in emerging economies, where governance capacity often
varies across sectors, territorial levels, and public agencies (Samaratunge & Alam, 2021; Bourguignon &
Libois, 2023). Regulatory ambitions may be present, yet implementation often remains fragmented because
of institutional voids, weak enforcement, coordination failures, or limited technical capability (Narayan et
al., 2025). Similar challenges appear in industrial-estate governance when sustainability transitions are not
matched by legal certainty, consistent policy support, or adequate management capacity (Nainggolan et al.,
2020; Noegroho, 2025). In this framework, institutional policy alignment therefore refers not only to the
existence of formal regulation, but also to the coherence between sustainability goals, digital policy, and
industrial governance arrangements.

Within the model, this pillar performs enabling and stabilizing functions. It creates incentives for
actors to adopt shared governance practices, reduces ambiguity in accountability, and embeds
ecosystem-level sustainability efforts within wider developmental and regulatory agendas (Anas &
Cahyawati, 2023; Mursadi et al., 2024). It also helps prevent digital sustainability initiatives from remaining
isolated pilots by linking them to mandates, reporting expectations, and institutional support mechanisms
(Mulligan et al., 2024; Tariq et al., 2026). In this sense, policy alighment converts fragmented
experimentation into more durable governance capacity.

Beyond its regulatory role, institutional policy alignment provides the enabling environment within
which the other three pillars can operate as an integrated governance system. Governance leadership is
more effective when supported by clear policy direction and regulatory legitimacy, digital sustainability
infrastructure requires coherent standards for data governance and interoperability, and industrial
ecosystem collaboration becomes more durable when reinforced by consistent institutional incentives and
accountability mechanisms. Accordingly, this pillar functions not merely as an external contextual condition,
but as the institutional foundation that enhances the coherence, continuity, and scalability of digital
sustainability governance across industrial ecosystems, particularly in emerging economies.
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Smart Digital Sustainability Governance Model

1. Governance Leadership Mutually reinforcing pillars 2. Digital Sustainability Infrastructure
Defines sustainability priorities, < > Provides visibility, traceability,
allocates responsibility, and mobilizes monitoring, and decision-support
ecosystem-level direction and action. across shared industrial systems.

A ' §

Digital Sustainability Governance

Governance architecture for sustainability-oriented
monitoring, coordination, accountability, and collective
decision-making in industrial ecosystems.

\ 4 A

Integrated through monitoring,

3. Industrial Ecosystem Collaboration coordination, learning, and institutional 4. Institutional Policy Alignment
Enables coordination, information - adjustment o | Aligns ecosystem practices with regulations,
sharing, joint problem-solving, and - o policy frameworks, governance standards,

collective action among multiple actors. and institutional support.

Context: Industrial Estates in Emerging Economies
Shared infrastructure, interdependent actors, sustainability pressures, and digital-industrial transition.

Figure 2. Smart Digital Sustainability Governance Model. Source: Authors’ elaboration based on the reviewed literature

Interrelationship Among the Four Pillars

Although each pillar captures a distinct dimension of digital sustainability governance, the
framework assumes that the four pillars are mutually reinforcing rather than independent. Governance
leadership provides strategic direction by defining priorities, allocating responsibility, and mobilizing action.
Digital sustainability infrastructure provides informational visibility by enabling monitoring, traceability, and
data-driven coordination. Industrial ecosystem collaboration provides relational capacity by translating
shared information into collective response. Institutional policy alignment provides external coherence by
embedding local governance practices within broader regulatory and developmental structures. Effective
digital sustainability governance therefore emerges from the interaction of all four pillars rather than from
any single one in isolation.

Their relationship is both sequential and recursive. Leadership without digital infrastructure risks
producing sustainability commitments that are normatively strong but informationally weak. Digital
infrastructure without collaboration may generate visibility without collective response. Collaboration
without policy alignment may remain fragile, informal, or difficult to scale. Policy alignment without
leadership may create formal requirements that are weakly internalized by ecosystem actors. Sustainability
governance becomes more robust when these pillars co-evolve through repeated cycles of monitoring,
coordination, learning, and institutional adjustment (Han & Xie, 2025; Stotzel, 2024; Tariq et al., 2026).

From this perspective, the proposed framework is not a checklist of desirable elements, but an
explanatory model of governance capacity in complex industrial environments. It suggests that industrial
estates are more likely to move toward coherent sustainability governance when leadership mobilizes
digital infrastructures for shared objectives, when digital systems support collaboration rather than siloed
control, when collaboration is reinforced by institutional arrangements, and when policy frameworks enable
rather than fragment ecosystem-level action.
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Framework Application: Industrial Estates and SIER

Industrial estates provide a relevant context for applying the proposed framework because they
concentrate multiple firms, shared infrastructures, environmental externalities, and overlapping governance
responsibilities within a bounded spatial setting (Taddeo, 2016; Hudalah et al., 2019; Burstrom et al., 2024).
In such environments, sustainability outcomes are shaped not only by the internal commitments of
individual firms, but also by the quality of coordination among estate managers, tenants, regulators, service
providers, and surrounding communities (Parli et al., 2021; Burstrom et al., 2024; Han & Xie, 2025). This
makes industrial estates analytically important for examining how sustainability governance operates under
conditions of interdependence, collective resource use, and distributed accountability (Le Tellier et al.,
2022; Wang et al., 2023).

This relevance is particularly pronounced in emerging economies, where industrial estates are often
expected simultaneously to drive industrialization, support regional development, and respond to mounting
environmental and institutional pressures (Adegbite, 2021; Schack et al., 2024; Nainggolan et al., 2020). Yet
these ambitions frequently unfold under conditions of uneven governance capacity, variable digital
maturity, and fragmented institutional support (Samaratunge & Alam, 2021; Bourguignon & Libois, 2023).
As a result, sustainability efforts in industrial estates often depend not only on formal policy intent, but also
on the ability of local actors to connect infrastructure management, data visibility, stakeholder coordination,
and regulatory expectations within a workable governance arrangement (Nainggolan et al.,, 2020;
Goldschmeding et al., 2024).

Within this broader context, SIER provides a useful application setting for the proposed framework.
The discussion in this section draws on publicly available company materials, particularly PT SIER's Annual
Report 2024 and corporate presentation materials. Accordingly, the SIER case is used here as a contextual
application of the framework rather than as a substitute for full empirical field validation. This distinction is
important because the available materials provide credible evidence of SIER's strategic positioning, estate
portfolio, infrastructure base, and development trajectory, while not constituting a comprehensive
independent audit of its sustainability governance practices.

The company materials indicate that SIER positions itself as a green, modern, and integrated
industrial-estate operator in East Java. PT SIER manages and develops industrial-estate operations across
Surabaya, Sidoarjo, and Pasuruan, while also pursuing expansion through the Ngawi industrial-estate
project. The same materials emphasize utility fulfilment, digitalization, environmental sustainability, and
synergy building as central strategic directions. What makes SIER analytically useful in this context is not
simply that it operates shared infrastructure, but that it is already combining utility provision, digitalization,
environmental management, and multi-stakeholder coordination within a broader modernization agenda.

To make the framework application more concrete, Table 1 distinguishes between conditions that
are currently evidenced in SIER's documented operations and strategic strengthening directions that would
deepen digital sustainability governance. This distinction is analytically important because SIER already
demonstrates several governance- and infrastructure-related features relevant to ecosystem-level
sustainability governance, while more advanced forms of digital sustainability integration remain more
appropriately framed as developmental directions than as fully verified present conditions.

Table 1. Framework Application of SIER Against the Smart Digital Sustainability Governance Model

Pillar Currently Evidenced Conditions in SIER Strategic Strengthening Direction
SIER is presented as a long-established Formalize cross-tenant
Governance . . . - s
Leadershi industrial-estate operator in East Java and explicitly ~ sustainability governance
P positions itself as a green, modern, and integrated routines, assign clearer
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Pillar Currently Evidenced Conditions in SIER Strategic Strengthening Direction
estate manager. The company manages ecosystem-level sustainability
industrial-estate operations across Surabaya, responsibilities, and
Sidoarjo, and Pasuruan, indicating an institutionalize estate-wide
ecosystem-level governance role that extends sustainability oversight
beyond a single site and requires strategic mechanisms.
coordination across multiple industrial locations.

Company materials also reflect a governance

orientation that emphasizes GCG, sustainability, and

long-term industrial development.

SIER already demonstrates concrete evidence of

estate-scale digital and utility infrastructure.

Company disclosures indicate the use of loT for

utility monitoring, including clean water, Deepen the existing

wastewater, and public street lighting; infrastructure into a more explicit

implementation of fiber-optic infrastructure; and digital sustainability governance

Digital development of ar.1 integrat.ed .estate management platfgrm by expanding integrated

Sustainability system with real-time monitoring through the sustainability dashboards,

Industrial Operation Hub. SIER also reports complete environmental reporting systems,
Infrastructure . . . . ) s

and modern estate infrastructure, including roads, estate-wide data interoperability,

drainage systems, clean water treatment, electricity, predictive utility analytics, and

wastewater treatment, and supporting facilities. In broader real-time monitoring of

addition, the company highlights the use of solar emissions and resource efficiency.

panels, EV charging infrastructure, and

zero-waste-oriented waste management as part of

its green industrial-estate development.

SIER’s disclosures indicate active coordination with

tenants and support for tenant business strategies, Develop more formal collective

alongside collaboration with government, sustainability forums, shared

Industrial educational institutions, SMEs, NGOs, and local reporting and feedback
Ecosystem communities. These practices suggest that SIER’s mechanisms, joint waste and

Collaboration

Institutional
Policy
Alignment

role extends beyond land provision and includes
ecosystem-level interaction among estate
management, tenants, service functions, and
external stakeholders.

SIER’s strategy is broadly aligned with Indonesia’s
wider agenda of industrial modernization,
sustainability, digitalization, and green industrial
development. The company explicitly links its
operations to renewable energy, Smart Eco
Industrial Park development, SDG implementation,
environmental management, and industrial-estate
expansion. Its certifications and compliance-related
systems also indicate alignment with broader
governance, quality, safety, and information-security
standards.

resource-management initiatives,
and structured cross-actor
problem-solving platforms.

Strengthen alignment with green
industrial-estate standards, digital
reporting requirements,
environmental compliance
systems, and broader
sustainability policy incentives at
national and region level.

*Source: Compiled by the authors from PT SIER Annual Report 2024 and PT SIER corporate presentation materials.

The mapping suggests that SIER already exhibits several foundational conditions relevant to the

proposed framework, particularly in governance leadership, estate-scale infrastructure management, digital
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utility monitoring, and institutional positioning. The available evidence is stronger at the level of
infrastructure, service management, and operational digitalization than at the level of fully integrated
sustainability analytics. SIER therefore appears to possess a credible operational and infrastructural base
upon which a more explicit and advanced form of digital sustainability governance could be built, making it
possible to interpret the estate as an evolving governance platform in which sustainability outcomes are
increasingly linked to data visibility, infrastructural integration, and institutional alignment.

This distinction strengthens the analytical use of the case precisely because it avoids overstating
SIER's current digital maturity while still showing why the estate is relevant to the proposed model. The
analytical value of the case lies in showing both what is already present and what remains to be
strengthened: SIER illustrates an estate operator that has developed substantial governance and
infrastructure capacity, while not yet fully operationalizing advanced digital sustainability functions such as
estate-wide sustainability dashboards, predictive environmental analytics, or integrated cross-actor data
governance. If SIER is to move from integrated industrial-estate management toward more fully developed
digital sustainability governance, these remain the critical directions for development.

Taken together, the SIER application reinforces the central claim of this study: industrial estates
should be understood not merely as clusters of co-located firms, but as governance spaces in which
sustainability transitions depend on the interaction of leadership, shared infrastructure, digital systems,
collaboration, and institutional support. The case also illustrates why ecosystem-level sustainability
governance is a critical and unfinished challenge for industrial development in emerging economies, one
that requires not only infrastructure investment, but the deliberate alignment of digital systems,
governance capacity, and institutional conditions.

DISCUSSION

This framework contributes to the literature by clarifying how digital transformation acquires
governance significance in sustainability-oriented industrial ecosystems, rather than functioning solely as an
instrument of operational modernization. It responds to a persistent fragmentation in prior research, where
sustainability governance has largely been examined through firm-level oversight and accountability, while
digital transformation has been treated primarily as a driver of efficiency, innovation, or process
modernization (Guandalini, 2022; Ludwig & Sassen, 2022; Fantozzi et al., 2025). By integrating these
streams, the article shows that digital systems are strategically important not only because they improve
information processing, but because they can reshape how sustainability responsibilities are organized
across interdependent actors and shared infrastructures (Coskun-Setirek et al., 2024; Tariq et al., 2026).

In this respect, the proposed framework differs from existing governance and digital transformation
models in three ways. First, it shifts the analytical level from the individual firm to the industrial ecosystem.
Second, it interprets digital transformation as part of the governance architecture through which
sustainability is monitored, coordinated, and enacted, rather than primarily as a technical modernization
variable (Tariq et al., 2026). Third, it integrates leadership, digital systems, collaboration, and institutional
alignment into a single explanatory model of ecosystem-level sustainability governance (Burstrom et al.,
2024; Han & Xie, 2025). This combination offers a clearer explanation of how sustainability governance may
operate in shared industrial environments than models that examine governance, digitalization, or
ecosystem coordination separately (Beier et al., 2020; Burstréom et al., 2024; Guandalini, 2022).

Each of these differences carries a corresponding theoretical implication. A first implication is that
the framework extends sustainability governance beyond firm-centric assumptions. Much of the existing
governance literature still implicitly treats sustainability outcomes as the result of internal organizational
choices, board oversight, disclosure quality, or stakeholder management within individual firms (Wang &
Wang, 2022; Yang et al., 2024; Escamez et al., 2026). While these dimensions remain important, they are
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insufficient in industrial ecosystems where environmental performance, resource efficiency, and social
legitimacy are shaped by cross-organizational interdependence. In industrial estates, sustainability
outcomes often depend on how actors collectively manage wastewater systems, logistics networks, energy
flows, environmental monitoring, and shared compliance responsibilities (Le Tellier et al., 2022; Wang et al.,
2023; Burstrom et al., 2024; Han & Xie, 2025). The framework therefore shifts the unit of analysis from the
isolated firm toward the ecosystem as a governance space in which sustainability is produced relationally
rather than independently.

A second implication concerns the governance value of digital infrastructures. Existing research
often highlights the performance benefits of digital technologies in terms of efficiency, automation,
visibility, and innovation capability (Chatterjee et al., 2021; Duan & Xu, 2024; Karic et al., 2025). The present
framework suggests that their deeper significance lies in enabling governance functions that are difficult to
achieve through conventional administrative arrangements alone — improving traceability, strengthening
shared visibility, supporting real-time monitoring, and facilitating coordination across organizational
boundaries (Karic et al., 2025; Kloppenburg et al., 2022). Understood in this way, digital infrastructures form
part of the socio-technical architecture through which sustainability governance becomes more coherent
and actionable (Chen et al., 2025; Hu & Yang, 2024; Tariq et al., 2026).

A third contribution concerns the need for integrated governance architecture. The proposed model
suggests that sustainability governance in industrial estates cannot be explained by any single element in
isolation, whether leadership commitment, technological capability, collaborative intent, or policy support.
Instead, effective governance emerges from the alignment of these elements within a broader
socio-technical arrangement. This argument is particularly relevant to industrial estates in emerging
economies, where governance often unfolds under conditions of institutional complexity, uneven digital
maturity, and competing developmental priorities (Samaratunge & Alam, 2021; Schack et al., 2024). Under
such conditions, fragmented investment in digital tools may fail to strengthen sustainability governance if
actors lack coordination mechanismes, if policy frameworks remain weakly aligned, or if leadership does not
translate strategic intent into operational routines (Goldschmeding et al., 2024; Mulligan et al., 2024;
Narayan et al., 2025).

These theoretical contributions must, however, be interpreted alongside real-world governance
frictions. Sustainability governance in industrial estates may be constrained by power asymmetries between
large anchor firms and smaller tenants, uneven digital capabilities, and trust deficits in the sharing of
operational or sustainability-related data. Smaller firms may lack the technical capacity to participate in
digitally enabled monitoring systems, while others may resist data disclosure due to concerns over
confidentiality, competitive exposure, or managerial surveillance. Under such conditions, digital
sustainability infrastructure may generate visibility without genuine cooperation, or even encourage
symbolic compliance rather than substantive governance change. These barriers are consistent with wider
research showing that multi-actor sustainability arrangements are often weakened by unequal capabilities,
resistance to change, coordination failures, and institutional inertia (Bourguignon & Libois, 2023;
Goldschmeding et al., 2024; Sundquist-Andberg & Akerman, 2022). Effective digital sustainability
governance therefore depends not only on technological availability, but also on trust, inclusion, and the
institutional design of collaborative arrangements (Hall & Meng, 2023; Han & Xie, 2025).

These frictions are not merely theoretical possibilities. Their relevance is visible in industrial estates
such as SIER, where sustainability outcomes depend on estate-level coordination, infrastructure
management, stakeholder engagement, and institutional support in addition to firm-level commitment
(Hudalah et al., 2019; Nainggolan et al., 2020; Noegroho, 2025). The value of the framework in this context
is not that it empirically validates causal relationships, but that it provides a structured lens for interpreting
how sustainability governance may be strengthened when digital systems are embedded within a broader
governance arrangement — making the model analytically useful for understanding industrial estates as
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organizational fields in which sustainability transitions are mediated by both technological capability and
collective governance capacity (Burstréom et al., 2024; Han & Xie, 2025).

The framework also generates several practical implications. For industrial-estate managers, digital
investment should be linked explicitly to governance objectives: technologies such as environmental
monitoring platforms, integrated reporting systems, and shared data infrastructures are more likely to
contribute to sustainability when they support accountability, coordination, and adaptive response across
tenant networks (Chen et al., 2025; Coskun-Setirek et al., 2024). For policymakers, the framework indicates
that sustainability governance requires not only environmental regulation, but also institutional support for
digital coordination, data interoperability, and collaborative governance mechanisms (Anas & Cahyawati,
2023; Mursadi et al.,, 2024). For tenant firms and service providers, effective participation in shared
governance arrangements becomes especially important where sustainability performance depends on
collective compliance and infrastructure interdependence (Pérli et al., 2021; Wang et al., 2023).

When these elements are effectively aligned, the four pillars of the model are expected to support
improved environmental compliance, stronger accountability and auditability, more efficient resource use,
better coordination among ecosystem actors, and greater resilience in responding to regulatory,
environmental, and operational pressures (Chen et al., 2025; Han & Xie, 2025; Tariq et al., 2026). In this
sense, the proposed framework offers a systemic basis for understanding how industrial estates may pursue
sustainability transitions that are adaptive, coordinated, and institutionally grounded, rather than
dependent on isolated technological investment or firm-level compliance alone (Guandalini, 2022; Schack et
al., 2024).

The theoretical and practical contributions outlined above also point toward an empirical research
agenda. To support future development of the proposed framework, this study offers three explicit
propositions. First, industrial estates characterized by stronger governance leadership and more developed
digital sustainability infrastructure are expected to exhibit more coherent forms of ecosystem-level
sustainability governance. This proposition highlights that strategic direction and digitally enabled
coordination are more likely to produce coherent sustainability governance when they are mutually
reinforcing rather than developed in isolation.

Second, the governance benefits of digital sustainability infrastructure are expected to be
contingent rather than uniform across industrial-estate contexts. More specifically, the positive contribution
of digital sustainability infrastructure to sustainability governance is likely to weaken when collaborative
trust among ecosystem actors is low. Under such conditions, digital systems may improve visibility and
monitoring capacity while still failing to generate meaningful collective action, if actors remain reluctant to
share data, coordinate responses, or engage in joint problem-solving.

Third, institutional policy alignment is expected to reinforce the contribution of industrial ecosystem
collaboration to sustainability governance outcomes. Where policy incentives, regulatory expectations, and
governance standards are more coherent, collaborative arrangements are more likely to generate durable
and meaningful sustainability effects. Conversely, when institutional support remains fragmented, the
effectiveness of collaboration may be constrained even when local actors are willing to cooperate.

These propositions give rise to three corresponding research questions for future empirical
investigation: How does governance leadership shape the effectiveness of digital sustainability
infrastructure in industrial estates? Under what conditions does collaboration enhance or constrain the
governance value of digital systems? And how does institutional policy alignment influence the
sustainability outcomes of ecosystem-level governance arrangements? Translating these questions into
empirical research, across different industrial-estate contexts and governance settings, represents the
critical next step in developing and testing the framework proposed here.
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CONCLUSION

This study develops a conceptual framework explaining how digital transformation can strengthen
sustainability governance in industrial ecosystems, with particular relevance to industrial estates in
emerging economies. The analysis suggests that sustainability governance cannot be understood solely
through firm-level commitments, as sustainability outcomes increasingly depend on shared infrastructure,
inter-organizational coordination, and institutional alignment across the industrial ecosystem. Accordingly,
digital transformation should be viewed not merely as a technological or operational change but as a
governance-enabling mechanism that enhances \visibility, coordination, accountability, and
sustainability-oriented decision-making.

The study makes three principal contributions. First, it repositions digital transformation as an
integral component of sustainability governance rather than a separate process of technological
modernization. Second, it extends the analytical focus from the individual firm to the industrial ecosystem,
where sustainability outcomes emerge through interactions among multiple actors and shared
infrastructures. Third, it proposes the Smart Digital Sustainability Governance Model, which integrates
governance leadership, digital sustainability infrastructure, industrial ecosystem collaboration, and
institutional policy alignment into a unified conceptual framework.

The framework also offers practical implications for industrial-estate managers, policymakers, and
tenant firms. It suggests that digital investments are more likely to strengthen sustainability transitions
when they are aligned with governance objectives, collaborative coordination, and supportive institutional
arrangements rather than implemented as isolated technological initiatives. By integrating these four pillars,
industrial estates may enhance environmental performance, accountability, resource efficiency, ecosystem
coordination, and long-term resilience.

As a conceptual study, this research has inherent limitations. The proposed framework has not yet
been empirically validated and therefore should be regarded as a theoretical foundation for future
investigation. Subsequent studies are encouraged to examine the relationships among the four pillars across
different industrial-estate contexts, compare governance arrangements in developed and emerging
economies, and assess the framework using quantitative, qualitative, or mixed-method research designs.
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