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ABSTRACT

Digital transformation and ESG practices have become central to
organizational competitiveness, but their integration remains
fragmented in production systems. This article proposes ESG Digital
as an operational framework for integrating digital technologies,
sustainability practices, and performance indicators. Based on an
integrative  literature review and conceptual framework
development, the study organizes ESG Digital into five
interdependent dimensions: real-time monitoring, predictive
optimization, automated transparency, digital engagement, and
intelligent governance. The framework connects these dimensions
to measurable indicators and explains how digital technologies can
support operational efficiency, socio-environmental performance,
stakeholder legitimacy, and adaptive governance. The study
contributes to the literature by positioning ESG Digital as an
organizational capability grounded in the Resource-Based View,
Dynamic Capabilities, and the Triple Bottom Line. Practical
implications include guidance for firms seeking to operationalize
ESG through data-driven decision-making, especially in emerging
economies and organizations with heterogeneous digital maturity.
Keywords: ESG Digital; digital transformation; sustainability;

strategic management; performance indicators.

RESUMO

A transformacao digital e as praticas ESG tornaram-se centrais para a
competitividade organizacional, mas sua integracao permanece
fragmentada nos sistemas produtivos. Este artigo propde o ESG
Digital como um framework operacional para integrar tecnologias
digitais, praticas de sustentabilidade e indicadores de desempenho.
A partir de uma revisao integrativa da literatura e do

desenvolvimento de um framework conceitual, o estudo organiza o



ESG Digital em cinco dimensdes interdependentes: monitoramento
em tempo real, otimizacao preditiva, transparéncia automatizada,
engajamento digital e governanca inteligente. O framework conecta
essas dimensdes a indicadores mensuraveis e explica como as
tecnologias digitais podem apoiar a eficiéncia operacional, o
desempenho socioambiental, a legitimidade perante stakeholders e
a governanca adaptativa. O estudo contribui para a literatura ao
posicionar o ESG Digital como uma capacidade organizacional
fundamentada na Visao Baseada em Recursos, nas Capacidades
Dinamicas e no Triple Bottom Line. As implicacdes praticas incluem
orientacdes para empresas que buscam operacionalizar o ESG por
meio da tomada de decisdao orientada por dados, especialmente em
economias emergentes e organizacdées com maturidade digital
heterogénea.

Palavras-chave: ESG Digital; transformacao digital; sustentabilidade;

gestao estratégica; indicadores de desempenho.

1. INTRODUCTION

Digital transformation has become a structural force reshaping
production systems, organizational routines, and value creation
processes. Technologies such as artificial intelligence, the Internet of
Things, cloud computing, advanced analytics, blockchain, and
automation have expanded the capacity of firms to monitor
operations, integrate data, improve decision-making, and respond to
complex industrial and societal challenges (Schwab, 2016;
Kagermann et al, 2013). In this context, these technologies are
particularly relevant because they affect process management,
operational efficiency, performance measurement, quality control,

supply chain coordination, and continuous improvement.



At the same time, Environmental, Social, and Governance (ESQ)
practices have become central to corporate legitimacy, stakeholder
accountability, and long-term competitiveness. ESG has evolved
from a financial and disclosure-oriented agenda into a broader
managerial approach that affects environmental performance,
occupational safety, governance routines, supplier relationships, and
organizational resilience. Evidence suggests that firms with stronger
sustainability and ESG-related practices tend to present superior
organizational performance, lower risk exposure, and greater
stakeholder trust (Friede et al, 2015; Eccles et al, 2014; Whelan et al,
2021).

Despite the growing relevance of both digital transformation and
ESG, their integration remains fragmented in the literature and in
managerial practice. Digital transformation studies frequently
emphasize automation, productivity, innovation, and data-driven
decision-making, while treating sustainability as a secondary or
indirect outcome. Conversely, ESG studies tend to focus on
disclosure, compliance, stakeholder engagement, and legitimacy,
with limited attention to the digital mechanisms that can
operationalize ESG practices within production systems. As a result,
there is still a need for frameworks capable of connecting digital
technologies, ESG objectives, operational processes, and measurable

performance indicators.

This gap is particularly relevant for organizations seeking to
integrate digital transformation and sustainability agendas. Effective
integration requires the alignment of people, technologies,
materials, information, and organizational processes. Therefore, this
represents an appropriate analytical domain for examining how

digital technologies can transform ESG from a reporting-oriented



practice into an operational capability embedded in process
management, performance measurement, risk mitigation, and

strategic decision-making.

Recent studies have begun to address the convergence between
digitalization and ESG. Puriwat and Tripopsakul (2022) introduced
the term DESG from a marketing perspective, emphasizing
customer attitudes and brand equity. Wang et al. (2023) examined
how digital transformation may improve ESG performance in
manufacturing contexts. Tan et al. (2025) mapped 455 publications
on ESG and digitalization, showing the rapid expansion of the field,
but also its conceptual fragmentation and the absence of unified
theoretical frameworks. Although these contributions are relevant,
the literature still lacks an operational framework that systematically
connects digital technologies, ESG pillars, performance indicators,
and sustainable competitive advantage from a strategic

mManagement perspective.

To address this gap, this article proposes ESG Digital as an
operational framework for integrating digital transformation,
sustainability practices, and performance indicators. ESG Digital is
conceptualized as an organizational capability that uses digital
technologies to monitor, optimize, automate, engage, and govern
ESG-related processes. The proposed framework is structured
around five interdependent dimensions: real-time monitoring,
predictive optimization, automated transparency, digital
engagement, and intelligent governance. These dimensions are
connected to measurable indicators and grounded in the Resource-
Based View, Dynamic Capabilities Theory, and the Triple Bottom

Line.



The research question guiding this study is: how can digital
transformation be systematically integrated with ESG practices to
support operational performance, sustainability, and long-term
competitiveness in organizations? To answer this question, the study
adopts a theoretical-conceptual approach based on an integrative

literature review and conceptual framework development.

The article contributes to the literature in three main ways. First, it
advances the conceptualization of ESG Digital as an operational
capability rather than a purely disclosure-oriented or reputational
practice. Second, it connects digital technologies to ESG
performance through measurable indicators applicable to
production systems. Third, it provides a framework that can support
organizations, especially in emerging economies and small and
medium-sized enterprises, in structuring gradual and data-driven

pathways for sustainable digital transformation.

The remainder of the article is organized as follows. Section 2
presents the methodological procedures adopted in the integrative
literature review and framework development. Section 3 discusses
the theoretical background on digital transformation, ESG, and
sustainable competitive advantage. Section 4 presents the
conceptualization of ESG Digital. Section 5 introduces the proposed
framework and its operational dimensions. Section 6 discusses
theoretical and practical implications for organizational and
strategic management. Finally, Section 7 presents limitations, future

research directions, and concluding remarks.

2. METHODOLOGY



This study adopts a theoretical-conceptual approach to develop an
operational framework for integrating digital transformation, ESG
practices, and performance indicators. The methodological design
was organized into two stages: an integrative literature review and
the development of a conceptual framework. This approach is
appropriate because the relationship between digital transformation
and ESG remains an emerging and fragmented research domain,
requiring conceptual clarification and theoretical integration rather

than immediate hypothesis testing.

This approach follows established guidelines for integrative literature
reviews (Snyder, 2019) and for the development of theoretical-
conceptual articles (Jaakkola, 2020), which support the synthesis
and theoretical articulation of distinct bodies of knowledge into an

original integrative framework.

2.1. Integrative Literature Review

The integrative literature review covered publications from 2010 to
2024, a period that captures the consolidation of Industry 4.0, digital
transformation, and ESG as relevant managerial and technological
paradigms. The review prioritized peer-reviewed studies and
complementary institutional reports when relevant to the

conceptual discussion.

The search focused on three interconnected streams: digital
transformation, ESG and corporate sustainability, and digital-ESG
convergence. The search terms included “digital transformation”,
“Industry  4.0", “artificial intelligence”, ‘“Internet of Things’,
“blockchain”, "ESG", “corporate sustainability”, “digital sustainability”,

“DESG", and “performance indicators”.



Studies were included when they addressed digital transformation,

ESG or sustainability, digital-ESG convergence, or theoretical

foundations relevant to framework development, such as the
Resource-Based View, Dynamic Capabilities Theory, Triple Bottom
Line, and Stakeholder Theory. The final set of references comprised
36 sources and was analyzed through thematic synthesis to identify
recurring concepts, theoretical gaps, operational mechanisms, and

relationships among constructs.

Table T summarizes the inclusion and exclusion criteria adopted in

the integrative literature review.

Table 1. Inclusion and exclusion criteria for the integrative literature

review

Theme Inclusion criteria Exclusion criteria
Digital Studies on Industry 4.0, Al, Purely technical studies

transformatio loT, blockchain, automation, without strategic,

N analytics, and digital managerial, or
strategy in organizational or operational implications.
production contexts.
ESG and Studies on ESG practices, Studies limited to

sustainability

corporate sustainability, TBL,
stakeholder management,
governance, legitimacy, and
sustainable competitive

financial-market
indicators, investment
screening, or compliance
without organizational

advantage. implications.
Digital-ESG Studies connecting Studies addressing only
convergence digitalization, sustainability, digitalization or only ESG

ESG performance, digital
sustainability, DESG, or
technology-enabled
sustainability management.

without conceptual or
operational links.



Production Studies on operational Studies unrelated to

systems and performance, production organizational processes,
performance systems, supply chains, production systems,
process management, performance
indicators, and data-driven measurement, or
decision-making. mManagerial decision-
making.

Source: The authors.

2.2. Development Of The Conceptual Framework

The conceptual framework was developed through an iterative
synthesis process. First, the reviewed literature was examined to
identify the main theoretical lenses explaining the relationship
between digital transformation, ESG practices, and competitive
advantage. Second, the literature was analyzed to identify
operational mechanisms through which digital technologies can
support ESG practices in production systems. This process resulted
in five interdependent dimensions: real-time monitoring, predictive
optimization, automated transparency, digital engagement, and

intelligent governance.

Third, these dimensions were connected to sustainable competitive
advantage according to three analytical criteria: conceptual
coherence, operational relevance, and applicability to organizational
practice. The framework does not aim to provide a statistically
validated model. Instead, it offers a theoretically grounded and
operationally oriented structure that can guide future empirical
studies, measurement efforts, and implementation across

organizations, sectors, and levels of digital maturity.

3. THEORETICAL BACKGROUND



The theoretical foundation of this study is structured around three
main pillars that support the proposition of ESG Digital as an
operational and strategic construct: (i) the relationship between
digital transformation and competitive advantage; (ii) the role of ESG
as a driver of sustainable competitiveness; and (iii) the theoretical
gap in the integration between digital transformation, ESG practices,
and performance measurement in production systems. The
convergence of these pillars provides the basis for developing the

proposed framework.

3.1. Digital Transformation And Competitive Advantage

Digital transformation goes beyond the mere adoption of
technologies. It represents a structural and organizational shift that
redefines how firms create value, manage processes, and coordinate
decision-making. Technologies such as artificial intelligence, Big
Data, the Internet of Things, advanced automation, cloud
computing, and blockchain reconfigure production systems and
business models by enabling real-time monitoring, process
integration, predictive analysis, and data-driven management
(Schwab, 2016)

In organizational and operations management contexts, digital
transformation is particularly relevant because it affects operational
efficiency, quality management, supply chain coordination,
Maintenance systems, environmental monitoring, and performance
measurement. From the perspective of advanced manufacturing,
Kagermann et al (2013) argue that Industry 4.0 introduces a new
productive logic based on cyber-physical systems that integrate
physical and digital environments, enabling real-time optimization,

self-configuration, and adaptive control.



However, digital transformation does not automatically generate
competitive advantage. Consistent with this view, Kane et al. (2019)
argue that digital disruption is primarily about people and
organizational routines rather than technology adoption itself.
Carvalho et al. (2021) highlight that the concept still faces relevant
challenges, especially regarding its boundaries, operational
mechanisms, and implementation pathways. In the Brazilian
context, Tortorella and Fettermann (2018) show that the adoption of
Industry 4.0 and lean production practices may generate
performance gains, but also depends on heterogeneous levels of
digital maturity among organizations. These findings reinforce the
need for integrative approaches capable of translating digital

technologies into operational capabilities.

From a strategic perspective, the Resource-Based View argues that
resources may generate sustainable competitive advantage when
they are valuable, rare, inimitable, and non-substitutable (Barney,
19917). Dynamic Capabilities Theory complements this perspective by
emphasizing the organizational ability to integrate, build, and
reconfigure resources in changing environments (Teece et al, 1997).
Therefore, the competitive advantage derived from digital
transformation does not stem from the isolated adoption of
technologies, but from the organizational capability to integrate
them into routines, processes, indicators, and decision-making
systems. This premise supports the ESG Digital framework proposed

in this study.

3.2. ESG as a Driver Of Sustainable Competitive Advantage

The ESG concept emerged in the financial sector and has evolved

into a broader managerial framework for corporate sustainability. It



encompasses three interdependent dimensions: environmental
practices, such as emissions management, energy efficiency, and
resource optimization; social practices, such as occupational safety,
diversity, training, and stakeholder engagement; and governance
practices, such as transparency, ethics, compliance, and risk
management. These dimensions have become central to
organizational legitimacy, operational resilience, and long-term

value creation (Suchman, 1995; Camilleri, 2025).

The relationship between ESG practices and organizational
performance has been widely discussed in the literature. Friede et al.
(2015) conducted a meta-analysis of more than 2,000 empirical
studies and found predominantly positive associations between ESG
performance and financial outcomes. Whelan et al. (2021) also show
that ESG-related practices may contribute to improved financial
performance, risk reduction, innovation, and operational efficiency.
Similarly, Eccles et al. (2014) demonstrate that organizations with
more advanced sustainability practices tend to develop stronger
governance structures, greater stakeholder engagement, and a

long-term strategic orientation.

In organizational management, ESG is relevant not only as a
disclosure or compliance agenda, but also as a managerial approach
that affects production systems, supply chains, quality
mManagement, occupational safety, environmental management,
and performance measurement. Environmental indicators may
support the reduction of energy consumption, emissions, waste, and
resource inefficiencies. Social indicators may support safer work
environments, employee engagement, and capability development.
GCovernance indicators may strengthen process standardization,

traceability, accountability, and risk control.



In the Brazilian context, however, relevant challenges persist.
Morioka and Carvalho (2017) identify difficulties in translating
sustainability into organizational practices and in measuring its
outcomes. These challenges are particularly important for
organizations with heterogeneous levels of digital maturity and
limited resources for sustainability management. Nevertheless,
recent evidence suggests progress in the Brazilian context, as
Barbosa and Klann (2023) show that ESG performance contributes
to the relevance of accounting information and may support

competitive differentiation.

From a strategic perspective, Porter and van der Linde (1995) argue
that environmental pressures may stimulate innovation and
efficiency gains. Hart and Milstein (2003) also emphasize that socio-
environmental challenges can become sources of value creation
when integrated into business strategy. The Triple Bottom Line
proposed by Elkington (1997) consolidates this perspective by
evaluating organizational performance  across economic,
environmental, and social dimensions. In the context of ESG Digital,
the Triple Bottom Line provides the value-based foundation for
defining operational indicators and prioritizing the framework’s

dimensions.

3.3. Theoretical Gaps In The Integration Of ESG And Digital

Transformation

Despite the growing relevance of digital transformation and ESG
practices, the literature remains fragmented, with limited integration
between these domains. Digital transformation studies have
predominantly focused on automation, operational efficiency,

innovation, and data-driven decision-making, while ESG research



has emphasized disclosure, sustainability performance, stakeholder
engagement, legitimacy, and regulatory compliance. This separation
limits the understanding of how digital technologies can effectively

operationalize ESG practices within production systems.

From a theoretical standpoint, the convergence of the Resource-
Based View (Barney, 1991), Dynamic Capabilities Theory (Teece et al,
1997), and the Triple Bottom Line (Elkington, 1997), complemented
by strategic perspectives on competitive advantage (Porter, 1985),
provides a robust basis for explaining the integration between digital
transformation and ESG. However, these theoretical perspectives are
often applied separately. As a result, the literature still lacks
structured approaches capable of explaining how digital resources,
sustainability practices, and organizational routines interact to

generate measurable operational and strategic outcomes.

This gap is particularly relevant for organizational management.
Although digital technologies can support monitoring, optimization,
traceability, automation, and decision-making, ESG practices are still
frequently treated as reporting mechanisms rather than as
operational capabilities embedded in processes, indicators, and
management systems. Therefore, there is a need for frameworks
capable of defining dimensions, performance indicators, and
implementation pathways that connect digital capabilities to

sustainable competitive advantage.

Recent reviews on digital transformation and sustainability reinforce
this limitation, highlighting the fragmentation of the field and the
absence of integrative frameworks capable of connecting
digitalization and sustainability in a structured manner (Guandalini,

2022). In response to this gap, this article proposes ESG Digital as an



operational framework designed to connect digital technologies,

ESG practices, production systems and performance measurement.

3.4. Multidimensional Challenges In ESG And Digital

Transformation

The convergence between digital transformation and ESG creates
opportunities for production systems, but also introduces
managerial and governance challenges. Digital technologies can
improve environmental monitoring, energy efficiency, waste
reduction, supply chain traceability, occupational safety, and data-
driven decision-making (George et al, 2021, Karmaker et al, 2023;

Wang et al., 2023).

However, these benefits are not automatic. Digital infrastructures
may also increase energy consumption, electronic waste,
technological dependence, digital exclusion, organizational
surveillance, and labor-related risks. These challenges are
particularly relevant in production systems, where digital
technologies are increasingly embedded in operations, supply
chains, maintenance routines, quality control, and performance

mMeasurement.

Therefore, digital technologies only contribute to sustainable
outcomes when they are governed, measured, and integrated into
organizational routines. This reinforces the need for frameworks
capable of aligning technological efficiency, socio-environmental
responsibility, and governance mechanisms. ESG Digital is proposed
in this study as an operational approach for connecting digital
capabilities with sustainability objectives and performance

indicators.



3.5. Justification For The Proposed Framework And Critical

Synthesis

The previous discussion shows that digital transformation and ESG
remain insufficiently integrated in organizational and production
contexts. While digital transformation studies emphasize efficiency,
automation, and data-driven decision-making, ESG studies often
focus on legitimacy, compliance, disclosure, and stakeholder
accountability. This separation limits the understanding of how
digital technologies can transform ESG objectives into measurable

routines, indicators, and operational capabilities.

The integrative review identifies three main gaps: fragmentation
between digital and ESG literatures, limited operationalization of
ESG through digital systems, and restricted applicability of existing
frameworks to emerging economies and organizations with
heterogeneous digital maturity. Brazil illustrates the relevance of
these gaps because of its industrial heterogeneity, renewable energy
matrix, biodiversity, and strong presence of small and medium-sized

enterprises.

In this context, ESG Digital is proposed as an integrative framework
capable of connecting digital transformation, ESG practices,
performance indicators, and competitive strategy within a unified
operational perspective. Table 2 summarizes the main gaps and the

contribution of ESG Digital.

Table 2. Integrative synthesis of digital transformation, ESG, and ESG
Digital integration

Dimension Main gap ESG Digital contribution



Digital Sustainability often Connects digital capabilities

transformatio treated as an indirect to ESG objectives and
N outcome. indicators.
ESG/ Digitalization often Transforms ESG into
Sustainability  treated as a support tool.  measurable and data-driven
routines.
Operations Lack of operational Integrates monitoring,
Management frameworks linking optimization, transparency,
technologies, ESG, and engagement, and
KPlIs. governance.

Source: The authors.

3.6. Theoretical Propositions Of ESG Digital

Following the critical synthesis of the literature, ESG Digital is
theoretically grounded as a distinctive organizational capability that
may  generate sustainable competitive advantage. This
conceptualization is supported by the integration of the Resource-
Based View, Dynamic Capabilities Theory, the Triple Bottom Line,
and Stakeholder Theory. Together, these perspectives explain how
digital transformation and ESG practices can be systematically
aligned to create operational, environmental, social, and

governance-related value.

3.6.1. ESG Digital as a Dynamic Capability

Beyond static resource configurations, ESG Digital can be
understood as a higher-order dynamic capability (Teece et al, 1997,
Teece, 2007). It enables organizations to continuously adapt to
environmental, regulatory, technological, and market changes by
integrating ESG objectives into data-driven routines and production

systems.



Through the sensing-seizing-transforming cycle, ESG Digital
supports three complementary functions. First, it allows firms to
sense ESG-related risks and opportunities through real-time data,
monitoring systems, and stakeholder information. Second, it enables
firms to seize these opportunities by applying digital technologies to
optimize resource allocation, reduce inefficiencies, and improve
socio-environmental performance. Third, it supports the
transformation of organizational routines by embedding ESG criteria
into process management, performance indicators, governance

systems, and strategic decision-making.

3.6.2. ESG Digital as a VRIN-Based Strategic Capability

The Resource-Based View argues that sustainable competitive
advantage arises from resources and capabilities that are valuable,
rare, inimitable, and non-substitutable (Barney, 1991). However,
digital technologies in isolation, such as loT, artificial intelligence,
blockchain, and robotic process automation, do not necessarily meet
these criteria, since they are increasingly available in technology

markets.

Theoretical Proposition 1: The integration of digital technologies with
ESG practices constitutes a distinctive organizational capability that
fulfills the VRIN criteria and supports sustainable competitive

advantage.

This proposition is supported as follows. First, ESG Digital is valuable
because it can simultaneously improve operational efficiency,
reduce risks, strengthen transparency, and enhance socio-
environmental legitimacy. Second, it is rare because the effective

integration of digital technologies, ESG practices, performance



indicators, and organizational routines remains limited across firms,
especially in contexts of heterogeneous digital maturity. Third, it is
inimitable because ESG Digital capabilities are path-dependent,
socially complex, and embedded in organizational learning, culture,
data infrastructure, and stakeholder relationships. Fourth, it is non-
substitutable because isolated digitalization or traditional ESG
reporting cannot generate equivalent levels of efficiency, traceability,

adaptability, and legitimacy.

3.6.3. ESG Digital And Multidimensional Value Creation

The Triple Bottom Line establishes that sustainable value arises from
the integration of economic, environmental, and social dimensions
(Elkington, 1997). Porter and Kramer (2011) extend this logic through
the concept of shared value, emphasizing that firms may generate

economic and societal benefits simultaneously.

Theoretical Proposition 2. Digital technologies act as integrative
mechanisms across the Triple Bottom Line dimensions, enabling
simultaneous and mutually reinforcing value creation through ESG

Digital.

This proposition suggests that ESG Digital can connect economic,
environmental, and social objectives within production systems. For
example, data generated for energy optimization may also support
emissions monitoring, operational transparency, cost reduction, and
stakeholder accountability. Similarly, predictive systems designed to
reduce failures may improve productivity, occupational safety, and
governance quality. In this sense, ESG Digital transforms
sustainability from a fragmented set of practices into a measurable

and integrated management capability.



3.6.4. Transition To The Conceptual Framework

The theoretical fragmentation identified in the literature shows that
digital transformation, sustainability, and competitive strategy are
often treated separately. The propositions developed in this section
provide the theoretical basis for integrating these domains into a

single framework.

The following section presents the formal conceptualization of ESG
Digital, including its constitutive definition, operational principles,

distinctive aspects, and differentiation from related constructs.

4. CONCEPTUALIZATION OF ESG DIGITAL

4.1. Constitutive And Operational Definition Of ESG Digital

ESG Digital is defined as an organizational capability through which
digital technologies are systematically integrated into ESG practices
to support sustainable competitive advantage. It operates through
the coordinated use of technologies, data, indicators, processes, and
governance mechanisms oriented toward multidimensional value

creation.

From a constitutive perspective, ESG Digital represents the
integration between digital transformation and ESG as a strategic
and operational construct. It differs from traditional ESG approaches
because it does not focus only on disclosure, compliance, or
reputational gains. Instead, it transforms ESG into a data-driven
management system embedded in organizational routines,

production systems, and decision-making processes.



From an operational perspective, ESG Digital uses technologies such
as artificial intelligence, Internet of Things, analytics, blockchain,
automation, and digital platforms to monitor, optimize, automate,
engage, and govern ESG-related processes. This conceptualization is
based on four principles: systemic integration, data-driven
sustainability, multidimensional value creation, and dynamic

adaptability.

4.2. Distinctive Aspects Of ESG Digital

ESG Digital differs from traditional ESG approaches by shifting ESG
from reporting to operationalization, from fragmentation to
integration, from compliance to strategy, from periodic evaluation to
continuous management, and from qualitative assessment to
measurable performance. These shifts show that ESG Digital is not
merely the digitalization of ESG reports, but a transition toward

integrated, measurable, and data-driven sustainability management.

By embedding ESG practices into production routines, digital
infrastructures, indicators, analytics, and governance systems, ESG
Digital allows organizations to monitor deviations, anticipate risks,
improve transparency, and connect sustainability objectives to

operational and strategic performance.

4.3. Conceptual Differentiation From Related Constructs

Although ESG Digital shares similarities with Green IT, Industry 4.0,
Digital Corporate Sustainability, and DESG, it differs in scope,
purpose, and theoretical grounding. Green IT focuses mainly on the
environmental impact of information technologies. Industry 4.0
emphasizes automation and productive efficiency, but does not

necessarily incorporate ESG objectives as a strategic priority. Digital



Corporate Sustainability addresses the use of digital technologies for
sustainability, but often lacks explicit operationalization through ESG
indicators and production-system mechanisms. DESG has been
discussed in specific contexts such as marketing and
manufacturing, but still requires broader integration with strategic
Mmeasurement, and sustainable

capabilities, performance

competitive advantage.

Therefore, ESG Digital emerges as a distinct construct positioned at
the intersection of digital transformation, sustainability, and strategic
management. It proposes an integrated capability through which
firms can transform ESG objectives into operational routines,

measurable indicators, and data-driven governance mechanismes.

Table 3 synthesizes the main conceptual distinctions between ESG

Digital and related constructs identified in the literature.

Table 3. Conceptual differentiation between ESG Digital and related

constructs
Concept Main focus Main ESG Digital
limitation contribution
Green IT IT Mainly Extends to ESG
environmental environmental. indicators.
efficiency.
Industry 4.0 Automation ESG often Embeds ESG in
and secondary. production
connectivity. systems.
Digital Digital tools for Limited Links
Corporate sustainability. KPl/routine technologies,
Sustainability focus. indicators, and

decisions.



DESG Digitalized ESG Partial Adds RBY,

in specific strategic Dynamic
contexts. integration. Capabilities, TBL,
and KPIs.
ESG Digital — Integrated Requires Makes ESG
proposed digital-ESG empirical measurable and
construct capability. validation. operational.

Source: The authors.

As shown in Table 3, ESG Digital extends prior approaches by
integrating digital transformation, ESG practices, performance
indicators, and strategic management into a unified organizational
capability capable of transforming sustainability objectives into

measurable and operational management practices.

5. PROPOSED ESG DIGITAL FRAMEWORK

5.1. Traditional ESG Versus ESG Digital

The distinction between traditional ESG and ESG Digital can be
understood through a set of operational dimensions that affect data
mManagement, transparency, mMeasurement, organizational
integration, and stakeholder engagement. While traditional ESG
approaches are often based on periodic reporting and retrospective
assessment, ESG Digital emphasizes continuous monitoring, digital
traceability, real-time indicators, and data-driven decision-making.

Table 4 summarizes these differences.

Table 4. Comparison between traditional ESG and ESG Digital

Criterion Traditional ESG ESG Digital



Data and Periodic reports and Real-time data and

measurement retrospective guantitative KPlIs.
indicators.
Transparency Self-reporting and Automated auditing and
and integration fragmented practices. integrated traceability.
Response Reactive and Predictive, proactive, and
capability compliance-oriented. decision-oriented.
Strategic ESG as disclosure or ESG as an operational
orientation regulatory capability for sustainable
requirement. competitiveness.

Source: The authors.

In carbon emissions management, for example, traditional ESG
relies mainly on annual estimates derived from energy consumption
records. ESG Digital, in contrast, may combine IoT sensors for real-
time monitoring, artificial intelligence for operational optimization,
and blockchain technologies to track and record the carbon
footprint of products and processes (Ben-Daya et al.,, 2019; Saberi et

al., 2019; Frozza et al., 2023).

This example illustrates that ESG Digital extends beyond the
adoption of advanced technologies. It represents a transformation in
sustainability governance and management by replacing manual,
fragmented, and retrospective procedures with intelligent systems,
continuous data flows, and measurable indicators. As a result,
sustainability can operate as a continuous mechanism for value
creation, risk mitigation, operational improvement, and stakeholder
accountability. In this perspective, the focus shifts from regulatory
compliance toward dynamic competitive advantage, supported by
high-frequency, reliable, and actionable information (George et al,

2021; Wang et al.,, 2023).



5.2. Framework Structure

The ESG Digital framework is structured into five interdependent
operational dimensions that converge toward long-term strategic
value creation. Each dimension represents a specific organizational
mechanism through which digital technologies can support the
monitoring, optimization, automation, engagement, and

governance of ESG-related processes.

Dimension 1— Real-time monitoring: This dimension is based on the
use of loT sensors, edge computing, and analytical dashboards for
the continuous tracking of ESG indicators. It enables organizations
to identify deviations, monitor operational conditions, and respond
more rapidly to environmental, social, and governance-related risks

(Kagermann et al, 2013; Kolagar et al,, 2024).

Dimension 2 — Predictive optimization: This dimension is grounded
in the application of artificial intelligence and machine learning to
predict failures, optimize resource use, and anticipate ESG-related
risks. It supports proactive decision-making and improves the ability
of firms to align operational efficiency with sustainability objectives
(Dhiman et al,, 2024, Wang et al., 2023).

Dimension 3 — Automated transparency: This dimension relies on
technologies such as blockchain, digital certification, and automated
reporting systems to strengthen traceability, accountability, and
stakeholder trust. It enables the continuous generation and
verification of ESG-related information across organizational

processes and supply chains (Wang et al,, 2023; Eccles et al,, 2014).

Dimension 4 — Digital engagement: This dimension is based on

collaborative platforms, gamification strategies, and digital



interaction tools designed to mobilize internal and external
stakeholders. It supports employee participation, stakeholder
communication, and social engagement in sustainability-oriented
initiatives (Freeman, 1984, George et al, 2021, Kirchner-Krath et al,
2026).

Dimension 5 — Intelligent governance: This dimension involves the
use of robotic process automation, expert systems, and digital
compliance tools to monitor risks, automate governance routines,
and ensure regulatory coherence. It strengthens the capacity of
organizations to integrate ESG criteria into decision-making, control
systems, and corporate governance practices (Teece et al, 1997,

Wang et al, 2023).

The interdependence among these five dimensions is the main
differentiating feature of the ESG Digital framework. Isolated digital
initiatives may improve specific processes, but their strategic value
INncreases when monitoring, optimization, transparency,
engagement, and governance are integrated into a coherent
organizational capability. Together, these dimensions operationalize
ESG Digital as a data-driven and measurable approach to

sustainable competitive advantage.

5.3. Key Performance Indicators

The interpretation of ESG Digital indicators is associated with their
ability to capture gains in operational efficiency, risk reduction,
organizational legitimacy, and socio-environmental performance. In
this sense, KPIs do not merely measure ESG practices. They function
as mechanisms that translate sustainability objectives into

measurable operational and strategic outcomes.



Table 5 presents a representative KPI for each dimension of the ESG

Digital framework.

Table 5. Key performance indicators of the ESG Digital framework

Dimension Proposed indicator
Real-time monitoring Environmental incident detection rate (%)
Predictive optimization Al-enabled energy reduction (%)
Automated transparency Digital supply-chain traceability (%)
Digital engagement ESG Digital engagement rate (%)
Intelligent governance Automated compliance processes (%)

Source: The authors.

These indicators support continuous ESG performance monitoring
and data-driven decision-making. They also reinforce the role of ESG
Digital as a measurable organizational capability capable of linking
sustainability practices, operational performance, and sustainable

competitive advantage.

5.4. Visual Representation Of The Framework

Figure 1 illustrates the integrated structure of the ESG Digital
framework. The figure shows how digital transformation and ESG
practices converge into an organizational capability structured
around five operational dimensions: real-time monitoring, predictive
optimization, automated transparency, digital engagement, and
intelligent governance. Together, these dimensions support the
creation of sustainable competitive advantage through operational

efficiency, organizational legitimacy, and strategic responsiveness.



Figure 1. ESC Digital framework for strategic sustainability
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5.5. Operating Dynamics And Link To Sustainable Competitive
Advantage

The ESG Digital framework operates through three interdependent
mechanisms: systemic integration, competitive amplification, and
adaptive scalability. Systemic integration connects real-time
monitoring, predictive optimization, automated transparency, digital
engagement, and intelligent governance into organizational
routines, production systems, indicators, and decision-making

processes.

Competitive amplification occurs when ESG Digital strengthens
efficiency, transparency, risk detection, stakeholder legitimacy, and
governance quality. Adaptive scalability refers to the possibility of
implementing the framework progressively, according to
organizational capabilities, sectoral conditions, and levels of digital

maturity.

Together, these mechanisms position ESG Digital as an integrative
capability based on the Efficiency-Legitimacy-Responsiveness triad.

Efficiency refers to operational and resource performance;



legitimacy refers to stakeholder trust and accountability; and
responsiveness refers to the ability to anticipate and respond to ESG-

related risks and opportunities.

5.6. Detailed Operationalization: Predictive Optimization

Although the five dimensions of the ESG Digital framework are
interdependent, this study further details predictive optimization
because of its direct connection with dynamic capabilities,
competitive  differentiation, and data-driven  sustainability
management. Predictive optimization enables organizations to
anticipate ESG-related risks and opportunities, allocate resources
more efficiently, and adapt operational routines based on predictive

information.

Within ESG Digital, predictive optimization is defined as the
organizational ability to anticipate risks, failures, inefficiencies,
opportunities, and performance deviations related to ESG pillars,
and to prescribe actions that improve sustainability, operational
performance, and governance outcomes. It is enabled by
technologies such as machine learning, loT-based analytics,
optimization algorithms, digital twins, forecasting systems, and

decision-support platforms.

Predictive optimization can be applied across the three ESG pillars.
In the environmental dimension, it supports energy optimization,
emission reduction, waste prevention, and resource efficiency. In the
social dimension, it supports occupational safety, employee well-
being, and workforce risk prevention. In the governance dimension,
it strengthens anomaly detection, compliance monitoring, fraud

prevention, and reputational risk management.



Table 6 presents representative applications of predictive

optimization and associated ESG and operational outcomes.

Table 6. Applications of predictive optimization by ESG pillar

ESG pillar Application Expected outcomes
Environment Energy-demand Lower energy use, reduced
al (E) forecasting using machine emissions, and better
learning. resource planning.
Social (S) Accident-risk prediction Improved occupational
using operational and safety, risk prevention, and
workforce data. workforce planning.
Governance Anomaly detection using Earlier detection of
(Q) machine learning models. irregularities and stronger

compliance controls.

Source: The authors.

The applications summarized in Table 6 show that predictive
optimization operates as a cross-cutting mechanism across ESG
pillars. Rather than indicating fixed performance gains, the table
identifies expected outcomes that depend on sectoral conditions,
data quality, technological maturity, organizational capabilities, and
governance structures. Thus, predictive optimization strengthens
ESG Digital by transforming ESG-related data into anticipatory and
prescriptive mechanisms for efficiency, risk reduction, legitimacy,

and sustainable competitive advantage.

6. THEORETICAL CONTRIBUTIONS

This study advances the literature through three main contributions.

First, it develops ESG Digital as a distinctive theoretical construct



that connects digital technologies, ESG practices, performance
indicators, and sustainable competitive advantage. By providing a
constitutive and operational definition, the study differentiates ESG
Digital from adjacent concepts such as Green IT, Industry 4.0, Digital

Corporate Sustainability, and DESC.

Second, the study explains how digital-ESG integration may support
sustainable competitive advantage. By articulating the Resource-
Based View, Dynamic Capabilities Theory, the Triple Bottom Line,
and Stakeholder Theory, the article positions ESG Digital as a
capability that generates value through efficiency, legitimacy, and
responsiveness. This theoretical integration clarifies how digital
technologies can support ESG practices as mechanisms for
operational improvement, risk mitigation, stakeholder

accountability, and strategic adaptation.

Third, the study proposes an operationalization framework
structured around five dimensions: real-time monitoring, predictive
optimization, automated transparency, digital engagement, and
intelligent governance. These dimensions translate ESG Digital into
operational mechanisms, enabling technologies, and representative
performance indicators, supporting future empirical validation and

practical implementation in production systems.

6.1. Implications For Strategic Management

Strategic management is a relevant context for ESG Digital because
it integrates people, technologies, materials, information, processes,
and organizational systems. From an operational perspective, the

framework can support process management, quality control,



supply  chain coordination, environmental management,

occupational safety, and governance routines.

In the Brazilian context, these implications are especially relevant
because the transition toward advanced manufacturing occurs
heterogeneously, with significant differences in digital maturity
among organizations (Tortorella; Fettermann, 2018). ESG Digital
addresses this challenge by offering an adaptable structure that can
be implemented progressively according to organizational

capabilities, sectoral conditions, and available resources.

The framework also contributes to sustainability measurement, a
persistent challenge for Brazilian organizations (Morioka; Carvalho,
2017). By translating ESG practices into operational indicators, ESG
Digital can support monitoring, comparison, decision-making, and

continuous improvement.

6.2. ESG Digital And Small And Medium-Sized Enterprises (SMEs)

Small and medium-sized enterprises represent a relevant context for
ESG Digital, especially in emerging economies. These firms often
face resource constraints, limited technological infrastructure, lack of
specialized personnel, and heterogeneous levels of digital maturity.
At the same time, they may benefit from organizational flexibility

and shorter decision-making cycles.

For SMEs, ESG Digital can be adopted gradually through selected
indicators, service-based digital solutions, low-cost analytics tools,
and collaborative ecosystems involving universities, industry
associations, technology providers, and institutions such as SEBRAE.
Thus, ESG Digital does not require full-scale digital transformation

from the outset. It can be progressively implemented through



specific processes and scalable technologies, helping SMEs
strengthen resilience, competitiveness, stakeholder legitimacy, and

long-term value creation (Nunes et al,, 2024).

7. LIMITATIONS AND FUTURE RESEARCH

This study has limitations that should be considered when
interpreting its contributions. First, the proposed ESG Digital
framework remains conceptual and has not yet been empirically
validated in organizational settings. Although it is theoretically
grounded, its applicability and measurement structure require
testing across different sectors, firm sizes, and levels of digital

maturity.

Second, the reviewed literature remains partially concentrated in
developed economies and technologically advanced contexts.
Therefore, the implementation of ESG Digital may vary according to
institutional conditions, technological infrastructure, regulatory

pressures, organizational capabilities, and access to digital resources.

Third, the proposed KPIs should be interpreted as representative
indicators rather than universal measures. Their application requires
adaptation to sector-specific characteristics, organizational
strategies, regulatory environments, and data availability. ESG Digital
also raises ethical and socioeconomic challenges, including digital
exclusion, technological dependence, organizational surveillance,
data governance, labor displacement, and the environmental

footprint of digital infrastructures.

Future research may advance the ESG Digital literature by
empirically testing the framework, developing standardized and

sector-specific indicators, comparing institutional environments, and



conducting systematic literature reviews with bibliometric analyses.
These directions may help consolidate ESG Digital as an emerging
organizational capability positioned at the intersection of digital

transformation, sustainability, and competitive strategy.

8. CONCLUSION

This study proposed ESG Digital as an organizational capability that
integrates digital technologies with Environmental, Social, and
Governance practices to support sustainable competitive advantage.
Based on an integrative literature review and conceptual framework
development, the article argues that digital transformation can
move ESG beyond disclosure and compliance, transforming
sustainability into an operational, measurable, and data-driven

Management system.

The proposed framework is structured around five interdependent
dimensions: real-time  monitoring, predictive  optimization,
automated transparency, digital engagement, and intelligent
governance. Together, these dimensions explain how digital
technologies can  support operational efficiency, socio-
environmental performance, stakeholder legitimacy, and adaptive
governance. By Ilinking these dimensions to representative
performance indicators, the framework positions ESG Digital as a
bridge between sustainability objectives and measurable

organizational outcomes.

Theoretically, the study contributes by articulating the Resource-
Based View, Dynamic Capabilities Theory, the Triple Bottom Line,
and Stakeholder Theory to explain ESG Digital as a strategic and

operational capability embedded in routines, data infrastructure,



governance systems, and production processes. Practically, the
framework may guide organizations in structuring sustainable
digital transformation pathways, especially in emerging economies

and firms with heterogeneous levels of digital maturity.

By connecting digital technologies, ESG practices, and performance
indicators, ESG Digital offers a pathway for organizations seeking to
strengthen sustainability, competitiveness, and long-term resilience

in increasingly complex and data-intensive environments.
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