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 Abstract 

The growing convergence of digital transformation and sustainability requirements necessitates the 

development of integrated analytical frameworks that enable the simultaneous assessment of an or-

ganization’s technological maturity and its ESG maturity. Existing Industry 4.0 maturity models pre-

dominantly focus on technological aspects, while ESG frameworks emphasize reporting and regula-

tory compliance, often overlooking the organizational and technological conditions required to achieve 

higher levels of maturity. Although prior research provides growing evidence on the relationships 

between digital transformation and sustainability, it still lacks integrated frameworks that systemati-

cally combine technological maturity, organizational capabilities, ESG maturity, and sustainability 

performance outcomes within a single analytical structure. The aim of this article is to address this gap 

by proposing the Digital Sustainability Maturity Framework (DSMF), an integrated maturity model 

that combines Industry 4.0 maturity, digital enablement factors, ESG maturity, and sustainability per-

formance outcomes within a coherent cause-and-effect structure. The model is based on hypothesized 

relationships that digital maturity influences the development of ESG maturity both directly and indi-

rectly through organizational capabilities related to data management, digital competencies, and pro-

cess integration. This article is conceptual and methodological in nature and proposes a theoretically 

grounded framework for future empirical validation. It develops a theoretical framework and proposes 

a structured measurement instrument intended for future empirical validation. Based on a literature 

review, the structure of the model and a set of research hypotheses describing the relationships between 

its key dimensions were developed. The DSMF model was subsequently operationalized in the form 

of a survey instrument designed to assess an organization’s maturity level across four model dimen-

sions. Conceptual validation and instrument development of the model was conducted, and a proce-

dure for its empirical verification using Partial Least Squares Structural Equation Modeling (PLS-

SEM) was outlined. The proposed model contributes to the literature by integrating the perspectives 

of digital transformation and sustainability within a single maturity framework, treating ESG maturity 

as a data-driven organizational capability supported by Industry 4.0 technologies. From a practical 

perspective, the DSMF is proposed as a potential diagnostic tool that may support managers in as-

sessing the alignment between digitalization and ESG performance and in identifying areas requiring 

further development, subject to future empirical validation. 
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1. Introduction 

Digital transformation and sustainability have become two 

of the most important paradigms shaping contemporary in-

dustrial development. Industry 4.0 technologies, such as the 

Internet of Things (IoT), cyber-physical systems, advanced 

data analytics, artificial intelligence, and collaborative robot-

ics (cobots), enable organizations to achieve an unprece-

dented level of data integration, process automation, and real-

time operational optimization (Marszałek-Kotzur, 2025; 

Awotunde et al., 2025; Agrawal & Nargund, 2024). In prac-

tice, these technologies not only enhance production effi-

ciency, process flexibility, and responsiveness to adverse pro-

cess changes, but also support the implementation of 

innovative business models and the design of products and 
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services tailored to a dynamically changing market environ-

ment. Consequently, they constitute a key factor in enhancing 

the competitiveness and adaptability of enterprises under con-

ditions of increasing environmental complexity. 

At the same time, the importance of sustainability in organ-

izational management is steadily increasing. Growing regula-

tory pressure, particularly reporting obligations arising from 

the Corporate Sustainability Reporting Directive (CSRD) and 

the European Sustainability Reporting Standards (ESRS), as 

well as stakeholder expectations and global environmental 

and social challenges, compel organizations to achieve higher 

levels of maturity in environmental, social, and governance 

(ESG) areas (Directive (EU) 2022/2464 of the European Par-

liament and of the Council) and ESRS standards (European 

Sustainability Reporting Standards). Companies are required 

not only to minimize the negative environmental impact of 

their operations, but also to implement socially responsible 

practices and ensure transparent and accountable corporate 

governance (Li, et al. 2021); Yoo & Managi, 2022). These 

challenges apply to both large corporations and small and me-

dium-sized enterprises (SMEs), for which the integration of 

digital and ESG requirements is often particularly complex 

due to limited organizational and competency resources. 

Despite the growing body of research, digitalization and 

sustainability are still largely treated as separate areas of anal-

ysis in the academic literature. Existing Industry 4.0 maturity 

and readiness models (e.g., the Industry 4.0 Maturity Index) 

primarily focus on technological and process capabilities, 

such as the level of automation, IT system integration, data 

utilization, and employees’ digital competencies (Czer-

wińska, Pacana, 2022; Othen, et al. 2025; Ślusarczyk, 2025). 

In contrast, ESG frameworks predominantly emphasize the 

reporting of environmental, social, and governance aspects, 

often without directly addressing the technological and or-

ganizational conditions that enable the achievement of high 

levels of ESG maturity (Vijaya et al., 2026; Cahan et al., 

2025; Blaber & Gougoumanova, 2024; Rosak-Szyrocka, 

2025; Mazur & Ingaldi, M., 2025). As a result, organizations 

face difficulties in assessing whether and to what extent their 

level of digital maturity supports, constrains, or remains in-

dependent of their ESG performance. 

In response to this gap, the aim of this article is to develop 

the Digital Sustainability Maturity Framework (DSMF), a 

conceptual model designed to assess the alignment between 

digital maturity in the context of Industry 4.0 and ESG ma-

turity. The model integrates the perspectives of technology, 

organizational capabilities, and sustainability performance 

outcomes, enabling a systematic analysis of the relationships 

between digital transformation and the achievement of sus-

tainability objectives. 

The article also proposes a measurement instrument in the 

form of a survey based on the logic of maturity models, ena-

bling the empirical assessment of the level of advancement of 

the analyzed enterprises across the DSMF dimensions. The 

application of a survey-based approach allows for the identi-

fication of gaps between technological potential, organiza-

tional capabilities, and achieved ESG outcomes, as well as for 

comparisons between enterprises at different stages of digi-

tal–sustainability transformation. 

From a practical perspective, the DSMF may serve as a use-

ful tool supporting strategic decision-making. It enables more 

informed planning of investments in digital technologies that 

support ESG objectives, optimization of processes towards 

efficient resource utilization, and the development of sustain-

able competitive advantage through the integration of techno-

logical innovation with responsible management. As a result, 

the proposed framework can serve both as a research tool and 

as a practical guide for organizations striving to harmonize 

digital transformation and sustainability. 

It should be emphasized that this study adopts a conceptual 

and methodological approach. The proposed framework is 

not empirically validated at this stage; rather, it is designed as 

a theoretically grounded model and a basis for future empiri-

cal testing. 

2. Literature review 

Contemporary organizations are increasingly faced with 

the need to simultaneously manage digital transformation and 

the implementation of sustainability objectives (Rosak-Szy-

rocka& Knop, 2024). In order to effectively plan, monitor, 

and evaluate progress in these areas, both researchers and 

management practitioners employ various maturity models 

that enable the assessment of an organization’s readiness to 

implement advanced technologies and to meet environmen-

tal, social, and governance (ESG) requirements. 

Industry 4.0 maturity models primarily focus on technolog-

ical and infrastructural aspects, such as process automation 

and robotization, integration of IT/OT systems, the use of 

data analytics, and the development of intelligent supply 

chains (da Rocha et al., 2020; Mendonca, et al., 2025; 

Dwivedy, et al., 2025; Sunder, et al. 2024; Boulitama, et al., 

2025). In contrast, ESG and sustainability assessment frame-

works mainly emphasize monitoring the impact of organiza-

tional activities on the environment, employee safety and 

well-being, as well as ensuring ethical, transparent, and regu-

lation-compliant corporate governance (Cahan et al., 2025; 

Blaber & Gougoumanova, 2024; Hąbek, 2025; Bux, et al. 

2025; Heldmann, et al., 2025). 

Despite the extensive research interest in both digitalization 

and sustainability, existing models rarely account for the in-

terdependencies between these domains. Digital readiness 

and maturity models focus on assessing technological poten-

tial, without systematically addressing their capacity to sup-

port ESG outcomes. Conversely, sustainability and ESG 

frameworks typically overlook the technological and organi-

zational conditions necessary to achieve high levels of envi-

ronmental and social performance. As a result, organizations 

lack a comprehensive tool that would enable the evaluation 

of synergies between digital maturity, ESG maturity, and sus-

tainability performance outcomes. 

A preliminary literature analysis conducted using the Sco-

pus database and the VOSviewer tool confirms the frag-

mented nature of existing research in this area (Fig. 1). A 
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search of the Scopus database using combinations of key-

words such as maturity model, Industry 4.0, ESG, and sus-

tainability (within titles, abstracts, and keywords) does not in-

dicate the existence of a coherent, integrated maturity model 

combining digital transformation and ESG within a single 

conceptual framework. This finding confirms both the disper-

sion of existing studies and the lack of a unified approach in-

tegrating these two domains. 
 

 

Fig. 1. VOSviewer – Scopus: “maturity model”, “Industry 4.0”, and “digital transformation” – over 800 publications (own elaboration based 

on bibliometric analysis using VOSviewer) 

 

The following subsections present a review of existing In-

dustry 4.0 maturity models, followed by frameworks and con-

cepts related to ESG and sustainability maturity. Subse-

quently, studies attempting to integrate digital transformation 

and sustainability are discussed. This analysis leads to the 

identification of a clear research gap, which is addressed by 

the Digital Sustainability Maturity Framework (DSMF) pro-

posed in this article. 

2.1. Industry 4.0 Maturity Models and Digital Ena-

blement Perspective 

The literature offers numerous Industry 4.0 maturity and 

readiness models aimed at assessing the level of advancement 

of organizations in terms of digital transformation. These 

models primarily focus on the identification and measure-

ment of technological and process capabilities that enable en-

terprises to implement the concept of smart manufacturing. 

The most frequently cited (da Rocha et al., 2020; Dwivedy, 

et al., 2025; Sunder, et al. 2024; Mendonca, et al., 2025; 

Othen, et al. 2025; Schuh, et al., 2019; Abate, et al., 2025; 

Binder, et al. 2025; Guimarães, et al. 2025; Sajjad et al., 2024; 

Durana et al., 2021) include the Industrie 4.0 Maturity Index 

developed by Acatech, the RAMI 4.0 reference model, as 

well as various commercial and academic digital maturity 

models proposed by consulting and research institutions. 

Most existing Industry 4.0 maturity models encompass a 

similar set of assessment dimensions, such as process auto-

mation and robotization, the use of Internet of Things tech-

nologies and digital connectivity, real-time data integration, 

advanced analytics and artificial intelligence, integration of 

IT and OT systems, and digital supply chain integration. 

These models provide useful tools for diagnosing the level of 

digitalization of enterprises and their technological readiness 

to operate in an Industry 4.0 environment. However, it should 

be noted that this process does not occur uniformly across or-

ganizations. Difficulties in achieving higher levels of digital 

maturity often result from structural barriers, such as gaps in 

digital competencies and infrastructural limitations, which 

are particularly evident in the small and medium-sized enter-

prise (SME) sector (Ingaldi & Ulewicz, 2025). This perspec-

tive is consistent with prior research on the business value of 

digital technologies and dynamic capabilities. 
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At the same time, the literature indicates that dominant In-

dustry 4.0 maturity models primarily focus on the technolog-

ical dimension, treating technology as the main driver of or-

ganizational transformation. As a result, they rarely analyze 

the mechanisms through which technological capabilities 

translate into broader organizational outcomes, including sus-

tainability performance. Environmental, social, and govern-

ance (ESG) aspects are either omitted or treated marginally in 

these models, and the relationship between digital maturity 

and sustainable organizational performance remains insuffi-

ciently explored. 

In response to these limitations, it is increasingly empha-

sized that the mere availability of advanced Industry 4.0 tech-

nologies is not sufficient to generate sustainable organiza-

tional value. This distinction is consistent with recent 

research showing that the implementation gap in enterprise 

AI is driven not only by technology adoption itself, but also 

by deficiencies in strategic alignment, human capital readi-

ness, and organizational integration capabilities (Sira, 2025). 

From the perspective of dynamic capabilities theory and re-

search on the business value of information technologies, dig-

ital transformation yields results only when supported by 

complementary organizational capabilities. These include, 

among others, formal data governance and data quality man-

agement practices, employees’ digital competencies, a data-

driven organizational culture, integration of IT and opera-

tional processes, and an adequate level of cybersecurity. 

The literature increasingly highlights the distinction be-

tween technological Industry 4.0 maturity and the capabilities 

enabling the effective use of digital technologies. Industry 4.0 

maturity primarily refers to the scope and advancement of im-

plemented technological solutions, whereas digital enable-

ment factors describe the organizational, competency-based, 

and managerial conditions for their effective utilization. 

These factors act as mediating mechanisms between technol-

ogy and organizational outcomes, enabling the transfor-

mation of technological potential into tangible operational 

and strategic effects. 

Such an approach allows moving beyond a reductionist 

view of Industry 4.0 as merely a set of technologies and pro-

vides a foundation for further considerations on the role of 

digitalization in building ESG maturity and achieving sus-

tainability performance outcomes, as reflected in the structure 

of the proposed Digital Sustainability Maturity Framework. 

2.2. ESG and Sustainability Maturity Models 

In recent years, issues related to ESG (Environmental, So-

cial, Governance) have gained significant importance both in 

academic research and in management practice, primarily due 

to increasing regulatory pressure, stakeholder expectations, 

and global environmental and social challenges (Kucęba, 

2025; Tancke, et al.,  2023; Habek, 2025; Vijaya et al., 2026). 

In response to these conditions, numerous ESG reporting 

frameworks and standards have been developed, such as GRI, 

SASB, MSCI ESG Score, and the most recent European Sus-

tainability Reporting Standards (ESRS), implemented under 

the Corporate Sustainability Reporting Directive (CSRD). 

Dominant ESG frameworks primarily focus on the meas-

urement and disclosure of information related to an organiza-

tion’s environmental impact (e.g., emissions, energy con-

sumption, waste management), social aspects (e.g., 

occupational safety, employee well-being, equality), and gov-

ernance elements, such as ethics, transparency, and risk man-

agement. In this approach, ESG is often treated as a set of 

reporting indicators, the main purpose of which is to ensure 

regulatory compliance and to meet stakeholders’ information 

requirements. 

However, the literature increasingly emphasizes the need to 

distinguish between ESG reporting and ESG maturity under-

stood as a systematic organizational capability. ESG maturity 

refers not only to the scope of disclosed data, but above all to 

the degree of integration of environmental, social, and gov-

ernance aspects into decision-making processes, organiza-

tional strategy, and day-to-day operations. In this perspective, 

key elements include data quality and reliability, transpar-

ency of decision-making processes, consistency of actions 

with applicable regulations, and the ability to manage ESG 

risks in an active and proactive manner. 

The concept of data-driven sustainability is also gaining in-

creasing attention in the literature, indicating that effective 

ESG management requires access to up-to-date, integrated, 

and comparable data that enable monitoring, analysis, and de-

cision-making in near real time. Despite this, most existing 

ESG frameworks do not systematically consider the techno-

logical and organizational conditions that enable the achieve-

ment of higher levels of ESG maturity. Digital technologies 

and the organizational capabilities related to their use remain 

largely outside the scope of analysis in these models. 

Consequently, although numerous tools are available for 

assessing ESG performance and disclosure levels, there is a 

lack of approaches that treat ESG as a dynamic organizational 

capability linked to digital transformation, the development 

of technological competencies, and the ability to leverage 

data in management processes. This limitation constitutes an 

important starting point for further considerations on the in-

tegration of digital maturity and ESG within a coherent ana-

lytical model. 

2.3. Integrating Digital Transformation and ESG 

In recent years, an increasing number of studies have ex-

amined the relationships between digital transformation and 

organizational sustainability. Authors indicate that Industry 

4.0 technologies can serve as a significant tool to support the 

achievement of environmental, social, and governance objec-

tives. The literature emphasizes (Hien, et al., 2026; Zhao, et 

al., 2026; Wu, et al., 2026; Sun, et al., 2026; Dung, et al. 

2026), in particular, the potential of digital technologies to 

improve resource efficiency, increase process transparency, 

and mitigate operational and regulatory risks. 

Empirical research shows that the application of Internet of 

Things (IoT) technologies and sensor systems enables real-

time monitoring of energy consumption, emissions, and 

waste, contributing to the reduction of resource losses and im-

proving environmental efficiency. Advanced data analytics 
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and artificial intelligence-based solutions support demand 

forecasting, production process optimization, and data-driven 

decision-making, leading to improvements in both economic 

and environmental outcomes. 

The literature also highlights the role of digital twins and 

simulation tools in analyzing the environmental impact of in-

dustrial processes and designing more sustainable production 

solutions. Automation and robotics, in turn, are recognized as 

factors that enhance workplace safety, improve ergonomics, 

and reduce employees’ exposure to hazards, directly contrib-

uting to the social dimension of sustainability. 

Increasing attention is also being paid to the significance of 

digital technologies for corporate governance, particularly in 

terms of enhancing transparency in decision-making pro-

cesses, improving the quality of non-financial reporting, en-

suring regulatory compliance, and managing risks. Infor-

mation systems that support data integration, process 

auditability, and internal control are identified as key enablers 

for effective ESG management. This perspective is further 

supported by recent evidence showing that sustainability-ori-

ented operational practices do not always translate into per-

formance through simple direct paths, but may depend on me-

diating organizational mechanisms such as resilience 

(Songkhwan et al., 2025). 

Despite the growing body of research confirming the po-

tential of digital technologies in the ESG domain, most stud-

ies focus on selected technologies or individual dimensions 

of sustainability. The relationships between digital transfor-

mation, organizational capabilities, and systematic ESG man-

agement are analyzed in a fragmented manner, often without 

clear reference to organizational maturity levels and without 

a coherent analytical structure enabling their joint assess-

ment. 

Building upon these insights, ESG maturity can also be 

viewed as a direct driver of sustainable performance out-

comes. Mature ESG systems enhance resource efficiency, im-

prove employee well-being, and strengthen organizational re-

silience and regulatory compliance. The integration of digital 

technologies with management systems enables a significant 

improvement in occupational safety indicators, forming a 

foundation of the social pillar of ESG. Empirical evidence 

suggests that the systematic implementation of optimization 

tools, such as 5S and work standardization, positively affects 

employee attitudes and reduces operational risk (Sá et al., 

2025). 

These observations indicate that ESG should not be treated 

solely as a reporting or compliance framework, but rather as 

a data-driven managerial capability that translates into meas-

urable organizational outcomes. 

2.4. Research Gap Identification 

The literature review indicates that while advanced Indus-

try 4.0 maturity models, numerous ESG frameworks and 

standards, and a growing body of research analyzing the rela-

tionships between digital technologies and sustainability ex-

ist, there is a lack of an integrated approach. Specifically, no 

framework enables the simultaneous assessment of an organ-

ization’s technological maturity, the organizational capabili-

ties required for effective use of digital technologies, ESG 

maturity, and the actual outcomes of sustainable organiza-

tional performance. 

Despite the growing body of literature on Industry 4.0 ma-

turity models and ESG performance, existing research re-

mains fragmented. Classical maturity models, such as those 

proposed by Schumacher et al. (2016) and Bibby and Dehe 

(2019), primarily focus on assessing technological and organ-

izational readiness for digital transformation. More recent ap-

proaches, such as Zoubek et al. (2021), begin to incorporate 

environmental aspects into maturity assessment, indicating a 

gradual shift towards sustainability-oriented perspectives. 

At the same time, empirical studies increasingly confirm 

the positive relationship between digital transformation and 

ESG performance. For example, Chen and Wang (2024) and 

Liu and Wang (2025) demonstrate that digital transformation 

significantly enhances ESG outcomes and innovation capa-

bilities, while Marczewska et al. (2025) provide evidence that 

digitalization contributes to sustainable performance in Euro-

pean enterprises. Furthermore, recent research highlights the 

growing importance of integrated ESG data systems and in-

teroperability in sustainability governance (Vijaya et al., 

2026), as well as the specific challenges faced by SMEs in 

implementing ESG practices (Steidle et al., 2025). 

However, despite these advances, the literature still lacks a 

unified analytical framework that systematically integrates 

Industry 4.0 maturity, digital enablement capabilities, ESG 

maturity, and measurable sustainability performance out-

comes within a single cause-and-effect structure. Existing 

studies tend to analyze these relationships separately or focus 

on selected dimensions, without providing a comprehensive 

diagnostic architecture. 

Existing Industry 4.0 maturity models primarily focus on 

technological and process-related aspects, without systemati-

cally considering environmental, social, and governance di-

mensions. Conversely, ESG frameworks mainly emphasize 

reporting, disclosure, and regulatory compliance, overlook-

ing the technological and organizational conditions necessary 

to achieve higher levels of ESG maturity. Moreover, prior re-

search rarely examines the synergistic effects between digital 

maturity and ESG in terms of measurable sustainability out-

comes, such as resource efficiency, workplace safety, or man-

agement transparency. 

The absence of such an integrated perspective hinders both 

researchers and practitioners from assessing whether and to 

what extent investments in Industry 4.0 technologies support 

the achievement of sustainability goals or remain weakly 

aligned with them. Consequently, organizations make deci-

sions regarding digital transformation and ESG in a frag-

mented manner, without tools that allow for a holistic evalu-

ation of their interdependencies. 

To synthetically illustrate the scope and limitations of ex-

isting Industry 4.0 maturity models and ESG frameworks, Ta-

ble 1 presents a comparison of selected, most frequently cited 

approaches applied in the literature and practice. 
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Table 1. Comparison of Selected Industry 4.0 and ESG Maturity Frameworks (own elaboration based on Cahan et al., 2025; Blaber & 

Gougoumanova, 2024; Hąbek, 2025; Bux, et al. 2025; Heldmann, et al., 2025; Kagermann, et al., 2016; Hassanpourroudbeneh & Zangeneh, 

2026; Steidle, e al., 2025; da Rocha et al., 2020; Dwivedy, et al., 2025; Sunder, et al. 2024; Mendonca, et al., 2025; Othen, et al. 2025; 

Schuh, et al., 2019; Abate, et al., 2025; Binder, et al. 2025; Guimarães, et al. 2025; Sajjad et al., 2024; Durana et al., 2021) 

Model Type Scope Strengths Limitations 

IMPULS Industry 4.0 Read-

iness 
I4.0 6 maturity dimensions Practical, widely used No link to ESG 

ACATECH Maturity Index I4.0 4 phases of digitalization 
Strong theoretical founda-

tion 

Complex, mainly for large en-

terprises 

PwC Digital Operations Ma-

turity 
I4.0 Operational transformation Useful for benchmarking Lacks social dimension 

Deloitte Smart Factory 

Model 
I4.0 Process integration Modern, holistic No environmental linkage 

GRI Standards ESG 
Environmental and social dis-

closures 

Most globally recognized 

standard 

Does not assess digital ma-

turity 

SASB Standards ESG Industry-specific ESG metrics High sectoral relevance Less popular in Europe 

CSRD/ESRS ESG Mandatory EU reporting Comprehensive, regulatory Burden for SMEs 

MSCI ESG Score ESG Company evaluation metrics External comparability 
No digital methodology in-

cluded 

The comparative analysis presented in Table X confirms 

the fragmented nature of existing approaches to assessing or-

ganizational maturity. Industry 4.0 models primarily focus on 

technological and operational dimensions, without address-

ing environmental, social, and governance aspects. Con-

versely, ESG frameworks and reporting standards concen-

trate on disclosure and regulatory compliance, overlooking 

the technological and organizational capabilities necessary to 

achieve higher levels of ESG maturity. 

Moreover, even sustainability-oriented approaches do not 

provide a coherent framework that integrates digital maturity, 

digital enablement factors, and measurable sustainability out-

comes. This highlights a clear research gap in the develop-

ment of systemic maturity models that link digital transfor-

mation with ESG. 

The identified research gap justifies the need for the devel-

opment of the Digital Sustainability Maturity Framework 

(DSMF), which integrates four levels: Industry 4.0 maturity, 

digital enablement factors, ESG maturity, and organizational 

sustainability outcomes. This framework creates a coherent 

analytical structure for the systematic assessment of the rela-

tionships between digital transformation and sustainability, 

providing a foundation for further empirical validation. 

Existing studies and maturity models address selected as-

pects of digital transformation, sustainability, or ESG assess-

ment; however, they rarely integrate technological maturity, 

organizational digital capabilities, ESG maturity, and meas-

urable sustainability outcomes within one coherent maturity-

based analytical structure. Therefore, the gap addressed in 

this article concerns not the absence of all related approaches, 

but the lack of a unified framework that operationalizes these 

dimensions jointly and links them through an explicit causal 

logic. 

The contribution of this study does not lie in identifying the 

relationship between digital transformation and ESG, which 

has already been empirically confirmed, but in proposing an 

integrated maturity-based framework that enables a systemic 

assessment of these interdependencies and provides a foun-

dation for future empirical validation. 

3. Proposal of the Digital Sustainability Ma-

turity Framework (DSMF) 

The proposed Digital Sustainability Maturity Framework 

(DSMF) integrates Industry 4.0 technology maturity, digital 

enablement factors, ESG maturity, and organizational sus-

tainability outcomes into a coherent cause-and-effect struc-

ture. The model is systemic and exploratory in nature, based 

on the assumption that digital transformation serves as a key 

mechanism enabling the effective implementation of sustain-

ability practices and the achievement of lasting organizational 

outcomes. 

The proposed model integrates two domains: digital ma-

turity (Industry 4.0) and sustainability maturity (ESG). It con-

sists of four layers (Fig. 2): 

1. Industry 4.0 Maturity, 

2. Digital Enablement Factors, 

3. ESG Maturity, 

4. Sustainable Performance Outcomes. 

This concept assumes that greater digital maturity trans-

lates into greater ESG maturity and leads to better perfor-

mance. 
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Rys. 2. Digital Sustainability Maturity Framework (DSMF) (own elaboration) 

 
In contrast to many ESG frameworks, this study deliber-

ately excludes risk management from governance capabili-

ties. In conventional ESG frameworks, risk management is 

typically treated as a governance capability. In the present 

study, however, it is conceptualized as part of sustainable per-

formance outcomes, as the focus is placed on the observable 

organizational effects of digital and ESG integration, such as 

resilience, regulatory responsiveness, and the effectiveness of 

risk mitigation. This conceptual choice reflects the outcome-

oriented logic of the proposed model and should be inter-

preted as model-specific and analytical, rather than as a gen-

eral redefinition of governance within ESG research. 

It should be noted that risk management is conceptualized 

here as a component of sustainable performance outcomes, 

reflecting organizational resilience and regulatory compli-

ance enabled by Industry 4.0 and ESG maturity, rather than 

as an element of governance capability. This approach differs 

from traditional ESG frameworks, where risk is typically 

treated as a governance capability. 

In the first stage, the DSMF model assumes that Industry 

4.0 maturity, encompassing process automation and robotics, 

the use of Internet of Things (IoT) technologies, real-time 

data availability, data analytics and artificial intelligence, 

cyber-physical systems integration, and digital supply chain 

integration, constitutes the technological foundation for or-

ganizational transformation. These elements reflect the level 

of sophistication of technological solutions implemented in 

the organization, independent of the organizational capabili-

ties required to leverage them effectively. 

At the second level, the DSMF identifies Digital Enable-

ment Factors, which serve as a bridge between Industry 4.0 

technological maturity and the organization’s capacity to ef-

fectively implement ESG practices. These factors include 

data governance, digital skills and organizational culture, 

IT/OT process integration at the organizational level, and cy-

bersecurity readiness. They reflect not the technological so-

phistication itself, but the organization’s ability to con-

sciously, safely, and coherently utilize digital technologies in 

decision-making and operational processes. Digital Enable-

ment Factors are conceptualized as organizational capabili-

ties rather than technological assets.  

In this study, Digital Enablement Factors are conceptual-

ized as organizational capabilities that enable the effective 

and consistent use of Industry 4.0 technologies. 

Within Industry 4.0 maturity, IT/OT integration represents 

the technological infrastructure, whereas in Digital Enable-

ment Factors it captures the organizational capability to man-

age and align digital and operational processes. 

In the next stage, the DSMF model assumes that both Dig-

ital Enablement Factors and Industry 4.0 maturity support the 

development of ESG maturity, understood as the organiza-

tion’s capability to systematically and integratively manage 

environmental, social, and governance aspects based on reli-

able data, transparency, and regulatory compliance. The 

model allows for both indirect and direct effects of Industry 

4.0 maturity on ESG maturity, indicating a partially mediated 

relationship between digital transformation and sustainabil-

ity. 

The final level of the DSMF model comprises organiza-

tional sustainability outcomes, treated as the results of the 

synergy between Industry 4.0 maturity and ESG, rather than 

as additional maturity levels. These outcomes include re-

source efficiency, process circularity, employee well-being, 

Sustainable Performance Outcomes

resource efficiency circularity worker well-being resilience and compliance

ESG Maturity

environmental: emissions, energy, waste, 
water

social: safety, well-being, inclusivity
governance: transparency, ethics, 

compliance

Digital Enablement Factors

data governance digital skills and culture IT/OT integration cybersecurity readiness

Industry 4.0 Maturity

automation & 
robotization

IoT and connectivity data analytics & AI cyber-physical systems smart supply chain
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and organizational resilience and regulatory compliance. 

Conceptualizing outcomes as the terminal component of the 

model allows for an assessment of the tangible effects of dig-

ital transformation and ESG implementation, emphasizing 

their complementary and mutually reinforcing nature. 

The proposed model includes both direct and indirect rela-

tionships, enabling the assessment of partial mediation effects 

between constructs. 

The causal logic of the DSMF model is based on the se-

quence: 

Digital Capabilities → ESG Capabilities → Sustainable 

Performance Outcomes 

where both Industry 4.0 maturity and Digital Enablement 

Factors (DEF) can exert direct and indirect effects on sustain-

able performance outcomes.  

 

Hypotheses of the model: 

 

H1: Industry 4.0 → Digital Enablement: Industry 4.0 ma-

turity positively influences digital enablement factors. 

Rationale: Automation, IoT, and system integration drive the 

development of data governance, digital skills, and cyberse-

curity.  

Path: I4.0 → DEF 

 

H2: Digital Enablement → ESG Maturity: Digital enable-

ment factors positively influence ESG maturity. 

Rationale: Without data governance, digital skills, and 

IT/OT integration, organizations lack: 

• reliable ESG data,  

• transparency,  

• compliance. 

Path: DEF → ESG 

 

H3: Industry 4.0 → ESG Maturity (direct): Industry 4.0 

maturity has a direct positive effect on ESG maturity. 

Rationale: IoT, analytics, and automation enable: 

• measurement of emissions, energy, and occupational 

safety,  

• governance supported by real-time data. 

This represents partial mediation of the I4.0 → ESG relation-

ship through DEF. 

Path: I4.0 → ESG 

 

H4: ESG Maturity → Sustainable Performance Out-

comes: ESG maturity positively influences sustainable per-

formance outcomes. 

Rationale: Mature ESG capabilities: 

• improve resource efficiency,  

• enhance employee well-being,  

• strengthen organizational resilience and regulatory com-

pliance. 

Note: risk management is treated as an outcome rather than a 

governance capability. 

Path: ESG → SPO 

 

H5: Digital Enablement → Sustainable Performance Out-

comes: Digital enablement factors positively influence sus-

tainable performance outcomes. 

Rationale: Data governance, digital skills, and cybersecurity: 

• reduce reaction time,  

• improve decision-making,  

• increase organizational resilience. 

Path: DEF → SPO 

 

H6: Industry 4.0 → Sustainable Performance Outcomes: 

Industry 4.0 maturity positively influences sustainable perfor-

mance outcomes. 

Rationale: Some effects (e.g., resource efficiency, occupa-

tional safety) result directly from technology, independently 

of formal ESG practices. 

This completes the model as a partial mediation framework. 

Path: I4.0 → SPO 

 

Summary of hypothesized relationships: 

H1: I4.0 → DEF 

H2: DEF → ESG 

H3: I4.0 → ESG 

H4: ESG → SPO 

H5: DEF → SPO 

H6: I4.0 → SPO 

 

The final arrangement is presented in Figure 3. 

 

 

Fig. 3 Causal logic of the DSMF model (own elaboration) 

 

The structural model assumes that Industry 4.0 maturity in-

fluences Digital Enablement Factors, which in turn affect 

ESG maturity. ESG maturity acts as a key driver of sustaina-

ble performance outcomes. Additionally, Industry 4.0 ma-

turity and Digital Enablement Factors exert both direct and 

indirect effects on sustainable performance, resulting in a par-

tially mediated model. 

The proposed DSMF model has been operationalized in the 

form of a survey instrument designed to assess the level of 

organizational maturity across the different areas of the 

model. The survey is intended not only to identify the pres-

ence of selected technological solutions or managerial prac-

tices but also to capture their level of advancement and con-

sistency in the context of the organization’s overall 

functioning (Appendices 1 and 2). The instrument was devel-

oped based on the theoretical foundations discussed in Chap-

ters 2 and 3, particularly the concept of Industry 4.0 maturity, 

ESG maturity frameworks, and Digital Enablement Factors 

embedded in the DSMF model. 

The questionnaire is intended to allow for a systematic 

evaluation of organizational maturity in four dimensions of 

Industry 4.0
Digital 

Enablement
ESG Maturity

Sustainable 
Performance
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the model: Industry 4.0 technological maturity, Digital Ena-

blement Factors, ESG maturity, and sustainable performance 

outcomes. The maturity-based approach assumes that organ-

izations may be at different stages of development in each of 

these areas, and advancing to a higher level of maturity re-

quires not only technology adoption but also the development 

of relevant organizational capabilities and the integration of 

sustainable management practices. 

The survey instrument combines items adapted from estab-

lished maturity model and ESG literature with items devel-

oped specifically for the DSMF context. The adaptation pro-

cess was guided by the need to ensure consistency with 

existing theoretical constructs while capturing the specific re-

lationships embedded in the proposed framework. At the 

same time, several items were developed by the authors to 

reflect the integration between digitalization and ESG, which 

is not sufficiently represented in existing instruments. 

Each item was selected to represent an observable manifes-

tation of the intended construct, while avoiding the mere dec-

laration of policy existence. The questionnaire focuses on the 

actual implementation and operational use of technologies 

and practices rather than formal compliance or strategic dec-

larations. The seven-point Likert scale (1–7) was adopted due 

to its widespread use in organizational and maturity model 

research, as it provides an appropriate balance between meas-

urement sensitivity and respondent cognitive load. Compared 

to shorter scales, it allows for finer differentiation of maturity 

levels, which is particularly important when assessing com-

plex and multi-dimensional constructs such as digital capa-

bilities and ESG maturity. At the same time, it avoids exces-

sive granularity that could reduce response reliability. 

The scale is interpreted as reflecting the intensity and con-

sistency of implementation, ranging from very low or non-

existent practices (1) to fully implemented and systematically 

integrated practices (7). Although the scale follows estab-

lished methodological standards, formal cognitive pre-testing 

of the instrument constitutes a direction for future research. 

The seven maturity levels should be interpreted as an ana-

lytical progression describing increasing integration between 

digitalization and sustainability. The structure of seven levels 

was adopted to reflect a gradual transition from ad hoc and 

fragmented practices to fully integrated, data-driven and au-

tonomous organizational systems, in line with the logic of ex-

isting maturity models. 

At the current stage, these levels are conceptual and de-

scriptive rather than empirically calibrated. Their future op-

erational use will require the development of explicit scoring 

rules and threshold criteria based on empirical data. There-

fore, the proposed maturity levels should be treated as a the-

oretical framework supporting interpretation, rather than as a 

finalized measurement scale. 

In the survey instrument tables, the column labeled “Theo-

retical Basis” refers to the conceptual justification of each in-

dicator and its linkage to the underlying construct, as derived 

from the literature on Industry 4.0 maturity, digital capabili-

ties, and ESG frameworks. It does not refer to the assessment 

process within the enterprise, but rather to the theoretical 

grounding that supports the inclusion of a given item in the 

measurement model. 

This column reflects the alignment of each indicator with 

established research streams, ensuring content validity of the 

instrument, rather than indicating a single direct source or em-

pirical reference. 

Using the survey enables a self-assessment of the organiza-

tion from the perspective of individuals with knowledge of 

technological, organizational, and managerial processes. Re-

spondents evaluate the level of advancement of individual el-

ements of the model based on the current state of the organi-

zation rather than declared plans or aspirations. This approach 

allows capturing the actual level of organizational maturity in 

the assessed areas. 

The questionnaire also serves as a comparative tool, allow-

ing for the analysis of differences between organizations and 

the identification of characteristic maturity profiles. The col-

lected data enable the examination of relationships between 

technological maturity, organizational capabilities, ESG ma-

turity, and sustainable performance outcomes, providing a 

foundation for the empirical validation of the proposed re-

search model. 

Additionally, the survey helps identify areas requiring fur-

ther development, highlighting potential gaps between tech-

nology implementation and the organization’s ability to ef-

fectively leverage these technologies in the context of 

sustainability. In this sense, the questionnaire can serve not 

only as a research tool but also as a reference point for prac-

titioners interested in diagnosing the maturity level of their 

organizations. 

The adopted survey format is consistent with the prevailing 

approach in maturity model research within digital transfor-

mation, where organizational self-assessment is a recognized 

method for measuring the advancement of complex organiza-

tional constructs. At the same time, the design of the instru-

ment enables further empirical validation of the DSMF model 

using structural equation modeling (SEM) methods, allowing 

for the assessment of relationships between individual dimen-

sions of maturity. 

The proposed model structure allows for empirical verifi-

cation both at the level of measuring individual constructs and 

at the level of causal relationships between them, using SEM 

techniques. 

4. Conceptual verification and future empirical 

validation 

The term “validation” used in this study should be inter-

preted as conceptual and content-oriented rather than as for-

mal statistical or expert-based validation. No structured ex-

pert panel, Delphi procedure, or quantitative content validity 

indices (e.g., CVI or Lawshe’s method) were applied at this 

stage. The primary objective of this phase was to ensure in-

ternal conceptual consistency and alignment with existing 

theoretical constructs, while full empirical validation is 

planned as a subsequent stage of the research. 

Due to the conceptual and methodological nature of this 

study, the validation of the DSMF is limited to conceptual 
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validation and the development of a procedure for future em-

pirical verification. No statistical empirical validation has 

been conducted at this stage. 

The validation of the Digital Sustainability Maturity 

Framework (DSMF) was designed as a multi-stage process, 

encompassing both the assessment of the conceptual sound-

ness of the proposed model and the development of a proce-

dure for its future empirical verification. Due to the concep-

tual and methodological nature of this article, the analysis 

focused on conceptual validation of the model and the con-

struction of the measurement instrument, while statistical em-

pirical validation represents the next stage of the planned re-

search. 

4.1. Conceptual validation of the Model and Survey 

Design 

The first stage in validating the DSMF involved conceptual 

validation, aimed at confirming that the proposed theoretical 

constructs and their corresponding survey indicators ade-

quately reflect the assumptions of the model and are con-

sistent with the current state of scientific knowledge. To this 

end, an analysis was conducted to assess the alignment be-

tween the structure of the DSMF, the literature review find-

ings, and the survey items. 

The model constructs were defined based on recognized In-

dustry 4.0 maturity models, ESG frameworks, and the litera-

ture on organizational capabilities and the business value of 

digital technologies. Each construct was subsequently opera-

tionalized through a set of survey indicators designed to 

measure the level of organizational maturity, rather than 

merely the declarative presence of technological solutions or 

formal procedures. 

Particular attention was paid to separating the technological 

layer (Industry 4.0 Maturity) from the organizational capabil-

ity layer (Digital Enablement Factors), which helped avoid 

construct overlap and ensured the logical consistency of the 

model. Similarly, ESG maturity was defined as a systematic 

managerial capability based on data, transparency, and regu-

latory compliance, whereas elements such as risk manage-

ment and regulatory compliance were conceptualized as com-

ponents of sustainable performance outcomes, rather than as 

separate governance capabilities. In line with the adopted 

conceptualization, Digital Enablement Factors were opera-

tionalized as organizational capabilities rather than techno-

logical assets, ensuring clear discriminant validity between 

constructs. 

The conducted conceptual validation confirmed the align-

ment between the theoretical assumptions of the DSMF and 

the structure of the designed questionnaire, providing a foun-

dation for the subsequent empirical verification of the pro-

posed causal relationships. 

4.2. Planned Empirical Validation of the Model 

The next stage of the research will involve empirical vali-

dation of the DSMF using survey data collected via the CAWI 

method from representatives of industrial enterprises. Re-

spondents will be individuals with knowledge of the techno-

logical, organizational, and ESG-related processes operating 

within the surveyed organizations. 

Structural Equation Modeling (SEM) using the Partial 

Least Squares approach (PLS-SEM) is planned for data anal-

ysis. This method is particularly suitable for exploratory mod-

els, complex causal structures, and the presence of higher-or-

der constructs. PLS-SEM enables the simultaneous 

assessment of the measurement model quality and the struc-

tural relationships between constructs. 

Empirical validation will include the evaluation of reliabil-

ity and validity of the measurement model, including internal 

consistency (Cronbach’s alpha, composite reliability), con-

vergent validity (AVE), and discriminant validity (Fornell–

Larcker criterion and HTMT ratio). Additionally, multicollin-

earity analysis (VIF) and assessment of the significance of 

structural paths using a bootstrapping procedure will be per-

formed. 

Hypotheses H1–H6 will be tested to empirically assess both 

direct and indirect relationships between Industry 4.0 ma-

turity, digital enablement factors, ESG maturity, and sustain-

able performance outcomes. Special emphasis will be placed 

on analyzing mediating effects, allowing the evaluation of 

digital transformation as a mechanism supporting the 

achievement of sustainable development outcomes. 

5. Discussion 

This study contributes to the literature by proposing an in-

tegrated maturity-based framework that combines Industry 

4.0 maturity, digital enablement capabilities, ESG maturity, 

and sustainability performance outcomes within a unified an-

alytical structure. 

An important conceptual contribution of the DSMF is the 

treatment of risk as a measurable outcome rather than a gov-

ernance capability. This perspective reflects organizational 

resilience and the ability to respond to dynamic environmen-

tal and regulatory conditions. 

In conventional ESG frameworks, risk management is typ-

ically treated as a governance capability. In the present study, 

however, it is conceptualized as part of sustainable perfor-

mance outcomes, as the focus is placed on observable organ-

izational effects such as resilience, regulatory responsiveness, 

and the effectiveness of risk mitigation. This distinction re-

flects the outcome-oriented logic of the model and should be 

interpreted as analytical rather than as a general redefinition 

of ESG governance. 

The aim of this section is to position the proposed Digital 

Sustainability Maturity Framework (DSMF) within the con-

text of existing maturity models and conceptual frameworks 

related to digital transformation and sustainable development. 

The literature features numerous approaches for assessing or-

ganizational digital maturity as well as frameworks for meas-

uring ESG performance, yet these are rarely analyzed to-

gether within a single, coherent analytical scheme. In 

response to this gap, the DSMF proposes an integrated per-

spective on the relationships between Industry 4.0 maturity, 
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organizational capabilities enabling digitalization, ESG ma-

turity, and sustainable performance outcomes. 

For a synthetic comparison of the proposed DSMF with se-

lected Industry 4.0 maturity models and ESG frameworks, 

Table 2 presents the key criteria differentiating the scope, un-

derlying logic, and assessment methods of each approach. 
 

Table 2. Comparison of DSMF with Existing Industry 4.0 and ESG Maturity Models (own elaboration based on Cahan et al., 2025; Blaber 

& Gougoumanova, 2024; Hąbek, 2025; Bux, et al. 2025; Heldmann, et al., 2025; Kagermann, et al., 2016; Hassanpourroudbeneh & 

Zangeneh, 2026; Steidle, e al., 2025) 

Criterion DSMF (proposed) IMPULS (I4.0) ACATECH (I4.0) GRI / ESRS / CSRD (ESG) 

Main objec-

tive 

Integrated assessment of 

digital and sustainable ma-

turity (I4.0 + ESG). 

Assessment of enter-

prise readiness for In-

dustry 4.0. 

Assessment of the degree 

of digital transformation 

and system integration. 

Standardization of ESG report-

ing and non-financial disclo-

sures. 

Scope 

Technology + data manage-

ment + ESG + environmen-

tal and social outcomes. 

Processes, technolo-

gies, data, and organi-

zation (excluding 

ESG). 

Infrastructure, organiza-

tion, systems, people (ex-

cluding ESG). 

Emissions, energy, waste, peo-

ple, ethics, governance (exclud-

ing technology). 

Number of 

domains 

4 (I4.0, Digital Enablement, 

ESG, Sustainable Perfor-

mance). 

6 domains (e.g., strat-

egy, production, IT, 

products). 

3 main levels (resources – 

processes – systems). 

E (environmental), S (social), 

G (governance). 

Maturity 

levels 

7 levels (Ad hoc → Smart 

Sustainable Enterprise). 
6 levels (0–5). 6 levels (Level 1–6). 

No levels — reporting stand-

ards, not a maturity model. 

Integration 

of I4.0 and 

ESG 

Full integration (maturity 

alignment). 

No integration with 

ESG. 
No integration with ESG. 

No integration with I4.0 tech-

nologies. 

Data orien-

tation 

Operational + environmen-

tal + social + governance 

data (full synergy). 

Operational and pro-

cess data; weak integra-

tion with other data 

types. 

Digital and process data; 

ESG context missing. 

ESG data (emissions, 

environmental, social); no 

technological data. 

Analytics 

levels 

Up to AI, digital twins, and 

ESG prediction. 

Up to data integration 

and automation (ex-

cluding ESG). 

Advanced technologies, 

but no sustainability com-

ponent. 

ESG reporting and analysis, 

but no process analytics or AI. 

Assessment 

method 

Questionnaire + 

SEM/cluster analysis (pro-

posed study). 

IMPULS questionnaire. 
Audit based on infrastruc-

ture and processes. 

Indicators and disclosures (E1–

E5, S1–S4, G1–G4). 

Outcome 

Assessment of Digital × 

ESG alignment and identifi-

cation of maturity profile. 

Assessment of digital 

readiness for I4.0. 

Assessment of technologi-

cal transformation. 

Compliance with reporting re-

quirements. 

Uniqueness 

The only model integrating 

I4.0 and ESG in a coherent 

maturity framework. 

Primarily a technology-

focused model. 

Technical-organizational 

model. 

Reporting standard, not a trans-

formation model. 

 

The comparison results reveal fundamental differences be-

tween DSMF and existing models, which require deeper in-

terpretation. Unlike classical Industry 4.0 maturity models, 

such as IMPULS or the Industrie 4.0 Maturity Index 

(acatech), which primarily focus on the implementation level 

of digital technologies and the technical readiness of organi-

zations, DSMF extends the analytical perspective to include 

digital enablement factors and ESG maturity. This shift 

moves the focus from the question “Which technologies are 

implemented?” to “How are technologies utilized to generate 

sustainable value?”. 

Existing Industry 4.0 models typically do not systemati-

cally account for organizational capabilities that enable effec-

tive use of digital technologies or their linkage to environ-

mental and social outcomes. In the proposed model, the 

Digital Enablement Factors layer plays a crucial mediating 

role, capturing the difference between mere availability of ad-

vanced technological solutions and the organization’s ability 

to use them practically, safely, and responsibly. In this sense, 

DSMF aligns with research on dynamic capabilities and the 

business value of digital technologies while extending it with 

a sustainability perspective. 

Conversely, ESG frameworks and sustainability assess-

ment models, such as GRI, ESRS, or CSRD, focus primarily 

on reporting, regulatory compliance, and formal aspects of 

corporate governance. Digital technologies are often treated 

as an external context rather than as an integral part of the 

ESG management system. As a result, many organizations 

achieve formal reporting compliance without simultaneously 

possessing the operational capabilities to meaningfully im-

prove environmental and social performance. DSMF ad-

dresses this limitation by treating ESG maturity as an organi-

zational capability based on data, transparency, and process 

integration, whose development is directly supported by dig-

ital transformation. 

Another distinguishing feature of DSMF is the adoption of 

sustainable performance outcomes as the terminal element of 

the model, rather than as an additional maturity level. Unlike 

many existing models that concentrate on internal levels of 

process or organizational sophistication, DSMF allows for 
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the assessment of actual effects of digital transformation and 

ESG implementation. These include resource efficiency, pro-

cess circularity, employee well-being, organizational resili-

ence, and regulatory compliance. This distinction prevents 

the conflation of organizational maturity with its outcomes 

and provides a foundation for empirically evaluating the ef-

fectiveness of digitalization and sustainability initiatives. 

The comparison also highlights DSMF’s advantage in 

terms of logical integration across domains. The model is 

based on a clearly defined cause-and-effect sequence, in 

which Industry 4.0 maturity influences the development of 

organizational digital capabilities, which in turn support the 

institutionalization of ESG practices, ultimately leading to 

improved sustainable performance outcomes. Simultane-

ously, the model allows for direct relationships between dig-

ital maturity and performance outcomes, reflecting the par-

tially mediated nature of the relationship between 

digitalization and sustainability. 

In this context, DSMF can be seen as a bridge between 

technology-focused maturity models and sustainability 

frameworks, offering an integrated approach to assessing or-

ganizational maturity under digital transformation and in-

creasing regulatory requirements. The model contributes to 

the literature by combining technological, organizational, and 

sustainability perspectives into a single operational analytical 

framework. At the same time, it lays the groundwork for fur-

ther empirical research on mechanisms linking digital trans-

formation with measurable sustainable performance, as re-

flected in the concluding sections of the study. 

It should be noted that the proposed framework represents 

a conceptual structure, and its practical applicability requires 

empirical validation, which constitutes the next stage of the 

research. 

6. Summary and conclusion 

The aim of this article was to develop an integrated ma-

turity model that combines the perspective of Industry 4.0 

digital transformation with the sustainability requirements 

framed by ESG. In response to the identified research gap, the 

Digital Sustainability Maturity Framework (DSMF) was pro-

posed as a conceptual and methodological tool that enables 

the assessment of alignment between technological maturity, 

organizational capabilities, ESG maturity, and sustainable 

performance outcomes. 

The theoretical contribution of this article lies in the intro-

duction of a new, integrated maturity model that unites the 

Industry 4.0 digital transformation perspective with ESG ma-

turity in a single, coherent analytical framework. DSMF ex-

tends previous research on Industry 4.0 beyond technological 

capabilities, incorporating environmental, social, and govern-

ance dimensions as integral elements of organizational ma-

turity. At the same time, the article contributes to the litera-

ture on sustainability by embedding ESG practices within the 

context of technological and organizational enablers for their 

effective implementation. 

A notable methodological contribution of the study is the 

development of a survey instrument that operationalizes the 

DSMF for empirical research. The questionnaire, based on a 

maturity-based approach, allows for the assessment of organ-

izational advancement across the four dimensions of the 

model and provides a foundation for further empirical valida-

tion using structural equation modeling (SEM). Conse-

quently, DSMF serves not only as a conceptual framework. 

The DSMF is proposed as a potential diagnostic tool that may 

support managers in assessing the alignment between digital-

ization and ESG performance, subject to future empirical val-

idation. 

From a practical perspective, DSMF may provide managers 

and decision-makers with a tool to assess organizational read-

iness for digitally-enabled sustainable transformation. The 

application of the model allows for the identification of ESG 

gaps arising from insufficient digital maturity or limited or-

ganizational capabilities. Moreover, the model’s structure can 

function as a roadmap to support strategic prioritization of 

digital investments aimed at achieving measurable environ-

mental, social, and governance outcomes. 

The proposed DSMF should be interpreted as a conceptual 

and methodological contribution rather than a fully validated 

diagnostic tool. Its practical application depends on future 

empirical studies aimed at testing the proposed relationships 

and validating the measurement instrument. 

Additional limitations concern the potential overlap be-

tween conceptually adjacent constructs, particularly between 

digital enablement factors and ESG maturity, despite efforts 

to ensure discriminant validity at the conceptual level. Fur-

thermore, the study relies on a self-reported survey instru-

ment, which may introduce response bias and limit the objec-

tivity of the measurement. The absence of objective 

operational and environmental indicators constitutes another 

limitation, as the framework is currently based on perceptual 

data. 

A potential limitation concerns the wording of selected 

items within the Sustainable Performance Outcomes con-

struct, where references to digital technologies may partially 

overlap with explanatory variables. This may introduce a risk 

of construct contamination and artificially strengthen ob-

served relationships in future empirical analyses. Therefore, 

future research should refine the measurement of outcomes to 

focus more explicitly on organizational effects independent 

of their technological drivers. 

Moreover, the proposed model may function differently 

across industries characterized by varying levels of digital 

maturity, regulatory pressure, and organizational complexity. 

These contextual differences are not explicitly captured in the 

current version of the model and should be addressed in fu-

ture empirical research. 

This study has a conceptual-methodological nature, which 

constitutes its primary limitation. The proposed DSMF has 

not yet undergone empirical validation, and its operationali-

zation relies on a survey instrument based on self-assessment, 

which may be subject to measurement bias. Furthermore, the 

model is static and does not account for the dynamics of dig-

ital transformation and sustainability over time. The model’s 

scope was also deliberately limited to industrial enterprises, 
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which may constrain its direct generalizability to other eco-

nomic sectors. 

Future research should focus on the empirical validation of 

the DSMF using structural equation modeling techniques, 

particularly PLS-SEM, as well as on the analysis of mediating 

effects between Industry 4.0 maturity, digital enablement fac-

tors, and ESG maturity. Further studies may also include 

cross-sector comparisons, investigations assessing the dy-

namics of organizational maturity, and extensions of the 

model to incorporate contextual factors such as regulatory 

pressure, organizational strategy, or corporate culture. The 

use of methodological triangulation, combining survey data 

with objective operational and environmental indicators, 

could further enhance the validity and practical utility of the 

proposed framework. Future research may extend the model 

by incorporating contextual variables such as organizational 

size, industry specificity, and regulatory pressure. 
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Appendix 
Appendix A: Quantitative Survey Instrument for the DSMF Model 

Appendix A presents the survey instrument developed to operationalize the theoretical constructs and hypotheses of the Digital 

Sustainability Maturity Framework (DSMF) model. 

LIKERT SCALE: 1–7 1 = strongly disagree / very low level 7 = strongly agree / very high level 

Table A. Industry 4.0 Maturity 

Code Indicator Survey Item (CAWI) Scale 
Theoretical Ba-

sis 

A1 Automation Our production processes are highly automated. 1–7  

A2 Robotics We utilize collaborative or autonomous robots. 1–7  

I1 IoT We have a broad network of IoT sensors and devices. 1–7  

I2 Data Machine data is available in real-time. 1–7  

D1 Analytics We apply predictive analytics or AI. 1–7  

T1 IT/OT 
Production systems are integrated with digital systems, enabling real-time monitoring 

and control. 

1–7  

SC1 
Supply 

Chain 
Our supply chain is digitally integrated end-to-end. 

1–7  
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Table B. Digital Enablement Factors 

Code Indicator Survey Item (CAWI) Scale 
Theoretical Ba-

sis 

DG1 
Data Gov-

ernance 
Our organization has formal data management policies. 

1–7  

C1 Culture Employees demonstrate high digital competencies. 1–7  

C2 
IT/OT Inte-

gration 
IT and operational processes are aligned. 

1–7  

CY1 
Cybersecu-

rity 
The level of cybersecurity is adequate to the risk. 

1–7  

 

Table C1. ESG Maturity: Environmental 

Code Indicator Survey Item (CAWI) Scale 
Theoretical Ba-

sis 

E1 Emissions We monitor and report CO2 emissions (Scope 1–3). 1–7  

E2 Energy We measure energy consumption and the share of renewable energy. 1–7  

E3 Waste We monitor and reduce waste generation. 1–7  

E4 Water We conduct water footprint analysis. 1–7  

 

Table C2. ESG Maturity: Social 

Code Indicator Survey Item (CAWI) Scale 
Theoretical Ba-

sis 

S1 Safety We continuously monitor workplace safety. 1–7  

S2 Well-being We implement initiatives to support employee well-being. 1–7  

S3 Inclusivity We follow principles of equality and inclusiveness. 1–7  

 

Table C3. ESG Maturity: Governance 

Code Indicator Survey Item (CAWI) Scale 
Theoretical Ba-

sis 

G1 
Transpar-

ency 

The organization ensures transparency through regular and reliable non-financial dis-

closures. 
1–7 

 

G2 Ethics 
The organization has a formal ethics and compliance system with enforcement mecha-

nisms. 
1–7 

 

G3 Compliance 
The organization effectively ensures compliance with ESG regulations and standards 

(e.g., CSRD, GRI). 
1–7 

 

 

Table D. Sustainable Performance Outcomes (SPO) 

Code Indicator Survey Item (CAWI) Scale 
Theoretical Ba-

sis 

SP1 
Resource 

Efficiency 1 

In recent years, we have improved the efficiency of resource use (energy, materials, 

water). 
1–7 

 

SP2 
Resource 

Efficiency 2 

Digital technologies support real-time monitoring and optimization of resource con-

sumption. 
1–7 

 

SP3 Circularity 1 Digital solutions support waste reduction and resource reuse. 1–7  

SP4 Circularity 2 The organization implements circular economy principles in operational processes. 1–7  

SP5 

Worker 

Well-being 

1 

The use of digital technologies has improved workplace safety. 1–7 

 

SP6 

Worker 

Well-being 

2 

Industry 4.0 solutions positively impact employee well-being and comfort. 1–7 

 

SP7 

Resilience 

and Compli-

ance 1 

The organization effectively identifies and manages operational and regulatory risks 

using digital data. 
1–7 

 

SP8 

Resilience 

and Compli-

ance 2 

Digital technologies support compliance with regulatory and ESG requirements. 1–7 
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Appendix B: DSMF Maturity Levels 

Table E. Model DSMF: Levels and Definitions 

Level Name Definition 

1 Ad hoc 
The organization lacks a formal digital or ESG strategy. Processes are manual, data collection is unsystem-

atic, and environmental/social activities are incidental or absent. 

2 Awareness 

The organization recognizes the importance of digitalization and ESG, but initiatives are fragmented and 

reactive. Early digital or environmental initiatives exist, but are not strategy-linked. Process and environ-

mental data are collected sporadically. 

3 Digital Silos 

Selected Industry 4.0 technologies are implemented (e.g., isolated IoT sensors, robots, document digitiza-

tion), but initiatives are scattered and unintegrated. No coherent data management system. ESG operates as 

a separate area, unlinked to digitalization. 

4 
ESG Compli-

ance 

The organization meets minimum regulatory requirements (e.g., CSRD, GRI), conducts basic environmental 

and social measurements, and implements compliance mechanisms. Digital technologies support only re-

porting and monitoring. ESG data is not integrated with industrial systems. 

5 
Integrated Sys-

tems 

Data from digital systems (ERP, MES, SCADA, IoT) is integrated with environmental and social data. The 

organization uses data for operational and strategic decision-making. Digitalization and ESG begin to mutu-

ally reinforce each other. 

6 
Advanced Ana-

lytics 

The organization uses advanced analytics, predictive models, and AI to optimize efficiency, emissions, en-

ergy, waste, and safety. Digital twins and environmental impact simulations are implemented. Data is pro-

cessed in real-time. 

7 
Smart Sustaina-

ble Enterprise 

Full synergy between Industry 4.0 and ESG. The organization autonomously monitors and optimizes envi-

ronmental, social, and operational performance. High resilience, transparency, and competitiveness. Deci-

sions are data-driven, and environmental impact is actively minimized using intelligent technologies. 

 

 


