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This article explores the potential of enterprise digital transformation as a tool for inclusive and sustainable regional
development in Ukraine amidst multiple overlapping crises caused by war, socio-economic inequality, environmental
challenges, and technological divides. The study begins with a critical analysis of existing digitalization approaches,
which, while primarily focused on large corporations, tend to overlook environmental, social, and regional dimensions,
as well as the specific needs of small and medium-sized enterprises as key agents in local economies. The main
objective of this research is to conceptualize digital transformation within the context of regional SMEs and develop
an integrated management model that, unlike existing frameworks, addresses the challenges of post-war recovery
while aligning digitalization strategies with sustainable development principles. The study substantiates the necessity
of transitioning from fragmented digital initiatives toward a comprehensive approach that combines strategic vision,
organizational adaptability, resource availability, process agility, and a culture of innovation. This approach integrates
ecological and social priorities into the digital transformation framework, while also reflecting the specificities of a post-
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crisis economy. Special emphasis is placed on identifying and analyzing the barriers that hinder sustainable digital
transformation among regional SMEs. Based on empirical and secondary data, the study identifies critical challenges
including limited access to finance, a shortage of digital and «green» skills, resistance to change, lack of institutional
support, and underdeveloped digital infrastructure in certain regions. The article highlights the growing digital divide
as a key factor exacerbating regional disparities and undermining the inclusivity of the recovery process. These
barriers are recognized as interconnected and require coordinated, cross-sectoral responses from government,
businesses, academia, and international partners. The practical value of the proposed model lies in its potential to
serve as a roadmap for SMEs aiming to implement sustainable digital transformation, as well as a foundation for
designing public support policies and guiding international donor programs. The successful realization of digital
transformation’s potential calls for coordinated efforts across all stakeholders, including the state, business sector,
academic institutions, and civil society. Priority areas for implementation include expanding digital infrastructure,
enhancing digital competencies, addressing institutional gaps, and creating an enabling regulatory environment.
This research offers a holistic perspective on sustainable digital transformation as a multidisciplinary and multilevel
process that merges innovation with the principles of equity, resilience, and equal access. The proposed approaches
and findings hold practical relevance for achieving sustainable, inclusive, and regionally balanced development.

Keywords: digital transformation, sustainable development, regional development, inclusivity, small and medi-
um-sized enterprises, change management, conceptual model, post-war recovery.

Y cTarTi gocnimpKeHo noTeHuian LmMpoBoi TpaHcdopmalii nignpueMCTB KK OCHOBMW 4151 iHK/O3MBHOMO Ta CTa-
1070 perioHasIbHOro Po3BUTKY YKpPaiHU B YMOBaX MHOXUHHUX KPU3, CMPUYMHEHUX BiliHO, COLlia/lbHO-eKOHOMIYHOK
HepIBHICTIO, €KOJIOMNYHUMY BUK/IMKAMU Ta TEXHOMOMNYHUMY po3puBamMu. BuxigHo NO3WUiE0 OCNIMKEHHA € Kpu-
TUYHWUIA aHani3 iCHyKYMX NiAXoAiB A0 UmdpoBisauii, Ski, OPIEHTYUNCL NMEPEBAXHO Ha BeWKi kopnopawii, 3anu-
LIaKTb M03a yBarow €KOJIOTYHI, COUjasTbHI Ta perioHasibHi acnekTn, a TakoX He BPaxoBylTb MOTPe6 mMaimx Ta
cepefHix NignpPUEMCTB SIK KHOUYOBMX areHTiB MiCLLEeBMX €KOHOMIK. MeTol poboTu € KoHuenTyanisauis undpoBoi
TpaHcopmMalii B KOHTEKCTI noTpeb perioHasibHux MCI Ta po3pob6ka iHTerpoBaHoi Mogeni ynpasaiHHA Heto, Lo
Ha BiAMIHY Bif, ICHytOUMX BiLNOBILAE BUK/IMKAM NOBOEHHOIO BiAHOB/EHHS Ta MOELHYE NMPUHLMMNK CTAIOM0 PO3BUTKY
3 YNpaBniHCLKOK N10riKo Aimxutanisauii. O6rpyHToBaHO HEOOXiAHICTL Nepexody Bif hparMeHTapHux LudpoBux
pilleHb A0 3aCTOCYBaHHS KOMMEKCHOMO MigXOoA4y, SKUiA NOEAHYE CTpaTeriyHe GavyeHHs, opraHisauiliHy THy4KiCTb,
pecypcHy 3abe3neyeHicTb, afanTyBHI NPOLECH Ta IHHOBALiHY Ky/bTYpY, IHTErPYHOUM €KOMOTIYHI Ta CouiasibHi npio-
puTeTW Y LMDPOBY pamMKy TpaHcthopMalLlil, Ta BpaxoBye 0CO6/IMBOCTI NOCTKPU30BOT EKOHOMIKM. OCO6MBY yBary npu
chopmyBaHHi Mogeni NpuAiIeHo aHanisy 6ap’epis, WO CTPUMYOTL CTany LUMpoBy TpaHC(OpMaL,ilo y perioHasIbHUX
MCT1. Ha oCcHOBI eMNipUYHNX Ta BTOPUHHUX AaHKX iAeHTUiKoBaHO KNOYOBI NPO6IEMU, Taki Ik 0BMEXEHWIA foCTyn
[0 (piHaHCYBaHHS, AediunT LMPPOBMX Ta «3eMEeHUX» HaBUYOK, ONip 3MiHaM, HecTava iIHCTUTYLIAHOI NIATPUMKM Ta
cnabka LudpoBa iHPpacTpyKTypa B OKpeMUX perioHax. MigkpecneTbes 3HauyLWiCTb LMGIPOBOro PO3pUBY, SIKWIA NO-
rMB0E perioHasbHI AMCIPONOopLi Ta CTaBWTh Mig, 3arpo3y peanisavito NPUHLMNIB IHKI3WBHOCTI Y BigHOBAEHHI. Y
CTaTTi Haro/IoWYyeTbCS, WO L 6ap’epy € B3aEMOMOB'I3aHNMM Ta BUMaratoTb MiXXCEKTOPasIbHOTO pearyBaHHsi 3 60Ky
[epxaBu, Gi3HeCy, HayKOBOT CNiNIbHOTK Ta MbKHAPOAHWX NapTHepiB. MNpakTUYHa LiHHICTb PO3po6aeHol Moaeni no-
narae B i1 30aTHOCTI BUKOHYBATW (DYHKLiI0 JOPOXHBLOT kapTv ans MCI, wo nparHyTb peanisyBaTtu CTasy LudpoBy
TpaHchopMaLiito, a TakoX C/IyryBaT OCHOBOK A1 PO3PO6KM MOMITUK AepXaBHOT NiTPUMKM Ta OPIEHTUPOM LS
MiXHapOAHMX AOHOPChKMX Mporpam. YcniwHa peanizalis noteHuiany Lmdposoi TpaHcopMalLlii BUMarae ckoopam-
HOBaHUX AjiA Bif yCIX CTEKXONAepIB: Aepxasu, bi3HeCY, akafeMiYHOi CMiSIbHOTW Ta rPOMAaAsSHCLKOrO CycninbCTBa.
P0o3BUTOK LMhpOBOI iH(hpaCTPyKTYpH, MiABULLEHHS PiBHSA LMGIPOBMX KOMMNETEHTHOCTEN, NOAONAHHS IHCTUTYLIAHNX
MPOrasinH i CTBOPEHHA CTVMYJ/IIOHYOIO PEryisiTOPHOro cepefoBuLLa BU3HAYEHI OCHOBHUMU HanpsaMamu, 6e3 skux
MOBHOLIHHA peani3alis MOoAesi € HEMOX/IMBOI. [JaHe AOCNifKEHHS 3ab6e3neyye LinicHe 6a4yeHHs cTanol LMdpoBoi
TpaHcopmMaLii SK MybTUANCUMNIHAPHOTO I 6araTopiBHEBOrO MPOLLECy, L0 NOEAHYE iHHOBAUIMHICTb i3 MpMHLMNa-
MV CIPaBe/IMBOCTI, CTIKOCTI Ta PIBHOTO fOCTYMy. 3anponoHOBaHi NigxoAn Ta BUCHOBKM MatOTb NPaKTWUYHY LiHHICTb
K 3aCi6 LOCATHEHHS CTINKOrO, iHK/TFO3UBHOTO Ta PErioHasIbHO 36a/1aHCOBAHOTO PO3BUTKY.

KnrouoBi cnoBa: Lndgposa TpaHchopmalist, CTanuii po3BUTOK, PEriOHa/IbHUIA PO3BUTOK, IHKMHO3MBHICTb, Masi Ta
cepefHi NignpuemcTea, ynpasniHHA 3MiHaMK, KOHUENTya/lbHa MOAE/b, MNICISSIBOEHHE BiJHOBEHHS.

Formulation of the problem. Under the
influence of global, national, and regional
challenges, such as escalating geopolitical
instability, accelerated climate change,
and deepening socio-economic inequality,
a fundamental shift is taking place in the
paradigm of socio-economic development.
These transformations necessitate a rethinking
of traditional governance models and the search
for integrated solutions to ensure sustainability.
In this context, the sustainable and inclusive

development of regions, functioning as complex
socio-economic systems, becomes particularly
relevant. It is at the regional level that global
issues manifest most directly, responses to them
are shaped, and core economic activity takes
place, including job creation and the provision
of decent quality of life for the population.
Enterprises play a vital role in maintaining the
viability and development of Ukraine’s regions,
with  small and medium-sized enterprises
(SMESs) occupying a special position. According
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to the Organization for Economic Co-operation
and Development, in 2022 SMEs accounted
for 99.9% of all registered enterprises in the
country. They provided more than 81.7% of
total employment in the business sector and
generated 67.5% of turnover that exceeds the
European Union average [1].

Following the full-scale invasion in 2022,
Ukraine’s enterprises encountered numerous
crisis-related consequences, including the
destruction of production capacities, disrupted
logistics chains, loss of sales markets, and
significant financial losses, averaging USD
227,000 per SME [2]. Even though 84% of
these businesses resumed operations within
six months, systemic challenges such as
electricity shortages, ongoing attacks on critical
infrastructure, forced relocation, and declining
demand continue to undermine the stability of
enterprises [1]. This combination of problems,
spanning both the direct consequences of war
and operational difficulties, as well as long-term
threats such as climate change and deepening
socio-economic inequality underscores the
urgent need for enterprises to fundamentally
reframe their operating paradigms.

Under these conditions, digital transformation
can be considered as a strategic process of
deep restructuring of organizational structures,
business processes, and corporate culture. It
emerges as a powerful tool capable of catalyzing
the necessary changes and offering opportunities
for improving operational efficiency and
competitiveness while ensuring environmental
responsibility and social sensitivity in business
practices [3]. However, digital transformation
remains a high-risk undertaking, as evidenced
by the global failure rate of such initiatives,
which exceeds 70% [4], resulting in considerable
investment losses and missed strategic
opportunities.

Analysis of the reasons behind digital
transformation failures points to predominantly
organizational, strategic, and human-related
factors rather than technological deficiencies.
These include the absence of a coherent strategy,
ineffective leadership, employee resistance to
change, and a lack of necessary competencies.
Such factors highlight the urgent need to
develop comprehensive approaches to digital
transformation management. Nevertheless,
existing models and frameworks exhibit
significant limitations in the Ukrainian context,
as they are largely tailored to the needs of large
transnational corporations, overly focused on
technological aspects, and often fail to consider

the characteristics of SMEs. Furthermore, these
tools tend to ignore regional specifics, conditions
of extreme uncertainty, and the need for explicit
integration of sustainable development goals
into digital transformation governance.

Therefore, there is a clear need for the
development of a scientifically grounded and
practically oriented conceptual model for digital
transformation management. This model should
be adapted to the needs of Ukrainian regional
SMEs, ensure the integration of sustainability
and incluusivity goals, and reflect the unique
conditions of martial law and post-war recovery.

Analysis of the recent research and
publications. An analysis of recent research
in the field of digital transformation confirms
that its successful implementation depends
on a systemic approach to managing
organizational changes. Scholars emphasize
that digital transformation encompasses all
levels of enterprise functioning from strategy
and structure to corporate culture and human
resource management [5]. Researchers [3, 6]
highlight that the key drivers of digital maturity
include digital leadership, data governance, and
the development of digital competencies among
personnel. Digital transformation is considered
not merely as a process of technological renewal
but as a profound organizational shift requiring
the adaptation and restructuring of internal
mechanisms.

In this context, a key theoretical foundation
for analyzing digital transformation processes is
the concept of dynamic capabilities [7]. Within
this framework, an enterprise’s competitiveness
in a dynamic environment is determined not
so much by the resources it possesses, but
by its ability to timely adapt, integrate, and
reconfigure internal and external competences.
Under the conditions of digital transformation,
this capability involves sensing technological
opportunities, seizing them through rapid
assimilation, and transforming the organization
to respond effectively to changes in the market
and technological landscape. The authors [8]
argue that successful digital transformation is
impossible without the development of such
dynamic capabilities, which enable companies
not only to technologically upgrade, but also to
ensure long-term resilience and adaptability.
The formation of these capabilities includes
the development of digital skills, restructuring
of organizational frameworks, adaptation of
managerial practices, and the integration of new
decision-making approaches, particularly those
based on artificial intelligence (Al) tools.
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The academic literature presents a wide
range of conceptual models and theoretical
frameworks aimed at explaining the mechanisms
of digital transformation in enterprises. These
approaches differ in their analytical focus,
degree of detail, and practical applicability
reflecting the complexity and multidimensional
nature of digital change in today's business
environment.

Models oriented toward the business
environment and market advantages, such
as the Six Keys to Success framework [9],
focus on how digital technologies facilitate the
creation of new competitive advantages through
personalization, platform-based business
models, flexible operations, and asset sharing.
The strength of this approach lies in its direct
linkage between technological innovation and
market growth potential. However, such models
often overlook complex intra-organizational
factors, including the transformation of corporate
culture, changes in managerial practices, and
the development of digital leadership which
are crucial for the successful implementation of
digital initiatives.

Models focused on organizational
transformation, such as the Digital Orchestra
Model [10], emphasize a holistic vision of digital
transformation encompassing all functional
areas of the enterprise from business models and
customer experience to Information Technology
(IT) architecture, data analytics, and innovation
culture. While this approach allows for a systemic
transformation of the organization, it suffers
from limited empirical validation and insufficient
consideration of external influences, such as
market pressures or regulatory constraints.

Process-oriented models of digital
transformation typically follow a staged structure
from vision and goal setting to implementation
and evaluation. Such approaches are commonly
used in consulting practice, as seen in
transformation roadmaps [11]. Although they
offer a convenient tool for strategic planning,
these models often oversimplify the nonlinear,
iterative, and context-dependent nature of real-
world transformation processes.

Process-based approaches conceptualize
digital transformation as a sequence of stages,
including goal definition, roadmap development,
solution implementation, and performance
monitoring [12]. These models are useful for
changing planning and project management,
yet they may fail to account for the adaptive and
non-linear dynamics of transformation under
conditions of uncertainty.

Technology acceptance models such as
the Technology Acceptance Model (TAM) or
the Unified Theory of Acceptance and Use of
Technology (UTAUT) [13], explain the factors
influencing individual adoption of digital tools.
While these frameworks are highly empirically
supported, they provide limited insight into
the complex processes of organizational
transformation, which involve collective actions,
power structure shifts, procedural changes, and
cultural adaptation.

Macro-level approaches to digital
transformation, suchasthemacro-Schumpeterian
model [14], interpret digital transformation as a
fundamental process of systemic change driven
by the interaction of technological innovation,
organizational paradigms, and public policy. This
perspective expands the analysis beyond the
enterprise level, explaining how the digital era
shapes broader institutional evolution including
scenarios such as “digital authoritarianism” or
“demaocratic digital humanism”.

Thus, the analysis of contemporary literature
demonstrates that the management of digital
transformation in enterprises is based on a
range of conceptual approaches, each with
its own focus, methodological foundation, and
practical implications as presented in Table 1.
Synthesizing the key characteristics of these
approaches reveals several unresolved issues
and limitations, which underline the need
to develop a fundamentally new conceptual
model.

Highlighting previously unresolved parts
of the general problem and formulating
the goals of the article. Previous research
demonstrates significant progress and offers
various conceptual models for managing the
digital transformation of enterprises. These
models identify key dimensions, mechanisms,
and instruments of digital change, encompassing
a wide range of aspects from strategic planning
and technology implementation to business
model transformation and the management of
organizational culture. However, most of these
approaches are predominantly focused on
operational efficiency and financial profitability,
often overlooking the principles of sustainable
development and inclusivity, as well as the
scale-specific needs of small and medium-sized
enterprises. Moreover, the existing frameworks
exhibit limited contextual sensitivity, as they do
not adequately capture the realities of doing
business under conditions of high volatility,
instability, and regional disparities, particularly
in the context of martial law in Ukraine. The
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Table 1

Comparative matrix of approaches to digital transformation management at enterprises

and paradigms

alternative futures
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P competencies of organizational adqa tation P
dynamics P
- . Innovations, new |Focus on market |Insufficient focus on
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Digital Organizational tsrgfltsef(r?rmation of ggr:gg'g(ri%/; of Vwaﬁggt?om?gggé not
Orchestra Model | ©"9 - - y consider external
all functions functions pressure
- Implementation . Can simplify
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organization

Source: systematized by the authors based on [9—-14]

direct application of such international practices
without proper adaptation to the Ukrainian
context may result in the inefficient allocation of
scarce resources.

Given the above, the aim of this article is to
develop and validate a conceptual model for
managing digital transformation as an effective
instrument for achieving sustainable and
inclusive regional development. The proposed
model is tailored to the needs and operational
environment of Ukrainian enterprises, particularly
SMEs, and ensures the systematic integration
of sustainable and inclusive development goals
while accounting for the specific challenges of
uncertainty and post-war recovery.

Presentation of the primary research
material. Inthe context oftechnological evolution,
digital transformation emerges as a profound and
systemic processthatreshapesthe core elements
of enterprise functioning from business models
to managerial culture. Contemporary academic
approaches and empirical research consider it
as a key determinant of a firm’s competitiveness
and appreciate its ability to adapt amid high
turbulence and technological dynamism. At the
same time, there is growing societal awareness
that digital transformation should serve not only

as atool for efficiency gains, but also as a means
of fulfilling environmental, social, and economic
responsibilities. This is particularly relevant for
small and medium-sized enterprises, which, on
the one hand, face resource constraints that limit
the implementation of comprehensive digital
strategies, and on the other hand, possess
significant potential for flexibility, innovation, and
close engagement with local communities.

In  the Ukrainian context, the digital
transformation of SMEs is taking place under
conditions of pronounced instability. This process
is hindered by numerous challenges, including
the consequences of full-scale war, institutional
weaknesses, limited access to finance, and
insufficient digital skills at all managerial
levels. At the same time, these difficulties are
accompanied by new opportunities like rapid
development of digital public services, an active
and well-established IT community, expanding
access to digital education, and the emergence
of international support programs for digitization
and sustainable development of Ukrainian
SMEs.

Building upon an analysis of these
opportunities, existing scholarly contributions
and the practices of leading companies, as well
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as considering the specificities of the national
context, we have developed a conceptual model
for managing the digital transformation of SMEs.
The model is theoretically grounded on the
concept of dynamic capabilities, which enables
firms to adapt to rapid environmental change,
foster innovation, and sustain competitive
advantage over time.

The model is based on five interrelated
components: strategy, structure, processes,
resources, and organizational culture. This
approach allows digital transformation to be
integrated across all management levels of
an enterprise, ensuring the coherence and
consistency of transformation efforts. A key
feature of the model is the embeddedness of
sustainable development goals within each
component, which transforms it from a technical
improvement tool into a mechanism for
sustainable and responsible growth.

Within the structure of the conceptual model,
the strategic component defines the overall
direction and objectives of transformation. Unlike
traditional approaches that prioritize economic
efficiency, the current paradigm of SME digital
transformation demands an expanded strategic
focus that incorporates environmental and social
dimensions. In this context, strategy should
be developed with sustainability principles in
mind and aim not only at achieving financial
performance but also at improving resource
efficiency, enhancing social responsibility, and
increasing enterprise resilience to external
shocks [15]. Specific strategic objectives
may include reducing the carbon footprint
through Al-driven optimization of logistics
processes; designing digital products aligned
with environmental safety goals (i.e., green IT
solutions); promoting digital inclusion for diverse
user and employee groups; and shifting towards
circular business models through the adoption
of digital platforms that facilitate resource reuse
and waste minimization [16]. Thus, the strategic
component of sustainable digital transformation
management should be designed as a
multidimensional framework, where economic,
environmental, and social goals are mutually
reinforcing while ensuring not only efficiency, but
also the long-term viability of the business.

The structural component of the conceptual
model requires the adaptation of the organiza-
tional architecture to the realities of the digital
and sustainable economy. This transformation
goes beyond the mere introduction of digital-
specific roles and entails deeper institutional
shifts, including the formation of cross-functional

units capable of coordinating the enterprise’s
environmental, social, and technological
initiatives. Integrating sustainability principles
into organizational structures requires the
implementation of accountability systems
based on relevant indicators. This includes, for
instance, embedding sustainability-related key
performance indicators (KPIs) into management
processes, thereby making the achievement of
environmental responsibility goals a part of the
standard managerial cycle. Such an approach
not only enhances decision-making transparency
but also promotes a systemic orientation towards
the long-term resilience of the business [4].

The process component encompasses the
transformation of both production and managerial
procedures within the enterprise through the
integration of digital technologies. In the context
of sustainable digital transformation, the focus
shifts from automation to the implementation of
sustainability principles in operational activities.
This entails the use of digital solutions to improve
energy efficiency, reduce resource consumption,
and minimize emissions and waste. Of particular
importance is the adoption of circular economy
models supported by digital platforms. For
instance, tools for product lifecycle tracking,
resource-sharing services, and predictive
maintenance systems enable more rational
and responsible production practices [17].
Thus, processes serve not only as an object of
optimization, but also as a key mechanism of
deep organizational transformation aligned with
sustainability goals.

The resource component of the model
addresses the management of technological,
financial, informational, and human assets of the
enterprise. Within the framework of sustainable
digital transformation, the effective use of these
resources gains new strategic significance —
namely, minimizing environmental impact and
enhancing corporate social responsibility. From
a technological perspective, this includes the
adoption of green IT solutions such as energy-
efficient equipment and low-carbon cloud
computing. The financial dimension involves
the mobilization of green financing specialized
instruments designed to support digital solutions
with  sustainable outcomes. Informational
resources, particularly data, play a dual role:
they are both the foundation for business
decision-making and a means of monitoring
environmental and social performance. In turn,
human capital must be equipped to meet new
challenges through the development of green
digital competencies the ability to leverage digital
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technologies to address sustainability-related
tasks and implement innovations oriented toward
the common good [18].

Organizational culture is an integral factor in
successful digital transformation, shaping the
level of internal support for change, openness to
innovation, and readiness for experimentation.
In the context of sustainability, cultural
transformation should foster responsibility,
transparency, inclusiveness, and innovation.
This includes the development of leadership
focused not only on achieving economic results,
but also on generating long-term social impact. It
entails supporting employee initiatives aimed at
sustainable development, promoting openness
to new ideas and technologies, and cultivating
shared values that recognize the importance
of environmental and social responsibility in
everyday operations [4].

Digital transformation requires a systemic
approach to change management. Strategy,
structure, processes, resources, and culture
form an interconnected and holistic system,

Categories of Management Mechanisms

- Client-orientation
Innovation and Flexibility

Partnerships and Ecosystem

Leadership and Change Management

Legal and Ethical Aspects

l"ava a complex influence on

the effectiveness of which depends on the
coordinated interaction of all its components.
Accordingly, the transformation of an
enterprise’s strategy must be accompanied by
corresponding changes in its organizational

structure, operational processes, resource
allocation, and internal culture.
To visualize the internal logic of this

interdependence and the dynamics of digital
transformation management processes, Figure
1 presents a graphical model that illustrates
the nature and directions of influence among
the specified components using graphical
differentiation of connections (solid and dashed
lines). This approach enables not only the
structuring of the transformation’s key elements
but also the analysis of their interactions within
the context of complex organizational dynamics.

The implementation of the proposed digital
transformation model requires the effective
deployment of key digital technologies that act as
catalysts for achieving the goals of sustainable
development goals. These technologies

Key Components of Digital Transformation
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Figure 1. Conceptual model for managing enterprise digital transformation

Source: compiled by the authors
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constitute an integrated and synergistic toolkit
that supports managerial decision-making
across all levels of transformation from strategic
planning to operational execution. Their
application facilitates resource optimization,
reduction of environmental impact, increased
process transparency, improved customer
service quality, and the development of new
business models based on the principles of
responsibility and inclusivity.

Among the core digital technologies that
enable the implementation of sustainable
development within the context of digital
transformation are the Internet of Things
(IoT) and Big Data analytics. 10T serves as a
kind of “nervous system” for the enterprise,
providing real-time data collection on equipment
performance, resource consumption, and
environmental conditions. In turn, Big Data
allows for the efficient processing and analysis
of these large data volumes to identify patterns,
make predictions, and detect inefficiencies.
The synergy of these technologies enables
the implementation of intelligent resource
management mechanisms from energy and
water usage optimization (e.g., through smart
irrigation systems) to emission reduction via
efficient logistics and waste management laying
the groundwork for a transition toward a circular
economy [16].

Artificial Intelligence and Machine Learning
(ML) represent the intellectual core of the digital
transformation system. These technologies
provide the capability for in-depth data analysis
and real-time optimization-driven decision-
making. One key application area is predictive
maintenance, which enables the anticipation of
equipment failures and allows for repairs only
when necessary. This extends asset lifespans,
reduces waste volumes, and promotes more
efficient resource use. Al is also employed
for energy optimization, accurate demand
forecasting to avoid overproduction, and
improving product quality through computer
vision technologies [19].

Blockchain technology functions as a
decentralized “ledger of trust”, ensuring data
transparency, traceability, and immutability
across all stages of the value chain. In the
context of sustainability, blockchain enables the
creation of a digital product footprint from its
origin to the end consumer including production
conditions and environmental characteristics.
This opens new opportunities for verifying
compliance with fair trade standards, combating
counterfeit products, managing carbon credits,

and enhancing brand trust among consumers
and partners [20].

Digital Twins represent another essential
instrument of digital transformation, allowing for
the creation of virtual models of physical assets
or processes. These digital replicas enable
enterprises to simulate, test, and optimize
production systems, infrastructure or product
design within a secure virtual environment
before physical implementation. This approach
improves decision accuracy, reduces resource
consumption and manufacturing defects, and
ensures maximum energy efficiency for complex
systems such as buildings, industrial facilities or
energy networks [17].

Thus, the integrated wuse of digital
technologies provides a strong foundation
for achieving sustainable development goals,
enhancing enterprise competitiveness, and
fostering responsible business practices in the
digital economy, as illustrated in Figure 2. Each
of these technologies provides targeted support
to specific sustainability dimensions: |oT enables
real-time resource monitoring and supports
circular practices; Big Data ensures transparency
and economic efficiency; AI/ML contributes
to process optimization and risk prevention;
blockchain strengthens trust, traceability, and
compliance with ethical standards; and Digital
Twins allow for testing and refining resource use
strategies prior to physical implementation.

The next stage of the study involves analyzing
the feasibility of practical implementation of the
proposed model in the Ukrainian context. This
requires consideration of a range of structural,
political and economic factors that significantly
influence the dynamics of digital transformation
within SMEs.

Digital transformation in Ukraine is unfolding
within a complex reality shaped by the
consequences of the ongoing full-scale war, the
intensification of integration processes within
the framework of the European course, and
pronounced regional disparities in access to
digital infrastructure, education and institutional
support. At the same time, state policy has
consistently demonstrated support for digital
modernization, as evidenced by the SME
Recovery Strategy until 2027 [21], the Ukraine
Recovery Plan [22] and strategic initiatives of the
Ministry of Digital Transformation [23], in which
digital transformation is defined as a priority for
sustainable development and economic recovery.

However, despite the availability of numerous
governmental initiatives and support programs,
there remain risks of policy fragmentation,
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Figure 2. Conceptual framework of the digital transformation impact

on the sustainable development of SMEs
Source: compiled by the authors

insufficient inter-institutional coordination, and
low awareness among enterprises regarding
available opportunities. These issues present
significant barriers to the effective implementation
of digital strategies and further exacerbate
unevenness in the transformation process.

In the context of post-war recovery and digital
transition, particular attention should be paid to
the barriers faced by small and medium-sized
enterprises. These barriers are multidimensional,
encompassing infrastructural, human resource,
financial, organizational, and security-related
aspects. One of the most pressing challenges
in this regard is the growing digital divide, which
substantially affects the ability of SMEs to
engage in the «twin transitions», both digital and
green. The digital divide manifests in unequal
access to digital technologies, infrastructure, and

competencies between regions and between
urban and rural communities.

Empirical data confirms the scale of this
problem. According to the results of a recent
study [23], the average regional digital develop-
ment index in the first quarter of 2025 was only
30 out of 100. Dnipropetrovsk and Lviv regions
were the top performers with 43 points each,
while the average score for rural communities
remained critically low just 16 out of 100.

Regional asymmetry in digital development is
leading to a two-speed transformation, which is
already affecting the socioeconomic dynamics
of the country. In regions with high levels of
digitalization, such as Lviv and Dnipropetrovsk,
the unemployment rate is 12% lower than in
less developed regions, such as Zaporizhzhia
and Luhansk. At the same time, approximately
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65% of rural areas still lack access to high-
speed internet, and only 52% of the population
possesses basic digital skills. This situation
not only hampers economic activity but also
limits the ability of a significant portion of the
population to participate in digital interactions
with government services, education, healthcare
and labor markets.

Thus, the digital divide is not merely a
standalone issue but a cross-cutting factor that
exacerbates other systemic barriers, particularly
financial, human resource and organizational.
To provide a comprehensive understanding of
these constraints, Table 2 summarizes the key
barriers hindering the sustainable digital
transformation of SMEs across Ukraine’s regions.

The identified barriers to sustainable digital
transformation of SMEs are interrelated and
constitute a complex, multi-level system of
constraints. These barriers spanfinancial, human,
technological, managerial, infrastructural, and

cultural dimensions, reflecting the structural
depth of challenges faced by SMEs undergoing
digital transformation in Ukraine’s regions. Their
synergistic nature implies that the presence of
one barrier often amplifies the effects of others.
For example, a lack of financial resources
limits access to new technologies, which in
turn hampers the development of digital skills
among personnel and reduces the readiness for
strategic planning of transformation processes.

These barriers are particularly acute in the
regional context, where digital and institutional
inequalities often intersect with spatial and
security-related factors. In rural and frontline
communities, SMEs face limited access to high-
speed internet, a shortage of qualified personnel,
and ongoing security threats all of which
significantly reduce their capacity to engage in
digital and sustainable transformations on equal
footing with enterprises in more economically
developed regions.

Table 2

Key barriers to sustainable digital transformation of SMEs in Ukraine’s regions

Category Barrier Relevance SME practice
1 2 3 4
. Very high: the war has | Lack of Customer Relationship

]Icgflljr?\'/(g;rr‘; él:]?(ljr? caused financial losses, |Management (CRM),
technoloav. trainin restricted lending and Enterprise Resource Planning
and consgLﬁ:[in 9 increased investment (ERP) systems; rejection of

Financial 9 uncertainty cloud-based services
High implementation  |High: particularly critical Preference for the cheapest

i ; or free tools with limited
costs of digital for micro and small functionality: t t of
solutions enterprises unctionaiity, postponement o
modernization

Shortage of qualified | Very high: mobilization |One specialist, who is
professionals with and migration deepen responsible for all digital

Egg(])ir;ces / digital competencies |labor shortages processes

Skills Low level of digital High: nearly half of the |\, internal IT initiatives:
literacy among population lacks basic i t | tract
management and staff |digital skills reflance on external contractors
Lack of a long-term High: SMEs are focused | Fragmented digitalization
digital strategy on short-term survival without outcome assessment

Strateqic / Difficulty in assessing | 1.

g (ROI) and impact of evaluation No monitoring of transformation
on sustain abl% methodologies for ROl | effects; weak analytics
development and sustainability
Resistance to change |High: stressand :)ga?sosrieﬂgri]nolfelgrr;](i)r\:gjmr)gssi;stance
among employees uncertainty foster inertia to change

Organizational | Traditional

/ Cultural organizational culture |High: conservative Priority given to operational
(low innovativeness, management practices |tasks over innovation; a lack of
weak support for remain experimentation culture
learning)
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Continue Table 2

1 2

3

4

Uneven digital
infrastructure and
weak broadband

Infrastructure / [COVerage

Very high: significant
urban—rural divide;
infrastructure losses due
to the war

Inability to serve clients online;
technical disruptions

Technological

Use of outdated IT
systems

High: low rate of
software updates;
frequent use of obsolete
systems

Low compatibility with new
services; vulnerability to
cyberattacks

Threats to business
security in frontline

Security regions

Very high: shelling,
mining, property
destruction

Investment delays; relocation;
halted automation

War-related
( ) High uncertainty

regarding war duration

Very high: prevents
strategic planning

No planning beyond 6-12
months; avoidance of
transformation projects

Shor_t-ter_m focus on
survw_al instead Qf
sustainable solutions

Sustainability

Very high: sustainability
perceived as secondary
in crisis

Neglect of environmental
and social dimensions

of digital transformation;

no Environmental Social
Governance (ESG) reporting

Source: completed by the authors based on [1-3]

Therefore, bridging the digital divide should
not be viewed solely as an economic necessity,
but as a strategic priority of national policy, one
that encompasses security, justice and inclusive
development. The implementation of sustainable
digital change requires a comprehensive policy
framework to support SMEs, focusing not only
on infrastructure modernization but also on the
development of digital culture, the stimulation
of innovative entrepreneurship, the creation
of an enabling regulatory environment and the
provision of equitable access to knowledge and
resources. An effective response to this challenge
calls for coordinated and long-term efforts from
the state, business sector, academic institutions,
and civil society. Only a systemic and integrated
approach will ensure sustainable digital
inclusion for SMEs across all regions of Ukraine
thereby laying the foundation for overcoming the
consequences of war and building a competitive
economy of the future.

Conclusions. The results of the conducted
research confirm that the digital transformation
of enterprises in Ukraine’s regions is not merely
a relevant managerial practice but a necessary
condition for enhancing economic resilience,
adaptability, and competitiveness in the face of
multiple crises caused by war, climate change
and socio-economic inequality. In this context,
sustainable digital transformation acquires
strategic importance as a tool for inclusive
recovery that requires a holistic approach

oriented toward long-term outcomes. However,
the implementation of such transformation
in regional SMEs remains limited due to
several interrelated barriers, including financial
constraints, a lack of digital and «green»
skills, resistance to change, underdeveloped
infrastructure and a deepening digital divide
across territories. These challenges highlight the
urgent need to move from fragmented solutions
to a comprehensive policy framework that
addresses both the technical and institutional-
cultural dimensions of transformation.

The proposed conceptual model for
managing sustainable digital transformation in
SMEs, grounded in the interconnectedness of
strategic, structural, processual, resource-based
and cultural components, is both theoretically
sound and practically relevant. Its potential lies
in fostering a new managerial logic wherein
digital change is integrated with ecological and
social objectives and adapted to the conditions
of a recovering economy. In this context, the
consistent integration of sustainability principles
into enterprise strategies, the development
of internal competencies, the nurturing of an
innovation-oriented organizational culture
and the phased implementation of digital
initiatives with an emphasis on quick returns in
sustainability areas such as energy efficiency or
resource decoupling are of particularimportance.
Furthermore, the active utilization of existing
support ecosystems, including state and donor
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programs, regional development agencies, and
digitalization vouchers, can significantly reduce
cost and organizational barriers for businesses.

On the part of the state, the creation of a
favorable institutional environment is critical.
This includes strengthening inter-agency
coordination, developing coherent support
policies for sustainable digital transformation,
providing access to financial and advisory
instruments through simplified mechanisms, and
expanding digital infrastructure in rural and war-
affected regions. Encouraging the integration
of digital technologies with sustainability goals
requires the introduction of tax incentives,
grant programs, and concessional financing
for SMEs implementing digital solutions
with high ecological and social value. The
successful implementation of this agenda is
impossible without the active involvement of
the academic community, which should focus
on empirically validating the proposed model,

developing applied methodologies for its
sectoral implementation, and disseminating
successful digital transformation cases. At the
same time, international partners should direct
their technical and financial support in line with
national strategic priorities, prioritizing projects
that combine digitalization with environmental
and inclusive objectives and investing in the
institutional capacity of regional business support
structures.

To sum up, unlocking the potential of
sustainable digital transformation as a driver
of regional development in Ukraine requires
strategic vision, cross-sectoral collaboration, and
the deployment of context-sensitive and flexible
implementation tools. The proposed conceptual
framework provides a foundation for such efforts,
and its further empirical elaboration and scaling
will be a decisive step toward building a resilient,
innovative, and inclusive economy in the context
of post-crisis recovery.
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