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Abstract. Changes in the market structure and globalisation challenges necessitate the study of transformations in
the field of marketing communications. The purpose of the study was to analyse the development of a contemporary
marketing communications system, which is especially important in the context of increasing complexity of interaction
between companies and various counterparties. This dynamic was compounded by shorter product life cycles, rapid
changes in consumer preferences, and a decline in the effectiveness of conventional advertising methods. The paper
focused on the method of epistemological analysis, which allowed establishing that marketing communications, being an
organic component of the marketing complex, serve as a universal mechanism for influencing target audiences. Based on
the analysis of statistical data, key trends in the development of marketing communications in the contemporary market
were identified. The factors influencing the transformation of marketing communications tools were studied and ordered
using the method of structural analysis of causal relationships. The results of the analysis helped to identify the stages of
transformation of marketing communications tools within the levels of constructive changes: the level of emergence of new
tools that co-exist with existing ones based on the principle of addition; the level of integration based on the unification,
convergence, and interpenetration of various tools; the level of hybridisation of tools based on their multiplicity. It was
established that these tools provide an opportunity to use the advantages of contemporary communication technologies
and introduce innovative approaches. In addition, hybrid tools have contributed to improving the quality of interaction,
and providing a higher level of mobility and adaptability of communication. The practical significance was to determine
contemporary marketing communications, which is possible due to the emergence of the latest means of communication,
which were integrated into interactive technologies, which helped not only to quickly obtain the necessary information,
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but also to analyse it, and compare it with other sources. The combination of conventional and innovative marketing
communication tools ensured the company’s effective operation in the market and helped attract new customers

Keywords: factors of influence; market environment; innovative marketing tools; hybrid tools; product promotion;

advertising; target audience

Introduction

The rapid development of technologies and limited per-
ception of digital information by consumers determine the
need to create effective marketing impact formats. Despite
the traditional emphasis on economic and statistical data,
the transformation of communication tools also covers
technological, psychological and informational aspects. In
a dynamic market environment, the key factor of competi-
tiveness is the introduction of current trends, in particular,
the personalisation of interaction with customers. The use
of the latest data collection technologies allows businesses to
provide an individual approach and offer relevant solutions.

Leading Ukrainian researchers, studying the trans-
formation of marketing communications in the context
of digitalisation, pay special attention to the individual-
ised approach as a tool for competitiveness. The study by
S. Kovalchuk (2025) emphasised that personalisation is a
key factor in creating a unique customer experience and
keeping the audience in an environment of uncertainty,
and analyses the transition from mass to personalised mar-
keting and the use of digital channels for targeted impact
on the consumer. N. Savytska (2022) considered the devel-
opment of responsible communication and communica-
tion of personalised value to the client in conditions of war
and global challenges. Research confirmed that communi-
cation has finally transformed from linear information to
a complex interactive process, where personalisation was
the foundation of trust and commercial success. Another
notable trend is the integration of artificial intelligence (AI)
into marketing. AI allows analysing large amounts of infor-
mation, optimising advertising campaigns, and even pre-
dicting audience behaviour. This significantly improves the
quality of customer interaction. Y. Makartseva & I. Lysen-
ko (2025) considered the automation of marketing process-
es through conceptual approaches of artificial intelligence:
substantiated the role of Al as a strategic tool for marketing
automation, which ensured systematic growth of business
competitiveness through hyperpersonalisation, predictive
analytics, and optimisation of routine processes.

No less important is content marketing. High-quali-
ty, most useful and trusting content becomes the basis for
building long-term relationships with the audience. Simul-
taneously, the focus is on video materials, live broadcasts,
and exciting stories that attract attention and evoke emo-
tions. Turkish researchers B. Mansour & M. Basal (2024)
proved that successful digital content marketing not only
increases sales, but also directly affects the development of
ethical and environmentally responsible consumer behav-
iour, which is critical for sustainable business development.
This is how the importance of environmental friendliness
in marketing communications increases. Consumers are

Innovation and Sustainability, 2026, Vol. 6, No. 2

increasingly favouring brands that support sustainable val-
ues and demonstrate responsibility to society. When dis-
cussing trends, the dominance of social media cannot be
ignored. Platforms are constantly evolving, offering new
formats, and users are looking for authenticity and direct
communication with brands. All this confirms the impor-
tance of a flexible approach to building marketing strategies.
Tracking trends and applying them effectively allows busi-
nesses not only to adapt to changes, but also to stay ahead
of their competitors. In their joint study, Z. Solodukha &
S. Leonova (2025) examined the use of digital tools, specifi-
cally the Google Ads and Meta (Facebook/Instagram) plat-
forms, for promoting marketing agencies, analysing their
effectiveness and differences, thereby enabling agencies to
position themselves more effectively and attract clients.

Thus, marketing communications remain a constantly
evolving tool that gives businesses the opportunity not only
to interact with their audience, but also to build long-term
relationships, adapting approaches to the requirements of
a dynamic market. Marketing communications in reali-
ty is not just a tool, but an integral part of the success of
any company. There are several ways to analyse commu-
nication concepts. The technocratic approach focuses on
the technical aspects and means of transmitting corporate
messages in accordance with approach by A. Toftler (2022).
However, this approach does not consider the motivation
and opinions of the audience as recipients of information,
which creates a problem that requires further research. The
interaction approach treats the process of forming com-
munications as the result of interaction, which implies a
conscious and equal dialogue between the consumer of
information and its producer. Representatives of this ap-
proach were P. Guddemi (2020) and C. Cooley (2024), who
emphasised the importance of information exchange based
on the active participation of both sides of the commu-
nication process. However, since the approach was based
on subjective feedback and interpretation, there were no
clear quantitative metrics for evaluating the effectiveness of
communication.

As part of the psychological approach, researchers in
the field of communication focus on the process of interac-
tion between people, which includes the exchange of infor-
mation, perception, and emotional aspects of relationships.
One of the leading contemporary sociologists, M. Cas-
tells (2023), who specialises in information society theo-
ry, draws on the latest advances in neuroscience, particu-
larly in the field of emotional intelligence research, in the
concept of “communication power”. This allows effectively
applying methods such as framing, priming, cascade acti-
vation, and other techniques for influencing the audience —
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viewers, listeners, or readers. However, the issues related to
determining the areas of transformational changes in the
marketing communications toolkit on an interdisciplinary
basis and their substantiation at a qualitatively new level are
still insufficiently investigated. This refers not only to indi-
vidual markets or industries, as is often practised now, but
also about the level of globalised information space formed
through cross-border contacts and actions.

The implementation of the main goal requires a theo-
retical understanding of the evolution of the role of com-
munications in the marketing complex. The development
of marketing concepts from the classic 4P model to the
contemporary Marketing 5.0 has transformed the role of
communications in the marketing complex. Initially, com-
munication was just a tool that informed consumers about
the product, but over time it has become an important
component of the product itself, especially in the service
sector. The expansion to 7P highlighted the importance of
integrating communication at every point of contact with
the customer, breaking the linear logic of traditional adver-
tising. Contemporary trends caused by digitalisation, the
development of social media and changing consumer be-
haviour have turned communication into a dialogical, per-
sonalised and axiological element that forms brand values
and competitive advantages. These factors caused changes
in marketing communications, giving them new character-
istics: integration into all elements of the complex, two-way,
personalisation due to Al and Big Data, adaptation to the
context of interaction, and the ability to convey brand val-
ues. The interaction of communication and consumer ex-
perience is combined in innovative Phygital environments
and Live Shopping, which determines the current state and
future research of the global media market. Thus, the pur-
pose of the study was to provide theoretical substantiation
and comprehensive analysis of transformation processes in
the marketing communications system, which are caused
by digitalisation of the market environment and the need to
build multi-level interaction with consumers in the global
information space.

Materials and Methods

The methodological basis of this study was based on an
integrated approach that combines general scientific and
special methods of cognition for a comprehensive analy-
sis of the evolution of marketing communications in the
context of global digitalisation. The design of the study was
structured in such a way as to provide a transition from
theoretical understanding of concepts to empirical analysis
of market indicators and forecasting future trends. At the
initial stage of the research, the method of epistemological
analysis was applied, which allowed considering market-
ing communications not just as a set of promotion tools,
but as a complex, organic mechanism for influencing tar-
get audiences within the marketing complex. Within the
framework of this method, a critical review of three funda-
mental scientific approaches was carried out: technocrat-
ic approach: analysis of technical means of transmitting

messages based on the studies by H. McLuhan (1962)
and A. Toffler (2022). Interactive approach - the inves-
tigation of the dialogue between the producer and the
consumer as equal participants — based on the papers by
P. Guddemi (2020) and C. Cooley (2024). Psychological
approach - the study of emotional aspects and neurosci-
ence methods of influence (framing, cascade activation) -
according to the concept of M. Castells (2023).

The methodological basis for interpreting empirical
data in this section is the epistemological analysis applied
at the initial stage of the study. Its theoretical result is a con-
ceptual rethinking of the nature of marketing communi-
cations: they were considered not as a functional tool for
promotion within the marketing complex, but as a system
of constructing values that forms consumer experience and
determines the behavioural responses of target audiences.
The three scientific approaches — technocratic, interac-
tive, and psychological — are not alternative theories, but
successive stages in the evolution of the communicative
paradigm, each of which is reflected in the corresponding
segment of the contemporary media market: technocrat-
ic logic describes conventional media (T'V, Print) that are
steadily losing share; interactive — social media and content
marketing with steady growth; psychological - GenAI Ads,
Live Shopping, and Phygital practices as the most dynamic
tools of the new generation. Thus, the statistics below are
interpreted as empirical evidence for a deeper transfor-
mation: from a technical channel monologue - through a
dialogue of equal actors - to interactive construction of a
shared experience in real time.

At the second stage, the method of structural analysis
of causal relationships was used to identify the factors that
cause changes in the market infrastructure. This allowed
classifying the factors of influence into six key groups:
technological (automation drivers), socio-behavioural,
economic, regulatory, globalisation, and concentration ac-
cording to O. Yastremska (2025) and I. Ivanenko (2020).
The focus was on analysing technology drivers such as
artificial intelligence, machine learning, and Big Data that
enable the transition from mass campaigns to hyper-per-
sonalised advertising trajectories. At the third stage, the
empirical basis of the study was a statistical analysis of the
dynamics of the global media market for the period 2020-
2025, using forecast data for 2026. The sources were based
on reports from leading analytical agencies: Statista (n.d.),
Mordor Intelligence (n.d.), WPP Media (2024) and Dent-
su (2025). The analysis of these data allowed investigating
the dynamics of market volumes, the pace of changes in its
key segments (Digital, TV, OOH, Print) and verifying the
key stages of evolutionary transformation: from the pan-
demic leap to the era of algorithmic management.

In addition, by interpretive synthesis of diagnostic re-
sults and theoretical developments (Savytska, 2022; Kot-
ler et al., 2024; Kovalchuk, 2025), a conceptual model of
the “Dominance Triad” of the contemporary market was
formed. This allowed developing practical recommenda-
tions for improving the efficiency of business processes
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through the introduction of innovative and hybrid com-
munication tools. The choice of key elements of the “Dom-
inance Triad” (AI, Social Media, Retail Media) was based
on the use of a three-level logical filter, through which all
identified trends in the media market passed. The main cri-
teria for determining these elements as determinants were:
the criterion of scalability and market share, the criterion of
synergy and interdependence, the criterion of transforma-
tional potential. Scalability and market share determined
the inclusion in the Triad of only those segments that were
able to accumulate a critical mass of capital. Artificial in-
telligence algorithms became the basis for 80% of digital
spending, and Social Media and Retail Media collectively
covered more than 70% of the global advertising budget.
Synergy and interdependence allowed selecting ele-
ments based on the principle of forming a closed ecosys-
tem. The applied logic filter eliminated isolated trends, such
as conventional radio or the press, due to the lack of di-
rect integration connection with the Al technological basis
and the inability to provide instant conversion to sales. The
transformational potential became the basis for identify-
ing tools that ensure the transition from a linear to a cy-
clic communication model. Unlike classical media, which
perform only the function of informing, the selected com-
ponents of the Triad simultaneously implement person-
alisation, emotional engagement, and direct transaction.
Thus, stable but static channels (for example, convention-
al OOH Out-of-Home advertising) did not pass through
the logical filter, since they did not meet the criterion of
full algorithmisation and were not autonomous sales eco-
systems. A three-step data analysis procedure (2020-2026)
was used to quantify the choice of Al, Social Media, and
Retail Media as key dominants. This helped to transform
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the list of market trends into a conceptual model, where
each element is confirmed by specific indicators of market
capacity and cost dynamics. At the final stage, the method
of comparative analysis was used to identify the stages of
transformation of marketing communications tools within
the levels of design changes: the level of addition, the level
of integration, and the level of hybridisation. To illustrate
these changes, the study analysed the use of digital tools,
in particular, Google Ads and Meta platforms, and cases of
Retail Media (Amazon, Walmart) and hybrid media (Pro-
grammatic DOOH, Shoppable TV).

Results and Discussion

In the context of global transformations, there is always a
growing interest in trends and innovations in the field of
marketing. And this is quite justified, because the analysis
of innovations in digital marketing, technologies and plat-
forms allows marketers to identify new opportunities. This
not only helps to maintain the stability of the company, but
also helps to stay ahead of the competition. That is why it
is important to constantly monitor trends and innovations,
especially in the context of digital marketing. Every year,
the development of technology brings new tools for Inter-
net marketing: some evolve, while others remain relevant
for many years. Monitoring the capacity of the global me-
dia market aims to form a complete picture of the compet-
itive environment and assess the level of capital concentra-
tion in the segments of contemporary communications. It
was advisable to analyse the state of the global communi-
cation market, investigate the dynamics of its development
for the period 2020-2025, considering the forecast data for
2026 and determine the key reasons for the changes that
occurred (Table 1).

Table 1. Dynamics of the global media market development in 2020-2025
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Toolsof marketing | 2R | Za | 8 |24 & =Za g |Za| 8 |4 &8 =a g
R 2% | 2D g7, 27 =37, 2% =37,
communications oD | =2 S = s n = g <« =2 g = % ° 2 %
[\ (o] (o] (o] (o] (o] (o]
= =) a =) Q =) a =) Q =) a =) Q
[\] [\l Q (o] Q [\l Q (o] Q [\l Q (o] Q
Digital advertising: 350.5 | 486.0 | +38.7 | 567.5 | +16.8 | 626.8 | +10.5 | 721.2 | +15.1 | 781.2 +8.3 860.5 | +10.2
- Search ads 135.2 | 180.4 | +33.4 | 212.1 | +17.6 | 2455 | +15.7 | 3154 | +28.5 | 350.2 | +11.0 | 390.8 | +11.6
- Social media 102.5 | 148.6 | +45.0 | 1752 | +179 | 1984 | +13.2 | 230.1 | +16.0 | 2554 | +11.0 | 288.6 | +13.0
- Retail Media 45.0 72.3 +60.7 | 984 | +36.1 | 125.6 | +27.6 | 154.2 | +22.8 | 177.1 | +14.8 | 210.5 | +18.9
Television (Linear TV) | 160.2 | 1724 | +7.6 168.3 -2.4 160.2 -4.8 158.4 -1.1 155.1 -2.1 152.4 -1.7
Out-of-home
advertising (OOH) 30.5 342 | +12.1 | 38.5 | +12.6 | 42.1 +9.4 48.5 | +15.2 | 52.0 +7.2 54.8 +5.4
Audio (Radio & 254 | 27.6 | +8.7 | 281 | +1.8 | 275 | -21 | 268 @ -25 | 265 | -11 | 262 | -1l
Podcasts)
Print media 52.1 48.5 -6.9 45.2 -6.8 42.8 -5.3 46.5 +8.6 455 -2.2 42.3 -7.0
TOTAL 618.7 | 768.7 | +24.2 | 847.6 | +10.3 | 8994 | +6.1 |1,001.4| +11.3 | 1,060.3| +5.9 |1,136.2| +7.2

Source: compiled by the authors based on Statista (n.d.), Mordor Intelligence (n.d.)

Indicators and growth rates have a steady positive
trend. In six years, the total market volume will almost
double - from USD 618.7 billion in 2020, to the project-
ed USD 1,136.2 billion until the end of 2026. According
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to WPP Media (2024), the turning point was 2024, when
the market first exceeded the psychological mark of USD
1 trillion. Achieving this result was made possible by the
combined impact of large-scale sporting events, such as the
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Olympic Games and Euro 2024, and the rapid introduction
of Al tools in the field of advertising. The average annual
growth rate has reached a stable level after a sharp one-time
jump of 24.2% in 2021. In the following years, the market
develops at a rate of 6-11% annually, showing steady and
steady growth. According to the data provided in Table 1
(Statista, n.d.; Mordor Intelligence, n.d.) the global media
market is in a state of deep structural transformation, char-
acterised by the gradual displacement of conventional me-
dia by digital tools.

Analysis of the dynamics of Linear TV shows a stable
recession of this channel with an average annual reduc-
tion in coverage at the level of 2%. If in 2020 the share of
television advertising was about 26% of the market, then
according to the forecast indicators by 2026 it differenti-
ates to 13%. Even more rapid degradation was observed in
the print media segment. Despite the short-term stabilisa-
tion in 2024, volumes were projected to fall further by 7%
by 2026, which indicates the transition of print advertis-
ing to highly specialised niche segments (Mordor Intelli-
gence, n.d.). The digital advertising market is developing
unevenly, which has contributed to the growth of several
key areas. According to Table 1 (Retail Media), there were
highest growth rates — from an impressive 60.7% to a sta-
ble 18.9% annually. This dynamic indicates a change in the
strategy of brands that are increasingly investing in plat-
forms such as Amazon, Walmart or Glovo, reducing the
chain to the final purchase (Statista, n.d.).

Search advertising remains an important component
of advertising budgets and is steadily growing by 11-15%
annually. This is facilitated by the integration of generative
artificial intelligence into search algorithms (Mordor Intel-
ligence, n.d.). According to Statista (n.d.) out-of-home ad-
vertising (OOH) has demonstrated high adaptability. De-
spite a major downturn in 2020, the industry has recovered
rapidly and is growing by 5-15% annually. A key role in
this is played by digital out-of-home advertising (DOOH),
which, due to the use of digital screens and purchasing
programmes, provides greater efficiency and flexibility.
Dynamic analysis of growth rates allowed identifying the
“leading” market segments by calculating average annual
indicators. The applied logical filter eliminated areas with
growth below the average market level (6-11%), but verified
Retail Media (growth to 60.7% in 2021 and stable 18.9% in
2026) and Social Media (11-13% annually) as key drivers of
expansion. Market concentration analysis based on Statista
data (n.d.) and WARC (n.d.) set the level of capital accu-
mulation in segments. The defining criterion for inclusion

in the “Triad” was the ability of the media channel to con-
trol a significant market share, which is confirmed by the
concentration of more than 70% of advertising spending in
the Alphabet, Meta, and Amazon ecosystems. A correlation
analysis of technological impact has confirmed the role of
artificial intelligence through the proportion of algorithmic
(Programmatic) advertising within the digital advertising
landscape. The forecast figure of 85% by 2026 served as em-
pirical evidence that Al acts as a fundamental technological
basis (“Vector A”) for the entire contemporary media mar-
ket. The study of trends in the development of the global
advertising market for the period 2020-2026 demonstrat-
ed a significant transformation in the field of marketing
communications. The market not only recovered from the
effects of the pandemic, but also underwent drastic chang-
es, moving from the concept of “digital support” to a full-
fledged “digital-first” model.

Analysing structural changes in the media market and
the redistribution of Statista influence (n.d.), key trends can
be identified: Rapid expansion of digital channels (+19.1%)
demonstrates the fastest growth in the history of the media
market. Digital platforms have largely supplanted television
and the press, and the Digital segment itself is undergoing
a transformation from classic banner ads to integrated eco-
systems. The growth of Retail Medias advertising power,
according to Dentsu (2025), is turning marketplaces into
one of the key market players. If in 2020 advertising within
marketplaces was more of an additional tool (7.3%), then
by 2026 it will become one of the three leading advertising
forces, almost equal in impact to television. The crisis of
traditional television (-12.5%) and a significant reduction
in its market share indicate that this media channel has lost
its status as the main tool for reaching the audience. Ad-
vertising budgets were actively moving to Connected TV
(smart TVs) and social video platforms such as TikTok or
YouTube, which are ranked in the Digital segment in this
analysis. The stability of out-of-home advertising (OOH)
allows this channel to maintain its share at the level of
(~5%). The advantage of out-of-home advertising is that it
organically complements mobile screens in real space, and
does not compete with them. Conventional media such as
television, radio, and the press are finally becoming addi-
tional tools for working with niche audiences or specific
regional markets. Summary Table 2 illustrates the redis-
tribution of global advertising budgets from conventional
media to top three algorithmic ecosystems (2021-2026),
reflecting their share in digital spending and the level of
capital concentration.

Table 2. Structure of capital allocation
of global advertising budgets between key ecosystems 2021-2026

Ecosystem 2021 %/ 2022 %/ 2023 % / 2024 % / 2025 %/ 2026 % / Role in the capital
(technology leader) | billion USD | billion USD | billion USD | billion USD | billion USD | billion USD structure
Alphabet (Google) 22.1% 22.8% 23.5% 24.0% 24.5% 25.0% Dominance in search and
P & 147.6 165.8 189.4 2167 243.1 325.0 Al algorithms
Meta (FB/Insta/ 18.5% 16.4% 17.9% 19% 19.8% 20.0% Monopoly on social
WhatsApp) 123.6 119.2 1443 171.6 196.4 260.0 capital and attention
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Continued Table 2

Ecosystem 2021 % / 2022 % / 2023 % / 2024 % / 2025 % / 2026 % / Role in the capital
(technology leader) | billion USD | billion USD | billion USD | billion USD | billion USD | billion USD structure
Amazon 8.2% 10.4% 11.2% 11.5% 11.8% 13.0% toct‘r):::;if;‘ns
(Retail Media) 54.8 75.6 90.3 103.8 117.1 169.0 .
and First-party data
Concentration 48.8% 49.6% 52.6% 54.5% 56.1% 58.0% Level of market
coefficient (CR,) 326.0 360.6 424.0 492.1 556.6 754.0 oligopolisation
Herfindahl- Moderate but increasing
Hirschmann 897.9 896.9 1,005.9 1,069.2 1,131.5 1,194.0 .
Index (HHI) concentration
O(tl\k/‘fr playfirs 51.2% 50.4% 47.4% 45.5% 43.9% 42.0% Fragmented segment
Tichl)irozigpie) 342.0 366.4 382.0 4109 4356 546.0 of niche platforms
TOTAL 100% 100% 100% 100% 100% 100% Global Digital market
(BigTech + Others) 668.0 727.0 806.0 903.0 992.2 1,300.0 8

Source: compiled by the authors based on Statista (n.d.), WARC (n.d.)

The described dynamics of share redistribution be-
tween channels is only an external manifestation of a deep
transformation of the ownership structure and control in
the media market. To move from a descriptive analysis of
market trends to a fundamental scientific assessment of
the dominance of individual subjects, the study uses tools
for quantitative analysis of capital concentration. Based
on retrospective data from Statista (n.d.) and Dentsu’s
forecasts (2025), it is clear that this is not just a diversifi-
cation of channels, but a critical consolidation of finan-
cial resources within a limited circle of global technology
ecosystems. The methodological basis for verifying this
dominance was the concentration coefficient (CR,) and
the Herfindahl-Hirschmann Index (HHI). The concentra-
tion ratio of the three firms, calculated as the arithmetic
sum of the market shares of the three largest ecosystems
(Alphabet, Meta, Amazon), shows a steady trend towards
oligopolisation of the market. The combined share of these
players in 2025-2026 reaches critical values: from 56.1%
(USD 556.6 billion) in 2025 to the projected 58.0% (USD
754 billion) in 2026. An increase of 9.2 percentage points
compared to 2021 (48.8%) mathematically confirmed that
“top-3” absorbs more than half of the world’s advertising
capital, forming a market with a rigid oligopolistic struc-
ture. The analysis of the Herfindahl-Hirschmann Index
(HHI) records a qualitative transition of the media market
from the category of “low-concentrated” to “moderately
concentrated”. An increase in the index from 897.9 in 2021
to 1,194.0 in 2026 indicates overcoming the critical mark of
1,000 units in 2023, which, according to international anti-
monopoly standards, signals the stabilisation of the oligop-
oly. The most significant contribution to the dynamics of
HHI is provided by the expansion of Amazon, whose mar-
ket share increased almost 1.6 times (from 8.2% to 13.0%).
Since the index equation gives more mathematical weight
to players with a higher share, strengthening the positions
of the third participant in the top-3 is a key factor in the
system stabilisation of the oligopolous model.

This transformation of market logic leads to the emer-
gence of the phenomenon of “algorithmic rent’, where ad-
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vertisers are forced to pay not only for contact with the
audience, but also for the right to priority bypass artificial
intelligence filters. In these circumstances, First-party data
ownership and the ability to adapt advertising content to
the dynamic requirements of Big Tech software code be-
come the only levers of influence on the effectiveness of
communication. As a result, the strategic advantage in
the 2026 market is shifting from creative agencies to tech-
nology integrators that can ensure seamless brand inte-
gration into the closed ecosystems of top-3. In addition,
the displacement of independent players to the periphery
of the media space (up to 42.0% of the market) radically
narrows the field for experimental and niche strategies, as
the algorithmic standards of Google, Meta, and Amazon
establish unified rules of the game for the entire industry.
Any market entity that does not comply with the technical
protocols of the dominants actually becomes “invisible”
to the consumer, regardless of the quality of its product
or the ideological content of advertising. This completes
the development of a “managed attention” model, where
the boundaries of consumer experience are determined
not by demand, but by the bandwidth and commercial
priorities of three key algorithms. As a result of research
by Dentsu (2025) and Statista (n.d.), by 2026, the adver-
tising landscape will be transformed into a “Dominance
Triad” format based on three defining segments. The first
component is large-scale algorithmisation, according to
which more than 80% of digital advertising costs will be
carried out using artificial intelligence tools. The second
area is associated with a steady increase in the popularity
of social media, where the consumption of video content
through Social Video and Connected TV provides dou-
ble-digit growth rates (11-13%) against the background
of a decrease in the share of conventional television. The
third priority is the focus on efficiency, which is manifest-
ed in the dominance of the Retail Media segment, which
provides direct conversion to sales and gradually displaces
methods of mass audience reach. The conceptual model
of transformation of the communication market is pre-
sented in Figure 1, which is based on the interdependence
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between the technological basis (AI algorithms), the dis-
tribution environment (social media) and the final perfor-

mance (Retail Media), which together form a closed eco-
system of effective marketing interaction.

Vector A (Technological): Algorithmisation and AI

Vector B (Channel):
Social media ecosystem and CTV
(distribution environment)

Marketing
interaction
effectiveness

Vector C (Resultative):
Retail Media and conversion focus
(target orientation)

Figure 1. Conceptual model of the “Dominance Triad” of the advertising market

Source: compiled by the authors

The conceptual model is based on the synergy of three
key dominants, where algorithmisation acts as a funda-
mental technological driver that ensures automation and
accuracy of budget allocation. The relationship between
algorithmisation and social media is implemented through
video content personalisation mechanisms (TikTok, Reels,
CTYV), which allows transforming the emotional engage-
ment of the audience into predictable reach.

In turn, the integration of social media with the re-
tail media segment closes the communication cycle, en-
suring the transition from the development of interest to
the direct act of purchase (direct conversion). Thus, the
priority of efficiency becomes an integration factor that
forces companies to abandon mass coverage strategies in
favour of tools based on Big Data processing and provide
a measurable contribution to enterprise revenue. The pre-
sented model demonstrates the transition from a linear to
a cyclical marketing communication system, where each
element enhances the other: AT optimises costs, social net-
works generate traffic, and Retail Media monetises it in real
time. The classic concept of the 4P marketing complex in
the study by W. Perreault et al. (2021) assigned commu-
nications (Promotion) the role of the fourth, functionally
subordinate element. The logic was simple: first, a Product
is created, a Price is set, a sales channel (Place) is formed,
and only after that a message about the finished value is de-
veloped. Communication in this model was the final link
in the unidirectional chain: producer - message — consum-
er. Its job is to inform and convince, but not to create val-
ue on its own. The first impulse to rethink this role came
with the development of the service sector. The 7P model
based on research by V. Zeithaml et al. (2023), expanded
the complex at the expense of People, Process and Physical
Evidence, effectively recognising that in services, commu-
nication is inseparable from the product itself — each point
of contact with the consumer is both an act of providing a
service and a communication act. This destroyed the linear
logic of 4P: communication no longer “serves” the prod-
uct — it is partly a product.

Digitalisation has eliminated information asymme-
try. In the industrial age, the manufacturer controlled
information about the product - advertising was a mech-
anism for transmitting it to the consumer, who did not
have alternative sources of verification. The Internet has
radically changed this balance: the consumer has access to
reviews, comparisons, and independent reviews. Conse-
quence: classic advertising as a “product message” has lost
its credibility. Communication was forced to evolve from
conveying facts to forming context and meanings around
the brand. This is what reflects according to Statista (n.d.)
statistical reduction of traditional media (television -
from 26% to 13% of the market in 2020-2026) and growth
of content marketing and influence marketing as tools for
building trust. The consumer’s activation through social
media has transformed them from a passive recipient of
messages to an active participant in the communication
process. Along with vertical communication “brand -
consumer’, a horizontal “consumer - consumer” was
formed. UGC, ratings, and social media recommenda-
tions have become an independent communication chan-
nel that the brand does not control, but cannot ignore.
Therefore, marketing communications have acquired a
new feature — decentralisation: the brand is no longer the
only source of self-message. This explains the dominance
of Social Media in the structure of digital spending (USD
255.4 billion in 2025) and the growth of Retail Media,
where a trust signal is generated directly at the place of
purchase (Statista, n.d.).

Changing consumer identification behaviour. Post-in-
dustrial society has formed a new consumer logic: the
product has ceased to be just a utilitarian object and has
become a marker of identity, belonging to the community
and a carrier of values. The study by M. Castells (2023) in
the context of the “power of communications” show thatthe
contemporary consumer chooses a brand not by product
characteristics, but by what picture of the world this brand
conveys. This trend is particularly pronounced in Genera-
tions Z and Alpha: according to J. Rude (2026), they shape
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consumer priorities through digital ecosystems, where
values are communicated through experience, not mes-
sages. The consequence is that communications acquire
axiology - the ability to translate and form a value system
as a competitive advantage of the brand. The combined
effect of these factors led to the acquisition of qualita-
tively new characteristics by marketing communications,
which fundamentally distinguish them from the classic
Promotion in the 4P model. System-forming - commu-
nications permeate all elements of the marketing com-
plex: they form the perception of a product even before its
consumption, justify the price position through the val-
ue narrative, and are themselves part of the distribution
experience (Shoppable TV, Retail Media). In the concept
of Marketing 5.0 (Kotler et al., 2021), communications
actually become the platform on which the entire mar-
keting complex is implemented. Two-way and dialogic-
ity - instead of a brand monologue, there is a constant,
non-linear exchange between the brand and the consum-
er, where the line between the sender and recipient of
the message is blurred. Personalisation - transition from
mass campaigns to individual communication trajectories
due to Big Data and generative Al. Contextuality — mes-
sage adapts to the situation, behaviour, and location of the
consumer (Programmatic DOOH, targeted advertising).
Axiological - communications translate and construct
a brand value system as a determining factor of choice
for the contemporary consumer. Integration into experi-
ence - the communication act and consumer experience
have merged: Live Shopping, AR practices, and Phygital
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environments make the communication process itself an
element of the product offering.

The evolution of marketing communications from
the fourth element of 4P to the system-forming platform
of the marketing complex is a natural reflection of deeper
transformations: the disappearance of information asym-
metry, consumer activation, and changes in the nature of
consumer choice. It is this logic that explains why according
to A. Nanji (2025), the concentration of more than 56% of
advertising budgets in three technology ecosystems (Al-
phabet, Amazon, Meta) is not an anomaly, but a pattern:
these platforms simultaneously provide all new features of
communication — personalisation, contextuality, dialogicity,
and integration into the consumer experience. Hybrid tools
cover the entire path of the consumer (Full funnel) precise-
ly because communication is no longer a separate phase of
marketing - it is its continuous environment. The market-
ing communications market is a component of the econom-
ic system and develops in accordance with the basic laws of
the market economy, meeting public demand for communi-
cation services. Considering the results of diagnostics of the
global marketing communications market and summarising
the research (Ivanenko, 2020; Kotler et al., 2024; Yastrems-
ka, 2025), the factors that determine the vector of market
development and determine the diversification of market-
ing communications tools can be divided into technologi-
cal, social, economic, regulatory, globalisation, and concen-
tration. Figure 2 illustrates a set of factors that determine
the area of development and transformation of the tools
of the contemporary marketing communications market.

Socio-behavioral
factors

Economic and
geopolitical factors

Technological factors
(Automation drivers)

Environmental
friendliness and
sustainable development

Resilience (viability)
Crisis of confidence

Budget optimisation

Attention Economy

Artificial
Intelligence and
Machine Learning

Hyperpersonalisation

Platform
development (Meta,
TikTok, YouTube)

Transformational
processes of

Global information
interdependence

Geographic and demographic
concentration

Technological concentration Cross-border mobility

through AI of digital services
Retention Focus Cultural co.nYergence
and hybridisation
Audience concentration Global ethical and

(Attention Economy) environmental imperatives

Concentration of market
entities through mergers
and acquisitions

Standardisation
of digital tools

[Concentration factors [ Globalisation factors

marketing
communications
tools

Compliance and ethics of

digital communication

Data privacy

[ Regulatory factors

Figure 2. Generalisation of factors influencing the marketing communications market

Source: compiled by the authors
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Thus, among the technological factors (automation
drivers), it is necessary to note: artificial intelligence and
machine learning (transition from static planning to dy-
namic content that adapts to the user in real time); hy-
perpersonalisation (the ability to process Big Data allows
creating individual advertising trajectories instead of mass
campaigns); development of Meta, TikTok, YouTube plat-
forms (changing the algorithms for issuing content forces
brands to switch from direct advertising to entertainment
and information format (edutainment). Socio-behavioural
factors include: environmental friendliness and sustaina-
ble development (consumers in 2026 prefer brands whose
communications convey the values of environmental pres-
ervation and ethics); a crisis of trust (the growing impor-
tance of the “human face” of business, which encourages
the development of influence marketing and content mar-
keting as tools for building long-term relationships); the
economy of attention (reducing user concentration time is
a trend of short videos that requires maximum brevity and
visual saturation from communications.

Economic and geopolitical factors cover several key as-
pects. Resilience. For Ukraine, thisaspect s critically impor-
tant, given the need to adapt communication systems to the
conditions of war, energy blackouts, and changes in the de-
mographic composition of the audience. Methods of rapid
and effective adaptation ensure the stability of functioning
against the background of serious shocks. Optimisation of
budgets. This includes switching to tools with an increased
return on investment (ROI), such as targeted advertising,
and automated sales systems. Automated sales funnels are
digital platforms that independently guide the customer
through all stages — from getting acquainted with the prod-
uct to making a purchase. Such systems act as a stand-alone
marketing mechanism, replacing the manual work of man-
agers: instead of phone calls to each potential client, they
automatically send personalised messages, show current of-
fers, discounts or advertising depending on user behaviour.

Regulatory factors cover a number of critical aspects.
Special attention was paid to data privacy: strict rules for
processing personal information (for example, the GDPR)
force marketers to look for new communication methods
that guarantee privacy protection. Simultaneously, the role
of compliance and ethics in the digital space is growing. In-
creased control over the content of advertising is becoming
atool for combating disinformation, fakes and manipulative
technologies, in particular deepfakes. This provides for the
introduction of mandatory labelling of advertising materi-
als, for example, in the content of bloggers, and identifica-
tion of the use of artificial intelligence in creative processes.
In addition, there are strict industry restrictions on advertis-
ing sensitive products and services, including gambling and
pharmacy. The Ukrainian advertising legislation, updated
in accordance with European standards, focuses on trans-
parency of the sources of origin of advertising information
as one of the key conditions for establishing audience trust.

These issues are particularly relevant in the context of
digital transformation, as government regulators and large

commercial platforms such as Meta and Google are becom-
ing less tolerant of using “grey” promotion methods. This
forces businesses to refocus on transparent white-hat mar-
keting strategies based solely on ethical practices. There-
fore, the main area of development is the evolution from a
transactional communication model (focused on the direct
sale of a product or service) to an interactive model. The
latter was aimed at creating a dialogue and shared values
between the brand and the consumer. In this process, ar-
tificial intelligence technologies play the role of a tool for
scaling interaction and improving its effectiveness. In 2026,
globalisation factors were becoming a powerful engine for
the transformation of marketing communications, blurring
the boundaries between local and international markets.
Thus, globalisation factors of influence contain several key
aspects. Standardisation of digital tools. Due to the dom-
inance of global platforms such as Meta, Google, TikTok,
and Amazon, the methods of promoting content in the
world were unified. Marketing agencies in Ukraine used
the same targeting algorithms as companies in the United
States or Europe, which creates the need for specialists to
work according to common international standards.
Global ethical and environmental imperatives. The
global focus on sustainability forces companies to adapt their
communications to the requirements of the global commu-
nity. Environmental responsibility in marketing is becom-
ing a prerequisite for entering international platforms. Cul-
tural convergence and hybridisation. The spread of global
content contributes to the development of universal con-
sumer habits, such as the popularity of short video formats,
but simultaneously there is a growing need for globalisa-
tion — adapting global strategies to the local cultural context
without losing authenticity. Cross-border mobility of digital
services. Crises — economic, military, or environmental -
instantly become part of the global information field. This
obliges brands to respond quickly and clearly to such events
in their strategies, showing a high level of social responsi-
bility. Thus, it can be stated that globalisation is transform-
ing marketing communications into a universal business
language. Those who integrate innovative technological
standards faster, while remaining true to universal values
and adhering to ethical standards, will be able to win here.
Concentration factors in marketing communications
as of 2025-2026 determine the conditions under which
market resources and consumer attention are focused with-
in a limited range of platforms and channels of interaction.
According to the leading research presented in reports by
G. Crossan et al. (2025) and WARC (n.d.), there are several
main factors that determine this trend. The concentration
of market participants through mergers and acquisitions
becomes critical. Corporate mergers allow companies to
centralise budget spending on marketing, which is espe-
cially important in the oversaturated advertising environ-
ment of 2026. In this context, the dominance of Google
(Search), Meta (Facebook/Instagram) and Amazon, which
are set to account for over 70% of global advertising spend
in the period 2025-2026, according to A. Nanji (2025),
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significantly restricts the choice of channels for businesses.
This, in turn, forces organisations to adapt their strategies
in accordance with the algorithms of major players in the
digital market. The audience’s attention economy dictates
new rules of the game. According to WARC (2025), con-
sumers prefer to consume content in the short video for-
mat, which is typical for the TikTok, Instagram Reels, and
YouTube Shorts platforms. This forces brands to develop
content with maximum information saturation in the first
seconds of interaction with the audience.

It becomes a priority to focus on loyalty (Retention
Focus). In the context of the growing cost of attracting
new consumers (Customer Acquisition Cost) during 2025-
2026, companies are reorienting to invest in retaining an
existing audience, actively using CRM communication
tools. The next factor is related to technological concentra-
tion through AI. Automation of content marketing through
Al-based models and the dominance of programmatic ad-
vertising is becoming a key trend. In particular, according
to data by A. Guttmann (2025), programmatic advertising
in 2026 will generate approximately 85% of the global digi-
tal advertising market’s revenue, demonstrating the transi-
tion to algorithmic management. The last significant factor
is the regional and demographic aspects of concentration.
According to forecasts of J. Rude (2026), the Alpha genera-
tion will reach 24% of the world’s population and actively in-
tegrate into digital ecosystems, including gaming platforms
and meta-universes, which will shape their cultural and con-
sumer priorities. The general conclusion for the business is
that the combined influence of these factors leads to the de-
velopment of the “winner gets everything” conditions. This
means that brands that do not have sufficient resources to
operate on leading platforms or do not use artificial intel-
ligence and automation tools risk losing their competitive-
ness and visibility in the global and local information space.

A comprehensive analysis of the dynamics of the glob-
al media market and the determinants of the impact on
the marketing communications system allows verifying
the key stages of their evolutionary transformation in the
context of digitalisation of the economic space. 2020-2021
(pandemic jump): Lockdowns caused a sharp transition of
budgets to online. According to Oberlo (n.d.) in 2021 alone,
total digital advertising spending increased by 30%. 2022-
2023 (correction and stabilisation): the market has adapted
to the new data privacy conditions. Social networks and
search advertising have consolidated the status of the main
channels. 2024-2025 (era of algorithms and AI): marketing
has become hyper-personalised due to generative Al. The
main drivers were video content (TikTok, Reels) and Retail
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Media (advertising directly on marketplaces like Amazon).
The transformational paradigm of the global media mar-
ket in 2025-2026 is determined by four dominant vectors.
High level of market concentration: development of an ol-
igopolistic capital distribution structure, where according
to A. Nanji (2025), more than 56% of global advertising
budgets are accumulated in the ecosystems of technology
leaders (Alphabet, Amazon, Meta), which determines the
dependence of marketing strategies on the algorithmic
standards of these platforms. Mobile-first dominant (mo-
bile marketing): the final consolidation of the mobile seg-
ment as a priority communication channel (according to
Statista (2026) more than 70% of total digital spending),
which requires adapting content to the specifics of mo-
bile consumption. Multimedia format transformation: the
dominance of short-form video as the most relevant tool
for converting and attracting an audience, reflecting chang-
es in cognitive patterns of information perception.

The modern evolution of marketing tools is character-
ised by blurring the boundaries between traditional and
digital channels, which leads to the emergence of hybrid
media and autonomous intelligent systems (Emerging
Tech). The first category includes converged solutions such
as Programmatic DOOH, which transforms out-of-home
advertising into an adaptive system based on real data (traf-
fic, geo-positioning), and Shoppable TV (Connected TV),
which provides direct integration of e-commerce into TV
content, combining emotional reach with instant trans-
action. A special place is occupied by Phygital-practices
where augmented reality (AR) technologies create addi-
tional value for a physical product through digital interac-
tivity. In parallel with hybridisation, there is the emergence
of a new generation of autonomous tools: Retail Media Net-
works (RMN), which function as closed ecosystems with
unprecedented accuracy of consumer data; GenAI Con-
tent Engines, which implement the transition from mass
targeting to algorithmic hyper-personalisation of creatives
in real time; and Social Commerce (Live Shopping), where
entertainment content is directly converted into the act of
purchase. The synergy of these tools forms a new market-
ing communication architecture focused on the continuity
of the customer experience and maximum automation of
the decision-making process. Thus, based on the analysis of
market dynamics in 2020-2026, the emergence and consol-
idation of new marketing tools can be distinguished. They
emerged at the intersection of technology (AI, Big Data)
and changing consumer behaviour. A special place is occu-
pied by hybrid tools that blur the boundaries between the
online and offline environment (Table 3).

Table 3. Comparative table of characteristics of new key tools

Tool Type Key advantage Role in sales growth
Retail Media Digital Access to real transaction data Lower part (Sale)
Programmatic DOOH Hybrid Flexibility and contextuality in offline mode Upper part (Coverage)
Shoppable TV Hybrid Direct transition from view to receipt Full funnel
GenAI Ads Technological Infinite variety of creatives Middle part (Interest)

Source: compiled by the authors

Innovation and Sustainability, 2026, Vol. 6, No. 2 17



Transformation of current trends in the development...

The conclusion of the presented study on the transi-
tion to the “digital-first” model and the growth of the share
of digital advertising from 56.6% in 2020 to the projected
75.7% of the market in 2026 was confirmed by a system-
atic review of M. Cioppi et al. (2023), which covered 117
articles and found that digital transformation changes mar-
keting processes simultaneously in three dimensions: the
expansion of ICT communication channels, the ability to
interact with customers in real time, and the development
of new relationships between producers and consumers.
This study is methodologically close to the conducted re-
search: both applied a review of scientific literature and an
analysis of statistical trends. However, there is a significant
difference: the above-mentioned review covered publica-
tions in 2014-2020 and captured the initial stage of the dig-
ital transition, while this study documented a qualitatively
new stage — 2020-2026 - with the transition to algorithmic
control and AI dominance, that is, it is a chronological con-
tinuation and deepening of this review. A similar position
was occupied by V. Nesterenko et al. (2023), where the re-
searchers recorded a decrease in the effectiveness of con-
ventional mass marketing and the growth of personalised
digital formats, which directly confirmed the identified sta-
tistical trend of reducing the share of television from 26%
to 13% of the market. However, researchers focused mainly
on the qualitative description of the phenomenon, while
the conducted research verified it quantitatively through
the analysis of the dynamics of the media market in 2020-
2026 and offered a conceptual model (“Dominance Triad”)
to explain the identified patterns.

The central thesis of the presented study on hyper-
personalisation as a key technological trend is consistent
with the results of B.B. Gao et al. (2023), who systematised
the role of Al in advertising in four areas: targeting, per-
sonalisation, content generation, and ad optimisation. The
researchers proved that it is personalised recommendation
systems that have become an indispensable tool for Inter-
net platforms, which confirms the conclusion about the
dominance of algorithmic purchases (more than 85% of
digital advertising revenue in 2026 is programmatic). Si-
multaneously, the researchers focus on the technical aspect
of Al advertising systems, while the outlined study consid-
ered algorithmisation in the broader context of the trans-
formation of the marketing complex from 4P to Marketing
5.0, linking the technological trend with the change in the
very nature of communication.

V. Shankar et al. (2022) conducted a large-scale re-
view of digital marketing communications in global mar-
ketplaces and found that the effectiveness of digital tools
significantly depends on the degree of inter-channel data
integration. This finding correlates with the concept of the
“Dominance Triad” presented in the study: algorithmisa-
tion, social media, and retail media are complementary
forces, not competing. The difference is that researchers
were limited to the horizon until 2021, while this study
covered 2022-2026 and recorded the emergence of fun-

damentally new hybrid formats - Shoppable TV and
Programmatic DOOH - that were not considered before.
T. Teepapal (2025) investigated the impact of AI personali-
sation on consumers’ perception of social media and found
that value and trust are key mediators between personal-
ised content and purchasing intentions. The study confirms
the thesis about the axiological function of contemporary
communications: consumers react not to product charac-
teristics, but to the semantic context that forms the brand.
Simultaneously, the researcher considered only the level
of individual psychological dynamics, while the present-
ed study offered a broader market perspective - explained
why psychological mechanisms determine the concentra-
tion of 56% of budgets in three ecosystems.

The trend of dominance of short video content (Tik-
Tok, Reels, Shorts) and its double-digit growth rate (11-
13% annually) revealed was confirmed by X. Shen &
J. Wang (2024). The researchers found that the user’s per-
sonal identification with the content author through shared
values is a key mediator between video perception and pur-
chasing intentions, which empirically confirms in the study
the theoretical thesis about the axiological function of con-
temporary marketing communications. P. Yin et al. (2024)
examined consumer behaviour in social commerce video
streams and found that atmospheric (emotion, social pres-
ence) and capital (quality and quantity of information)
characteristics of the platform shape purchasing intentions
through affective and rational ways simultaneously. This
conclusion complements the proposed concept: hybrid
tools (Live Shopping, Shoppable TV) are effective precise-
ly because they affect both channels of decision-making —
which is a practical confirmation of the psychological ap-
proach (M. Castells), declared in the methodology of the
presented study.

W. Jiang & H.-L. Chen (2025) analysed the impact of
short videos on consumer behaviour through the use and
gratification theory and social presence theory, and found
that digital dependence mediates the relationship between
content value and purchasing intent. It is noteworthy that
the researchers attribute the growth of dependence to al-
gorithmic personalisation of TikTok, which directly con-
firms the conclusion that algorithmisation is the first and
defining component of the “Dominance Triad”. Z. Huang et
al. (2024) found that social presence in Live Shopping pos-
itively affects customer satisfaction and well-being and is
a mediator between the stream’s atmosphere and repeat
shopping intentions. This conclusion concretises the con-
tent of the concept of hybrid tools under study: Shoppable
TV and Live Shopping are effective precisely because of the
combination of emotional involvement with direct trans-
action, implementing a psychological approach in practice.
In contrast to the above-mentioned study, which focuses
on the individual well-being of the consumer, the outlined
study considered Live Shopping as a systemic market phe-
nomenon - a component of hybridisation of tools at the
level of the global media market.
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The concentration of more than 70% of global advertis-
ing budgets in three ecosystems (Alphabet, Amazon, Meta)
was confirmed by data from WARC (2025), and O. Yas-
tremska (2025), who investigated marketing tools as factors
of adaptability of enterprises to crisis changes in the exter-
nal environment. The researcher found that in conditions
of instability, companies are reorienting to tools with in-
creased ROI and direct conversion — which is a theoretical
explanation for the rapid growth of Retail Media recorded
in the study (starting from USD 45 billion in 2020, to USD
210.5 billion in 2026). The difference lies in the focus: the
researcher analysed adaptation at the level of an individual
enterprise, while the conducted study examined structur-
al changes at the level of the global market. It is necessary
to note the limitations of the concentration model, which
was highlighted by G. Crossan et al. (2025) in the TMT
Predictions report: over-reliance on tech giant ecosystems
creates structural risks for small and medium-sized busi-
nesses. This aspect is an important caveat to the conclu-
sions of this study: the “digital-first” strategy with a focus
on leading platforms is optimal for large players, but for
small and medium-sized businesses it is necessary to de-
velop alternative communication strategies, which may be-
come the subject of separate further research. Comparison
of the results with the considered publications allows clear-
ly determining the specific contribution of the presented
study, and evaluating the opinions of other authors. Most
of the analysed studies consider individual tools or market
segments, while the conducted research suggests an inte-
grated three-level transformation model (complement -
integration — hybridisation) and a conceptual model of the
“Dominance Triad” covering the market as a whole. Unlike
the available reviews that describe “what” is happening, the
outlined study, through epistemological analysis, explains
“why” - linking market trends to the evolution of the com-
munication paradigm from technocratic to psychological.
None of the considered studies analysed the transforma-
tion in the chronological range of 2020-2026 in combina-
tion with forecast data, which makes the presented study
more relevant from the point of view of practical applica-
tion. A promising area is to investigate the specifics of these
transformations for the Ukrainian market of marketing
communications in wartime conditions as a special context
of adaptation to global trends.

Conclusions

The analysis of the development of the global communi-
cation market for 2020-2026 indicates the final approval
of the “digital-first” paradigm. Statistics show a doubling
of the market volume (more than USD 1 trillion in 2024)
against the background of a reduction in the share of con-
ventional media from 26% to the projected 13% in 2026.
The technological core of this transformation was artificial
intelligence (AI) and machine learning (ML), which pro-
vided algorithmisation of 80% of digital advertising costs
and the transition to dynamic hyperpersonalisation in real
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time. The structural architecture of the modern market is
defined by the “Dominance Triad™: algorithmisation, ex-
pansion of short video formats (TikTok, Reels) and rapid
growth of Retail Media Networks (growth of up to 60% an-
nually). Epistemological analysis revealed that marketing
communications have gone from a subordinate element of
4P to a system-forming factor in the Marketing 5.0 concept.
This evolution was caused by the elimination of informa-
tion asymmetry, consumer activation, and changes in the
identification behaviour of the Z and Alpha generations. In
contrast to purely statistical descriptions, this study proves
that the contemporary communicative paradigm is funda-
mentally different from the classical “Promotion” in such
features as axiological (value), contextuality, and integra-
tion into the consumer experience.

For practical implementation, priority tools were
identified: hybrid systems (Programmatic DOOH, Shop-
pable TV, AR technologies); intelligent nodes (GenAl
Content Engines, Retail Media); social-centric formats
(Live Shopping and short video). The oligopolistic na-
ture of the market, where more than 56% of budgets are
controlled by BigTech giants (Alphabet, Amazon, Meta),
requires brands to switch to “white-hat” marketing strat-
egies, transparency and radical resilience, which is es-
pecially critical for Ukrainian enterprises in wartime
conditions. Prospects for further research are to explore
the ethical limits of using neural networks in manipula-
tive framing and analyse the risks of “cognitive isolation”
of the consumer due to excessive algorithmic personali-
sation. An urgent task is to develop ethical protocols for
using generative artificial intelligence (GenAl) to prevent
a crisis of trust in the digital environment. Special atten-
tion should be paid to the study of emotional brand value
in the “experience economy”, where conventional metrics
(KPI) should be supplemented with neuromarketing tools
to measure deep cognitive resonance. A separate research
vector should be the development of adaptive resilience
strategies for local markets, in particular Ukrainian ones,
in the context of post-crisis recovery and global digital ex-
pansion. This will allow forming a methodological basis
for building inclusive and value-oriented communication
ecosystems that can withstand the turbulence of the glo-
balised information space. Ultimately, the analysis of the
convergence of marketing with the “Internet of Things”
(IoT) and meta-universes is promising, which will require
a qualitatively new epistemological understanding of the
role of consumer virtual identity.
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AHoOTALLiA. 3MiHM PUHKOBOI CTPYKTYpu Ta MI0GamisaliiiHi BUKIMKM 3YMOBIIOITH HEOOXIJHICTh HOCIIIKEHHS
tTpaHcdopMmaniit y cdepi MapKeTMHroBMX KOMYHikalill. MeToo cTaTTi OYB aHasi3 CTaHOBJIEHHA CY4acHOI CUCTEMU
MapKeTHMHIOBUX KOMYHIKalilf, 0 0COOIMBO aKTYaIbHO B yMOBaX 3pOCTAlOY0l CKIAQJHOCTI B3aeMOpil KOMIaHii
i3 pisHOMaHiTHMMM KOHTpareHTamm. lld nMHaMiKa NOCHIIOBaNach CKOPOYEHHAM >KUTTEBUX UIUKIIB IPORYKIII,
IIBUKMMY 3MiHaMM Y CIIOXKVBYMX BIOJOOAHHAX Ta 3HIDKEHHAM e(eKTMBHOCTI TpafiMIifHUX peKIaMHMX MeTOHiB.
CrarTs 30cepefpkeHa Ha MeTOf[i THOCEONOTiYHOTO aHaji3y, AKWUII [O3BOIMB BCTAaHOBUTM, IIO MAapKeTMHIOBI
KOMyHiKalii, Oyfy4ys OpraHiYHOI CKIaJ0BOI0 MapKeTHHIOBOTO KOMIUIEKCY, CIYIyIOTb YHiBepCa/JbHUM MeXaHi3MOM
BIZIMBY Ha LinboBi ayguTopii. Ha mifcrasi aHami3y CTaTMCTMYHUX [JaHUMX BU3HAYE€HO KJIIOYOBi TEHJIEHIII PO3BUTKY
MapKeTHHIOBUX KOMYHIKallill Ha Cy4acHOMY pMHKY. [IOCTiIPKeHO Ta BIOPAAKOBAaHO (haKTOpH, WO BIUIMBAIOTH Ha
TpaHCOpMalil0 IHCTPYMEHTapilo MapKeTMHIOBMX KOMYHIKallill, i3 3aCTOCyBaHHAM METORY CTPYKTYpPHOIO aHai3y
IPUYMHHO-HACTIIKOBMX 3B A3KiB. Pe3y/IbTaTit IpoBefieHoro aHali3y f03BOMWIN ifeHTHdiKyBaTy eTany TpaHncopmanii
IHCTPYMEHTIB MapKETMHIOBMX KOMYHIKaLill y MeXaX PiBHIB KOHCTPYKTMBHUX 3MiH: PiBE€Hb IOABU HOBUX iHCTPYMEHTIB,
AKi CIIBICHYIOTH 3 iCHYIOUMMM Ha OCHOBi IPMHLMIIY JOIIOBHEHHS; PiBe€Hb iHTerpaii, 1o 6a3y€Tbc51 Ha 00’emHaHHI,
30/VDKeHH] Ta B3a€MOIIPOHMKHEHHI pisHMX iHCTpyMeHTIB; piBeHDb ribpmamsanii iHCTpyMeHTIB, fka I'PYHTYETbCA Ha
iXx MHOXMHHOCTI. BcTaHOBIEHO, O 1i iHCTPYyMEHTN 3a0e3NedyloTb MOXKIVMBICTD BUKOPUCTAHHS IlepeBar Cy4acHMX
KOMYHIKallilfHUX TeXHOJIOTill i BIpoBaJ)KeHHA iHHOBaUiitHUX migxopis. Kpim Toro, ribpupHi iHcTpymMenTH cnpusamm
HiBUIIEHHIO AKOCTi B3a€EMOZIi, a TAKOXX 3a0e3[edyloTh BUINNUII piBeHb MOOUIBHOCTI Ta afalTUBHOCTI KOMYHIKaIlill.
IIpakTnyHa LiHHICTH MOJIATaNa y BU3HAY€HHI Cy4aCHMX MapKETMHIOBMX KOMYHiKallilf, 1[0 MOXX/IMBE 3aBJAKM HOABI
HOBITHIX 3ac06iB 3B’sI3Ky, AKi iHTerpyBa/mcs B iHTEPaKTUBHI TeXHOJIOTI], 1110 ZO3BO/IMIO He JIVMIIe MIBMAKO OTPUMATU
HeoOxinHy iHdopMalilo, a 71 mpoaHaisyBaru ii, mopiBHIOBaTY 3 iHIIMMM mKepenamu. IloemHaHHA TpafuIiiiHUX Ta
IHHOBALIIIHUX IHCTPYMEHTIB MapKETMHIOBMX KOMYHiKalii 3abesmeunsio eﬂpeKTMBHy JiANBHICTD MiJIPMEMCTBA Ha
PMHKY Ta CIIPUAJIO 3a/Iy4€HHIO HOBUX K/IIEHTIB

KAIOHOBi CAOBQ: dakTopy BIUIMBY; PUMHKOBE CepefoBMILE; iHHOBAIiiHI MAapKETMHIOBI iHCTpyMeHTV; TibpuaHi
IHCTpYMEHTH; IPOCYBaHHs TOBAPiB; peKIaMa; LjiTboBa ayiUuTOpis
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Abstract. Entrepreneurial skills increasingly became a critical driving force for economic growth and are widely
recognised as essential for economic dynamism. This study aimed to assess the importance of the skills available for the
development of small and medium enterprises in Tanzania, specifically focusing on participants who are owners of small
and medium-scale businesses within the Coast Region. Specifically, the study examined three key skills: communication,
business management, and creativity/innovation. A quantitative research approach was adopted, using structured
questionnaires distributed to 168 respondents. Descriptive and regression analyses were employed to examine respondent
characteristics and test the hypothesised relationships among variables. The results indicated that communication skills
have a positive and statistically significant effect on small and medium enterprises development (B =0.196, 3 =0.195,
t=3.708, p<0.001, 95% CI [0.092, 0.301]). Creativity and innovation skills exhibited a stronger and highly significant
influence (B =0.748, p=0.763, t=17.229, p <0.001, 95% CI [0.662, 0.833]). In contrast, business management skills
showed a weak and statistically insignificant effect (B =0.035, p=0.032, t =0.844, p = 0.400, 95% CI [-0.047, 0.116]).
The regression model was statistically significant and explained a substantial proportion of variance in small and
medium enterprises development (R*=0.941, Adjusted R*=0.940, F (3,164) = 873.998, p < 0.001), with no evidence of
autocorrelation (Durbin-Watson = 1.984). The study concluded that communication, creativity, and innovation were key
determinants of small and medium enterprises development, while business management skills played a limited role.
These findings provide important implications for policymakers, educators, and development practitioners in designing
targeted interventions to promote sustainable small and medium enterprises growth in Tanzania

Keywords: creativity; business; opportunities; formal employment; financial institutions

Introduction

Small and medium enterprises (SMEs) are often referred
to as the backbone of many economies, and Tanzania is
no exception. These enterprises not only provide jobs but
also stimulate local economies and foster innovation. De-
spite their significant contributions, SMEs in Tanzania face
numerous obstacles that hinder their growth and sustain-
ability. One of the most pressing issues is the limited level
of entrepreneurial skills among business owners, which can
severely restrict their ability to navigate the complexities of
the market. This skills gap weakens the ability of entrepre-
neurs to effectively manage and expand their enterprises in
an increasingly competitive business environment, as un-
derscored by 1.J. Ismail (2022) and D.E Matari (2024) that

individuals enter business out of necessity rather than op-
portunity, which results in inadequate preparation and lim-
ited experience. Although the Tanzanian government and
development partners have introduced various support initi-
atives, such as access to finance, training programs, and pol-
icy reforms, their impact has been inconsistent. While these
programs are relatively widespread, there remains a discon-
nect between training provision and the actual application
of entrepreneurial skills. H.E. Inegbedion et al. (2024) and
A. Chshelokovskiy (2025) demonstrate that the connectivity
between entrepreneurial support initiatives and the actual
impact raises a concern about the relevance, accessibility,
and effectiveness in addressing real entrepreneurial needs.
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Technological advancement has transformed the busi-
ness landscape, creating both opportunities and challenges
for SMEs. Gunartin et al. (2023) and E. Barkley & O. Jokon-
ya (2024) underline that entrepreneurs are now required
to adopt innovative and digital business models, which
demand advanced technical and adaptive skills. Without
these competencies, Tanzanian SMEs can lose competitive-
ness in both local and global markets. Additionally, E. Al-
fazzi (2023) and N. Viswarajan (2024) highlight the need to
better understand how entrepreneurial skills are developed
and their contribution to long-term business sustainability.
Strengthening entrepreneurial skills also has broader so-
cio-economicimplications. The growth of SMEs canincrease
employment opportunities and reduce poverty. As empha-
sised by J. Amoah et al. (2022), as Tanzania aspires toward
industrialisation, enhancing entrepreneurial skills becomes
a critical component in achieving this national objective.

From a global job-creation perspective, H.E. Inegbe-
dion et al. (2024) argue that SMEs are recognised as key
drivers of economic growth, especially in developing coun-
tries, due to their role in job creation and income genera-
tion. However, their development is often constrained by
financial limitations. Based on Tanzania SMES resource
outlook, D.F. Matari (2024) claims that many SMEs in Tan-
zania remain stagnant due to limited access to resources
and inadequate skills. A significant portion of SME activ-
ity occurs within the informal sector, which is dominated
by vulnerable groups such as women, youth, and retirees.
As stated by R. Lambin & M. Nyyssola (2022), the infor-
mal sector comprises a significant portion of SMEs that
face structural barriers that limit access to formal employ-
ment. Access to finance remains another critical challenge.
B. Nguyen & N.P Canh (2021) identify that many SMEs
struggle to secure funding from formal institutions, but
they rely on informal sources like family and friends. The
financial challenges to SMEs are linked to poor entrepre-
neurial skills. This is articulated by LJ. Ismail (2022) that
SME:s face challenges in securing formal financing, which
are closely linked to weak entrepreneurial skills. Empirical
studies such as D.B. Audretsch & M. Belitski (2021) and
Gunartin et al. (2023) have emphasised the importance of
diverse entrepreneurial skills, pinpointing managerial, re-
lational, conceptual, behavioural, resilience, and effective
management practices in improving SME performance.
These skills are central to navigating complex business en-
vironments. Additionally, E. Barkley & O. Jokonya (2024)
and Gunartin et al. (2023) stressed the importance of dig-
ital literacy and limited technological capabilities that hin-
der SME growth, highlighting the importance of IT and
management skills.

However, this study demonstrates that creativity, in-
novation, and communication skills collectively play a vi-
tal role in equipping entrepreneurs to transform creative
ideas into practical, valuable applications. Recognising the
significance of these competencies, this study aimed to ex-
amine the role of entrepreneurial skills in the development
of SMEs. The study is guided by Schumpeter’s Innovation

Theory (SIT) and the Competence-Based Theory of Entre-
preneurship (CBTE), both of which highlight the critical
importance of skills and innovation in driving business
success. Drawing from the conceptual framework present-
ed in this study, the following hypotheses are proposed:
(1) communication skills have a positive effect on the de-
velopment of SMEs; (2) business management skills have a
positive effect on the development of SMEs; (3) innovative
and creative skills have a positive effect on the development
of SMEs; (4) communication, business management, and
innovative/creative skills collectively have a positive influ-
ence on the development of SMEs.

Materials and Methods

This study examined the role of entrepreneurial skills in
SME development by identifying key competencies neces-
sary for business success. To strengthen its theoretical foun-
dation, the study was guided by SIT and CBTE. SIT, intro-
duced in 1911 and later expanded, emphasises innovation
as central to entrepreneurship and business growth (Fig. 1).

Communication Skills

Business Management
Skills

Development
of SMEs

Innovative and Creative
Skills

Figure 1. Conceptual model
Source: conceptualised by the author from literature and
theories (Schumpeter’s Innovation Theory)

This study adopted a survey research design to facili-
tate the systematic collection of both quantitative and qual-
itative data from a relatively large group of respondents.
The survey approach was considered appropriate due to
its scalability and its effectiveness in generating standard-
ised information that can be used for research, professional
analysis, and policy-related purposes. The design enabled
the researcher to capture diverse perspectives from SMEs
while maintaining consistency in data collection. The study
was conducted among SMEs located in Kibaha Town Cen-
tre in the Coast Region. The target population comprised
290 SMEs operating within this area. From this population,
a sample of 168 respondents was selected to participate in
the study. The sample size was determined using Slovin’s
formula, which is suiTable when the population size is
known but variability within the population is not clearly
established. The formula is expressed as:

n=N/(1+Né?), (1)
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where #n - sample size; N - population size; e — margin of
error. Using a confidence level of 95% and a margin of er-
ror of 0.05, the calculation yielded a sample size of 168 re-
spondents. To ensure fairness and reduce selection bias, a
fishbowl random sampling technique was employed, giving
each SME an equal chance of being included in the study.
Ethical consideration was addressed by observing the code
of ethics of research as per the guidelines, principles, and
procedures, as informed consent is crucial in making vol-
untary participation of the respondents (Horstkotter & de
Wert, 2020; ICC/ESOMAR international code..., 2025).
Informed consent for this study was of great significance
and was obtained by ensuring that participants were given
sufficient and necessary information about the study’s in-
tention, the opportunity to fill out the questionnaire with-
out any force, and the freedom to decide whether to take
part in the study or not. To ensure privacy, anonymity, and
confidentiality, consent forms were distributed and collect-
ed separately from the questionnaire; the respondents were
asked to provide neither their names nor their identifica-
tion. The participants were also assured of the confiden-
tiality of their information, as the data obtained were for
academic purposes.

Data were collected using a structured questionnaire
designed to align with the objectives of the study. The de-
velopment of a semi-structured questionnaire for this study
was adopted from previous empirical studies but improved
to complement the variables, objectives, and hypotheses of
this study (Mashuri et al., 2022). During the development
of the questionnaire, the English language was used be-
cause the respondents were familiar with the language. Two
methods were used to distribute the questionnaire: a phys-
ical and a mailed questionnaire. In total, four weeks (28
days) were used to collect information from the distributed
questionnaires. The questionnaire consisted of closed-end-
ed questions formulated under a deterministic philosoph-
ical approach, ensuring that responses could be quantified
and analysed statistically. A five-point Likert scale was used
to measure respondents’ perceptions and attitudes, with
equal intervals ranging from strongly disagree to strongly
agree. This scaling technique enhanced the measurability
of variables and facilitated quantitative analysis. In addition
to primary data collection, a systematic review of empir-
ical literature was conducted to provide a theoretical and
contextual foundation for the study. This review helped in
identifying knowledge gaps and refining the variables un-
der investigation, namely: Development of SMEs (DoS),
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Communication Skills (CS), Creativity and Innovation (CR
and INN), Business Management Skills (BMS).

Data analysis was carried out using both descriptive
and inferential statistical methods. Descriptive statistics
were employed to summarise and organise the data, in-
cluding the use of frequency distributions and tabular
presentations. In inferential statistics, statistical methods
such as Pearson correlation analysis were used to assess the
strength and direction of the linear relationship between
two continuous variables. Multiple linear regression was
employed to model the relationship between one depend-
ent variable and two or more independent variables. The
goal was to predict the dependent variable based on the
values of the independent variables. The Variance Inflation
Factor (VIF) is a diagnostic tool used to detect multicollin-
earity. It quantifies how much the variance of a regression
coeflicient is inflated due to multicollinearity. In regression
analysis, the presence of autocorrelation can violate the as-
sumption that residuals are independent, leading to ineffi-
cient estimates. Therefore, for this study, the Durbin-Wat-
son statistic was used to test for autocorrelation in the
residuals of a regression model. In this study, being one of
the social science studies, a 0.05 significance level was used
as a threshold for determining whether a result is statisti-
cally significant. A common choice of 0.05, which implies
that there is a 5% risk of concluding that a difference exists
when there is no actual difference (Type I error). When
conducting hypothesis tests, if the p-value obtained from
the analysis is less than 0.05, researchers typically reject the
null hypothesis, suggesting that the observed effect is statis-
tically significant. Conversely, if the p-value is greater than
0.05, the null hypothesis is not rejected, indicating insuf-
ficient evidence to support the alternative hypothesis. All
data analyses were performed using the Statistical Package
for the Social Sciences (SPSS) software, version 31. The use
of this software ensured accuracy, consistency, and efficien-
cy in data processing. Inferential analysis was particularly
important in accounting for potential sampling error and
enabling generalisation of findings from the sample to the
broader population.

Results

Socio-demographic results outline the profiles of the study
respondents in their area of specialisation. The respond-
ents’ profile includes the gender of the business owners, the
age of the respondents, their education level, and the dura-
tion of conducting their businesses (Table 1).

Table 1. Social demographic results (gender, age, education level, and years in business)

Variable Category Frequency Percent (%) Valid percent (%) Cumulative percent (%)
Gender Male 143 85.1 85.1
Female 25 14.9 15.5 100.0
Total 168 100.0 100.0
Age 18-25 26 15.5 15.5
26-35 109 64.9 64.9 80.4
36-45 22 13.1 13.1 93.5
46+ 11 6.5 6.5 100.0
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Continued Table 1

Variable Category Frequency Percent (%) Valid percent (%) Cumulative percent (%)
Total 168 100.0 100.0
Education Level Secondary 22 13.1 13.1 13.1
Primary 2 1.2 1.2 14.3
Degree 138 82.1 82.1 96.4
Other 6 3.6 3.6 100.0
Total 168 100.0 100.0
Years in business Less than 1 36 21.4 21.4 21.4
1-3 129 76.8 76.8 98.2
4-6 3 1.8 1.8 100.0
Total 168 100.0 100.0

Source: created by the author

The results in Table 1 show that the sample is predom-
inantly dominated by males (85.1%), with females repre-
senting only 14.9%. This reflects a persistent gender gap in
SME participation, often linked to structural barriers such
as limited access to finance, markets, and entrepreneurial
support systems for women. The underrepresentation of
women reduces the inclusiveness of SME development and
limits overall economic productivity, as female-led enter-
prises are an important source of income diversification
and poverty reduction. The World Bank (2022) highlights
ongoing gender disparities in entrepreneurship and access
to finance. The International Labour Organization (2023)
also indicates the barriers to women’s participation in
SMEs in developing economies.

The findings on age indicate that the majority of re-
spondents (64.9%) fall within the 26-35 age group, followed
by 15.5% aged 18-25. This indicates that SMEs are largely
driven by young entrepreneurs, suggesting entrepreneur-
ship is a key employment pathway for youth. Youth-led
SMEs contribute to economic dynamism, innovation, and
labour market participation, although they may face con-
straints such as limited experience and capital. The Global
Entrepreneurship Monitor (2023) reports that high en-
trepreneurial activity occurs among younger age groups.
OECD (2022) also highlights the role of youth entrepre-
neurship in economic recovery and growth. A signifi-
cant majority (82.1%) of respondents possess a university
degree. This suggests that SME ownership is increasingly
knowledge-driven, with educated individuals entering en-
trepreneurship, possibly due to limited formal employment
opportunities. Higher education enhances managerial ca-
pacity, innovation potential, and productivity, contribut-
ing to more competitive and sustainable enterprises. The
World Bank (2021) elaborates on linking higher education
to improved firm performance and innovation, and UNE-
SCO (2022) emphasises the role of education in fostering
entrepreneurial skills.

Most respondents are in early-stage businesses: 76.8%
have operated for 1-3 years, and 21.4% for less than one
year. This reflects a high concentration of young firms, in-
dicating strong entrepreneurial entry but limited business
maturity. While new firms stimulate economic activity and

competition, they are also more vulnerable to failure due
to limited experience, financial constraints, and market
uncertainties. OECD (2021) denotes that young firms are
key drivers of job creation but face high failure rates, and
the World Bank (2022) narrates on the challenges faced by
early-stage SMEs in developing economies. Young entre-
preneurs (especially 26-35 years) are typically more tech-
nologically adaptable, more willing to take risks and ex-
periment, and responsive to changing market conditions.
Technological adaptability and willingness to take risks
impact on SMEs, increasing innovation and creativity, rap-
id adoption of digital tools and platforms, and enhancing
adaptability to economic slumps. The capability of young
entrepreneurs to changing environment is in support with
Global Entrepreneurship Monitor (2023), which signifies
that youth entrepreneurs are more innovation-oriented
and opportunity-driven.

Highly Educated Entrepreneurs bring about advanced
analytical and managerial skills, better financial literacy,
planning ability, and greater access to networks and infor-
mation. Entrepreneurs with a high level of education have a
positive effect on improved efficiency and productivity. Ac-
cording to UNESCO (2022), education enhances innova-
tion and entrepreneurial effectiveness. A dominance of both
young and educated entrepreneurs led to innovation-driv-
en entrepreneurs, knowledge based economic, and flexible
and adaptive business models. However, limited experience
of SMEs may affect long-term sustainability, and new firms
may struggle with access to finance and markets. From an
employment, income growth, and poverty reduction per-
spective, SMEs are major contributors to employment.
Youth-led SMEs reduce unemployment, and new firms
generate net job opportunities. The report from the World
Bank (2022) states that SMEs account for the majority of
jobs globally. SMEs provide income-generating opportuni-
ties and contribute to higher productivity and earnings (In-
ternational Labour Organization, 2023). Overall, the find-
ings reveal that the young, highly educated, and early-stage
SME sector promotes innovation, adaptability, and eco-
nomic dynamism, and supports job creation and income
generation. The results in Table 2 indicate the mean, stand-
ard deviation, and the sample size of the studied population.
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Table 2. Mean, standard deviation, and sample size

Variables Mean Std. Deviation N
Development of SMEs 4.3869 0.86810 168
Communication skills have improved business 4.3869 0.86118 168
Creativity and innovation have increased competitive advantage 4.3690 0.88608 168
Business management skills helped in expanding business 4.2560 0.81157 168

Source: created by the author

The high mean scores for communication (4.3869),
creativity/innovation (4.3690), and business manage-
ment (4.2560) suggest that most SME owners/managers
perceive these competencies as highly impactful. Com-
munication skills improve coordination within teams
and enhance relationships with customers and suppliers.
Creativity and innovation enable SMEs to differentiate
their products/services and Support adaptation to chang-
ing market demands. Because the standard deviations are
relatively low (~0.81-0.88), this agreement is consistent
across the sample, strengthening the argument that these
are not isolated opinions but broadly shared experiences.
Opverall, SMEs with stronger communication and innova-
tion capabilities are likely to operate more efficiently and
position themselves better against competitors.

Innovation is not just a personal trait; it functions as a
system-level economic driver. When many SMEs exhibit

high innovation capacity, new products and services en-
ter the market. Additionally, job creation increases, and
market competition improves efficiency across sectors.
The results of innovation within SMEs contribute to
structural economic transformation, not just firm-level
success. SMEs act as engines of growth, especially in de-
veloping economies, where they make up a large share of
employment. In conclusion, high innovation scores sug-
gest that SMEs are actively contributing to broader eco-
nomic dynamism, not merely improving their internal
operations. The high values across all indicators strongly
suggest a positive outlook for sustainability (Innovative
SMEs can respond better to shocks (market changes, cri-
ses) and Strong management and communication sup-
port scaling operations and sustainability of SMEs. The
relationship between variables is presented by a correla-
tion matrix (Table 3).

Table 3. Correlation matrix (Pearson correlation coefficients)

Variables DoS CS CR and INN BMS
DoS 1.000 0.912 0.965 0.819
CS 0.912 1.000 0.903 0.868
Pearson Correlation
CR and INN 0.965 0.903 1.000 0.809
BMS 0.819 0.868 0.809 1.000

Source: created by the author

The results indicate strong and positive relationships
across all variables, suggesting that these factors tend to im-
prove simultaneously within SME environments. The very
high correlation between DoS, CR, and INN (r = 0.965)
highlights the central economic role of innovation in SME
development. This implies that firms engaging in creative
processes, product development, and innovation-driven
practices are significantly more likely to experience growth.
Economically, this reflects the principle that innovation
enhances productivity, efficiency, and market competitive-
ness, making it the most direct contributor to firm expan-
sion and sustainability.

The strong correlation between DoS and CS (r=0.912)
suggests that effective communication both internally (man-
agement employees) and externally (customers, suppliers,
investors) is also critical for SME growth. From an economic
standpoint, communication reduces transaction costs, im-
proves coordination, and strengthens market relationships,
thereby supporting business performance. Additionally,
the high correlation between CS, CR, and INN (r=0.903)

indicates that communication skills facilitate innovation
processes. Firms with strong communication capabilities
are better positioned to share knowledge, collaborate, and
implement new ideas, reinforcing the complementary re-
lationship between these variables. Although BMS is posi-
tively correlated with DoS (r=0.819) and other variables, its
relatively lower coefficients suggest a less dominant direct
effect. This helps explain its statistical insignificance in re-
gression analysis, which can be justified on several grounds:

indirect influence - business management skills of-
ten operate through other variables, such as enabling better
communication or supporting innovation, rather than di-
rectly driving growth;

multicollinearity - the relatively high correlations
between BMS and other predictors (e.g., CS =0.868) in-
dicate shared explanatory power, which reduces its inde-
pendent statistical contribution;

contextual factors in SMEs - in many SME settings,
especially in developing economies, practical innovation
and adaptive strategies may outweigh formal management
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expertise, making innovation a more immediate determi-
nant of success.

Opverall, the matrix suggests that while all factors are
important, creativity and innovation emerge as the dom-
inant drivers of SME development, supported by commu-
nication, with management skills playing a complementary
role. The high correlations observed in the matrix imply the
presence of multicollinearity, which is typically reflected in
high VIF values. High VIF indicates that independent vari-
ables are strongly interrelated, leading to reduced reliability
of individual coefficient estimates and inflated standard er-
rors, which can render some variables (e.g., BMS) statisti-
cally insignificant despite meaningful relationships. Thus,
while the model may remain useful for explaining overall
trends, its internal stability is weakened, and coefficient in-
terpretations should be treated with caution.

At the same time, the high R* value indicates that the
model explains a large proportion of variation in SME de-
velopment. This suggests strong goodness of fit, but also
raises concerns about overfitting, where the model captures
sample-specific patterns rather than general relationships.
This situation limits the generalisability, particularly across
different regions, industries, or economic conditions.
Therefore, although the model is highly explanatory with-
in the sample, its predictive performance in other contexts
may be less robust.

The findings have important implications for the wider
economy and align closely with the journal’s thematic focus
on SMEs and innovation. The dominant role of innovation
supports the idea that SMEs contribute to economic growth
through productivity improvements and technological

advancement. Innovative SMEs enhance efficiency and
create new markets, driving overall economic expansion.
SMEs are major sources of employment, and innova-
tion-driven firms are more likely to expand operations and
generate jobs. Moreover, innovation tends to increase de-
mand for skilled labour, contributing to human capital de-
velopment. Firms with strong innovation capacity are more
attractive to investors due to their higher growth potential
and competitive advantage. This encourages both domestic
and foreign investment, strengthening the business eco-
system. The results reinforce the view that SMEs are key
agents of structural transformation. Their ability to inno-
vate, adapt, and respond to market changes positions them
as central players in modern, knowledge-based economies.

The relative insignificance of management skills sug-
gests that policymakers and development programs should
prioritise innovation support systems (e.g., access to tech-
nology, R&D incentives), strengthen communication
and knowledge-sharing platforms, and encourage entre-
preneurial experimentation and creativity. In summary,
the correlation analysis demonstrates that creativity and
innovation are the most influential determinants of SME
development, supported by communication skills, while
business management skills play a secondary, indirect
role. However, the presence of high VIF and R” values in-
dicates potential multicollinearity and limits to generalisa-
bility, suggesting the need for cautious interpretation and
possibly more advanced modelling techniques in future
research. The estimated regression coefficients, their sta-
tistical significance, and the level of multicollinearity are
presented in Table 4.

Table 4. Coefficients, t-statistics, significance, and collinearity level

Unstandardised Standardised 95.0% Confidence . . ..
. . Collinearity Statistics
Model Coefficients Coefficients t Sig. Interval for B
B Std. Error Beta Lower Bound | Upper Bound | Tolerance VIF
(Constant) 0.11 0.090 1224 | 0.223 -0.068 0.288
CS 0.196 0.053 0.195 3.708 0.000 0.092 0.301 0.130 7.693
CR and INN 0.748 0.043 0.763 17.229 0.000 0.662 0.833 0.183 5.467
BMS 0.035 0.041 0.032 0.844 0.400 -0.047 0.116 0.242 4.125

Source: created by the author

The findings in Table 4 show that communication
skills have a positive and significant effect on the de-
velopment of SMEs (B =0.196; p =0.000; t =3.708. That
means for each one unit increase in communication skills
improvement will influence the development of SMEs
by 19.6 per cent. Additionally, creativity and innovation
have a strong positive effect on the development of SMEs

(B=0.748; p=0.000; t =17.229). A unit increase in the
level of creativity and innovation will almost have a total
improvement in SMEs by 74.8 per cent. Business man-
agement skills have a positive effect on the development
of SMEs, but this effect is not statistically significant. The
overall model performance and goodness-of-fit indicators
are presented in Table 5.

Table 5. Model summary

R Adjusted Std. Error of the Change Statistics Durbin-
Square R-Square Estimate R Square Change F Change df1 | df2 | Sig. F Change Watson
0.941 0.940 0.21254 0.941 873.998 3 164 0.000 1.984

Note: predictors: (constant), business management skills helped in expanding business, creativity and innovation have increased

competitive advantage, communication skills have improved business; dependent variable: development of SMEs

Source: created by the author
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The results in Table 5 show the model summary of
the regression analysis. A coefficient of determination of
R*=10.941 indicates that approximately 94.1% of the vari-
ance in the dependent variable is explained by the predic-
tors included in the model. On the surface, this suggests
an excellent model fit. The very small gap between R*and
adjusted R* (0.941 vs. 0.940) further implies that the in-
cluded predictors contribute meaningfully and that the
model is not excessively penalised when adjusting for the
number of variables. This typically signals that the explan-
atory variables are relevant and not merely inflating the fit
by chance. However, such a high R* also warrants scrutiny.
One possible explanation is multicollinearity, where inde-
pendent variables are highly correlated with each other. In
this situation, predictors may collectively explain a large
portion of the variance, thereby inflating R?, even though
their individual contributions are not clearly distinguisha-
ble. Multicollinearity does not reduce predictive power per
se, but it undermines the stability and interpretability of re-
gression coefficients. Small changes in the data can lead to
large swings in estimated parameters.

Another consideration is model overfitting. Although
the Adjusted R* is nearly identical to R?, suggesting a limit-
ed penalty for model complexity, overfitting can still occur
if the model is too closely tailored to the sample data. This
is especially relevant if the dataset is relatively small or if the
model has been iteratively refined without validation. Over-
fitted models tend to perform exceptionally well on train-
ing data (hence the high R?) but may generalise poorly to
new data. The F-statistic (873.998, p <0.001) confirms that
the model as a whole is statistically significant, meaning the
predictors jointly explain a significant portion of variance
in the outcome variable. The large F value aligns with the
high R? reinforcing the overall strength of the model. The
standard error of the estimate (0.21254) indicates that the
residuals (prediction errors) are relatively small, suggesting
good predictive accuracy. Meanwhile, the Durbin-Watson
statistic (1.984) is very close to 2, indicating no serious au-
tocorrelation in the residuals an important assumption for
regression validity. Therefore, the results point to a model
that fits the observed data extremely well, but this strength
should be interpreted with caution.

This study tested four hypotheses concerning the role
of entrepreneurial skills (communication skills, business
management skills, and creativity/innovation) on the de-
velopment of SMEs. Through rigorous correlation and re-
gression analyses, the study reveals significant insights into
how these skills contribute to SME growth. The results indi-
cate that while communication and innovative skills have a
strong positive effect on SME development, business man-
agement skills show a more nuanced relationship. The col-
lective influence of these skills is also examined, highlight-
ing their combined importance in fostering SME success.

Hypothesis 1 (H1) posited that communication skills
positively affect SME development, which was supported
by a strong correlation (r=0.912) and a statistically signif-
icant regression result (B=0.196, p <0.001). Hypothesis 2
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(H2) suggested that business management skills would
positively influence SME development; however, this was
only partially supported as the relationship was not statis-
tically significant (B =0.035, p=0.400). Hypothesis 3 (H3)
claimed that creativity and innovation would have a sig-
nificant positive effect on SME growth, which was strongly
supported with a high correlation (r =0.965) and a robust
regression result (B =0.748, p <0.001). Finally, Hypothe-
sis 4 (H4) examined the collective influence of these skills,
which was supported by a significant overall regression
model (F=873.998, p <0.001), indicating that these skills
together substantially impact SME development.

Discussion

This study examined the influence of entrepreneurial
skills, specifically communication, creative and innovative,
and business management skills, on the development of
SMEs. The findings reveal that communication skills have
a strong and direct positive effect on SME development,
underscoring their central role in driving business growth.
Furthermore, the study highlights how these skills enhance
decision-making, foster stakeholder relationships, and im-
prove adaptability in competitive markets, thereby enabling
SMEs to sustain performance, seize emerging opportuni-
ties, and navigate challenges effectively while contributing
to broader economic development and employment crea-
tion across diverse industry contexts and supporting inclu-
sive, sustainable growth.

The prominent role of communication skills identified
in this study is consistent with prior research. PN. Shillie
& N.N. Nachang (2023) found that communication signif-
icantly enhances organisational effectiveness by improv-
ing coordination, enabling timely decision-making, and
strengthening relationships with both customers and em-
ployees. Similarly, A.A.M. Medhekar et al. (2022) argued
that clear and purposeful communication allows entrepre-
neurs to translate business ideas into actionable strategies,
leading to improved service delivery and higher customer
satisfaction. In support of this, W.K. Kong (2025), in a study
of Malaysian SMEs, highlighted that communication-relat-
ed competencies, including negotiation ability, trust-build-
ing, and customer engagement, positively influence com-
petitiveness and growth. Collectively, these studies affirm
that communication is not merely a supportive skill but a
core entrepreneurial competency essential for SME devel-
opment. Additionally, the findings show that entrepreneurs
who maintain strong communication with customers are
more likely to achieve business growth. This aligns with
customer relationship management theories, which em-
phasise the importance of continuous interaction and feed-
back in fostering customer loyalty and responsiveness to
market demands. PN. Shillie & N.N. Nchang (2023) and
M.M. Kuruchumila (2025) maintain that communication
skills are especially critical, as they enable entrepreneurs to
articulate ideas, build relationships, and attract investment.
Strong communication fosters trust, networking, and col-
laboration, all of which are vital for business success. It
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also enhances the integration of business operations and
adaptability to changing environments, and influences per-
formance within SMEs. While communication skills have
been widely recognised as important, there is still a need to
examine a broader range of entrepreneurial skills and iden-
tify specific skill gaps affecting SME growth in the context
of Tanzania. It is also important to consider sector-specific
skill requirements, as different industries demand different
capabilities. For instance, digital businesses require techno-
logical adaptability, while manufacturing firms depend on
operational efficiency and supply chain management.

However, this finding differs somewhat from D. Bashu-
lula (2025), who emphasised the dominant role of strate-
gic management, accounting, sales, and marketing skills
in driving small business growth. This variation suggests
that SME development is multidimensional, requiring
a combination of skills that may vary in importance de-
pending on context. In this regard, communication skills
can be viewed as integrative, enhancing the effectiveness of
other competencies such as marketing and strategic plan-
ning. Beyond communication, the study also found that
creative and innovative skills significantly contribute to
SME development. This is strongly supported by existing
literature, which consistently identifies innovation as a key
driver of firm growth and competitiveness. A.A. Nwank-
wo & C.V. Ezeibe (2021) argued that creativity enhances
entrepreneurs capacity to identify opportunities, solve
problems, and adapt to changing business environments.
Similarly, M.S. Alosani & H.S. Al-Dhaafri (2021) found
that innovation-oriented capabilities improve organisa-
tional performance by promoting adaptability and con-
tinuous improvement. S. Darwish et al. (2024) further
reinforced that innovation and creativity are essential for
sustaining SME growth, particularly in dynamic and com-
petitive markets. These findings are also aligned with SIT,
which views innovation as the engine of economic devel-
opment and entrepreneurial success. According to this
perspective, entrepreneurs who introduce new products,
processes, or business models can gain competitive advan-
tages that drive firm growth.

However, an important finding of this study is that
business management skills were not perceived as a prima-
ry determinant of SME development in the Tanzanian con-
text. This contrasts with R. Mugambi & P. Katobu (2024),
who argued that managerial competencies, technological
adoption, and innovation significantly enhance SME per-
formance. Similarly, M. Rubio-Andrés et al. (2025) em-
phasised the importance of talent management and or-
ganisational learning in transforming human capital into
improved business outcomes. The discrepancy may be
explained by contextual factors such as the dominance of
informal business practices, limited access to formal train-
ing, and a stronger reliance on practical and relational skills
among Tanzanian entrepreneurs.

Furthermore, R. Cahyaningati et al. (2026) high-
lighted that innovation serves as a strategic link between
knowledge resources and corporate social responsibility,

ultimately improving business sustainability. Their findings
suggest that SMEs should adopt innovation-driven strate-
gies supported by both intellectual and social capital. This
complements the present study by indicating that innova-
tion is part of a broader system of capabilities necessary
for sustained SME success. However, international studies
present some divergence, with scholars in highly industri-
alised contexts arguing that innovation alone is insufficient
without strong institutional support and access to finance,
thereby revealing tensions in how innovation translates
into performance across different environments.

Therefore, as contended by E. Hosseini et al. (2021),
entrepreneurial skills encompass a blend of technical,
managerial, and personal abilities necessary for establish-
ing and growing businesses. These skills are essential for
identifying opportunities, managing risks, fostering inno-
vation, and enhancing performance. Nonetheless, debates
persist regarding which skill sets are most critical, with
some studies prioritising digital competencies while others
emphasise soft skills such as adaptability and networking.

Importantly, this study contributes to the existing body
of knowledge by providing empirical evidence from Tanza-
nia, a context that has been relatively underexplored in pri-
or research. Much of the literature has focused on emerg-
ing economies, often emphasising leadership, technological
advancement, and organisational learning. In contrast, this
study demonstrates that entrepreneurial skills, particularly
communication and creativity, play a more immediate and
visible role in influencing SME development, thereby chal-
lenging dominant narratives that privilege technology-cen-
tric growth models. Overall, the findings indicate that
SME growth depends on a combination of entrepreneurial
skills. Therefore, promoting a holistic approach to entre-
preneurial skill development, integrating communication,
innovation, and management competencies, is essential for
achieving sustainable SME growth, while also reconciling
ongoing scholarly disagreements that have been provided
on context-specific drivers of success.

Conclusions
The regression results indicate that the model has very
strong explanatory power. With an R-Square of 0.941
and an adjusted R-Square of 0.940, this suggests that the
model is not overfitted and that the explanatory varia-
bles are largely relevant. Furthermore, the overall model
is statistically significant, as indicated by a high F-statis-
tic (F=873.998, p <0.001), confirming that the predictors
jointly have a meaningful effect on the dependent variable.
The Durbin-Watson statistic of 1.984 is very close to 2, in-
dicating no serious autocorrelation in the residuals, and
thus supporting the reliability of the regression estimates.
An examination of the individual regression coef-
ficients reveals that CR and INN are the most influential
predictors in the model. It has a large positive coefficient
(B=0.748) and a very high standardised beta (f =0.763),
with a statistically significant p-value (p <0.001). This im-
plies that CR and INN contribute the most to changes in
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the dependent variable and are the primary drivers of the
model’s explanatory power. Similarly, CS also shows a pos-
itive and statistically significant relationship with the de-
pendent variable (B =0.196, =0.195, p <0.001), although
its effect size is notably smaller compared to CR and INN.
In contrast, BMS has a very small coefficient (B = 0.035)
and is not statistically significant (p=0.400), indicating that
it does not have a meaningful impact on the dependent var-
iable within this model. Finally, the collinearity diagnostics
indicate the presence of moderate multicollinearity among
the independent variables. VIF values 7.693 for CS, 5.467
for both CR and INN, and 4.125 for BMS exceed common-
ly accepted thresholds, particularly for CS, suggesting that
some predictors are correlated. Although this does not in-
validate the model, it may affect the stability and interpre-
tation of the estimated coefficients.

Overall, the model demonstrates strong explanato-
ry power with respect to the dependent variable, with CR
and INN emerging as the most influential predictors, CS
contributing moderately, and BMS showing no significant

Masunga.

effect. Nevertheless, these findings should be interpreted
with caution due to the observed multicollinearity. The
results suggest that entrepreneurial skills (communication
skills, innovation, creativity, and business management
skills) are crucial for the growth of SMEs. In conclusion,
given the increasing importance of self-employment, this
study highlights the need for future research to identify and
validate the key factors required for the initiation of SMEs,
as well as to assess their relevance in fostering the growth of
entrepreneurial ventures.
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3pOCTaHHA Ta IIVPOKO BUSHAIOTLCA HEOOXITHUMM /I eKOHOMIYHOTrO JVHaMi3My. MeTOn IIbOro HOCTimKeHHA Oy1o
OL[{HMTYU 3Ha4YeHHS HasgBHUX HABUYOK /L1 PO3BUTKY MaJluX Ta CepefHix mimnpueMcts y Tausawii, 3 oco6mmBuM
aKIeHTOM Ha YYacHVKaX, fAKi € BJIaCHUKaMJU MaJIoro Ta cepefHboro 6isHecy B Ilpubepexxnomy perioni. 3okpema, y
TOCTiKEHH] PO3IIAHYTO TPM KIIOYOBi HABMYKI: KOMYHIKaIlilo, yIpaB/IiHHA 6i3HeCOM i KpeaTUBHICTh/IHHOBAIII/THICTb.
byno sacrtocoBaHO KinbKiCHMIT JOCTiHMLIBKUI MifiXif i3 BUKOPUCTAHHAM CTPYKTYPOBAHMX aHKET, PO3MOBCIOIKEHMX
ceper, 168 pecrnionmeHTiB. [l aHa/Ni3y XapaKTepUCTUK PeCIIOH/IEHTIB i IepeBipku rinoTeTMYHUX B3a€EMO3B’A3KIB MDK
3MiHHMMU Oy/I0 BUKOPYICTAHO OIMCOBUII i perpeciiiumit aHami3. Pe3ynbTaTy mokasany, [0 KOMYHIKaIiiiHi HaBUYKM
MAIOTh IIO3UTUBHUI 1 CTATMCTUYHO 3HAYYILIVIT BIUIMB HA PO3BUTOK MaJIUX Ta cepefHix mipmpuemcts (B=0,196, =0,195,
t=3,708, p<0,001, 95 % [I [0,092, 0,301]). HaBuuku kpeaTMBHOCTI Ta iHHOBALIITHOCT] IPOJIeMOHCTPYBA/IM CY/IbHIIINIA
i BucokosHauymmit Byms (B = 0,748, B =0,763, t = 17,229, p < 0,001, 95 % HI [0,662, 0,833]). HatomicTb HaBUYKU
yIpaBIiHHA 6i3HeCOM IT0Ka3ay CIabKWiT i cTaTMCTUYHO HesHauywuii BIvmms (B = 0,035, $=0,032, t = 0,844, p = 0,400,
95 % I [-0,047, 0,116]). Perpeciiina Mopenp Oyna CTaTUCTUYHO 3HAYYILIOK Ta MOACHIOBAIA 3HAYHY YaCTKY AucIepcii
PO3BUTKY Manux Ta cepenHix mignpremcts (R* = 0,941, ckopurosanmit R* = 0,940, F (3,164) = 873,998, p < 0,001), 6e3
o3Hak aBTokopesanii (Durbin-Watson = 1,984). ¥ pocmimkeHHi 3po6/IeHO BUCHOBOK, IJ0 KOMYHiKallif, KpeaTUBHICTD
Ta iHHOBALIMHICTh € KIYOBMMM JeTePMiHAHTAMM PO3BUATKY Ma/JMX Ta CEPEHIX IMiJIPUEMCTB, TOHI AK HABUYKU
YIpaB/IiHHA 6isHecoM BiflirparoTh 06Me>I<eHy ponb. Ii pe3ynpTaty MaloTh Ba>K/IMBe 3HAYE€HH:A JIJIA MOJTITUKIB, OCBIiTAH i
¢axiBLiB y cdepi po3BUTKY Iifi Yac po3po0JIeHHS 1II/IbOBUX 3aXOMiB, CIPAMOBAHNX Ha CIPUAHHSA CTA/JIOMY 3pOCTAHHIO
MaJIVX Ta cepefHix mipnpnemcts y Tansanii
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Abstract. Al-related innovation initiatives in the energy sector have traditionally been viewed as sources of
organisational complexity and potential vulnerability. The study aimed to analyse the interplay between energy security
and the resilience of energy systems, to explore emerging risks associated with digitalisation and the implementation of
intelligent systems, and to evaluate the managerial and policy measures necessary for the effective integration of Al into
energy infrastructure. To achieve the stated objectives, open-access sources were utilised and an integrated approach was
applied, combining general scientific and specialised research methods, with particular emphasis on advanced analytical,
monitoring and automated technologies. The findings underscored the importance of investing in technological, human,
and regulatory capacities to fully leverage the potential of AI. At the same time, the role of Al-driven tools in modern
energy systems is increasing due to their contributions to digital resilience, operational stability, predictive maintenance,
cybersecurity, and strategic decision-making. However, these developments are accompanied by corresponding risks.
That is why the modern management system must evolve from an administrative and control-oriented function to an
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intelligent, analytical mechanism that integrates human expertise with algorithmic decision-making. In this way, digital
resilience extends the concept of system resilience by integrating information technologies and AI-driven analytics to
anticipate, absorb, and recover from disruptions, whether caused by physical, technological, or cyber incidents. This
integration reduces subjectivity, enhances the accuracy of operational decisions, and ensures a transparent, adaptive,
and scientifically grounded approach to strategic coordination. By combining advanced analytics, AI-driven automation,
and proactive risk management, energy systems can achieve enhanced stability, operational reliability, and cybersecurity
resilience in increasingly complex and digitally interconnected environments. Furthermore, leveraging global best
practices and fostering cross-border collaboration in AI innovation and cybersecurity can accelerate the transformation
of energy enterprises toward sustainable, intelligent, and resilient infrastructures

Keywords: digital environment; cyber risks; investments; product management; strategic planning; project

management; operational risk

Introduction

The growing number of Al-related innovation projects and
the increasing role of Al-driven tools in modern energy
systems are accompanied by newly emerging operational
risks, including cyberattacks, and therefore require ad-
vanced approaches to risk management and system resil-
ience. Accordingly, digital resilience extends the state of the
art within resilience theory and, in this context, becomes
an essential feature of any modern energy system. Given
the foundational role of energy in supporting economic
stability and long-term development, these components
constitute priority areas for innovation and sustainability.

The studies by O. Trofymenko et al. (2021), H. Pud-
ycheva (2021), and Yu. Kravchyk (2025) explored meth-
odological approaches to the design of renewable energy
infrastructure and assessed the prospects for further sus-
tainable development in Ukraine and the European Un-
ion. Growing digitalisation simultaneously expands the
cyber threat surface, creating systemic vulnerabilities that
require coordinated resilience strategies. M.A. Alomari et
al. (2025) emphasised the global importance of strength-
ening legislative and regulatory frameworks to enhance cy-
bersecurity and operational resilience within the electrici-
ty sector. S. Horbachenko & O. Savratsky (2025) analysed
strategies for proactively increasing resilience, including
infrastructure redundancy, the implementation of cyberse-
curity frameworks, the diversification of energy resources,
and the development of international cooperation aimed
at strengthening the reliability and continuity of energy
systems. Cybersecurity solutions provide mechanisms for
detecting, preventing, and responding to cyber threats,
thereby enhancing the resilience and operational stability
of critical infrastructure.

A study by M. Florkowski et al. (2024) examined the
functioning of the energy sector as a critical infrastructure
for modern society, which relies heavily on the reliability
of digital systems. The authors emphasise that the digitali-
sation of the energy sector, the introduction of automated
solutions, and remote-control technologies are leading to
increased complexity and vulnerability of energy systems.
The study places particular emphasis on the role of Al tech-
nologies in improving the efficiency and resilience of energy
systems, as well as new risks associated with cybersecurity,
data integrity, and algorithmic decision-making. It is noted

that disruptions in AI-driven energy systems can lead not
only to economic losses but also to large-scale social risks.

S. Shandilya et al. (2024) examined the concept of
system resilience in the context of digital transformation.
Their research emphasises that different systems demon-
strate varying capacities to withstand risks of diverse ori-
gins, adapt to environmental changes, and ensure rapid re-
covery while returning to a stable operational state. These
capabilities are collectively conceptualised as resilience.
The authors further argue that when such properties are
achieved or enhanced through the adoption, implementa-
tion, and advancement of digital technologies, they can be
defined as digital resilience, highlighting the critical role of
digital tools and infrastructures in strengthening the adap-
tive and recovery capacities of modern systems.

Accelerating globalisation in the world economy, along
with the liberalisation and integration of energy markets,
increases the importance of research into mechanisms for
ensuring energy security and supporting sustainable devel-
opment in the energy sector. These processes create new
challenges and interdependencies that require systematic
analysis and coordinated action. In such conditions, the
role of innovation management as a key tool for adapting
energy systems to dynamic changes in the external environ-
ment is growing. Effective innovation management ensures
the implementation of advanced technologies, in particular
digital solutions, Al and cybersecurity systems, which con-
tribute to increasing the resilience of energy infrastructure.
Introduction of innovations is traditionally accompanied
by uncertainty, but Al as a technological innovation has a
qualitatively different risk profile.

Despite the growing body of research on cybersecurity,
resilience, and digital transformation in the energy sector,
several important aspects remain insufficiently explored.
Existing studies primarily focus on the development of
renewable energy infrastructure, regulatory frameworks,
and cybersecurity strategies for protecting critical infra-
structure. However, the specific mechanisms for integrat-
ing digital resilience principles into risk management pro-
cesses in Al-related projects remain limited in the current
literature. Therefore, the current research aimed to analyse
the interplay between energy security and resilience of en-
ergy systems, explore the emerging risks associated with
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digitalisation and implementation of intelligent systems,
and evaluate managerial and policy measures necessary for
the effective integration of Al in energy infrastructure.

Materials and Methods

The theoretical and methodological foundation of this
study was grounded in the fundamental principles of eco-
nomic theory and practice, as well as in a combination of
general scientific and specialised methods for the analysis
of economic phenomena. The methodological framework
was based on an integrated approach that enables a com-
prehensive investigation of digital resilience and risk man-
agement in projects involving the application of AI with-
in the energy sector. A set of general scientific methods,
including scientific abstraction, analysis, and synthesis,
was employed to conceptualise the research problem and
to structure the theoretical framework. These methods fa-
cilitated the identification of key categories, relationships,
and patterns associated with digital resilience, cybersecuri-
ty risks, and the integration of AI technologies into energy
systems. In addition, historical and comparative analysis
were applied to examine the evolution of approaches to re-
silience and energy security.

Comparative and logical analysis were specifically used
to investigate the interrelationship between energy securi-
ty and system resilience. The application of these methods
enabled the alignment and critical evaluation of existing
theoretical approaches and justified the need for their inte-
gration into modern risk management frameworks. A sys-
tems approach was adopted to consider digital resilience as
an integral component of complex energy infrastructures.
This approach allowed energy systems to be analysed as
multi-level structures incorporating technological, organ-
isational, and informational elements, thereby identifying
the role of Al in enhancing system adaptability and recov-
ery capacity. Economic and statistical methods were uti-
lised to assess trends in the development of cyber threats
and investments in cybersecurity. The empirical analysis
was based on open-access statistical data, including ma-
terials from the State Service of Special Communications
and Information Protection of Ukraine (n.d.), which were
used to examine the dynamics of cyber incidents targeting
the energy sector. Additionally, analytical reports from the
Kyiv School of Economics (2024) and DTEK (2024) were
employed to evaluate the economic losses and structural
vulnerabilities of the Ukrainian energy system.

Trend analysis and graphical modelling were applied
to visualise changes in the frequency of cyber incidents.
Python-based data processing tools were used to con-
struct time series and identify patterns and tendencies in
the evolution of cyber threats. The use of these methods
was justified by the need for quantitative validation of ob-
served processes and for enhancing the analytical rigor
of the study. Furthermore, the monographic method and
thematic analysis were employed to examine a wide range
of domestic and international scientific publications. A
frequency-based content analysis of scholarly sources was

conducted to identify dominant research themes, method-
ological approaches, and gaps in the existing literature on
digital resilience, Al and cybersecurity in energy systems.
These sources formed the theoretical basis for the study
and supported the development of the conceptual frame-
work. Methods of induction, deduction, and synthesis
were used to generalise the findings, formulate theoretical
conclusions, and develop conceptual approaches to risk
management in Al-related projects. The empirical basis of
the study was represented by the energy sector of Ukraine,
which is considered as a case study under conditions of
heightened risk and wartime disruptions. This context pro-
vided a unique opportunity to analyse the functioning of
critical infrastructure in crisis environments and to eval-
uate the role of digital technologies in ensuring system
resilience. The research was conducted in several stages,
including: analysis of theoretical approaches; collection
and processing of statistical data; trend modelling and vis-
ualisation; and synthesis of results and development of a
conceptual model of digital resilience.

Results and Discussion

Al-related innovation initiatives have traditionally been
regarded as drivers of organisational complexity and po-
tential vulnerability. This evolving understanding is encap-
sulated in the notion of digital resilience, which extends the
classical concept of resilience — defined as a system’s ability
to absorb shocks, adapt to changing conditions, and recov-
er from disruptions — by emphasising the enabling role of
digital technologies and information systems within highly
interconnected environments. Simultaneously, the ongoing
digital transformation of critical infrastructures is funda-
mentally redefining governance and management para-
digms, particularly in the energy sector. Digital resilience
denotes the capability of energy systems to sustain stable
and continuous operations under conditions of disrup-
tion, including cyber incidents, technological failures, and
large-scale crisis events. The attainment of such resilience
increasingly depends on the deployment of advanced ana-
Iytical, monitoring, and automation technologies, with Al
occupying a central role.

However, the integration of intelligent systems simul-
taneously generates new layers of operational, technolog-
ical, and cybersecurity risk. These emerging risk profiles
necessitate the implementation of structured and proac-
tive risk management frameworks. Accordingly, effective
governance of Al-related innovation projects requires the
systematic alignment of AI capabilities with comprehensive
risk assessment procedures, mitigation mechanisms, and
resilience-oriented system architecture. Such an integrated
approach is essential to ensuring the secure, reliable, and
sustainable functioning of critical energy infrastructure in
digitally transformed environments.

Innovation implementation is inherently associated
with uncertainty and risk. Al represents a distinct class of
innovation with risk characteristics. These risks include al-
gorithmic opacity, data dependency, and ethical concerns.
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Innovation implementation is inherently associated with
uncertainty and risk, and Al represents a distinct class of
innovation characterised by specific risk factors. Algo-
rithmic opacity limits the interpretability of Al systems,
data dependency makes their performance sensitive to the
quality and completeness of datasets, and ethical concerns
relate to fairness, privacy, and potential bias in automated
decision-making. Together, these risks increase uncertainty
in Al adoption and require careful governance to ensure re-
sponsible and reliable implementation. In innovation man-
agement, this necessitates the adaptation of classical risk
management mechanisms. At the idea screening stage, ad-
ditional evaluation criteria must be applied. These include
data quality, model transparency, and potential societal im-
pact. During the planning phase, technology readiness as-
sessment becomes critical. This mechanism ensures align-
ment between Al solutions and organisational capabilities.
In the development stage, agile methodologies enable iter-
ative validation and risk reduction. Portfolio management
mechanisms support risk diversification across Al projects.
At the commercialisation stage, stakeholder management
becomes essential due to regulatory and reputational risks.
Continuous monitoring and post-implementation review
ensure adaptive risk control.

The concept of energy security is closely linked to the
notions of resilience and risk, both of which are fundamen-
tal to the stable and reliable operation of critical energy
systems. The case of Ukraine between 2014 and 2021 il-
lustrates a persistent imbalance between these dimensions.
In 2014, the country exhibited moderate to high levels of
risk alongside medium to low levels of resilience, a situa-
tion that showed little improvement over the subsequent
six years. A significant external risk factor remained the
country’s dependence on energy imports, as four out of
five major energy sources were imported. This depend-
ency was further exacerbated by a high concentration of
supplier power, stemming from limited diversification and
the potential for politically motivated actions by exporting
countries. At the same time, resilience factors were insuffi-
cient to offset these risks. Structural weaknesses - includ-
ing underdeveloped infrastructure, outdated technologies,
and inefficient, wasteful patterns of energy consumption -
constrained the system’s capacity to absorb and respond to
external shocks (Chaika, 2023). Thus, in contemporary en-
ergy systems, resilience refers to the broader capacity of the
system to anticipate, absorb, and recover from disruptions,
including those arising from cyber threats. In this regard,
resilience complements the concept of energy security by
extending beyond the mere continuity of supply to encom-
pass the system’s ability to adapt and sustain functionality
under adverse conditions.

The cybersecurity ecosystem in the energy sector en-
compasses a diverse set of stakeholders, including electric
utilities, oil and gas corporations, renewable energy opera-
tors, transmission system operators, industrial automation
vendors, cybersecurity solution providers, and national se-
curity agencies. Renewable energy operators, particularly
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those managing large-scale wind and solar installations,
increasingly integrate cybersecurity measures to safeguard
inverter technologies, distributed control systems, and re-
mote monitoring platforms. This is crucial for maintain-
ing the resilience of low-carbon energy systems and sup-
porting the transition to sustainable energy models. The
emergence of virtual power plants and peer-to-peer energy
trading platforms further expands the cyber threat land-
scape, introducing new risks associated with decentralised
and consumer-oriented infrastructures. Additionally, ener-
gy trading platforms and market participants are exposed
to phishing, fraud, and insider threats, necessitating the
implementation of advanced, finance-grade cybersecurity
protocols. In the context of sustainable development, ro-
bust cybersecurity practices contribute to the stability, re-
liability, and trustworthiness of energy systems. Therefore,
cybersecurity can be considered a foundational element of
digital resilience, enabling the secure and sustainable evo-
lution of modern energy ecosystems.

The cybersecurity ecosystem in the energy sector in-
cludes utilities, transmission system operators, technology
vendors, cybersecurity providers, and government agen-
cies, each performing roles in system operation, protec-
tion, regulation, and incident response while coordinating
through shared platforms and protocols. The most common
cyber threats include attacks on SCADA systems, malware,
phishing, supply chain compromises, and vulnerabilities in
distributed and decentralised energy infrastructures (Ige et
al., 2024). Practical cases have shown that cyberattacks can
lead to power outages, disruption of fuel supply chains, and
financial losses in energy markets. To mitigate these risks,
organisations apply network segmentation, zero-trust ap-
proaches, continuous monitoring systems, and strict access
control mechanisms. Altogether, these measures enhance
digital resilience and ensure the stability and sustainability
of modern energy systems.

Unprecedented missile strikes targeting key facilities of
the electric power sector have resulted in widespread emer-
gency power outages, the consequences of which have been
mitigated through the extensive efforts of transmission sys-
tem operators. Deliberate attacks on critical infrastructure,
including power plants, substations, and transmission net-
works, have significantly undermined the stability and relia-
bility of electricity supply. Despite these challenges, the ener-
gy sector has demonstrated a remarkable level of resilience,
characterised by rapid resource mobilisation and the ability
to restore system functionality under extreme conditions.

Emergency restoration mechanisms for electricity
supply have been successfully implemented, enabling the
gradual stabilisation of the power system. A historic mile-
stone was achieved in 2022 with the synchronisation of
the Ukrainian power system with the European electrici-
ty network. This integration strengthened energy security
and created new opportunities for electricity trade. In ad-
dition, Ukraine expanded electricity exports to the Europe-
an Union, thereby enhancing the country’s position with-
in the regional energy market (DTEK, 2024). Large-scale
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disruptions to the power system required the deployment
of structured resilience mechanisms combining technical
recovery, coordinated system management, and adaptive
infrastructure solutions. Restoration processes were or-
ganised in stages, including immediate fault isolation, ac-
tivation of emergency protection schemes, and phased grid
re-energisation, with priority given to critical facilities; in
many cases, essential services were restored within one to
three days. The transmission system operator Ukrener-
go ensured continuous real-time coordination, balancing
supply and demand, implementing controlled load shed-
ding, and maintaining frequency stability under stressed
conditions. Integration with ENTSO-E enabled cross-bor-
der electricity flows, with emergency imports reaching up
to approximately 1-2 GW and covering a notable share of
demand deficits during peak disruptions. Infrastructure
resilience was further supported through the deployment
of mobile substations, reserve generating capacities, and

network reconfiguration, which contributed to the recovery
of a substantial proportion of damaged assets and the sta-
bilisation of overall system performance yberthreat-land-
scape-2024 (ENTSO-E strategic roadmap, n.d.).

The longitudinal analysis of cyber incidents targeting
Ukraine’s energy sector reveals a critical escalation in early
2024, where a sharp increase to 124 incidents (+138%) in-
dicates the presence of a significant external destabilising
factor or a shift in the monitoring paradigm that enhanced
event detection. While the data reached a peak of 127 inci-
dents in the second half of 2024, the subsequent stabilisa-
tion at 120 incidents in early 2025 suggests a transition to-
ward a high-intensity plateau; consequently, a comparison
of empirical data with the trend line indicates that, in the
short-term perspective, incident frequency is projected to
remain within the range of 115-125 cases per semi-annual
period absent the implementation of further robust pre-
ventive measures (Fig. 1).
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Figure 1. Trends in the number of cyber incidents targeting the energy infrastructure in Ukraine, 2022-2025
Source: prepared by the authors based on State Service of Special Communications and Information Protection of Ukraine (n.d.)

Between October 2022 and September 2024, the Rus-
sian Federation carried out more than 1000 attacks on
Ukraine’s energy infrastructure, damaging or destroying
the majority of the country’s major thermal and hydroe-
lectric power plants. As a consequence of occupation and
sustained military strikes during 2022-2023, the Ukraini-
an power system lost nearly 21 GW of generation capacity.
In 2024 alone, the losses resulting from missile and drone
attacks are estimated to exceed 9 GW (Kyiv School of Eco-
nomics, 2024). In addition to generation facilities, repeated
strikes have targeted critical nodes of the electricity trans-
mission network, further increasing operational risks and

placing additional pressure on the stability of the national
energy system. One of the most significant applications of
Al in energy resilience is predictive analytics for demand
forecasting and operational planning. Machine learning
models analyse historical consumption data, weather con-
ditions, and economic indicators to forecast fluctuations in
electricity demand. Such predictive capabilities allow sys-
tem operators to optimise generation schedules and pre-
vent overloads or shortages in energy supply. As a result,
predictive analytics contributes to improved stability and
efficiency in energy system operations. Al tools supporting
digital resilience in energy systems are presented in Table 1.

Table 1. Al tools supporting digital resilience in energy systems

Al tool

Application in energy systems

Contribution to digital resilience

Predictive Analytics

Forecasting electricity demand
and optimising generation planning

Improves system stability
and prevents supply disruptions

Predictive Maintenance and AT models

Monitoring equipment condition using sensor data

Reduces equipment failures
and unplanned outages

Anomaly Detection

Identifying abnormal network behaviour

Enhances cybersecurity and early threat detection

Systems and operational irregularities
Decision Support Systems Assisting operators in real-time operational -
. . Improves response speed and decision accuracy
(AI-based) and strategic decisions
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Continued Table 1

Al tool

Application in energy systems

Contribution to digital resilience

Digital Twins for simulation

Creating virtual models of energy infrastructure

Enables risk modelling and scenario testing

Smart Grid Optimisation

Algorithms and balancing loads

Managing distributed energy resources

Enhances grid flexibility and operational efficiency

Renewable Energy
Forecasting Models

Predicting solar and wind generation levels

Supports integration of renewable energy sources

Automated Control
Systems

and grid parameters

Real-time adjustment of energy flows

Ensures rapid adaptation to system disturbances

Source: prepared by the authors based on E Bertone et al. (2020), J. Holmstrom (2022), A. Sulaiman et al. (2023), J. Ruan et al. (2023),
P. Koundouri et al. (2025), S.C. Vetrivel et al. (2025), H. Dui et al. (2025), M.E. Khaleel & Z.M. Abdulkareem (2025)

Another critical area of Al application is predictive
maintenance of energy infrastructure. Intelligent algo-
rithms process large volumes of sensor data collected from
turbines, transformers, and transmission lines to detect
early signs of equipment degradation or malfunction. By
identifying potential failures before they occur, Al systems
allow energy companies to implement preventive mainte-
nance strategies and reduce the risk of unexpected outages.
This approach enhances operational reliability while simul-
taneously lowering maintenance costs and extending the
lifespan of critical assets.

Al also plays an essential role in strengthening the
cybersecurity and operational monitoring of digitalised
energy systems. Advanced anomaly detection algorithms
continuously analyse network activity and system per-
formance to identify irregular patterns that may indicate
cyber intrusions or technical faults. Through real-time
monitoring and automated alerts, these systems enable
rapid response to potential threats and help prevent cas-
cading failures within interconnected energy networks.
Furthermore, Al-driven decision support systems and
digital twin technologies provide advanced tools for
modelling, simulation, and strategic planning in the en-
ergy sector. Digital twins create virtual representations of
physical energy infrastructure, allowing operators to sim-
ulate various operational scenarios and evaluate potential
risks. Combined with Al-based decision support systems,
these tools improve situational awareness and facilitate da-
ta-driven decision-making. Consequently, the integration
of Al technologies significantly contributes to the devel-
opment of resilient, adaptive, and secure energy systems.

Cyber risks in the energy sector range from malware
and ransomware to sophisticated state-sponsored attacks
targeting operational technology and industrial control sys-
tems. The consequences of such attacks may include power
outages, equipment damage, financial losses, and reduced
public trust in energy providers. The integration of renew-
able energy sources and smart grid technologies further in-
creases the complexity of the system, creating new potential
attack vectors. Effective mitigation requires a combination
of robust cybersecurity strategies, continuous monitoring,
staff training, and the adoption of advanced technologies
such as Al for threat detection and predictive maintenance.

The global cybersecurity market in the energy sector
generated approximately USD 8.6 billion in revenue in

2021. This market is expected to experience substantial
growth over the coming decade as the digitalisation of en-
ergy infrastructure accelerates and cyber threats continue
to intensify. According to current projections, the market
volume is anticipated to reach nearly USD 21.8 billion
by 2031. This growth corresponds to an average annual
growth rate of approximately 11.3% during the period from
2022 to 2031 (Allied Market Research, n.d.). The expansion
of cybersecurity investments reflects the increasing priority
placed on protecting critical energy infrastructure and en-
suring the stability and resilience of modern power systems.

It is emphasised that it is necessary to help managers
and other decision-makers make informed investment de-
cisions to effectively ensure IT security. The study addresses
issues such as lack of transparency in IT security costs, staff
shortages and difficulties in resource planning. A sample
calculation shows the financial impact of IT security meas-
ures using the Return on Security Investment (RoSI) model
(Deutsche Energie-Agentur, n.d.). The RoSI cost estimate
shows that the investment is already profitable for impor-
tant companies in the first year, and for particularly impor-
tant ones — from the second year. The sample calculation
illustrates that the investment is profitable even with low
damage compensation costs.

The development of national strategies for the digital
transformation of the energy sector, alongside the imple-
mentation of industry standards and regulatory frame-
works for the safe and ethical use of Al facilitates the for-
malisation of digital processes. Such regulatory support
also encompasses the establishment of quality control
mechanisms, certification of innovative products, licens-
ing of Al-based solutions, and assurance of consumer data
protection. Financial and investment incentives are critical
for fostering the adoption of innovative solutions by energy
companies. These mechanisms include government subsi-
dies, grants, concessional loans, and tax incentives aimed
at encouraging investment in digital modernisation. An
essential component of this approach is the promotion of
public-private partnerships, which enable the pooling of
resources from governmental bodies, private enterprises,
and research institutions to implement large-scale techno-
logical initiatives.

The investment feasibility of cybersecurity solutions
based on Al is determined by their capacity to enhance
digital resilience. Al-driven systems enable proactive
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threat detection and real-time response. This reduces the
expected losses from cyber incidents. In the framework of
innovation management, such investments should be eval-
uated using risk-adjusted performance metrics. Traditional
cost-benefit analysis is insufficient for Al-based cybersecu-
rity solutions. It should be complemented by scenario anal-
ysis and probabilistic risk assessment. The incorporation of
AT improves the accuracy of threat intelligence and fore-
casting models. This increases the effectiveness of resource
allocation in cybersecurity strategies. However, investment
decisions must account for implementation risks, including
model bias and data vulnerabilities. Regulatory compliance
and ethical considerations also influence the overall invest-
ment attractiveness. Therefore, a comprehensive evaluation
approach is required to ensure sustainable and resilient
Al-driven cybersecurity investments.

In the energy sector, several factors act as barriers to
technological change. A conservative approach to adopt-
ing new technologies is often driven by concerns regard-
ing their effectiveness and potential impact on existing
business models. Additionally, digital transformation in-
itiatives in many energy companies remain incomplete,
necessitating further investment and the restructuring

|: Problems :|

Regulatory and ]
standardisation gap

Justice and equality :|

Transparency
and explainability

Alignment with sustainable
development

(
|: Hybrid threat environment :|
(

Human factor J

Ethical
governance of Al

of management practices. Management is evolving from
a primarily administrative and control-oriented function
into an intelligent, analytical mechanism for strategic
coordination, which integrates human expertise with al-
gorithmic analytics. The ultimate objective is to establish
an effective, adaptive, and transparent decision-making
framework that combines human experience with the ca-
pabilities of analytical algorithms through a comprehen-
sive controlling system.

The human factor continues to represent one of the
primary challenges for energy enterprises, as the resilience
of operational technology systems and energy networks
depends largely on employee actions in mitigating both ex-
ternal and internal cyber threats. Currently, there is a pro-
nounced shortage of cybersecurity specialists, which poses
a significant challenge for the sector. The Figure 2 illustrates
the key challenges associated with the implementation of
Al including regulatory gaps, transparency issues, hybrid
threats, and human-factor risks. It also presents sustaina-
bility strategies such as Al-blockchain synergy, structured
threat taxonomies, and safety culture, which support the
development of digital resilience and effective risk manage-
ment in Al-related projects.

|: Sustainability strategies :|

[ AlI-Blockchain synergy J

Structured threat
taxonomies

|: Safety culture :|

Figure 2. Conceptual framework of ethical AI governance for digital resilience
and risk management in Al-related projects

Source: prepared by the authors

Scientific, educational, and workforce development
further ensure the creation of a professional foundation
for the effective utilisation of Al tools within the energy
sector. Supporting specialised educational programs in
digital technologies, particularly those focused on ener-
gy systems, is essential for preparing qualified personnel.
Moreover, initiatives should promote the retraining of
existing energy sector employees and the establishment
of research centres and laboratories dedicated to the de-
velopment and implementation of Al solutions for energy
infrastructure. The deployment of comprehensive cyber-
security solutions across energy infrastructure requires
substantial financial investment, reflecting the critical im-
portance of safeguarding complex and digitally integrated

energy systems. Building on the challenges and strategies
highlighted in the figure, Table 2 provides a detailed over-
view of the economic effects of Al applications in the ener-
gy sector. It summarises key application areas, the mecha-
nisms through which AI generates value, and the expected
outcomes for operational efficiency, cost reduction, and
strategic decision-making. The Table 2 summarises key
AT application areas, the associated economic effects, the
mechanisms through which Al generates value, and the
expected outcomes for energy systems, including cost
reduction, improved efficiency, risk mitigation, and en-
hanced decision-making. Ukraine demonstrates consid-
erable development potential due to its unique experience
in countering cyber warfare, the rapid pace of digital trans-
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formation, and the strong support of international part-
ners. At the same time, the sector remains vulnerable due
to market fragmentation, insufficient systemic financing,
and the lack of comprehensive regulatory and legal stand-
ards for businesses operating in the digital environment.
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Nevertheless, the growing demand for cybersecurity solu-
tions, the diversification of technological capabilities, and
the potential for exporting digital technologies create fa-
vourable conditions for Ukraine to evolve into a regional
leader in this domain.

Table 2. Economic effects of Al applications in the energy sector,
their value creation mechanisms, and expected outcomes

Al application area

Economic effect

Mechanism of value creation

Expected outcome

Predictive Maintenance

Reduction of maintenance
costs

Early detection of equipment failures
through data analytics

Decreased downtime, extended
asset lifetime

Demand Forecasting

Optimisation of energy
production costs

Accurate prediction of consumption
patterns using machine learning
models

Reduced imbalance costs and
improved planning efficiency

Smart Grid Management

Improved operational
efficiency

Real-time load balancing and
automation of grid operations

Lower transmission losses and
increased system stability

Cybersecurity (Al-based)

Risk cost reduction

Early detection of cyber threats and
automated response

Prevention of financial losses
from cyber incidents

Renewable Energy
Optimisation

Increased return on
investment (ROI)

Forecasting of renewable generation
and integration into energy systems

Higher utilisation of renewable
sources and reduced
curtailment

Energy Management Systems

Cost savings in energy
consumption

Al-driven optimisation of industrial
and commercial energy use

Reduced energy expenses and
improved efficiency

Improved investment

Data-driven analysis of scenarios

Decision Support Systems decision quality

More efficient capital allocation

and risks and reduced uncertainty

Cost reduction in system

Digital Twins testing and planning

Simulation of operational scenarios

Lower costs of errors and
improved infrastructure

and risk modelling planning

Source: prepared by the authors

Overcoming these structural barriers requires the co-
ordinated integration of education, business, and public
policy into a unified system aimed at strengthening nation-
al cyber resilience. However, alongside these opportunities,
new challenges are emerging. The widespread adoption of
digital technologies and Al raises critical questions regard-
ing ethical governance, the development of transparent and
accountable algorithmic decision-making systems, and the
fair allocation of responsibility among technology devel-
opers, system operators, and regulatory authorities. These
challenges are particularly acute in sectors that have ex-
perienced the most significant physical and cyber impacts
in recent years, most notably the Ukrainian energy sector.
Ensuring the resilience of this sector requires the imple-
mentation of innovative protection strategies, continuous
professional development of specialised personnel, and the
cultivation of a culture of digital responsibility among all
stakeholders involved in the energy ecosystem.

Opverall, the analysis of the reviewed studies demon-
strated a strong and growing consensus regarding the
critical role of artificial intelligence and cybersecurity in
enhancing the resilience of modern energy systems. The
existing literature confirmed that increasing digitalisation,
while enabling significant efficiency gains, simultaneously
introduced new layers of complexity and vulnerability. The
technological dimension of resilience was explored in detail
in several studies. Specifically, M. Shadabfar et al. (2022)
highlighted the importance of resilience-oriented design
frameworks incorporating computational models and

simulation tools to anticipate and withstand disruptions.
The findings of the study aligned with this conclusion re-
garding the need for proactive modelling; however, this
perspective was expanded in the current study by demon-
strating that such technological frameworks must be an
integral part of a comprehensive risk management system.
Similarly, I. Alhamrouni et al. (2024) emphasised the role of
artificial intelligence in enhancing system stability through
real-time control, fault detection, and adaptive protection
mechanisms. Conclusions fully corroborated the effective-
ness of Al tools for monitoring and predictive analytics,
but additionally indicated that technical robustness must
be supported by organisational adaptability. Furthermore,
B. Ozpineci (2022) examined the integration of AI and ma-
chine learning techniques directly into power electronics
and cybersecurity architectures. Current results coincid-
ed with the author’s vision regarding the formation of the
technological core of resilient energy systems; nevertheless,
the necessity of combining these architectures with institu-
tional governance mechanisms was emphasised.

However, a purely technological approach appeared
insuflicient to fully capture the complexity of the contem-
porary energy environment. The research by S.M. Stezh-
ko & V.M. Fitsa (2021) highlighted the institutional and
regulatory dimensions, arguing that the effectiveness of
cybersecurity measures depended on national policies and
legal frameworks. The conclusions of current study agreed
with this assertion, as regulatory compliance and stake-
holder coordination were also considered as mandatory
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components of the proposed integrated model of digital
resilience. Along the same lines, A. Ige et al. (2024) demon-
strated that the implementation of cyber risk defence strat-
egies required the alignment of technical solutions with
organisational processes and human resource capabilities.
This conclusion completely coincided with the results ob-
tained, which confirmed the necessity of a systemic ap-
proach wherein technological innovations were supported
by managerial mechanisms.

Recent empirical data also pointed to a critical gap be-
tween theoretical advancements and practical implementa-
tion. M. Nachaat et al. (2023) noted that energy enterprises
faced barriers such as high implementation costs, a lack of
technical expertise, and organisational inertia. Results fully
aligned with these observations, confirming that the tran-
sition from the technological potential of Al to its practical
application was significantly constrained by structural and
managerial factors. Similarly, O. Degtiareva et al. (2024)
highlighted the limited integration of Al-based cybersecu-
rity tools into operational processes, particularly in regions
with economic constraints. The findings of the study coin-
cided with this position; however, a specific mechanism to
overcome this issue through the implementation of a com-
prehensive risk management framework was also proposed.

Despite the alignment of results with the conclusions
of the aforementioned scholars in specific aspects, the com-
parative analysis revealed a fundamental limitation in the
existing literature. Most prior studies tended to examine
technological, infrastructural, or policy-related aspects
in isolation, without adequately addressing their inter-
dependencies. In contrast to this fragmented approach,
the results of current research substantiated the need for
an integrated analytical framework. The model extended
existing approaches by explicitly linking AI capabilities
with structured risk management processes (including
risk identification, assessment, mitigation, and continuous
monitoring) within a unified conceptual model of digital
resilience. Thus, the results of this work confirmed that the
future development of energy systems required a paradigm
shift from isolated technological solutions toward compre-
hensive, risk-oriented management models that balanced
innovation, institutional governance, and human capital
development in the face of hybrid threats.

Conclusions

The study demonstrates that the sustainable development
of modern energy systems is fundamentally dependent on
minimising operational and systemic risks associated with
cyber threats. Any destabilisation of critical energy infra-
structure significantly reduces both the environmental and
economic efficiency of the sector, thereby confirming that
cybersecurity has become an integral component of sus-
tainable energy governance. The research results indicate
that the implementation of intelligent technologies, par-
ticularly Al-based systems, plays a key role in strengthen-

ing innovation-driven management in the energy sector. At
the same time, the increasing digitalisation of energy infra-
structure leads to higher exposure of information and com-
munication systems to a wide range of cyberattacks. Once
deployed, such systems remain continuously vulnerable
to external interference, which makes resilience and sur-
vivability essential characteristics of modern energy infor-
mation systems. It has been established that ensuring the
stable functioning of energy infrastructure under adverse
and uncertain conditions requires a systemic approach to
digital resilience management. This approach integrates
technological, organisational, and strategic components
into a unified governance framework. Effective cybersecu-
rity governance must clearly define responsibilities across
all management levels, ensuring coordination in cyberse-
curity operations, business continuity planning, and inci-
dent response mechanisms.

The study highlights the importance of combining
continuous monitoring, real-time threat detection, and
predictive analytics with structured risk assessments and
scenario-based testing. Such integration enhances the
adaptive capacity and robustness of energy systems. Ad-
ditionally, human-centred measures, including training,
awareness programs, and adaptive operational proce-
dures, significantly reduce vulnerabilities caused by hu-
man factors. Empirical evidence from Ukraine confirms
that the combined application of technological solutions,
organisational coordination, and strategic management
enables energy systems to maintain functionality even
under extreme conditions. In this context, Al-based tools
for anomaly detection and predictive control further
strengthen proactive risk management within energy en-
terprises. Future development of energy systems should
be based on an integrated resilience-oriented approach,
where digital security is embedded into overall sustaina-
bility strategies. The formation of a resilience ecosystem,
supported by standardised indicators, Al-driven mitiga-
tion mechanisms, and international cooperation frame-
works, is essential for ensuring the stability and security of
interconnected global energy networks.
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AHoTAUiA. InHOoBanifiHi iHiLiaTMBM, HOB’A3aHi 3i WITYYHUM iHTEIEKTOM, B €HEPreTMYHOMY CEKTOpi TpajuLiilHO
posrAmamica fAK JpKepena OpraHisaliifHOI CKIaHOCTI Ta IOTeHIiHOI BpasnuBocTi. MeTolo focmipkeHHa Oyno
[IpOaHaIi3yBaTy B3aEMOJIiI0 MK eHepre TUYHOI0 6e3I1eKOI0 Ta CTIMKIiCTIO eHepreTUYHUX CUCTeM, JOCILANTY HOBi pU3uKy,
1oB’s13aHi 3 nuQpoBisaliielo Ta BIPOBa/PKEHHAM IHTeIEKTYaTbHUX CUCTEM, a TAKOXK OLI{HUTY YIIPaB/IiHChK Ta HOMITIYHI
3axony, HeoOXinHi Ayid edekTUBHOI iHTerpalil IITYYHOroO iHTeIeKTy B eHepreTUuHy iHdpacTpykTypy. N nocArneHHs
IOCTaB/IEHNX Li/Iell BUKOPUCTAHO JKEPea 3 BIIKPUTHUM JOCTYIIOM Ta 3aCTOCOBAHO iHTErPOBAHMI ITiAXiJl, 110 ITIOENHYE
3arajIbHOHAyKOBi J1 CIlellia/li3oBaHi MeTOAM NOCTPKEHHA 3 aKLEHTOM Ha IIE€PefoBi aHa/liTU4YHi, MOHITOPMHIOBI Ta
aBTOMAaTM30BaHi TeXHOJOrii. PesynbTaty MOCTi)KeHHA MiIKpeCTIoI0Th Ba)KIMBICTh iHBECTYBaHHA B TEXHOJIOTiYHMIA,
JIIOICBKUIA Ta PEryIATOPHMIL OTEHIiasl I/1 MOBHOTO BUKOPUCTaHHA MTOTEHIlialy ITYYHOro iHTenekTy. BogHodac ponb
iHcTpyMeHTIB Ha 0a3i IITYYHOrO iHTENEKTY B CYYaCHMX €HEPreTUYHNX CUCTEeMaX 3POCTA€ 3aBAKM IXHbOMY BHECKY B

44 Innovation and Sustainability, 2026, Vol. 6, No. 2


https://doi.org/10.37750/2616-6798.2021.4(39).248828
https://doi.org/10.3390/s23198016
https://doi.org/10.3390/s23198016
https://doi.org/10.1007/978-3-030-82322-1_6
https://www.igi-global.com/chapter/socio-economic-impacts-of-digital-innovations-in-renewable-energy-adoption/356985
https://www.igi-global.com/chapter/socio-economic-impacts-of-digital-innovations-in-renewable-energy-adoption/356985

Degtiareva et al.

UG POBY CTINIKiCTb, OllepaliitHy cTabiNbHICTD, IPOrHO3HE 0OCITYrOBYBaHHA, KibepOe3IeKy Ta IPUITHATTA CTPATeTiqHIX
pimrens. OpHak i pO3poOKM CYIIPOBOIKYIOTHCS BifmoBifHMMY pusukaMyu. CaMe TOMY CydacHa CUCTeMa YIpaBJIiHHA
[IOBMHHA €BOJIOLIOHYBaTM BiJ ajAMiHICTpaTMBHOI Ta KOHTPOJIBHO-OPi€HTOBaHOI (YHKIIl [0 iHTelIeKTyaJIbHOrO
aHATITNYHOTO MeXaHi3My, AKNUI iHTerpye JMIONCHKUI NOCBif 3 alTOPUTMIYHMM IPUMHATTAM pilleHb. TakuM 4MHOM,
1udpoBa CTINKICTh PO3IINPIOE KOHIEIIII0 CTIIKOCTI cucTeMH, iHTerpyoun iHdopMaliliHi TeXHOJOTII Ta aHAIITUKY Ha
OCHOBI LITYYHOTO iHTeNIEKTY WA IepefOadeHH, IOIIMHAHHA Ta BITHOBJIEHHA MiC/IA 3001B, CIpU4YMHeHNX GisuHIMY,
TeXHO/IOriYHMMY 4y KibepiHnupenTamu. Lla iHTerpalisa 3MeHIIye cy6’€eKTMBHICTD, IiIBUINYE TOYHICTb ONEpaliifHIX
pillleHb Ta 3abesIedye IpO3OPMIl, aJalTMBHUII Ta HAyKOBO OOIPYHTOBAaHWII IifXifi O cTpaTeriyHol KooppuHanii.
[Toennyroun mnepenoBy aHANITUKY, aBTOMAaTM3allild Ha OCHOBi IUTYYHOTO iHTENEKTy Ta INPOAKTMBHE YIIPaBIiHHA
PU3MKaMI, eHePreTUYHI CUCTeMI MOXKYTh JOCATTY IiBNIIeHOI cTabi/IbHOCTI, eKCIUTyaTaliliHol HafiltHOCTi Ta cTiitkoCTi
mo kibepbesmexn y Bce OiIbII CKIafHMX Ta LU(POBO B3AEMOIIOB SI3AHUX CcepefoBuinax. KpiM TOro, BMKOPKCTAHHS
IIepefloBOTO CBiTOBOTO JOCBiNy Ta CHpPUAHHS TPAaHCKOPHOHHIN crmiBmpani B ranysi iHHOBauiil y cdepi IITy4HOro
iHTenmekTy Ta KibepOesmeky MoxKe IPUCKOPUTY TpaHCHOPMALil0 eHepreTMYHNX IiANPUEMCTB y HANPAMKY CTiIKUX,
iHTe/IeKTya/IbHYX Ta CTiIKMX IHQPacTPyKTyp
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Abstract. The relevance was determined by the increasing importance of the machine-building industry in promoting
innovative development, strengthening national economic competitiveness, and supporting integration into global value
chains. Under conditions of digital transformation and the transition toward sustainable development during 2020-2025,
the use of openly accessible data emerged as an important instrument for improving the effectiveness of strategic planning
at industrial enterprises. The aim was to investigate the potential of openly accessible data for increasing the effectiveness
of strategic planning in machine-building enterprises under conditions of innovation and sustainable development.
The study was based on statistical and analytical data from the State Statistics Service of Ukraine, Eurostat, the World
Bank, the OECD, UN Comtrade, and WIOD. The methodological framework included general scientific and specialised
methods, namely analysis and synthesis, comparative and statistical analysis, systemic and structural-logical approaches,
economic and analytical methods, as well as strategic assessment instruments for evaluating political, economic, social,
technological, strengths, weaknesses, opportunities, and threats factors. The results demonstrated that the use of openly
accessible data significantly improved the informational support of strategic decision-making and contributed to greater
adaptability of enterprises to changing market conditions. An algorithm for strategic planning of machine-building
enterprises based on data integration and analytical processing was developed and substantiated. A strategic development
map for the industry was designed, reflecting interconnections among financial, production, innovation, customer-
oriented, and environmental priorities. The study also assessed the development indicators and structural characteristics
of Ukraine’s machine-building industry in 2020-2025 and identified its development prospects in the context of European
integration and digital modernisation. In addition, the findings confirmed that integrating external data resources into
enterprise management strengthened forecasting capabilities, supported evidence-based planning, and increased long-
term sustainability and competitiveness. The practical significance of the study consisted in providing methodological and
analytical support for managers and policymakers to improve strategic decision-making and enhance the resilience and
innovative capacity of machine-building enterprises

Keywords: industrial management; publicly available datasets; evidence-based decision-making; technological
modernisation; enterprise competitiveness; digital economy; industrial innovation

Introduction

The machine-building industry continues to be one of the
key sectors shaping economic development in the period of
industrial and technological transformation of 2020-2025 at
both global and national levels. It plays a crucial role in en-
suring the production of technological equipment, fostering
industrial innovation, and supporting the modernisation of

nearly all sectors of the economy. During 2020-2025, its im-
portance increased significantly due to intensifying global
competition, rapid digitalisation, and the growing emphasis
on sustainable development principles. At the same time,
the industry operates under a number of challenges, par-
ticularly those related to improving production efficiency,
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adopting advanced technologies, and meeting environmen-
tal standards. As noted in recent studies, the manufacturing
sector is among the major contributors to environmental
impact, which makes the transition to sustainable produc-
tion models and the integration of Industry 4.0 concepts
especially relevant (Kannan et al., 2023).

Under these conditions, machine-building enterpris-
es need to reconsider traditional approaches to strategic
planning. Effective strategic planning, aligned with cur-
rent economic trends, allows firms to achieve long-term
competitive advantages, respond more flexibly to external
changes, and improve resource utilisation. Moreover, as
J. Dhlamini (2025) argued, strategic planning continues to
be a critical management tool even in highly dynamic envi-
ronments, as it supports not only strategy formulation but
also its practical implementation. In the context of digital
transformation, strategic planning is increasingly becom-
ing data-driven. This shift significantly enhances the qual-
ity and validity of managerial decisions. In particular, the
use of Open Data is gaining growing attention as a valuable
source for analytics and forecasting. Open Data provide ac-
cess to large volumes of information that can improve trans-
parency, stimulate innovation, and increase organisational
efficiency. C. Pascu & J.-C. Burgelman (2022) emphasised
that Open Data form the foundation of modern scientific
and innovation systems, contributing to knowledge crea-
tion, research reproducibility, and the integration of artifi-
cial intelligence into decision-making processes. Therefore,
Open Data can be considered an essential element in the
development of data-driven management approaches.

A review of academic literature published in 2021-2025
shows a steady increase in interest in the role of data in stra-
tegic management within machine-building enterprises.
For instance, A. Romsdal et al. (2025) analysed data quality
issues in production planning and demonstrated that, de-
spite the widespread use of ERP systems, companies often
rely on additional tools such as spreadsheets to maintain
flexibility. Their findings suggest that insufficient data qual-
ity and delayed updates can significantly reduce the effec-
tiveness of both strategic and tactical planning, highlight-
ing the need for more robust data management practices.
Similarly, M. Tahiduzzaman et al. (2025) explored the ap-
plication of Open Data in optimising production processes.
Their results indicated that the use of Open Datasets can
improve the accuracy of optimisation models and enhance
overall production performance. At the same time, the au-
thors point out that the limited availability of structured
Open Data remains a significant barrier to the broader
adoption of data-driven approaches in the industry. This
issue underlines the importance of developing appropriate
Open Data infrastructures for industrial applications. Fur-
ther insights are provided by J. Baecker et al. (2025), who
focused on the formation of data strategies in modern en-
terprises. They identify key types of value creation based
on data, including efliciency improvement, innovation
development, new product creation, and market control.
Their analysis shows that the strategic use of data not only
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strengthens competitive positions but also supports adap-
tation to rapidly changing market conditions.

In addition, M.F. Mubarak et al. (2025) examined the
role of strategic foresight and knowledge management in
fostering open innovation. Their empirical findings suggest
that integrating external data and knowledge into internal
processes can significantly improve the effectiveness of new
product development. This confirms the growing impor-
tance of open information sources as a driver of innovation
and competitiveness. B.M. Rodrigues (2025) also highlight-
ed the impact of data analytics and digital technologies on
production planning within the framework of data-driven
manufacturing management. The study demonstrates that
the use of integrated data systems, predictive analytics, and
digital platforms contributes to better alignment between
strategic and operational goals, while also reducing costs
and improving efficiency. Overall, the findings indicate that
adopting a data-driven approach is no longer optional but a
necessary condition for maintaining competitiveness.

Thus, the analysis of studies published in 2021-2025
suggests that the use of Open Data represents a promis-
ing direction for improving strategic planning in ma-
chine-building enterprises. However, several issues remain
unresolved, particularly those related to data accessibility,
quality, and integration, which require further investi-
gation. The aim of this article is to explore the potential
of Open Data in enhancing the effectiveness of strategic
planning in machine-building enterprises under con-
ditions of innovation and sustainable development. To
achieve this aim, the study addressed the following objec-
tives: to assess the current state and development trends of
the machine-building industry using open statistical and
analytical datasets; to identify the methodological foun-
dations and key stages of strategic planning in industrial
enterprises through the application of systemic and com-
parative analysis; to determine the analytical potential of
Open Data for supporting managerial decision-making
at different stages of strategic planning; and to develop
and substantiate a practical framework for integrating
Open Data into the strategic management process of
machine-building enterprises, including environmental
assessment, strategy formulation, implementation, moni-
toring, and adaptation. The accomplishment of these ob-
jectives enabled the development of a strategic planning
algorithm and the identification of practical directions
for applying data-based approaches to improve enterprise
competitiveness and long-term sustainability.

Materials and Methods

The methodological framework of this study was based on
an interdisciplinary approach integrating the principles
of strategic management, digital transformation, data-in-
formed managerial decision-making, and sustainable de-
velopment. The application of a comprehensive methodo-
logical approach ensured the scientific validity, analytical
consistency, and reproducibility of the research outcomes
and complied with contemporary academic standards.

Innovation and Sustainability, 2026, Vol. 6, No. 2 47



The use of Open Data for strategic planning...

The empirical basis of the study was formed using open
statistical and analytical data from national and interna-
tional organisations. The research relied on publicly avail-
able datasets obtained from the State Statistics Service of
Ukraine (n.d.), Eurostat (n.d.), the World Bank (n.d.), the
OECD (n.d.), the United Nations (2021), and the World
input-output database (n.d.). These sources were selected
because they provide standardised, internationally com-
parable, and regularly updated indicators necessary for
assessing macroeconomic conditions, industrial perfor-
mance, foreign trade, and participation in global value
chains. The use of open datasets corresponded to the prin-
ciples of transparency and reproducibility in scientific re-
search (OECD, 2023; Pascu & Burgelman, 2022).

The study covered the period from 2020 to 2025. This
time horizon was selected because it allowed capturing
several consecutive stages of industrial transformation: the
effects of post-pandemic recovery beginning in 2020, struc-
tural disruptions caused by geopolitical challenges and mil-
itary impacts in 2022-2023, and the early phase of econom-
ic stabilisation and recovery expected for 2024-2025. Such
a period enabled the assessment of both short-term fluc-
tuations and medium-term strategic changes affecting ma-
chine-building enterprises. The information base includ-
ed statistical databases, analytical reports of international
organisations, official government portals, and scientific
publications. To ensure the reliability and comparability of
open data, a triangulation procedure was applied through
cross-verification of indicators obtained from multiple in-
dependent sources. Data consistency was checked using
harmonised statistical classifications and methodological
descriptions provided by official institutions. Indicators
measured in different units were standardised into relative
indicators, growth rates, indices, and percentage values to
ensure comparability across countries and periods.

The methodological framework combined general sci-
entific and specialised research methods. Methods of anal-
ysis and synthesis were applied to systematise theoretical
approaches to strategic planning and to identify the role
of open data in enterprise management (Bryson, 2017;
Grant, 2021). Comparative analysis was employed to
benchmark Ukraine’s machine-building industry against
selected European Union countries, while statistical anal-
ysis was used to assess macroeconomic and sectoral dy-
namics based on open datasets. The comparative analysis
included Germany, Poland, Czechia as reference countries
due to their different levels of industrial specialisation, tech-
nological intensity, export orientation, and relevance for
Ukraine’s economic integration processes. The comparison
was conducted according to the following criteria: the share
of machine-building in industrial production, the share of
high-technology manufacturing, research and development
expenditure as a percentage of gross domestic product,
export orientation of production, and indicators reflect-
ing digital transformation and industrial modernisation.

The systemic approach ensured a comprehensive ex-
amination of relationships among economic, technological,

social, and environmental factors influencing the develop-
ment of machine-building enterprises. The structural-log-
ical method was used to organise the sequence of strategic
planning stages and to substantiate the integration of open
data into managerial processes. Economic and analytical
methods supported the interpretation of quantitative in-
dicators and facilitated the formulation of evidence-based
managerial conclusions. Strategic analysis tools occupied
a central place in the study. Political, Economic, Social,
and Technological analysis was applied to assess external
conditions affecting machine-building development. The
political dimension included indicators related to industri-
al policy, regulatory changes, state support measures, and
European integration processes based on data from the
OECD (n.d.) and the European Commission (2023). Eco-
nomic factors were evaluated using gross domestic prod-
uct growth, inflation, foreign direct investment, industrial
production, and export indicators derived from the World
Bank (n.d.), Eurostat (n.d.), and the State Statistics Ser-
vice of Ukraine (n.d.). Social factors included employment
levels, laubor market indicators, demographic trends, and
workforce qualifications obtained from Eurostat (n.d.) and
the OECD (n.d.). Technological factors were assessed us-
ing indicators of digitalisation, innovation activity, research
and development expenditures, and technology implemen-
tation derived from Eurostat (n.d.), the OECD (n.d.), and
McKinsey & Company (2022).

SWOT analysis was performed to integrate external
and internal assessment results. Internal factors (strengths
and weaknesses) were selected according to production
performance, export capacity, innovation activity, techno-
logical readiness, labour productivity, and resource efficien-
cy indicators. External factors (opportunities and threats)
were identified through the analysis of macroeconomic
trends, digital transformation processes, environmental
requirements, international market conditions, and geopo-
litical challenges. Factor selection was conducted according
to three criteria: strategic relevance for machine-building
enterprises, statistical support from open data sources, and
consistency across at least two independent datasets.

Trend analysis and forecasting methods were addi-
tionally employed to estimate development prospects for
the period 2024-2025. Forecasting was performed using
trend extrapolation based on historical indicator dynam-
ics for 2020-2024 and scenario analysis involving baseline,
recovery, and optimistic scenarios. The forecast considered
changes in industrial production, exports, investment ac-
tivity, and macroeconomic conditions and was additionally
compared with projections from international analytical
sources. Methods of generalisation and data visualisation
were applied to structure statistical information and fa-
cilitate the interpretation of analytical findings. Their ap-
plication was intended to support the identification of
development tendencies, improve the clarity of analytical
interpretation, and strengthen the methodological basis for
strategic assessment. Data processing and analytical proce-
dures were conducted using Microsoft Excel for statistical
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calculations and database integration, Microsoft Power BI
for visualisation and dashboard construction, and open
analytical platforms and official statistical portals for data
verification and comparative assessment. The use of digi-
tal analytical tools contributed to increasing transparency
in data processing and supporting evidence-based analysis
within the research framework. Thus, the selected materi-
als and methods ensured a comprehensive and systematic
investigation of the use of Open Data in strategic planning
and created methodological conditions for evaluating their
applicability in supporting innovative and sustainable de-
velopment of machine-building enterprises under digital
transformation conditions.

Results and Discussion

Strategic planning during the period of industrial trans-
formation in 2020-2025 is one of the key prerequisites for
ensuring the long-term competitiveness of machine-build-
ing enterprises in the context of economic system transfor-
mation, intensifying global competition, and the growing
role of innovation (Bryson, 2017). The strategic planning
process of a machine-building enterprise is a systematic
process of defining long-term objectives, developing the
means to achieve them, and ensuring the efficient use of
resources in a dynamic market environment (Grant, 2021).
The specificity of the machine-building industry is deter-
mined by its high capital intensity, long innovation cycles,
complexity of technological processes, and significant de-
pendence on macroeconomic and political factors (Euro-
pean Commission, 2023).

In the context of sustainable development, strategic
planning at machine-building enterprises involves the inte-
gration of economic, environmental, and social dimensions
(United Nations, 2021). This implies that, alongside tradi-
tional objectives such as profitability and market expan-
sion, it is necessary to consider resource efficiency, reduc-
tion of environmental impact, human capital development,
and social responsibility. The effectiveness of strategic plan-
ning largely depends on the quality of information support
used in managerial decision-making (McKinsey & Com-
pany, 2022). One of the key sources of such information is
Open Data - data that are freely available for use, process-
ing, and dissemination. For machine-building enterprises,
Open Data serve as an important source of information for
analysing market trends, assessing the competitive envi-
ronment, identifying investment opportunities, monitor-
ing public policy, and evaluating environmental risks. The
strategic planning process involves the implementation of
interrelated stages, among which the key ones include en-
vironmental analysis, goal setting, and strategy selection
(Grant, 2021). The use of Open Data at the analysis stage
makes it possible to obtain up-to-date information on mar-
kets, competitors, and technological trends (OECD, 2023).
Based on the results of the analysis, strategic objectives are
formulated, which should meet the criteria of measurabili-
ty, achievability, relevance, and time-boundedness (Project
Management Institute, 2021). The final stage involves the
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development of strategic alternatives and the selection of
the optimal development strategy for the enterprise. Fig-
ure 1 presents the algorithm of strategic planning at ma-
chine-building enterprises under the conditions of Open
Data utilisation.

Open Data play an important role in shaping indus-
trial policy by providing access to information on industry
conditions, innovation activity, and environmental perfor-
mance (OECD, 2023). This contributes to more informed
decision-making and better coordination between govern-
ment and business. The figure presents a step-by-step algo-
rithm for the formation and implementation of enterprise
strategic decisions based on data. The first stage involves
data acquisition and integration, including the collection
of Open Data from external sources (government registers,
statistical databases, international platforms) as well as in-
ternal enterprise data. At this stage, data are harmonised
and integrated into a unified data management system,
forming the informational foundation for further analysis.

The second stage focuses on data analytics and envi-
ronmental assessment. Modern analytical tools (SWOT,
PEST), business intelligence systems, and predictive mod-
els are applied to identify trends, patterns, and potential
changes. Based on this analysis, strategic challenges and
opportunities are determined, including the identification
of market trends, technological drivers, risk assessment,
and the formulation of strategic goals in accordance with
the SMART approach. The subsequent stages involve the
development of strategic alternatives and the selection of
the optimal strategy. Various development options (inno-
vation, diversification, digital transformation, sustainabili-
ty) are generated and evaluated using economic indicators
(NPV, ROI), as well as risk and feasibility assessments.
The selection of the most appropriate alternative is carried
out using multi-criteria decision-making methods and is
grounded in an evidence-based, data-driven approach. The
final stages cover strategy implementation as well as moni-
toring, evaluation, and adaptation. Action plans, programs,
and projects are developed; resources are allocated; and key
performance indicators (KPIs) are established. In addition,
digital monitoring of implementation processes is ensured.
A feedback loop enables continuous strategy adjustment
based on updated data, ensuring flexibility and adaptability
in a dynamic environment.

The proposed approach ensures comprehensiveness
and integrates data-driven management with strategic
planning. Unlike classical models, the proposed algorithm
combines the processes of collecting large volumes of open
and internal data with analytical tools and decision-mak-
ing mechanisms within a unified, closed-loop system. Its
novelty also consists in incorporating continuous digital
monitoring and an adaptive feedback loop, which enables
not only the formulation of strategy but also its dynamic
adjustment under conditions of uncertainty and rapid en-
vironmental change. This approach enhances the validity
of managerial decisions and contributes to achieving long-
term enterprise sustainability. The Use of Open Data in
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strategic planning of machine-building enterprises involves
the integration of national and international information
resources, providing access to up-to-date macroeconomic,
sectoral, and structural indicators (State Statistics Service

of Ukraine, n.d.; Eurostat, n.d.; World Bank, n.d.). Global
value chain databases, such as OECD TiVA (OECD, n.d.),
UN Comtrade, and the WOID (World input-output data-
base, n.d.), also play a significant role.

Data Acquisition and Integration

Collection of open data from external sources (statistical databases,
government registers, international platforms)

Extraction of industry-specific, technological, and environmental data

Integration of external open data with internal enterprise data

Formation of a unified data management system

A

Data Analytics and Environmental Assessment
Application of analytical tools (SWOT, PESTEL)
Use of Business Intelligence (BI) systems and data

visualization tools
Predictive analytics and trend identification
Comprehensive assessment internal and external
environments ofional platforms)

- drivers

Identification of Strategic Challenges and Opportunities
Detection of market trends and emerging niches
Identification of technological opportunities and innovation

Assessment of risks (economic, regulatory, environmental)
Scenario analysis for future development
Definition of SMART strategic goals

\ 4

\ 4

Development of Strategic Alternatives
Generation of strategic options (innovation, transformation,
strategies) diversification, digital sustainability
Evaluation of alternatives using economic indicators
(NPV, ROI)
Risk and feasibility assessment
Comparison of strategic scenarios

Selection of the Optimal Strategy
Application of multi-criteria decision-making methods
Use of scenario-based evaluation
Data-driven justification of strategic choice
Selection of the most effective and sustainable option

Strategy Implementation
Development of action plans, programs, and projects
» Allocation of resources (financial, human, technological) <
Establishment of key performance indicators (KPIs)
Digital monitoring of implementation processes

Monitoring, Evaluation, and Adaptation

Continuous monitoring using real-time data

Performance evaluation against KPIs

Identification of deviations and inefficiencies

Adaptive adjustment of strategy based on updated data (feedback loop)

Figure 1. Algorithm of strategic planning at machine-building enterprises under conditions of Open Data utilisation

Source: developed by the author

National statistical resources provide the fundamen-
tal informational basis for assessing the state of the ma-
chine-building sector in Ukraine. Data from the State
Statistics Service of Ukraine cover industrial production
indicators, product sales volumes, exports, the number of
enterprises, and employment levels. Using data from the
State Statistics Service of Ukraine in strategic planning en-
ables the assessment of domestic market capacity, its struc-
tural characteristics, market saturation levels, and growth
potential. Analysis of key indicator dynamics allows for
understanding production cycles, technological structure
changes, and enterprise innovation activity. These data also
facilitate competitive environment analysis, including the

evaluation of the number of market participants, market
concentration, and positions of key players. Additionally,
they form a basis for economic forecasting and scenario
modelling, increasing the validity of strategic decisions in a
dynamic external environment.

Particularly relevant in the context of European inte-
gration is the possibility of conducting comparative anal-
yses of Ukraine’s machine-building development relative
to selected European Union countries and aggregated EU
averages using Eurostat (n.d.) data. In this study, the com-
parison was conducted with Germany, Poland, Czechia,
and the EU average indicators, as these countries represent
different models of industrial development and varying
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levels of integration into European manufacturing value
chains. Germany was selected as the benchmark of high-
tech industrial leadership in Europe; Poland and Czechia
were included due to their comparable industrial special-
isation, historical transformation trajectories, and active
participation in regional manufacturing networks. Such a
comparative approach makes it possible not only to identi-
fy quantitative differences in industrial structure and inno-
vation activity but also to determine strategic gaps and op-
portunities for Ukraine’s machine-building sector. The use
of standardised Eurostat indicators ensures methodological
comparability of results and strengthens the analytical va-
lidity of cross-country benchmarking within the strategic
planning framework.

The macroeconomic environment, shaped in particular
by analytical and statistical data from the World Bank (n.d.),
plays a significant role in shaping the strategic priorities of
mechanical engineering enterprises. The systematic use of
open macroeconomic indicators-covering GDP dynamics,
inflation trends, investment activity, employment levels,
and external economic parameters-provides a comprehen-
sive informational basis for understanding broader eco-
nomic trends. This, in turn, enables enterprises to more
accurately identify potential risks and opportunities, assess
the degree of macroeconomic instability, and take into ac-
count the cyclical nature of economic development. More-
over, the use of such data supports the development of al-
ternative growth scenarios that consider various changes
in the external environment, which is particularly impor-
tant under conditions of uncertainty and global challeng-
es. The integration of Open Data into strategic planning
processes also enhances the validity of managerial deci-
sions, ensuring their adaptability and alignment with the
long-term goals of sustainable enterprise development.

Critically important Open Data sources are inter-
national databases reflecting global value chains. These
allow enterprises to assess not only domestic production
structures but also integration into international economic
processes. Resources such as OECD TiVA (OECD, n.d.),
UN Comtrade, and WIOD enable analysis of component
composition, geographical distribution, and dependence
on imported inputs, which is especially relevant for high-
tech industry segments. Information from global databases
allows enterprises to: identify bottlenecks and supply chain
risks, e.g., dependency on certain suppliers or countries
affecting production stability and costs; plan supplier di-
versification and production localisation, using global
trade flow analyses to strategically relocate production ca-
pacities and reduce disruption risks; identify new markets
and partnerships, leveraging export-import data to forecast
product demand, develop partnerships, and integrate into
international manufacturing networks; enhance competi-
tiveness in high-tech segments, by evaluating opportunities
to enter high value-added and innovative sectors.

Global Data is particularly significant for transitioning
to Industry 4.0 and data-driven production, providing the
information foundation for predictive analytics, logistics
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optimisation, inventory management, and strategic selec-
tion of technological solutions. For Ukrainian enterprises
gradually integrating into European and global production
networks, access to Open Data on supply chains becomes
a key tool to reduce dependency on imported components
and improve production efficiency. The further develop-
ment of strategic planning for machine-building enter-
prises under the conditions of active use of Open Data re-
quires the formation of a systematic methodology for their
analytical processing. Such an approach should be based
on the integration of modern strategic analysis tools that
ensure the transformation of Open Data sets into relevant
managerial decisions (OECD, 2023; European Commis-
sion, 2023). The use of Open Data in strategic planning
should be implemented through the step-by-step applica-
tion of a set of analytical tools, among which PEST analysis,
SWOT analysis, trend and forecasting analysis, and data
visualisation methods occupy a central position. The initial
stage involves conducting a PEST analysis, which enables a
comprehensive assessment of the impact of external envi-
ronmental factors on the functioning of machine-building
enterprises based on Open Data sources.

Within the political dimension (P - political), Open
Data provides opportunities to analyse industrial policy,
the regulatory environment, innovation support programs,
and integration processes with the European Union. In
particular, the use of governmental portals and interna-
tional data resources ensures monitoring of changes in the
regulatory framework that determine industry conditions
(European Commission, 2023). The economic dimension
(E - economic) is based on the analysis of macroeconomic
indicators, including GDP dynamics, inflation processes,
investment activity, and foreign trade indicators. The use
of Open Data from international organisations allows en-
terprises to identify the phase of the economic cycle and
assess the level of effective demand and investment attrac-
tiveness of the industry (World Bank, n.d.). Social factors
(S - social) include the analysis of the labour market, em-
ployment levels, workforce qualifications, and demograph-
ic trends. The use of Open Data in this context contributes
to assessing the availability and quality of human capital,
which is critically important for high-tech production
(OECD, 2023). The technological dimension (T - techno-
logical) involves assessing the level of digitalisation, inno-
vation activity, R&D expenditures, and the implementation
of Industry 4.0 technologies. Based on international Open
Databases, enterprises can identify global technological
trends and evaluate their competitive positions (McKinsey
& Company, 2023).

At the same time, the technological component should
not be interpreted solely as a set of production upgrades or
isolated digital initiatives. In the context of contemporary
machine-building development, technology acts as a sys-
temic factor that determines the adaptability of enterprises
to external economic turbulence and the speed of integra-
tion into global value chains. Open Data sources provide an
opportunity not only to monitor technological indicators
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but also to identify structural changes in industrial de-
velopment patterns, shifts in investment priorities, and
emerging technological niches with high growth potential.
For the Ukrainian machine-building industry, technologi-
cal transformation acquires strategic importance due to the
necessity of increasing production flexibility, reducing re-
source intensity, and improving resilience under conditions
of heightened uncertainty. The analysis of open interna-
tional databases enables enterprises to compare their tech-
nological maturity with international benchmarks, identify
critical gaps in automation, robotics, digital infrastructure,
and engineering capabilities, and determine priority direc-
tions for modernisation.

An authorial interpretation of the technological fac-
tor suggests considering technological development as a
multidimensional category that combines not only inno-
vation capacity but also the ability of enterprises to ab-
sorb and scale external knowledge. In this context, digital
transformation becomes an instrument for strengthening

competitive sustainability rather than an end in itself. The
implementation of cloud technologies, industrial analytics,
predictive maintenance systems, artificial intelligence solu-
tions, and integrated production management platforms
creates conditions for increasing operational efficiency and
improving decision-making quality. Furthermore, the use
of Open Data significantly expands the analytical capabil-
ities of enterprises by enabling continuous monitoring of
patent activity, technological investments, industrial pro-
ductivity, export specialisation, and innovation ecosystems
across countries and regions. Such an approach supports
a transition from reactive management practices toward
predictive and evidence-based strategic planning. Con-
sequently, the technological dimension within the PEST
framework serves not only as a diagnostic element but also
as a foundation for forming long-term development trajec-
tories of machine-building enterprises. The results of the
PEST analysis of the machine-building industry of Ukraine
are summarised in Figure 2.
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Figure 2. Results of the PEST analysis of the machine-building industry of Ukraine based on Open Data

Source: developed by the authors

The obtained results demonstrate that external envi-
ronmental factors exert a differentiated influence on the
development of machine-building enterprises and require
integrated interpretation rather than isolated assessment.
Political and regulatory conditions shape the institution-
al framework for industrial activity, economic factors de-
termine investment capacity and market dynamics, social
changes influence labour potential and demand structure,
while technological factors define opportunities for mod-
ernisation and long-term competitiveness. Therefore, the
practical value of PEST analysis lies not only in identify-
ing key trends but also in revealing interdependencies be-
tween external drivers that collectively influence strategic
decisions. From the author’s perspective, the application of

Open Data in conducting PEST analysis increases the ob-
jectivity and reproducibility of analytical conclusions, re-
ducing dependence on subjective expert judgments. Unlike
traditional approaches, the integration of publicly available
international and national datasets enables dynamic up-
dating of assessments and supports continuous strategic
monitoring. This is particularly relevant for the Ukrainian
machine-building sector, where rapid changes in external
conditions require flexible analytical instruments and reg-
ular revision of development priorities. The next stage in-
volves conducting a SWOT analysis based on Open Data,
which ensures the integration of external and internal en-
vironmental analysis results. The summarised results of the
analytical procedures are presented in Figure 3.
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Figure 3. Results of the SWOT analysis of the machine-building industry of Ukraine based on Open Data

Source: developed by the author

The synthesis of PEST and SWOT analysis results
makes it possible to form a comprehensive vision of
the current state and development prospects of the ma-
chine-building industry in Ukraine. The study indicates
that the industry is in a phase of structural transformation,
combining recovery processes with technological modern-
isation. Despite significant external risks, existing internal
capacities and opportunities create preconditions for fur-
ther development. At the same time, achieving sustainable
economic growth requires overcoming internal constraints,
primarily through intensifying investment activities, fos-
tering innovation, and developing human capital. In this
context, the use of Open Data serves as an important tool
for improving the validity of strategic management deci-
sions and shaping an effective model for industry develop-
ment (OECD, 2023).

Table 1 presents the dynamics of the main indica-
tors of Ukraine’s machine-building industry for the pe-
riod 2020-2025. Analysis of the dynamics indicates that
the machine-building industry in Ukraine experienced
significant fluctuations due to macroeconomic and geo-
political factors. A particularly sharp decline occurred in

2022, associated with war-related risks and destruction of
production capacities. Data for 2024-2025 indicate gradual
sectoral recovery, with positive trends in industrial pro-
duction indices and export growth, reflecting enterprises’
adaptation to new operational conditions (State Statistics
Service of Ukraine, n.d.). To improve the transparency and
analytical validity of the obtained results, the forecast val-
ues for 2024-2025 were generated using trend extrapola-
tion combined with scenario-based assessment. The base-
line period included statistical observations for 2020-2023
obtained from the State Statistics Service of Ukraine and
complemented by analytical estimates of recovery dynam-
ics. Forecast ranges were formed considering three groups
of factors: macroeconomic stabilisation indicators, expect-
ed export recovery, and gradual adaptation of production
systems to wartime and post-war conditions. Instead of de-
terministic values, interval estimates were applied in order
to reflect uncertainty and possible deviations in recovery
trajectories. The projected indicators therefore should not
be interpreted as exact values but as analytical scenarios
illustrating potential directions of industry development
under current institutional and economic conditions.

Table 1. Dynamics of indicators of machine-building in Ukraine

Indicator 2020 2021 2022 2023 2024 2025
Industrial production index, % 96.8 107.1 62.4 85-90 95-102 103-108
Share of machine-building in industry, % 10.2 10.8 8.5 9.0 9.5 10.0
Export of machine-building products, USD billion 5.4 6.2 3.8 4.5 5.2-5.6 5.8-6.3
Number of enterprises, in thousands 11.5 11.8 10.2 10.5 10.8 11.0

Note: 2023 - estimates based on open statistical and analytical data; 2024 - preliminary aggregated estimates (recovery trends); 2025 -

forecast values based on recovery trends

Source: compiled by the authors based on State Statistics Service of Ukraine (n.d.)
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The increase in the number of enterprises in 2024-
2025 may indicate the activation of small and medi-
um-sized businesses, the relocation of production, and
the emergence of new production capacities. Collectively,
these trends lay the groundwork for structural modern-
isation of the sector, based on digitalisation, innovation,
and integration into global value chains. The obtained re-
sults demonstrate not only quantitative recovery but also
qualitative structural transformation within the industry.
Although industrial output and export volumes show pos-
itive dynamics in 2024-2025, the recovery process remains
uneven and largely dependent on external financing,
logistics resilience, and access to technological resources.
The slower restoration of the machine-building share in
industry compared with production growth may indicate

persistent structural imbalances and insufficient expan-
sion of high value-added segments. From the perspective
of strategic planning, these findings suggest that future
competitiveness should rely not exclusively on restoring
production capacities but on accelerating technological
modernisation, digital transformation, and deeper in-
tegration into European industrial ecosystems. Conse-
quently, Open Data becomes not merely an informational
instrument but a strategic resource for continuous mon-
itoring and adaptive managerial decision-making. In EU
countries, machine-building is characterised by a high
share in GDP (up to 15-20% of industrial production),
significant innovation components, and a high level of
digitalisation (Industry 4.0). Table 2 presents comparative
machine-building indicators (Ukraine vs EU).

Table 2. Comparative machine-building indicators (Ukraine vs EU)

Indicator Ukraine EU (average)
Share in industry, % 8-10 15-20
Share of high-tech production, % 5 15-25
R&D expenditure, % of GDP 0.4 2.0-3.0
Export orientation, % of production 50 70-80

Source: compiled by the author on Eurostat (n.d.)

Comparative analysis based on Eurostat data and select-
ed benchmark countries (Germany, Poland, and Czechia)
reveals substantial structural differences between Ukraine’s
machine-building industry and European industrial mod-
els. The values presented in Table 2 reflect aggregated EU
averages and therefore serve as a generalised benchmark
rather than indicators of individual countries. The com-
parison demonstrates that the gap is particularly visible in
technological intensity and innovation investment. While
European enterprises maintain higher levels of R&D ex-
penditure and produce a larger share of high-tech output,

Ukrainian machine-building remains concentrated in me-
dium- and low-technology production segments. This situ-
ation limits productivity growth and constrains integration
into high-value global production networks. At the same
time, Ukraine’s relatively strong export orientation indicates
the presence of adaptation potential and opportunities for
strengthening international industrial cooperation. There-
fore, strategic priorities should focus not only on increasing
production volumes but also on improving technological
complexity, expanding domestic innovation capacity, and
creating institutional conditions for industrial upgrading.

Dynamics of Indicators of Machine-Building in Ukraine
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2023* 2024** 2025***

Number of Enterprises

Export of Machine-Building Products, USD

“ billion Share of Machine-Building in Industry, %
Industrial Production Index, %

Figure 4. Dynamics of indicators of machine-building in Ukraine
Source: developed by the author based on State Statistics Service of Ukraine (n.d.)

The dynamics presented in Figure 4 indicate that the de-
velopment trajectory of Ukraine’s machine-building indus-
try during 2020-2025 is characterised not only by cyclical
fluctuations but also by structural adaptation processes. The

sharp decline observed in 2022 reflects the impact of mil-
itary, logistical, and investment constraints; however, sub-
sequent recovery tendencies suggest increasing resilience
and gradual restoration of industrial activity. At the same
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time, the uneven pace of recovery across indicators demon-
strates that quantitative growth does not automatically im-
ply qualitative modernisation. In particular, the restoration
of production volumes and export activity remains accom-
panied by a relatively slow recovery of the industry’s struc-
tural position within total industrial output. This indicates

the need for strategic reorientation toward technologi-
cal upgrading and increasing value added. Therefore, the
next stage of analysis involves comparing Ukraines per-
formance with European benchmarks in order to identi-
ty development gaps and determine strategic priorities
for further integration into European industrial systems.

Comparative machine-building indicators (Ukraine vs EU)
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Figure 5. Comparative machine-building indicators (Ukraine vs EU)
Source: Developed by the author on World input-output database (n.d.)

GDP recovery, declining inflation, and increased for-
eign direct investment in 2023-2025 create favourable

conditions for stimulating business activity and modern-
ising machine-building enterprises (Table 3).

Table 3. Macroeconomic Indicators of Ukraine

Indicator 2020 2021 2022 2023 2024 2025
GDP growth, % -4.0 34 -29.1 5.3 4 5
Inflation, % 5.0 10.0 26.6 12-13 8-10 6-8
Foreign direct investment, USD billion 0.2 6.7 -0.2 4.0 4.5-5.5 5.5-7.0
Export of goods and services, % of GDP 40 41 35 38 39-40 40-42

Note: 2024 - preliminary estimates; 2025 - forecast values

Source: compiled by the author based on World input-output database (n.d.)

The indicators reflect the severe economic crisis in
2022, marked by sharp GDP decline, rising inflation, and
reduced investment activity. In 2023-2025, gradual mac-
roeconomic stabilisation is observed, including positive
economic growth, reduced inflationary pressure, resto-
ration of foreign investment inflows, and stabilisation
of foreign trade activity. The identified macroeconomic
trends have direct implications for strategic planning in
machine-building enterprises. Positive GDP dynamics
and investment recovery increase the feasibility of im-
plementing modernisation projects and expanding pro-
duction capacities. At the same time, the persistence of
inflationary pressures and uncertainty in external markets
require enterprises to apply flexible planning instruments
and scenario-based strategic management. The results
also indicate that macroeconomic recovery alone does
not automatically ensure industrial competitiveness. Sus-
tainable growth of machine-building enterprises depends
on their ability to transform external economic oppor-
tunities into internal technological capabilities through

Innovation and Sustainability, 2026, Vol. 6, No. 2

investment in innovation, digital infrastructure, and hu-
man capital development (Fig. 6). Accordingly, the next
stage of the study involves forming a comprehensive vi-
sion for the development prospects of the machine-build-
ing industry through the design of a strategic map that
reflects the key directions of its transformation under
conditions of innovative and sustainable development.
Such a map serves as an effective strategic management
tool, as it ensures a logical interconnection between goals,
resources, instruments, and the expected performance
outcomes of enterprises. The strategic map for the devel-
opment of Ukraine’s machine-building industry, based on
the use of open data, relies on the concept of balanced
development and integrates the principles of data-driven
management, digital transformation, and sustainable pro-
duction. It reflects the interdependence among financial,
production, innovation, customer, and socio-environ-
mental aspects of enterprise performance, in line with the
modern requirements of the global economy and Europe-
an standards. Figure 7 presents the strategic map for the
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development of Ukraine’s machine-building industry in
the context of Open Data utilisation. The proposed map
envisages the transformation of information resources

50

40 41
40 35

into competitive advantages, thereby enhancing the effec-
tiveness of managerial decision-making and ensuring the
long-term sustainability of machine-building enterprises.
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Figure 6. Macroeconomic Indicators of Ukraine

Source: developed by the author based on World input-output database (n.d.)
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Figure 6. Strategic map for the development of Ukraine’s machine-building industry using Open Data

Source: developed by the author

The financial perspective determines the ultimate out-
comes of strategy implementation and aims to ensure the
economic stability and competitiveness of machine-build-
ing enterprises. The primary strategic objectives include
increasing profitability, enhancing investment attractive-
ness, and expanding the export potential of the industry.
Accordingly, key strategic priorities involve increasing
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production and sales volumes, improving profitability,
attracting foreign investment, expanding international
market presence, and integrating into global value chains.
The customer perspective reflects enterprises’ orientation
toward meeting consumer needs and enhancing product
competitiveness in both domestic and international mar-
kets. Its key strategic objectives include improving product




quality and technological sophistication, expanding the
range of high-tech products, strengthening positions in the
European Union market, fostering partnerships and inter-
national cooperation, and increasing customer orientation.
The internal business processes perspective focuses on
improving the efficiency of production and management
processes through the implementation of innovations and
digital technologies. Key strategic directions include the
modernisation of production facilities, the adoption of
Industry 4.0 technologies, the digitalisation of manufac-
turing and logistics, the optimisation of supply chains, the
enhancement of energy and resource efficiency, and the im-
plementation of quality management systems.

The innovation and learning perspectives constitute
the foundation for the long-term competitiveness of ma-
chine-building enterprises. This dimension of the strate-
gic map defines the potential for creating new knowledge
and technologies and encourages enterprises to develop
research and development (R&D), enhance the digital
competencies of personnel, stimulate innovation activi-
ty, strengthen cooperation with universities and research
institutions, implement artificial intelligence and big data
analytics, and utilise open scientific and technological data.
In accordance with the principles of sustainable develop-
ment, the ESG perspective also provides for the integration
of ESG principles into the activities of machine-building
enterprises. This includes reducing environmental impact,
implementing environmentally friendly technologies, im-
proving energy efficiency, promoting the circular economy,
ensuring safe working conditions, and enhancing corpo-
rate social responsibility. The results of the conducted study
confirm the pivotal role of the machine-building industry
in fostering innovative development and strengthening
economic competitiveness under conditions of digital
transformation and sustainable development. The obtained
findings demonstrated that the integration of Open Data
into strategic planning created additional opportunities for
improving environmental assessment, increasing the valid-
ity of managerial decisions, and strengthening enterprise
adaptability under conditions of uncertainty.

The obtained conclusions correspond with the theo-
retical position proposed by D.J. Teece (2025), who argued
that dynamic capabilities determine the ability of enterpris-
es to respond to environmental changes and maintain sus-
tainable competitive advantages. The findings of the pres-
ent study extend this argument by demonstrating that the
integration of external information resources into strategic
planning enhances not only organisational adaptability but
also the analytical capacity required for long-term strategic
development. The significance of digital transformation for
strategic management is also confirmed by P.C. Verhoef et
al. (2021), who emphasised that digital technologies re-
shape managerial processes and stimulate the emergence of
new business models. Similar conclusions were obtained by
K. Schwertner (2017), who demonstrated that digital trans-
formation contributes to higher managerial efficiency and
supports organisational sustainability. In the context of the
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present research, these conclusions were further developed
through substantiating the practical role of Open Data as
an instrument supporting strategic planning procedures.

The findings are consistent with the conclusions of
S. Kraus et al. (2022), who identified digital transforma-
tion as a critical determinant of industrial sustainability
and innovation capacity. Their research primarily focused
on organisational readiness for digital change, whereas the
present study concentrated on the practical incorpora-
tion of open information resources into strategic planning
mechanisms and demonstrated their applicability for im-
proving strategic responsiveness. The strategic role of data
resources was also emphasised by G. George et al. (2021),
who characterised data as an important driver of innova-
tion and managerial renewal. Similar observations were
made by R. Dubey et al. (2020), whose research demon-
strated that data analytics positively influences operation-
al performance and resource allocation. Unlike previous
studies focused mainly on operational outcomes, the pres-
ent research showed that Open Data may support not only
production efficiency but also strategic forecasting and
long-term managerial decision-making.

Comparable conclusions were obtained by S. Wam-
ba et al. (2018), who demonstrated that data-oriented man-
agement contributes to improving competitiveness and
operational effectiveness. The results of this study addition-
ally indicate that the use of external open datasets improves
strategic flexibility and facilitates adaptation to changing
macroeconomic conditions. The role of external informa-
tion ecosystems was further examined by S. Nambisan et
al. (2019), who emphasised that digital platforms and
open information exchange create favourable conditions
for innovation and strategic renewal. The findings of this
research support these conclusions and demonstrate that
publicly available international databases can become an
important source for strengthening analytical capabilities
in industrial enterprises.

The importance of Open Data for innovation systems
was also highlighted by C. Pascu & J.-C. Burgelman (2022),
who argued that open information environments support
knowledge creation and improve decision-making trans-
parency. In comparison with their conceptual approach,
the present study focused on practical managerial imple-
mentation and proposed a structured algorithm for inte-
grating Open Data into enterprise strategic planning. Re-
cent empirical studies additionally support the relevance of
the obtained findings. A. Romsdal et al. (2025) demonstrat-
ed that insufficient data quality and delayed information
updates reduce planning effectiveness in manufacturing
systems. The present study complements this conclusion by
showing that combining verified external information with
internal enterprise data improves strategic assessment and
reduces informational uncertainty.

Similarly, J. Baecker et al. (2025) identified organ-
isational data strategies as a mechanism for generating
competitive advantages and enhancing enterprise perfor-
mance. The strategic planning algorithm proposed in this
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study extends this perspective by integrating Open Data
throughout the full strategic cycle, including environmen-
tal analysis, strategy formulation, implementation, and
monitoring. B.M. Rodrigues (2025) also emphasised that
data-driven manufacturing management enables stronger
coordination between strategic and operational objectives.
The results obtained in this study support these findings
and additionally demonstrate that the integration of fore-
casting procedures and strategic analytics enhances long-
term industrial resilience.

Additional support for the obtained conclusions is
provided by recent studies on industrial digital maturi-
ty. M.P. Hetmanczyk (2024) proposed a methodology for
evaluating the maturity of production process automation
and demonstrated that sustainable industrial transforma-
tion requires not only technological modernisation but
also systematic integration of data into managerial process-
es. These findings reinforce the conclusions of the present
study concerning the necessity of combining strategic plan-
ning with analytical support mechanisms. Related conclu-
sions were obtained by A.E. Oberg et al. (2024), who ar-
gued that manufacturing enterprises achieve higher digital
readiness when strategic decisions are supported by struc-
tured analytical frameworks and continuous assessment of
technological capabilities. Overall, the comparison with
contemporary scientific literature demonstrated that most
previous studies investigated digital transformation, data
analytics, and industrial modernisation separately. In con-
trast, the present study proposed an integrated managerial
approach combining Open Data, strategic planning instru-
ments, forecasting procedures, environmental assessment,
and strategic mapping within a unified decision-making
framework. Such integration contributes to increasing en-
terprise resilience, supporting sustainable industrial devel-
opment, and strengthening competitiveness under dynam-
ic economic conditions.

Conclusions

The conducted study confirmed that the machine-
building industry remains one of the key sectors
influencing innovative development and strengthening
the competitiveness of the national economy. It was
established that under conditions of globalisation, digital
transformation, and increasing attention to sustainable
development, the effectiveness of enterprise management
increasingly depended on the modernisation of strategic
planning approaches and the systematic use of open
information resources. The research expanded the
theoretical and methodological understanding of strategic
planning in machine-building enterprises by substantiating
the role of Open Data as an analytical basis for managerial
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BukopumnctaHHAa Open Data ona cTpaTeriuHoro
MJIOHYBOHHSA NignpuemMcTB MALLMHOOYOYBOHHSA
B YMOBOX iHHOBCOLLIMHOIO TA CTAJIOIO PO3BUTKY

OxcaHna Anep

KQHAMAQT TEXHIYHMX HOYK, AOLLEHT

BiHHMLLbKMIM HOLLIOHOABHWMM TEXHIYHMI YHIBEPCUTET

21021, ByA. XMeAbHMLBKE Loce, 95, M. BiHHMLA, YKpaiHa
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AHOTALA. AKTyaNnbHICTb 6y/Ia 3yMOBJIEHA 3POCTAHHAM PoJIi MaIIMHOOY/IBHOI ranysi y 3abe3nedeHHi iHHOBaLiTHOTO
PO3BUTKY, MifIBUIIEHHI KOHKYPEHTOCIIPOMOXXHOCTI HalliOHa/JIbHOI eKOHOMIKM Ta iHTerpauil y rno6anbHi Bupo6HmYi
naHoru. B ymosax nugposoi Tpancopmanii Ta nepexony [0 CTajJoro posBUTKY y 2020-2025 pokax BUKOPUCTaHHA
BIIKPUTHX IaHVUX Ha0Y/I0 0COOIMBOro 3HAYeHHA AK iIHCTPYMEHT MiABUIIeHHA e(DeKTYBHOCTI CTPaTeriyHOro IIaHyBaHHA
IIPOMUC/IOBMX HignpueMcTB. Merolo crarti OyI0 HOCHPKEHHS MOTeHLialy BifKpUTUX JaHUX I Hif{BUIEHHA
e(eKTUBHOCTI CTpaTerivHOro IVIAaHYBaHHA IIPUEMCTB MAIIMHOOYHAYBaHHA B YMOBaX iHHOBALIIlIHOrO Ta CTaJIOro
po3BUTKY. [lOCHiIpKEHHA I'PYHTYBajloCAd Ha CTaTUCTMYHMX Ta aHaMTUYHMX AaHux [lepxkcrary Ykpainm, Eurostat,
Csitooro 6anxy, OECD, UN Comtrade Ta WIOD. MeTonon0TiYHy OCHOBY CTAaHOBM/IM 3aTa/TbHOHAYKOB] Ta CIlerjiambHi
METO/IM NOC/i/IP)KEHHA, 30KpeMa aHaJli3 i CMHTe3, IOPIBHAJIbPHUI Ta CTAaTUCTUYHMI aHAJIi3, CUCTEMHUI i CTPYKTYpHO-
JIOTIYHMI MiJIXOM, €KOHOMIKO-aHa/IITUYHI METOAM, a TAKOXK IHCTPYMEHTM CTPATErivYHOrO OLIHIOBAHHSA IOMITUYHMUX,
eKOHOMIYHMX, COLIia/IbHUX i TEXHOIOTIYHMX YMHHUKIB Ta aHa/Ii3y CYJIBHUX i CIaOKUX CTOPiH, MOXIMBOCTEII i 3arpos.
Pesynbraty HOCTIIKeHHA 3acBimyYWIN, IO BUKOPYMCTAHHA BiJKPUTUX HAaHUX CYTTEBO HOKpamwio iHdopMaliiiHe
3abe3IeYeHHA CTpaTeriYHUX YIpPaBTiHCHKUX pillleHb i CIPYANO HiABUINEHHIO afallTUBHOCTI IIANPUEMCTB 10 3MiH
PMHKOBOrO cepefoBuila. bymo po3po6eHO Ta OOIPYHTOBAHO aJIrOPUTM CTPATeriyHOrO IUIAHYBAHHA IIAIPUEMCTB
MaIIVHOOYyBaHH:A, 3aCHOBAHMII Ha iHTerpanii jaHmx Ta ix aHajmiTMYHOMY onpaoBaHHi. CpopmMoBaHO cTpaTeriyny
KapTy PO3BUTKy Tajysi, I[o BifoOpaxkasa B3a€MO3B’S3KM MDK (piHAaHCOBUMY, BUPOOHUYMMM, IHHOBALiHUMIU,
K/IiEHTOOPiEHTOBaHMMM Ta €KOJOTiYHMMM NpiopuTeTaMu. TaKOXX 3HiJICHEHO OIiHIOBAaHHA TEHJEHIIiJl PO3BUTKY Ta
CTPYKTYPHUX XapaKTepUCTUK MAIIMHOOYHiBHOI ramysi Ykpainm y 2020-2025 pokax Ta BU3HAY€HO IePCHEKTUBHU Ii
PO3BUTKY B YMOBaX €BPOIIEICbKOI iHTerpamnii Ta nudposoi MopepHizauii. KpiM Toro, BcTaHOBIEHO, 10 iHTerpawisa
30BHIIIHIX iHpOpMaLIIHUX pecypciB y cuCcTeMy YIpaBIiHHA HiJIPUEMCTBAMI IOCYIVIIA MOX/IMBOCT] IIPOTHO3YBaHHH,
CIIpMsiia IIPUITHATTIO OOIPYHTOBAHMX pillleHb Ta IiABUINVIIA HOBTOCTPOKOBY CTilIKiCTh i KOHKYpPEHTOCIPOMOXKHICTD
nipgnpuemctB. IlpakTudHe 3HAa4YeHHS OOCIIIPKeHHA HOMATa0 y (OpPMYyBaHHI METORMYHOIO Ta aHAIiTMYHOTO
3abe3levyeHHs U1 KepiBHUKIB IiIpMEMCTB i OpraHiB Hep>aBHOIO YIPAaBIiHHA 3 METOK Mif[BUIEHHA AKOCTi
CTpaTeriuyHVX pillleHb Ta IOCVIEHH: CTIMKOCTI i1 iIHHOBAIIIHOTO IIOTeHIia/Ty HiAIIPUEMCTB MaIMHOOYyBaHH

KAIO4OBi CAOBQ: npoMKCIOBe YIPABIiHHSA; 3ara/IbHOJOCTYIIHI HAOOPYU HaHMX; OOIPYHTOBAaHE IPUIHATTS PillleHb;
TEXHOJIOTiYHa MOJepHi3allif; KOHKYPEeHTOCIIPOMOXXHICTD IiAIIPUEMCTB; M poBa eKOHOMIKa; IPOMIC/IOBI iHHOBaIil
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Abstract. This study aimed to investigate energy-efficient architectural design as a strategic instrument of economic
policy and innovation, repositioning it to address Ghana’s energy crisis by driving economic innovation and fiscal
resilience within the building sector. The survey of 120 registered architects in Ghana (quantitative survey) produced 72
valid responses (60.0% response rate). The methods applied included descriptive statistics, Pearson correlation, multiple
linear regression and principal component analysis. Factor analysis indicated that there were two main innovation
themes Building Envelope/Orientation (64.4% of variance) and Site Condition decisions (9.2% more variance) with good
scale reliability (Cronbachs 0.90). The multi-dimensional outcome construct was confirmed with energy performance
items loading on one factor, which explained 80.5% of variance. Five predictors of energy performance were identified
by regression, which accounted 81.7% of the variance of energy performance; with passive solar (f =0.510), natural
ventilation (3=0.373), site temperature (p=0.315), daylighting (3=0.284), and site shading (p==0.175) for a standardised
regression coeflicient. The main barriers are economic and informational: absence of public knowledge (mean =3.20/4),
and client budget (mean = 3.00/4), which are considered to be high barriers. Key conclusions showed that design
innovations have the potential to save 25-50 per cent of energy loads in buildings and are also related to productivity
of labour, 5-15 per cent. Scenario analysis projected that, with widespread implementation, annual economic benefits
would reach 150-300 million dollars, comprising direct fiscal savings (25-50 million), productivity enhancement (15-30
million), green construction investment mobilised (100-200 million), and reduced fuel imports (10-20 million) offsetting
7-13 per cent of the yearly energy deficit

Keywords: sustainable development; productivity gains; green investment; climate-responsive planning; fiscal policy

Introduction

Ghana’s persistent and deepening energy crisis represents  n generation capacity but, more fundamentally, as a struc-
one of the most significant threats to national economic  tural impediment to productivity, public expenditure
stability, manifesting not merely as a technical shortfalli =~ management, and long-term development. Consequently,
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the cyclical nature of power outages, colloquially termed
“dumsor” has disrupted industrial activity, undermined
business confidence, and imposed recurrent fiscal bur-
dens on an already strained public budget. In response,
policy responses have historically concentrated on ex-
panding supply-side infrastructure, investing heavily in
thermal generation and pursuing renewable energy tar-
gets; however, these efforts have consistently lagged be-
hind escalating demand, thereby exposing the limitations
of a purely supply-oriented approach. Within this con-
text, the building sector emerges as a critical yet underuti-
lised point of intervention.

The ongoing energy crisis in Ghana is causing insta-
bility in the economic condition of the country, not as
a technical inadequacy, but as a structural hindrance to
productivity and fiscal governance. It has led to the ex-
istence of electricity sector debt in excess of GH 80 bil-
lion (US 5.6 billion) estimated to rise to over US 9 billion
by 2026 with cyclical power outages (dumsor) disrupting
most industries, undermining business confidence, and
plunging the country into recurrent fiscal burdens (As-
mah, 2025; Lighting up Accra..., 2025). Nevertheless, the
responses have been on supply-side infrastructure expan-
sion but this has failed to keep pace with the rising de-
mand revealing the shortcomings of supply-only-oriented
policy. Nevertheless, the building sector as a large electric-
ity user, presents a very important, yet under-tapped de-
mand-side intervention. According to the estimates of the
World Bank Group (2025), every dollar spent on energy
efficiency will give the US government a return of US 3-5,
saving their money. But this potential has not been ex-
ploited due to disjointed regulations, inadequate technical
integration, and the view of efficiency as an engineering,
but not a strategic, economic issue. There are no enforced
efficiency requirements in building regulations, so archi-
tectural design choices, which shape the long-term energy
use, are rarely considered in macroeconomic terms (Built
environment critical..., 2024). This alienation of technical
practice and economic policy is the main issue: the sys-
tematic underestimation of energy-efficient architecture
as a source of fiscal resiliency.

Ministry of Finance of Ghana (2025) promoted
changes in demand without reasoning to the construc-
tion of buildings. G. Tettey et al. (2025) also found policy
incoherence in renewable transition, but did not consider
building codes. Clean Air Task Force (2025), once em-
phasised the demand-side urgency without quantifying
the level of building-level efficiency input. S. Owusu-
Mante (2025) analysed the landscape of Ghana’s renew-
able energy transition, concentrating on the creation of
the Ministry of Energy and Green Transition as a policy
signal. The scientist concluded that institutional coordi-
nation remains weak, with disjointed efforts across minis-
tries and limited integration of green skills development,
local material supply chains, and building regulations
into a coherent strategy. Greater focus was on renewable

barriers, as G. James et al. (2025) analysed them, and
the Energy Commission (2025) demanded increased en-
forcement of efficiency. The International Energy Agen-
cy (2025) worldwide affirmed that efficiency programmes
have economic benefits. E. Ochedi & A. Taki (2022) devel-
oped a framework approach to energy-efficient residen-
tial building design in Nigeria, identifying passive solar
strategies, natural ventilation, and site-responsive design
as critical interventions in tropical climates. The authors
concluded that systematic application of these principles
can yield significant reductions in cooling loads and op-
erational energy consumption. J. Allen et al. (2022) asso-
ciated indoor quality with a 5-15% productivity increase
but in high-income nations only. The fact that the Ghana
has created the Ministry of Energy & Green Transition
indicates that this connection has been acknowledged
within its policies.

Nevertheless, there is a very big discrepancy between
the technical architectural solutions and their expression
in the form of conscious economic policy. To empirically
determine and measure the effect of architect’s design deci-
sions that are energy-efficient (EED) on the energy perfor-
mance (EP) of buildings in Ghana, and to re-conceptualise
these technical results as sources of economic innovation.
Practically translate evidences of economic innovation
sustainability into coherent policy, industry structure to
decrease national energy demand, reduce public sector ex-
penditures and spur green investment to support national
energy security, and sustainable development objectives
(Tettey et al.,, 2025). Consequently, an existing large gap
is the connection between particular architectural design
decisions, and building energy performance that has not
been empirically assessed in the Ghanaian professional
setting, or converted into economic frameworks involving
the correlation of design with minimised government ex-
penditure, increased productivity, and green market stim-
ulation. The purpose of the study was to empirically de-
termine the effect of energy-conscious design on building
energy performance in Ghana and redefines these results
as quantifiable aspects of fiscal stability, which gives an
innovation evidence base of incorporating architectural
practice in the national energy policy.

Materials and Methods

The research design used was a quantitative, and cross-sec-
tional survey design to understand the correlation between
design decisions of architects, and building energy per-
formance in Ghana. The statistical tools applied include
descriptive statistics, Pearson correlation, multiple linear
regression, and principal component analysis. Principal
Component Analysis (PCA) with Varimax rotation using
SPSS. Scale reliability was excellent (Cronbach’s a=0.90).
The study population was registered architects with good
standing registered by the Architects Registration Coun-
cil of Ghana (ARCG). Out of 850 registered architects on
their sample frame; 120 practicing architects were used

62 Innovation and Sustainability, 2026, Vol. 6, No. 2



for the study, as it was determined by R. Krejcie & D. Mor-
gan (1970) sample size determination table, being recom-
mended by L. Kish (1965) for conducting surveys on the
professionals. Data cleaning resulted in the retention of
72 complete and valid responses to be analysed and the
response rate was 60. They used stratified sampling de-
pending on years of experience (0-5, 6-15, 16 or more
years), and primary practice sector (public, private, and
academia). The major metropolitan centres with very
high, and more constructional projects were used to draw
the participants in Accra, Kumasi, and Takoradi.

The work of N. Ahmad et al. (2019) was used to de-
velop a structured questionnaire which was piloted on 15
architects to evaluate their clarity, relevance and length.
Pilot feedback was taken into consideration with minor
wording changes, and the consent of the appropriate re-
spondents was taken, in accordance with the ethical prin-
ciples of the American Sociological Association (2018),
and used solely for academic purposes, and no name was
required. The questionnaire included four parts: Section 1
that covered demographic and professional information
with six questions: years of experience, sector of practice,
highest educational level, type of typical project (residen-
tial, commercial, institutional, or mixed use), the number
of efficient projects completed with respect to building
energy codes, and knowledge of Ghana building energy
codes. Section 2 quantified the frequency and priority of
13 individual energy efficient design (EED) decisions rat-
ed where 1=Never Used to 5= Always Used. These were
divided into two: Building Envelope/Orientation Innova-
tions (eight items: building orientation, window to wall
ratio, external shading devices, wall insulation, roof insu-
lation, glazing type, building compactness, and thermal
mass) and Site Condition Innovations (five items: pre-
vailing wind utilisation, landscaping for shading, vege-
tation placement, topography adaptation and rainwater
harvesting integration). Section 3 measured perceived
building energy performance based on five statements
with a 5-point Likert scale (1 = Strongly Disagree to
5 =Strongly Agree). They were as follows: Buildings that
I design consume less energy than conventional designs,
occupants report lower energy costs, thermal comfort is
always well achieved without excessive mechanical cool-
ing, indoor environmental quality (air quality, daylight,
acoustics) is just as high as occupant expectations, and
post occupancy evaluations indicate high occupant satis-
faction with energy performance. Section 4 enumerated
5 possible obstacles to the implementation of energy effi-
cient design on a 4-point scale (1 =Not a Barrier to 4= Se-
vere Barrier): absence of client demand, increased cost of
upfront costs, limited technical expertise of design teams,
no enforcement of building energy codes, and no availa-
bility of energy efficient materials in the immediate area.

The data were collected within eight weeks by uti-
lising both electronic (Google Forms) and paper-based
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data, which was gathered at the professional association
meetings as well as direct visit to architectural firms in
Accra, Kumasi, and Takoradi. A set of information was
given to the participants in an information sheet that
contained the purpose of this study, and all respondents
were informed to give consent. There were anonymity
and confidentiality. The results were analysed in SPSS
version 26. Three descriptive statistics (means, standard
deviations, frequencies) were calculated of respondent
characteristics, and design priorities. Pearson product
moment correlation coeflicients were used to examine bi-
variate associations between EED decisions, and energy
performance. This was followed by multiple linear regres-
sion (stepwise entry) to determine the most important
predictors of the energy performance with standardised
beta coefficients used to determine the relative contri-
bution of each predictor. Before the regression, the as-
sumptions of linearity, normality, homoscedasticity, and
multicollinearity were tested with the help of the resid-
ual plot and variance inflation factor. All statistical tests
were two tailed and the level of significance was 0.05.
design. This study has a number of limitations. To be-
gin with, the sample of 72, which is used in this study, is
sufficient to perform its statistical analysis, but does not
allow generalising it to the whole profession. Once again,
the use of self-reported performance of energy instead
of quantitative consumption data presents a possibility of
response bias. The cross-sectional design, however, only
captures associations, but not causality. Research in the
future must also include the actual energy consumption
in buildings built with the known EED strategies to con-
firm the self-reported performance indicators.

Results and Discussion

Ghana’s energy crisis and the underutilised potential

of building energy efficiency

The Energy Crisis in Ghana and the argument in favour
of constructing energy efficiency. The power industry in
Ghana is in a structural crisis that is spiralling out of con-
trol with increasing debt, inefficiencies in operations, and
financial burdens that are unsustainable. Clean Air Task
Force (2025) asserts that, the energy crisis of Ghana is a
debt/inefficiency spiral: the accrued debts of the sector are
over GH80 billion (about US5.8 billion), and the amount
of money needed to fund it annually is estimated to be
US2.23 billion. Combined with S. Owusu-Mante (2025)
stated that, performance of Electricity Company of Ghana
(ECQG) is a major bottleneck, which contributes to Aggre-
gate Technical, Commercial and Collection (ATC&C)
losses of up to 40% leading to a monthly shortfall in rev-
enue of US 25.8 million. This leakage in the budget, he
argues, is a budget killer to other important investments
in the state. The power generation mix of Ghana in the
year 2023-2025 is shown in Table 1. Most of the genera-
tion is thermal.
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Table 1. Ghana’s power generation mix: 2023-2025 (GWh)

Source 2023 (Actual) 2024 (Actual) 2025 (Projected)
Hydro 9,187 9,893 10,200
Thermal 14,930 14,524 15,200
Other renewable sources 147 181 250
Total 24,264 25,550 25,650

Source: Ghana renewable electricity: % of total electricity generation (2024), Global Legal Insights (2025) for 2023 data, Electricity
Monitor Ghana (2025), M. Aftul (2025) and author’s projections based on Energy Commission (2025) outlook

Moreover, according to Electricity —Monitor
Ghana (2025), since 2016, electricity generation has been
dominated by thermal power, and its output has been in-
creasing steadily to reach its peak of 14,930 GWh in 2023
and then slightly declines to 14,524 GWh in 2024. This
means that, hydropower, which controlled Ghana gener-
ation rates between 2000 and 2015 with a share of between
51 and 92%, has been surpassed by thermal over the past
few years. According to the International Trade Admin-
istration (2025), a significant portion of power generation
in Ghana is based on thermal generation (66%), hydro
(33%), and renewable sources (1%). Ghana has had limited
success in the integration of renewable energy, although
its ambitious policy targets have been terribly derailed by
the continued failures in implementing them. S. Owusu-
Mante (2025) highlighted that, the renewable energy tran-
sition states that there is a broader implementation gap:
though policy objectives indicate that the non-hydro re-
newables should take more than 20% of installed capacity,
they occupy less than 2%. G. Tettey et al. (2025) stated that
the absence of effective policy streams hinders develop-
ment of Ghana, which is aggravated by financing mecha-
nism, and institutional barriers pattern, which the Danish
Institute of International Studies (2025) also notes.

Although the need to promote energy efficiency in
buildings has been a long-established idea in the global dis-
course as a pillar of sustainable development, its potential
as an economic innovation driver has been little tapped in
Ghana. According to A. Salmi et al. (2022) building ener-
gy efficiency is viewed internationally as one of the keys
to sustainable economic development because buildings
are a long-term capital infrastructure that lowers opera-
tional expenses. Sustainable development as a concept of
economic and environmental objectives was put forward
by the World Commission on Environment and Develop-
ment (1987). E. Ochedi & A. Taki (2022) presented major
strategies for energy efficiency in buildings and economic
innovation, comprising either Building Envelope/Orienta-
tion Innovations (e.g., passive solar, natural ventilation) or
Site Condition Innovations (e.g., climatic analysis, shad-
ing), which is consistent with R. Crawford (2011). Howev-
er, empirical research from Ghana quantifying the impact
of specific energyeficient design (EED) decisions and di-
rectly linking them to macroeconomic outcomes is lacking.

Conceptual frameworks:

Design-based performance-based economic innovation

The combination of whole building design approach has
turned out to be one of the fundamental principles of
sustainable construction operationalisation (Ochedi &
Taki, 2022). M. Kashef (2025), the bifurcation of EED
decisions is in line with contemporary building science,
inspired by holism, and biophilic approach to bioclimat-
ic performance optimisation. According to E. Ohene et
al. (2024), the above strategies are considered by the ex-
isting literature on tropical architecture to be critical re-
silience to make buildings more tolerant to temperature
and power outages, which are also validated by Y. Yang et
al. (2023). The shift of slender energy metrics to a more
socio technological notion of efficiency, connected to oc-
cupant wellbeing, and cognitive output is found in the
International Energy Agency (2025), The human dimen-
sion... (2020), and Y. Yu et al. (2024).

Based on modern political economy explanations of
the nexus of constraints in Ghana, that deter efficiency
expenditures (Clean Air Task Force, 2025; World Bank
Group, 2025). Also, EEDs are innovations in a sophisti-
cated construction innovation system, observable in the
Global Alliance for Buildings, and Construction (2024).
E. Ohene et al. (2024) on the contrary confirm the rela-
tionship between performance, and economic returns
with life cycle cost models, which is that low levelised
costs of efficient structures in tropical climates. J. Allen et
al. (2022) further present strong evidence for the relation-
ship between cognitive functioning, and indoor air quali-
ty, as well as thermal comfort based on controlled studies.
S. Owusu Mante (2025), and G. Tettey et al. (2025) proved
the necessity to design green skills, and resources that can
motivate local entrepreneurs as an opportunity with a
future in the current strategy in Ghana. In the context of
the basis of the circular economy and decoupling, P. Al-
brecht & M. Gravesen (2025) and Ministry of Finance of
Ghana (2025) discussed the vulnerability of the fiscal and
trade sector in Ghana. The conceptual framework of ener-
gy efficient building design strategies, and energy perfor-
mance of public buildings in Ghana, as shown in Figure
1 reflects Building Envelope/Orientation Innovations, and
Site Condition Innovations as the main sources of energy
performance in the national context.
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Figure 1. Conceptual framework: Energy efficient design strategies and energy performance

Source: author’s elaboration

Figure 2 shows the economic innovation pathway of
energyeflicient building design in Ghana. The diagram il-
lustrates EEDs leading to energy performance, which bifur-
cates into Productivity & Fiscal Benefits and Green Market
Stimulus, converging on Macroeconomic Resilience.

The Ghana Green Building Code based policy frame-
work of energy efficient building design in Ghana and the
EDGE certification system have been shifted to be a reg-
ulated market-driven mechanism rather than a voluntary
niche approach (Kumar, 2025). According to S. Asuamah
Yeboah (2024), it is stipulated that the Government incen-
tives towards sustainable construction in developing coun-
tries: Catalysts for change. Drivers of change: Government
incentives to promote sustainable construction in devel-
oping countries; the evidence shows that this framework
successfully transfers environmental targets into economic
results that can be measured: Ghana has already achieved
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one million square metres of EDGE-certified space by 2025
(up from just 40,000 m? in 2017). The 100% EDGE certi-
fication of the Greenville District Housing Programme
which is mandatory is another indication that the regula-
tors have now come to the realisation that green building
is a prerequisite towards the provision of public housing.
More importantly, the integration of the framework
with local financing that has been epitomised by the SUN-
REF Ghana programme that deployed the equivalent of
the US$30 million in credit lines offered by the Agence
Frangaise de Developpement (AFD) as well as the equiva-
lent of the US$2 million in technical assistance offered by
the EU Africa Infrastructure Trust Fund which has exe-
cuted over US $20 million in green energy projects. As it
generates an estimated annual reduction of about 139,020
tonnes of CO, (SUNREF Ghana Programme ends, advanc-
es climate finance and green investment, and low carbon
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materials, such as the 139,020 tonnes of CO, in the world
largest Limestone Calcined Clay Cement (LC,) plant com-
missioned in Tema with a US $110 million investment
which replaces up to 40 percent of traditional clinker and
reduces carbon emissions by as much as 40% (Afful, 2025),
creates its own reinforcing loop: regulation attracts de-
mand, demand attracts investment, and investment lowers
technology costs. Accordingly, some of the main lessons
of this analysis are that obligatory certification targets,

rather than voluntary guidelines, have triggered market
expansion, requiring that codes be coupled with accessible
EDGE certification reduces compliance costs incurred by
developers, and making codes conditional on their being
coupled with accessible EDGE certification further lowers
compliance expenses. In the absence of such alignment
and ongoing public-private coordination, this framework
risks remaining a mere blueprint rather than becoming a
lived reality.

ARCHITECTURAL INNOVATION INPUTS
Building Envelope & Orientation Decisions
Site Condition Decisions

PERFORMANCE OUTCOMES High Energy
Performance) Reduced Energy Consumption Lower
Operational Costs Improved Occupant Comfort

IMMEDIATE ECONOMIC RETURNS
Lower Operational Expenditure Reduced Energy
Costs 25-50% Savings Potential

PRODUCTIVITY & FISCAL BENEFITS
Improved Health, Comfort & Productivity of
Occupants 3-15% Productivity Gain

GREEN MARKET STIMULUS
Demand for Skilled Labor Energy-Efficient
Materials Green Technology & Services

MACROECONOMIC RESILIENCE & GROWTH

MACROECONOMIC IMPACTS
Increased Fiscal Space for Government Enhanced
National Competitiveness Lower Energy Import Bill
Job Creation in Green Sectors Progress on SDGs

PROJECTED ANNUAL IMPACT
Total Economic Benefit: $150-300M
Energy Reduction: 25-50% Productivity
Gain: 3-15%

Figure 2. Economic innovation pathway of energy-efficient building design in Ghana

Source: author’s elaboration

Results sample characteristics and response rate

A total of 72 valid responses were obtained out of the
120 questionnaires sent out which is a response rate of
60.0. The sample included architects of the following
experience levels: 25.0% of 0-5 years, 41.7% had 6-15
years, and 33.3% had 16+ years. In terms of sector, 58.3,
25.0 and 16.7% were in the private practice, the public
sector and academia respectively. Principal Component

Analysis of energy efficient design decisions. The 13
EED items were subjected to a Principal Component
Analysis (PCA) with varimax rotation. The Kaiser Mey-
er Olkin measure of sampling adequacy=0.814, and the
Test of Sphericity was significant (x*>=684.237, n =78,
p=0.001). The PCA reduced the 13 EEDs to two com-
ponents that accounted 73.6% variance. The factor load-
ings are shown in Table 2.

Table 2. Principal component analysis of energy-efficient design decisions

Component and design decisions Factor loadings Variance explained
Component 1: Building Envelope/Orientation (BE/O) Decisions 64.4%
Passive solar technique 0.832
Provision of natural ventilation 0.815
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Continued Table 2

Component and design decisions Factor loadings Variance explained
Daylighting techniques 0.808
Thermal storage strategy 0.797
High-performance insulation 0.767
Air tightness / Infiltration control 0.733
Differential facades technique 0.695
Integration of roof monitors 0.641

Component 2: Site condition (SLC) decisions 9.2%
Temperature of the building site 0.923
Site shading by vegetation 0.858
Topography of the building site 0.576
Wind velocity at the building site 0.597
Humidity and presence of water bodies 0.539
Total variance explained 73.6%

Source: author’s computation

The average scores of the single EED items indicat-
ed that, site temperature analysis (mean =4.64) and pas-
sive solar technique (mean =4.58) and natural ventilation
(mean =4.56) were the most common design innovations
used. Nonetheless, Table 3 shows the reliability analysis re-
sults of the Cronbach alpha coefficients of the scales (Cron-
bach’s alpha >0.9).

The alpha coefficients of the Cronbach coeflicients in
Table 3 range between 0.905 and 0.943, which are far great-
er than the more traditional acceptable test value of 0.70
and the more stringent test value of 0.80 as a good reliabil-
ity test. These values imply a very high degree of internal
consistency of each of the three scales. In particular, the
scale of Performance (5 items; a = 0.943) has an excellent
internal consistency; that is, the five items covary with each
other as well as are reliable in measuring a single construct.
The “BE/O” scale (8 items; a=0.932) and the “SLC” scale

(5 items; a=0.905) also show excellent reliability, with o
values above 0.90. Such coefficients are not only acceptable
in the context of this study, but are also indicative of very
reliable measurement instruments.

These findings warrant considering that each of the
scale’s measures consistently its intended latent variable
without undue measurement error. Further the high al-
phas, along with the factor loadings obtained elsewhere
(as in Table 5), is strong evidence that the scales are both
reliable and unidimensional in nature. There is no need to
revise the scale or to remove items based on the theory of
internal consistency. Table 4 shows Multiple regression
analysis, with stepwise multiple regression analysis con-
ducted to identify predictors of energy performance. The
model was significant (F (5,66) = 159.144, p < 0.001), ex-
plaining 81.7% of the variance in energy performance (Ad-
justed R*=0.817).

Table 3. Reliability and scale validation test results

Scale Number of scale items Cronbach’s alpha coefficient
BE/O 8 0.932
SLC 5 0.905
Performance 5 0.943

Source: author’s computation

Table 4. Multiple regression results for EEDs predicting energy performance

Predictor variable Beta (B) t-value p-value
Passive solar technique 0.510 7.128 <0.001
Natural ventilation 0.373 6.595 <0.001

Site temperature consideration 0.315 4.521 <0.001
Daylighting technique 0.284 3.885 <0.001
Site shading strategy 0.175 3.572 <0.001

Source: author’s computation

Again, the Principal Component Analysis for ener-
gy performance (PCA) revealed five energy performance
items with unidimensional structure, with a single factor
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explaining 80.524% of the variance (KMO = 0.792, Bart-
lett’s Test = 389.781, p <0.001). Table 5 shows the factor
loadings.
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Table 5. Principal component analysis for energy performance

Item Factor loading
Reduced energy consumption 0.945
Less energy cost 0.936
Improves the comfort of occupants 0.922
Improves health and safety of occupants 0.880
Improves the productivity of occupants 0.818

Source: author’s computation

The implications of these results to the structure of the
scale are quite numerous. The highest loading (0.945) indi-
cates that the item with the highest loading in the factor is
Reduced energy consumption, which is also the most cen-
tral and defining item of the factor, and the lowest load-
ing (0.818) still comfortably exceeds the 0.70 benchmark,
demonstrating that it makes a meaningful contribution,
which is statistically significant. Importantly, it does not
have weak or negative or cross- loadings. The consistently
high loadings, therefore, offer strong empirical support of

a unidimensional scale format. Such a pattern of results is
reliably indicative to show that all the five items converge
to measure one single, cohesive latent construct, which can
be interpreted as the perceived benefits of energy-efficient
design. Thus, it can be safely assumed that the scale can be
used as a unidimensional scale with no subscales or items
should be deleted. The Constraints to implementation as
shown in Table 6 presents mean ratings for five barriers to
incorporating EEDs, measured on a 4point scale (1=Not a
Barrier to 4 = Severe Barrier).

Table 6. Constraints to incorporating energy-efficient design decisions

Constraint Mean rating Level of barrier
Lack of public awareness of benefits 3.20 High
Client’s budget constraints 3.00 High
Lack of skilled labour 291 MediumHigh
Lack of access to energyeflicient materials 2.82 Medium
Lack of enforcement of compliance during construction 2.77 Medium

Source: author’s computation

The primary barriers to energy-efficient construc-
tion are not purely technical but are rooted in econom-
ic, informational, and regulatory gaps. The highest-rat-
ed constraints suggest that demand-side intervention is
critical, as overcoming the lack of public awareness and
clients’ budget constraints requires policies aimed at
stakeholder education and strengthening the financial
case, for example through incentives, green financing, or
lifecycle cost analysis. At the same time, the presence of

medium-high to medium barriers related to skills, mate-
rials, and enforcement indicates the need for supply chain
and workforce development, including investments in
training, the expansion of local material supply chains,
and the strengthening of oversight mechanisms to ensure
that design intentions are properly implemented during
construction. Table 7 projects the economic mechanisms,
and outcomes associated with each highperformance de-
sign innovation.

Table 7. Projected economic potential of high-performance design innovations

Innovation (predictor)

Primary economic mechanism

Shortterm economic outcome

Longterm macroeconomic
benefit

Passive solar technique
(B=0.510)

Displacement of purchased
electricity for lighting/heating

~ 2540% reduction in lighting/AC
load; reduced utility bills

Fiscal space creation; energy
security (reduced peak demand)

Natural ventilation
(B=0.373)

Elimination/reduction of
mechanical cooling demand

~ 3050% savings on cooling costs;
lower HVAC maintenance

Labour productivity gain (515%
from improved IAQ); reduced
healthcare burden

Site temperature &
shading (3=0.315 &

Microclimate moderation to
reduce heat island effect and

~ 1020% lower cooling energy;
extended building lifespan

Urban resilience; ecosystem
value (carbon sequestration,

amenity

0.175) cooling loads biodiversity)
. o Productivity & health (310%
- 0
Daylighting technique | Direct displacement of artificial el:?r?c/;tS?\gr?}%;nocl;{ll%}ilstlllzig improvement in occupant
(B=0.284) lighting ¥ wellbeing and cognitive

performance)

Source: author’s computation based on beta coefficients and benchmarks from R. Pacheco et al. (2012) and International Energy

Agency (2025)
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The results substantiate EEDs as powerful economic
innovations. The great explanatory power of the model
shows that investments in the identified EEDs give signifi-
cantly predictable returns. The high predictive value of the
passive solar (0.510) and the natural ventilation (0.373)
highlights the value of climate responsive design as a di-
rect measure of financial savings and productivity increase

Baabereyir et al.

in government buildings. These innovations provide the
space that a government badly needs so that it can more ef-
fectively address the existing $2 billion annual energy defi-
cit, and also create a more competent workforce in the gov-
ernment. Table 8 presents a scenario analysis estimating
the annual economic benefits of a national public building
energy efficiency program.

Table 8. Estimated macroeconomic benefits of a national public building energy efficiency program

. Conservative .
Impact category Key metric estimate (annual) Rationale
0, 1 0, 1
Direct fiscal savings Reduced government $2550 million 30% energy use red'uc.tlon across 20% of public
energy expenditure building stock
Productivity Value of increased public .- 3% productivity gain from improved comfort/
$1530 million
enhancement sector output health
Investn}ent &GDP . Green construc.t ton $100200 million Initial capital for retrofits flowing into local sectors
stimulus investment mobilised
Reduced fuel imports & .- .
Energy sector & trade . $1020 million Lowered thermal generation demand
grid stress
Total potential annual Combined direct & - De.nllandmde contribution to mitigating I.JS$2'23
. o $150300 million billion annual energy shortfall (Clean Air Task
economic benefit indirect impact Force, 2025)

Source: author’s computation based on Ministry of Finance of Ghana (2025) and Clean Air Task Force (2025)

Table 8 summarises the estimated annual macroeco-
nomic benefits of a national public building energy efhi-
ciency program, and disaggregated into the four key im-
pact categories. All estimates are given as lower limits and
the overall combined annual benefits have been estimated
to be between 150 million and 300 million. The biggest di-
rect fiscal gain is through reduced government spending
on energy (25-50 million per year), based on a modelled 3%
productivity gain between occupants of the public sector as
a result of increased thermal comfort, lighting, and indoor
air quality parameters empirically related to higher work
output. The largest macroeconomic lever mobilised green
construction investment. Mobilised green construction in-
vestment (100-200 million yearly) is the most significant
macroeconomic lever. This capital inflow is invested in local
supply chains (materials, labour, engineering services) pro-
viding multiplier effects in terms of GDP and employment.

Moreover, there were decreased fuel imports and
gridstess (100-200 million annually). Combined, the to-
tal economic benefit of 150- 300million annually, as a de-
mand-side contribution, will help reduce this US 2.23 bil-
lion annual energy short fall identified by the Clean Air
Task Force (2025). It is noteworthy that all the estimates
are characterised as conservative, which means that the ac-
tual benefits might be higher, in case a larger percentage of
the building stock is retrofitted or energy prices increase.
Policy-wise, Table 8 shows that a public building energy
efficiency program would yield returns in more than one
channel fiscal, productivity, investment, and trade among
macroeconomic channels rather than just reducing utili-
ty bills. The range format (X-Y million) is the only format
that appropriately takes into account uncertainty in uptake
rates, energy price volatility, and productivity measure-
ment, but still provides an actionable order-of-magnitude

direction to be taken in cost-benefit analysis. The pro-
gramme has the potential to generate US$150-300 million
yearly. Green construction investment (US$100-200 mil-
lion) is the greatest benefit followed by direct fiscal savings
(US$25-50 million), productivity gains (US$15-30 mil-
lion), and reduced fuel imports (USs$10-20 million).
These, combined, can help overcome the US 2.23 billion
annual energy deficit in Ghana, which is a macroeconomic
demand side strategy with positive fiscal, productivity and
trade impacts.

The output of PCA empirically confirms the theoreti-
cal bifurcation of the conceptual framework (Fig. 1), as the
EED decisions of architects in Ghana concentrate around
Building Envelope/Orientation Innovations and Site Con-
dition Innovations. This total variance explained (73.6) is
high implying that these two types have most systematic
difference in EED practices. Comparison of possible sav-
ings on the international and regional level. The projected
energy savings in this study (25-50 reduction of building
loads) are in line with the results of similar tropical set-
tings. In Tanzania, it was found out that, green buildings
are capable of saving between 8 to 57 per cent of the an-
nual energy (Islam et al., 2024). E. Ohene et al. (2024)
found that, in Ghana alone, passive design strategies had
the potential to save 34-35% of energy in different climates
against baseline conditions.

A. Khalid & M. Okitasari (2023) also found that, gov-
ernment related barriers are still a serious impediment to
the uptake of green building technologies in Ghana. The
results find correlation with the regression results of the
current study that assigned passive solar technique (0.510),
and natural ventilation (0.373) as the most effective predic-
tors of the energy performance. The current study however
contrasts the relative economic contribution of each design
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innovation unlike the past studies, which mainly concen-
trated on technical feasibility only. Multipliers and crea-
tion of employment. Table 8 estimates of economic bene-
fits of between 150-300 million a year are well supported by
recent global analysis. The World Bank Group (2025) dis-
covered that, on an investment of one dollar in energy effi-
ciency, can provide a payoff of between 3 and 5 dollars, and
can save future energy supply investments by up to $11.6
billion in power savings to an average middle-income na-
tion by 2050. Notably, the report says that, in 2022, energy
efficiency generated the largest number of jobs throughout
the energy industry, with nearly 11 million individuals in
global companies’ workplace in respect of manufacturing,
construction, installation, and support services.

For Ghana, this implies that, a national EED pro-
gram could generate significant formal employment in the
construction, and retrofit sectors for dimension which is
absents from previous Ghanaian studies. Partnership for
Energy efficiency in Buildings (2025) supports this percep-
tion by stating that, 80% of the buildings that will be con-
structed in Africa by the year 2050, will have a one-time
chance of generating employment, lessening the use of en-
ergy, and enhancing the security of energy by green build-
ing. The current researches predicted that mobilised green
construction investment in the range of 100-200 million
dollars (Table 8) would be directly related to such employ-
ment results. Obstacles to adoption: Multiple studies agree.
The conclusion that, economic (Primary barriers) and in-
formational (Table 6) are the main obstacles is strongly
backed by the latest literature.

In a doctoral thesis on net zero carbon buildings in
Ghana, E. Ohene (2024) found a greater initial investment
cost to be the greatest obstacle, then unavailability of skilled
labour, inadequate regulations, and policies, and public
awareness. Similar results were reached by A. Khalid &
M. Okitasari (2023), who assert that, government related
obstacles are significant that, an efficient communication
approaches, regulations backed by the mass, and standards
are crucial promotion techniques. Meanwhile, thematic
analysis of the green certification barriers in Ghana revealed
that, built environment professionals repeatedly mention
cost, insufficient awareness, and inadequate enforcement as
the barriers to the implementation. This paper concurs with
the above authors that, the main challenges are not techni-
cal, but informational and economic. This is the agreement
of numerous studies with significantly different method-
ologies, which enhances the argument of specific policy
interventions. Economic innovation pathway (Fig. 2).

The regression results empirically support the entire
chain illustrated in Figure 2. Figure 2 shows that, EEDs lead
to improved energy performance, which then splits into (a)
Productivity & Fiscal Benefits and (b) Green Market Stim-
ulus, finally converging on Macroeconomic Resilience.
The strong predictive power of passive solar (f =0.510),
and natural ventilation (f=0.373) directly feeds the fiscal
savings leg: a 25-50% load reduction translates into lower
government utility bills, creating fiscal space. Meanwhile,

improved indoor environmental quality supports the
5-15% labour productivity gains documented by the Inter-
national Energy Agency (2025) and J. Allen et al. (2022).
The Green Market Stimulus leg is evidenced by estimat-
ed $100-200 million in mobilised green construction in-
vestment (Table 8), which would stimulate demand for
local materials, skilled labour, and efficient technologies.
Thus, Figure 2 is not merely a diagram, it is an empirically
grounded causal chain where each link is quantified by the
beta coefficients and projected outcomes. The productivity
pathwayitselfis supported by emerging Ghanaian evidence.

An importance-performance analysis of an EDGE-cer-
tified office building in Ghana found that, occupants prior-
itise temperature, air quality, and humidity exactly the IEQ
factors improved by passive solar and natural ventilation
(Zhong et al., 2023). A.-M. Sadick (2020) found significant
differences in job satisfaction and self-reported productiv-
ity based on IEQ factors among university employees in a
tropical African climate. These findings extend J. Allen et
al. (2022) controlled-study evidence from high-income
countries to Ghana, suggesting similar mechanisms oper-
ate across different economic contexts. Finally, the scenario
analysis (Table 8) projects annual benefits of $150-300 mil-
lion, which would offset 7-13% of Ghana’s US$2.23 billion
annual energy sector deficit reported by Clean Air Task
Force (2025). This demonstrates that, demand-side effi-
ciency can meaningfully complement supply-side expan-
sions. However, the study acknowledges with G. Tettey et
al. (2025), and P. Albrecht & M. Gravesen (2023) that, an
implementation gap persists: policy goals exist, but are
not realised due to weak coordination, fragmented regu-
lations, and insufficient enforcement. The disconnect be-
tween technical feasibility and policy implementation mir-
rors broader regional patterns. In this context, the present
study provides the empirical basis quantified beta coeffi-
cients and projected macroeconomic benefits to elevate
energy-efficient architecture from a technical specialism to
a central pillar of national fiscal policy.

Conclusions

The research found that the response rate of 60.0% (72
valid responses out of 120 distributed questionnaires) is
reasonable to conduct a professional survey of registered
architects in Ghana. They discovered that, the decisions
in energy efficient design by the architects are clustered
around two empirically validated innovation themes,
Building Envelope/Orientation Innovations (explaining
64.4% of the variance) and Site Condition Innovations (ex-
plaining another 9.2% of the variance of design strategies).
The research determined that, there are five design choices
that are statistically significant predictors of building ener-
gy performance.

The total amount of variance in the energy perfor-
mance attributed to passive solar technique (B = 0.510),
natural ventilation (B=0.373), site temperature considera-
tion (P =0.315), daylighting technique (p =0.284), and site
shading strategy (p=0.175) was 81.7%. The most commonly
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used design innovations were site temperature analysis
(mean = 4.64), passive solar technique (mean = 4.58) and
natural ventilation (mean =4.56). It was further discovered
that, the major barriers to adoption are economic, and in-
formational: lack of public awareness (mean = 3.20), and
client budget constraints (mean = 3.00) are high barriers,
and skilled labour (2.91), material access (2.82), and en-
forcement (2.77) are medium to medium high. The Scenar-
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macroeconomic modelling of the nationwide retrofit pro-
grammes using computable general equilibrium models;
exploring new financing models like the Energy Service
Company, green bonds, and public private partnerships;
longitudinal studies of actual energy performance, and pro-
ductivity results; and cross country research on West Africa
to determine the sensitivity of policy and market contexts.

io analysis estimated that, a national public building energy =~ Acknowledgements
efficiency programme would result in economic savings of ~ None.

between 150-300 million per annum, in compensation of

the estimated 7-13% of the estimated 2.23 billion per an-  Funding

num of the Ghanaian energy sector deficit. None.

Future research opportunities consist of: more cost
benefit analysis in the five most popular design strate-
gies in various building types (schools, hospitals, offices);
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AHOTALA. MeTo0 LbBOro HOCTIIKEHHS OylI0 BUBYEHHs eHeproe(eKTUBHOrO apXiTeKTYPHOTO IPOEKTYBAHHS 5K
CTPATErivHOro iHCTPYMEHTY €KOHOMIYHOI IOMITMKM Ta iHHOBALiil, 3 METOI J0r0 BUKOPMCTAHHSA YIS IIOJOTAHHSA
€HepreT4HoI Kpysy B laHi IIAXOM CTUMYMIOBaHHA €KOHOMIYHMX iHHOBAIil Ta (l)iCKaano'l' CTIMIKOCTI y 6y;[iBean0My
cexropi. OnuryBanna 120 sapeecTpoBaHux apxirekropi y lani (kinbkicHe mocmimxeHH:) mano 72 pificHi Binmosinmi
(piBenp Bigryky 60,0 %). Buxopucrani MeTomy BKIIIOYaIM ONMCOBY CTAaTVUCTUKY, Kopenduilo ITipcoHa, MHOXWHHY
JiHiIHY perpecito Ta paKTOpHUIT aHaJIi3 TOJIOBHMX KOMIIOHEeHTiB. PaKTOpHWIT aHaIi3 I0Ka3aB HAsABHICTb JBOX OCHOBHMX
inHOBaLiliHMX TeM: OygmiBebHa 000MOHKa/opieHTania (64,4 % mucmepcii) Ta pilleHHS OO YMOB MalifaHuMka (Ie
9,2 % mucnepcii) i3 Bucokoro HapiinicTio mkamu (Kponbax o =0,90). baraToBuMipHa KOHCTPYKIis pesynbrariB 6yia
i TBepIPKeHa, IPUYOMY IIOKA3HUKY eHepreTUYHOI epeKTMBHOCTI 3aBaHTaXXYBa/IVCA Ha OAVH (PaKTOp, AKMIL IOACHIOBAB
80,5 % mucnepcii. Perpeciiinuit aHai3 BUABMB II' AThb IIPEANKTOPIB eHepreTMYHOI epeKTUBHOCTI, AKi nosAcHoBam 81,7 %
myucrepcii: macuBHe coHA4He onaneHHA (P =0,510), mpupopgua BeHTwIAnia (B =0,373), TeMIeparypa Ha MaliJaHYNKy
(B=0,315), nenne ocsiTnenns (P =0,284) Ta sarinenna maitganuuka (f=0,175) 3a cTaHEapTU30BaHUM KoedillieHTOM
perpecil. OcHoBHMMM 6ap’epaMy BUABWINCH €KOHOMiuHi Ta iHoOpManiiiHi: BifCyTHICTP 3HaHb y TPOMAaACHKOCTI
(cepenue=3,20/4) Ta 6romKeT Kkiienra (cepenHe =3,00/4), 110 BBaXKar0ThCsI 3HAYHUMU epenikofamu. Kno4oBi BUCHOBKM
II0KA3yI0Tb, 1[0 iHHOBALil Y IPOEKTYBaHHI MOXXYTb 3a0e3IedYNnTy eKOHOMiI0 25-50 % eHeprocroxupaHHA OyniBesb, a
TaKOXX ITOB’sI3aHi 3 IPORYKTMBHICTIO pai Ha 5-15 %. ClieHapHWIT aHaJIi3 IPOrHO3YE, 110 IpY IIMPOKOMY BIIPOBaJKeHHI
piuHi eKOHOMIUHi BuroaM MOXYTb HocArty 150-300 MinbiioHIB fomapiB, BKIOYar04y NpsAMi icKaabHi 3aolja/pKeHHA
(25-50 MiIH), MigBNIIEHHA NPORYKTUBHOCTI (15-30 M/IH), 3a/my4eHHs iHBecTUIil y 3e/1eHe OyaiBEMITBO (100-200 MIH) Ta
3MeHIIeHHA iMIIopTy majmBa (10-20 MIIH), 1[0 KOMIIEHCYE 7-13 % piyHOro eHepreTYHOro gedinnry

KAIO4OBi CAOBQ: cramuii pOSBUTOK; MiBUINIEHHS NPOAYKTMBHOCTI; 3€/IeHl IHBeCTuIil; KaiMaTo-aJalTUBHE
IUIaHyBaHHA; (icka/JbHa IOTiTHKa
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Abstract. The study aimed to determine how the introduction of digital technologies changes the components of
telecommunications companies’ intellectual capital and affects their efficiency and economic performance. To study the
digital transformation of telecommunications companies, data analysis methods, integration of analytical and artificial
intelligence platforms, assessment of the impact of the Internet of Things, cloud services and digital ecosystems on the
efficiency of business processes, personalisation of services and development of intellectual capital were used. The study
determined that in 2025, the number of Internet users worldwide reached about 6 billion people (72% of the population),
while in Ukraine, this figure was 31.5 million people (82.4% of the population). The study determined that the structural
capital of telecom operators has strengthened thanks to process automation, the introduction of cloud platforms and
data analytics; 85% of operators consider digitalisation critical to growth, 70% reported increased network productivity,
and operating costs fell by 15-20%. The study also found that customer capital has been transformed through service
personalisation, self-service platforms, and the integration of the Internet of Things. The study determined that Kyivstar
increased service efficiency with digital revenue in 2025 increased 4.7 times to USD 124 million (a 4.9-fold increase to
UAH 5.2 billion) and reached 10.7% of total revenue. In the fourth quarter of 2025, revenue from digital services grew 6.1
times to USD 50 million (a 6.4-fold increase to UAH 2.1 billion) and accounted for 15.7% of total revenue. The share of
multiplay users increased 18.0% year-on-year to 7.3 million, representing 35.0% of active monthly mobile subscribers. The
study showed that Vodafone invested more than UAH 6 billion in network modernisation and deployed 7,252 LTE stations.
The study determined that Lifecell increased Internet speed by 20-30%These changes strengthened human, structural, and
customer capital and supported the innovative development of telecom operators. The practical significance of the study
is determined by the applicability of the results in the development of effective strategies for the digital transformation of
telecommunications companies and improving the effective management of their intellectual capital

Keywords: cloud technologies; automation; innovation; personalisation; productivity; subscriber loyalty

Introduction

Telecommunications companies operate in a rapidly
changing technological environment, where the imple-
mentation of digital solutions is becoming a key factor in
development. Digital tools enable companies to optimise
their operations, improve process efficiency and create new
services for users. In such conditions, intellectual capital
becomes a strategic resource that ensures a company’s abil-
ity to innovate, adapt to change and maintain competitive-
ness in the market.

Research shows that the digital transformation of the
telecommunications industry has a multi-vector impact
that encompasses the technological base, staft competen-
cies, approaches to customer service, and the strategic sus-
tainability of business models. A. Jafor et al. (2024) empha-
sised that the key driver of these changes is the transition
to cloud technologies. Cloud solutions not only optimise
internal infrastructure but also ensure high scalability
and operational efficiency in resource management. Thus,
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cloud computing is becoming a basic structural element on
which other digital solutions are built. In turn, the effec-
tiveness of this infrastructure largely depends on the level
of staff training. J. Stofkova et al. (2022) emphasised that the
development of employees’ digital skills stimulates innova-
tion and increases companies’ ability to adapt to market
changes. Staff with new competencies interact much better
with digital platforms, operate large data sets and can initi-
ate process improvements. This means that human capital
becomes not just a resource for servicing technical systems,
but an active agent of digital transformation. M. Celestin et
al. (2024) proved that personalised services and self-service
platforms significantly increase customer loyalty. Analyti-
cal tools can be used to repurpose data on user behaviour
to generate individualised offers and recommendations.
This transforms customer interactions from transactional
to long-term and value-oriented. Thus, digital services be-
come a mechanism for forming a stable consumer base and
increasing the value of the customer portfolio.

Digitalisation not only increases loyalty but also sig-
nificantly improves the cost and operational model of
the business. L. Xia et al. (2024) demonstrated that the
introduction of digital tools provides simultaneous reve-
nue growth and cost reduction through the automation
of routine operations. Automated processes are faster
and more accurate, which reduces errors and lightens the
workload on staff. This is consistent with the research of
M.V. Vasylkivskyi et al. (2024), emphasising that network
automation and virtualisation can significantly reduce ser-
vice time, optimise infrastructure capacity utilisation, and
accelerate the deployment of new services. In other words,
the structural capital of companies, including their net-
works, technologies, and architecture, becomes more pro-
ductive and focused on rapid scalability. The range of dig-
ital solutions is expanding thanks to the Internet of Things
(IoT), which, according to Z. Rehman et al. (2023), can
be used to manage resources more efficiently and create
smart services with a high level of accuracy and automa-
tion. IoT technologies generate large data flows that can be
used to monitor infrastructure, predict loads and improve
service quality. This helps companies not only optimise
costs but also strengthen their competitive position by of-
fering more innovative and adaptive services. Notably, the
development of IoT and other digital technologies is im-
possible without a high level of digital competence among
staff. Therefore, T. Ciarli et al. (2021) emphasised that
training employees in digital and information technolo-
gies provides the basis for creating innovative solutions
and strengthens human capital. New skills facilitate the
faster implementation of digital initiatives, which acceler-
ates the company’s adaptation to technological trends and
sharpens its innovative potential.

At the same time, according to H. Ji et al. (2022), the
digitalisation of corporate processes significantly increases
the adaptability of companies to dynamic changes in the
external environment. The integration of digital platforms
accelerates the analysis of existing trends, updates business
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processes, and responds to market challenges. As a result,
companies become more flexible, reduce decision-mak-
ing time, and better maintain their competitive positions
in conditions of high uncertainty. The formation of a sus-
tainable business model largely depends on effective data
management. F. Xiong et al. (2022) proved that competent
data processing increases the value of a company’s intan-
gible assets. Analytical tools can be used by companies to
predict customer behaviour, develop new approaches to
customer service and improve service quality. As a result,
customer capital becomes not only broader but also more
valuable, as it is based on an accurate determination of user
needs. A study by L. Melnyk et al. (2024) emphasised that
digital transformation creates a synergy effect between hu-
man, structural and customer capital. The development of
staff competencies ensures the effective use of technology;
structural innovations form the infrastructure for flexible
management; and improving the quality of customer inter-
action strengthens loyalty and long-term business stability.
Thanks to the interaction of these components, companies
not only increase productivity but also strengthen their
strategic positions, making digitalisation a fundamental
factor in their competitiveness.

The results of these studies have shown that digital
transformations significantly increase the effectiveness
of various components of telecommunications compa-
nies’ intellectual capital and contribute to improving their
productivity and economic performance. However, it re-
mains insufficiently studied which specific digital strategies
and practices ensure maximum synergy between human,
structural and customer capital, which requires further re-
search. The study aimed to investigate the impact of digital
transformations on the development of the components
of intellectual capital of telecommunications companies
and their contribution to improving competitiveness and
financial results. The study goals included: to examine the
specific features of the impact of digital transformation on
the human, structural and customer capital of companies,
to assess the relationship between the development of in-
tellectual capital and the performance of telecommunica-
tions operators, to analyse digitalisation practices using
the example of leading telecommunications companies in
Ukraine, such as Kyivstar, Vodafone Ukraine and Lifecell.

Materials and Methods

The study included a comprehensive analysis of the trans-
formation of telecommunications companies’ intellectu-
al capital under the influence of digital technologies. To
assess the digital transformation of telecommunications
companies, data on the global growth in the number of
Internet users worldwide from 2005 to 2025, provided
by TVTechnology (2025), was used to analyse the impact
of digital solutions on customer service efficiency and
internal process optimisation. Human capital research
was conducted by analysing the transformation of em-
ployees’ professional skills in the areas of artificial intelli-
gence (AI), cyber security, 5G networks, IoT and Big Data
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(Alamuri et al., 2025). The following methods were used to
assess the effectiveness of staft development: studying cor-
porate training programmes (internal and external train-
ing in digital technologies and cybersecurity), analysing
retraining programmes aimed at mastering Al, Big Data
and cloud platforms, and analysis of employee participa-
tion in practical technology projects and mentoring, which
increases the innovative potential of personnel (Ewim et
al., 2021). The role of creativity and innovation capacity
was assessed through an analysis of corporate practices for
stimulating the generation of new ideas and non-standard
solutions (Gui et al., 2022). Methods of adapting human
resource policies to global competition for talented special-
ists were also studied, in particular, the creation of attrac-
tive working conditions and human capital development
programmes (Erkkila et al., 2023).

To determine the impact of structural capital on the
development of telecom operators, data from Gitnux
(Linder, 2025) was used to assess changes in network per-
formance, company productivity, and financial results.
Operational activities were studied by analysing the inte-
gration of automated resource management platforms and
evaluating the use of analytical platforms and AT solutions
to forecast demand for services and optimise network load.
Digital ecosystem implementation practices were assessed
through the analysis of the integration of IoT, Smart City,
and Industry 4.0 services, which provide centralised data
management and interaction between digital products.
Data security methods were examined by analysing mul-
ti-level cyber protection systems, network monitoring and
backup to support the reliability of the information infra-
structure and the stability of business processes.

To assess the role of structural and customer capital,
statistical analysis of the WifiTalents Team (2025) data was
used, which showed the share of telecom companies that
have implemented or strengthened digital transforma-
tion initiatives, invested in data analytics, integrated IoT
platforms, and automated operational processes. Service
personalisation methods included analysis of machine
learning algorithms and intelligent customer interaction
systems, which can be used to predict the needs of different
user categories and forming individual offers. Approach-
es to integrating digital self-service platforms, mobile ap-
plications, and online chats that provide customers with
round-the-clock access to services were also evaluated. To
improve service quality, methods for monitoring service
quality, ensuring network connection stability, and auto-
mated user support systems were studied. Lastly, to assess

the effectiveness of partner ecosystems, an analysis was
conducted of the integration of IoT solutions, digital plat-
forms, and third-party services, which enables comprehen-
sive B2B and B2C customer service and increases the value
of customer capital.

For practical analysis, the study covered the activi-
ties of Ukrainian telecom operators Kyivstar, Vodafone
Ukraine, and Lifecell. These companies were selected
for practical analysis due to their leading position in the
Ukrainian market, active implementation of digital tech-
nologies, and diverse experience in transforming intellec-
tual capital. Their implementation of IoT solutions, cloud
services, digital customer engagement platforms, Al, and
cybersecurity systems was studied. This was used to illus-
trate the real mechanisms of digital transformation and as-
sess their impact on the development of human, structural,
and customer capital.

The study included an analysis of the benefits of dig-
italisation, such as accelerating technological innovation,
developing new services for corporate clients (B2B) and
end consumers (B2C), strengthening cyber security, opti-
mising costs and increasing revenues. It also examined the
challenges of digital transformation, including the short-
age of highly skilled professionals, the need for significant
capital investment, the growth of cybersecurity risks, and
the need to change corporate culture. Studying these as-
pects provided a comprehensive overview of digital trans-
formation processes and laid the groundwork for further
analysis of the economic and strategic impact on telecom-
munications companies.

Results

The number of Internet users worldwide is constantly grow-
ing, reflecting the gradual global digitisation of the popula-
tion and the increasing integration of digital technologies
into everyday life. The increase in the number of users re-
flects not only the expansion of access to the network, but
also changes in the ways people communicate, work, learn
and do business. This growth contributes to the develop-
ment of e-commerce, digital services and online platforms,
stimulates innovation in information technology and in-
creases the importance of the internet as a tool for sharing
information and providing services. At the same time, the
proportion of the population using the internet is grow-
ing, indicating the gradual inclusion of different regions of
the world in the global digital economy and the creation of
conditions for greater integration of information resources
into social and economic processes (Table 1).

Table 1. Number of Internet users worldwide (2005-2025)

Year Number of users (billion) Population percentage (%)
2005 ~1 ~15%
2006 ~1.1 ~17%
2007 ~1.2 ~18%
2008 ~1.4 ~20%
2009 ~1.7 ~23%
2010 ~2 ~27%
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Continued Table 1

Year Number of users (billion) Population percentage (%)
2011 ~2.1 ~29%
2012 ~2.3 ~31%
2013 ~2.5 ~34%
2014 ~2.7 ~37%
2015 ~40%
2016 ~3.3 ~44%
2017 ~3.5 ~47%
2018 ~3.8 ~50%
2019 ~4.2 ~54%
2020 ~4.7 ~58%
2021 ~61%
2022 ~5.3 ~64%
2023 ~5.5 ~67%
2024 ~5.8 ~69%
2025 ~72%

Source: compiled by the author based on TVTechnology (2025)

Between 2005 and 2025, there was steady and signif-
icant growth in the number of Internet users worldwide,
indicating a gradual global digitalisation of the population.
In 2005, the number of users was approximately one bil-
lion, corresponding to approximately 15% of the world’s
population, while by 2015 this figure had grown to three
billion, or approximately 40%. The trend continued in the
following years: by 2020, the number of users exceeded
4.7 billion, covering 58% of the population, and by 2025,
the number of users is expected to reach six billion, ac-
counting for about 72% of the world’s population. This
dynamic demonstrates not only the expansion of internet
access, but also the increasing role of digital technologies in
everyday life and economic activity, stimulating the devel-
opment of online services, e-commerce and digital infra-
structure around the world.

Technologies require new competencies in cyberse-
curity, big data processing, cloud technologies, AI man-
agement, and 5G and 6G network operation. Presence
of such skills not only maintains existing systems among
staff but can also be used to create new services, improve
operational efficiency, and provide additional value to the
enterprise. Employees become active participants in digital
transformations, and their competence forms the basis for
the company’s competitive advantages in the telecommu-
nications market (Alamuri et al., 2025).

To adapt to digital changes, companies actively en-
courage continuous learning and retraining of staff. This
includes corporate training, participation in internal and
external educational programmes, practical projects, and
mentoring. This approach can be used by employees to
master new technologies, including Al, blockchain, and
automation, as well as develop key professional skills: dig-
ital literacy, data analytics, cybersecurity, and adaptability
to new technologies. In addition, soft skills such as crea-
tivity, problem-solving and emotional intelligence are be-
coming increasingly relevant as people collaborate with Al
systems. Continuous learning creates the conditions for a

flexible and motivated workforce that can respond quick-
ly to changes in technology and the market, increasing
productivity and reducing the risk of the company falling
behind its competitors. Successful strategies include part-
nerships with educational institutions, internal training
programmes, and the integration of flexible work cultures,
which ensure the effective transformation of work func-
tions and prepare staff for the future digital environment
(Ewim et al., 2021).

Employees who can generate new ideas and find un-
conventional solutions become key assets of the compa-
ny. The development of innovative thinking contributes
not only to improving the quality of products and ser-
vices, but also to strengthening intangible assets such as
patents, copyrighted developments and intellectual sys-
tems, which directly increases the productivity of individ-
ual companies and the efficiency of the division of labour
between them. The study established that companies that
invest heavily in intangible assets, especially young and
small ones, benefit significantly from easier financing,
particularly through bank loans, shareholder financing
and government support. This creates favourable condi-
tions for the rapid launch of new technological solutions
and support for the company’s innovation strategy in the
market, as well as partially offsetting the financial barri-
ers that hinder the development of innovative enterpris-
es (Gui et al., 2022).

Competition for talented specialists in the global la-
bour market is forcing companies to adapt their HR poli-
cies. Companies strive to provide their employees with at-
tractive working conditions: opportunities for professional
development, participation in strategic projects, the use of
advanced technologies, flexible schedules and remote work.
This focus on personnel helps to increase employee loyalty,
reduce staft turnover and build stable human capital capa-
ble of supporting and accelerating digital transformation
processes. According to international rankings such as the
Global Competitiveness Index, Global Innovation Index,
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Global Talent Competitiveness Index, and Global Power
City Index, countries and cities with high competitiveness
and innovation scores demonstrate a greater ability to at-
tract and retain talented professionals, underscoring the
strategic importance of effective human capital manage-
ment for companies (Erkkild et al., 2023).

Thus, digital transformations are changing human cap-
ital in telecommunications companies, making it a central
factor in development and innovation. Investments in skills

upgrading, creativity development and adaptation to new
technologies are becoming strategic for achieving compet-
itive advantages. Highly skilled and innovative staff form
the basis for companies” economic growth and ensure their
sustainability in a rapidly changing digital environment.
Digital transformations have significantly influenced the
development of structural capital, which encompasses dig-
ital infrastructure, information systems, corporate stand-
ards, databases, and internal business processes (Table 2).

Table 2. The effects of digitalisation on operational efficiency and structural capital

Metric/change Value/percentage
Percentage of telecoms companies that consider digital transformation critical to growth 85%
Percentage of operators reporting increased network performance or efficiency after DT 70%
Reducing operating costs through digital initiatives -1520%
Growth in revenue per user (ARPU/revenue per subscriber) +12%
Percentage of operators who used Big Data/analytics for personalisation or forecasting 7480%

Note: DT - digital transformation; ARPU - average revenue per user

Source: compiled by the author based on J. Linder (2025)

The data shows specific economic benefits of digitali-
sation for telecom operators. For example, a 12% increase
in ARPU and a 70% increase in network efficiency among
operators demonstrate the direct impact of digital technol-
ogies on revenue and productivity. The simultaneous re-
duction of operating costs by 15-20% and the widespread
adoption of Big Data and analytics (74-80% of operators)
underscore the strengthening of structural capital through
process optimisation, the use of cloud platforms and net-
work virtualisation, which can be used for rapid service
scaling and the implementation of new business models.

Automation of internal processes has reduced the time
required to perform routine operations, improved data ac-
curacy, and reduced management costs. The use of cloud
platforms has enabled centralised storage and processing
of information, as well as simplified service scaling; 58%
of smart city projects use cloud platforms, and edge com-
puting is used in 35% of cases for local data processing.
Big Data analytics has made it possible to evaluate process
efficiency in real time, predict network load, and make
informed management decisions; Al technologies have
been implemented in 26% of projects to optimise traffic,
energy consumption, and maintenance. In addition, dig-
ital innovations such as personalisation, self-service and
behavioural pricing have significantly impacted the cus-
tomer experience: the use of self-service platforms has
increased customers’ sense of influence and control, and
IoT solutions for energy and waste management have been
implemented in more than 45% of cities. As a result, tel-
ecommunications companies have been able to improve
productivity, adaptability and resource management qual-
ity, while balancing the efficiency of digitalisation with the
preservation of human contact to maintain long-term cus-
tomer trust (Industry Research, 2025).

The introduction of new products and business mod-
els has become a key factor in strengthening structural
capital. The growth of population density in cities and the

need to improve the quality of urban services have stim-
ulated the widespread adoption of digital technologies: in
the last decade alone, the number of digital devices such
as sensors, actuators, smartphones and smart appliances
has grown significantly, creating the basis for the develop-
ment of the IoT. This foundation has shaped the concept of
Smart City, which uses information and communication
technologies to improve the efficiency of urban operations
and the quality of interaction with the population. IoT ser-
vices, Smart City solutions and Industry 4.0 approaches
have made it possible to integrate various digital services
into a single ecosystem, providing companies with new
sources of revenue and promoting the development of in-
novative areas of activity. New business models involve the
use of data as a strategic resource, enabling the creation of
personalised products and strengthening interaction with
customers and partners, while the expansion of digital ca-
pabilities supports long-term development and compet-
itiveness. The development of digital infrastructure has
become one of the central elements of structural capital.
The deployment of 5G networks, the introduction of virtu-
alised Software-Defined Networking (SDN) and Network
Function Virtualisation (NFV), as well as edge computing,
have significantly increased data processing speed and ser-
vice scalability. Such technologies enable high data transfer
speeds comparable to LTE (up to 300 Mbit/s for reception
and 75 Mbit/s for transmission), ensure low latency, and
improve the integration of IoT devices into smart city in-
frastructures compared to Wi-Fi, Bluetooth, Zigbee and
Z-wave (Nassereddine & Khang, 2024).

Research into the implementation of integrated SDN-
NFV architecture showed that upgrading the network
infrastructure, in particular replacing standard virtual
switches with DPDK and SR-IOV-based solutions, in-
creased throughput to 200 Mbit/s at the server level and
up to 1.6 Gbit/s at the edge nodes, while reducing latency
to 12 ms and 17 ms, respectively. In addition, optimised
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network management reduced operation execution time
by 9-22 minutes, depending on the scenario (Surantha &
Putra, 2022). This increase in performance has enabled
companies to launch new products faster, improve service
availability for corporate and private users, and manage
network resources efficiently. Digital infrastructure has be-
come the foundation for the development of new technol-
ogies, including automated control systems, Al solutions,
and analytics platforms.

Fifth-generation technologies, together with IoT, cre-
ate substantial infrastructure capable of connecting bil-
lions of devices with high speed, reliability and availability.
At the same time, the integration of 5G-IoT has not yet
been sufficiently studied in terms of security and manage-
ment, which leads to a lack of practical solutions. The use
of these technologies increases the efficiency, flexibility,
scalability and simplicity of data analysis, but at the same
time requires a number of issues to be addressed, including
architecture design, coordination of interaction between
devices, and ensuring confidentiality and cybersecurity.
One promising approach is to ensure the compatibility of
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all operating systems and implement open standards for
seamless data exchange, which improves security through
intelligent identification and authorisation mechanisms.
Such solutions guarantee users a constant and secure con-
nection, improving the user experience, while the imple-
mentation of the full potential of 5G requires an in-depth
study of technical challenges and coordination of efforts at
the industry level (Ahmed et al., 2024).

Thus, digital transformations have turned structural
capital into an integrated system of technologies, processes,
and standards that ensures management efficiency, busi-
ness scaling, and innovation development. Investments in
automation, cloud platforms such as Amazon Web Ser-
vices, Microsoft Azure and Google Cloud Platform, infra-
structure development and cyber security enable compa-
nies to increase productivity, create additional economic
value and strengthen their competitive position in the tel-
ecommunications market. Digital transformations have
changed telecommunications companies’ approach to cus-
tomer capital management, defining the value of interac-
tions with subscribers and corporate customers (Table 3).

Table 3. The impact of digital initiatives on customer capital and subscriber engagement

Metric/change

Value/percentage or trend

Percentage of telecoms companies that have stepped up their

digital transformation initiatives since 2020 75%

Improved operational efficiency in companies that have implemented DT +30%
Percentage of operators that increased investment in data analytics 70%
Percentage of operators that have integrated IoT platforms into their digital infrastructure 60%

Percentage of companies that see DT as key to future development of 6G/new networks

more than 80%

Source: compiled by the author based on the WifiTalents Team (2025)

The data shows how digital initiatives increase the
value of customer capital by expanding opportunities for
interaction with subscribers through mobile applications,
IoT platforms, and personalised services. The high propor-
tion of companies that perceive digital transformation as
key to the development of 5G, 6G, and new networks indi-
cates strategic planning and a focus on long-term custom-
er loyalty. The results emphasise the significance of com-
bining technological solutions and engagement strategies
to enhance the effectiveness of B2B and B2C services and
strengthen competitive positions in the market.

The transition to customer-oriented digital platforms,
self-service services, and mobile applications has ena-
bled companies to provide more convenient, faster, and
more accessible services to various categories of users.
Customers gained the ability to independently manage
services, connect new tariffs and services, pay bills, and
receive online support without having to visit offices in
person. The introduction of cloud computing into digital
platforms has made it possible to efficiently manage large
amounts of data in real time, increase the speed of infor-
mation processing, and improve the accuracy of consum-
er and operational data analysis. The use of parallel data
processing models such as Hadoop, Spark, and Storm has
ensured the flexibility and scalability of systems, ensuring

quick response to changes in demand and load. The inte-
gration of cloud solutions has significantly improved the
performance of digital services and the stability of plat-
forms, providing users with more timely and reliable ac-
cess to services (Al-Jumaili et al., 2023). Personalisation
of services has become a key element in strengthening
customer capital. The use of Big Data analytics, intelligent
customer interaction systems, and machine learning al-
gorithms has made it possible to offer users personalised
services, optimise communication, and predict customer
needs. These approaches have contributed to an increase
in average revenue per user, greater loyalty, and a reduced
risk of subscriber churn. Companies were able to plan
marketing campaigns more effectively, create targeted of-
fers, and form deeper relationships with customers, which
contributed to an increase in long-term customer value
(Talebkhah et al., 2023).

Network technologies such as IoT, SDN, NFV, Dock-
er containers, cloud computing, edge computing, and Al-
based networking enable companies to efliciently collect,
process, and analyse large amounts of data in real time.
The implementation of deterministic and time-sensitive
network solutions and advanced 5G/6G mobile technolo-
gies provides high data transfer speeds of up to 10 Gbit/s
and low latency, less than 1 millisecond, which is critical
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for services with high-quality service requirements, such as
industrial automation systems, autonomous vehicles, and
augmented reality applications. These innovations enable
the creation of personalised, scalable and integrated digital
services, improving service efficiency and user satisfaction
(Beshley et al., 2023). The development of partner ecosys-
tems has become a substantial factor in supporting cus-
tomers in both the B2B and B2C segments. The integration
of IoT solutions, digital platforms, and partner services has
enabled companies to offer comprehensive products and
services covering various aspects of digital interaction. For
business customers, this resulted in increased operational
efficiency, process automation, and rapid technology in-
tegration, while private users gained access to innovative
services and personalised digital solutions. This approach
expanded the range of services offered by companies, in-
creased the economic value of customer capital, and helped

strengthen long-term partnerships (Saeed et al, 2023).
Thus, the introduction of customer-centric digital plat-
forms, self-service and mobile applications, the use of
cloud computing, Big Data analytics, intelligent systems
and advanced network technologies (IoT, SDN, NFV,
Edge Computing, 5G/6G) has enabled telecommunica-
tions companies to provide fast and personalised service,
optimise real-time data processing, predict user needs and
create targeted offers.

Digital transformation is a key factor in the devel-
opment of telecommunications companies in Ukraine,
strengthening various components of intellectual capital:
human, structural and customer. The country’s leading
operators are actively integrating digital technologies into
their business processes, which contributes to increased ef-
ficiency, expanded services, and strengthened competitive
positions in the market (Table 4).

Table 4. Comparison of digital transformation practices of leading telecommunications companies
in Ukraine and their impact on capital and financial results

- Impact on human Impact on Impact on client . .
Company | Key DT priority capital structural capital capital Key financial/operational result
Digital revenue in 2025 increased
- 4.7 times
sff\}’iigsdji‘;‘r%\tih to USD 124 million (a 4.9-fold
network resilience increase to UAH 5.2 billion) and
Al, Smart The development Obtimisati reached 10.7% of total revenue. In
. o ptimisation Broadened access
services, My of skills in . the fourth quarter of 2025, revenue
. . . of request to essential . - -
Kyivstar, working with Al rocessin connectivit from digital services grew 6.1 times
Kyivstar | cybersecurity, and analytical p ng hanced Y to USD 50 million (a 6.4-fold
digital latf integration enhanced service . UAH 2.1 billi d
igita platforms, L S increase to .1 billion) an
infrastructure improving staff of digital reliability accounted for 15.7%
. platforms Growth in the share )
development efficiency of dicital sales and of total revenue. The share
im %ove d qualit of multiplay users rose 18.0% year
OP; ex ericelznce Y on year to 7.3 million, representing
b 35.0% of active monthly mobile
subscribers
Improved staff Optimisation of Improved
Vodafone IoT. cloud skilljls in doud internal processes, |  accessibility and Investments in network and digital
. A, . scaling of the speed of service, systems >6 billion UAH; increased
Ukraine | services, Big Data technologies Kk and hanced : K perf d stabili
and analytics dnetwlror zn en ancel service | network performance and stability
igital products quality
SIM. digital Improved staff Optimisation of | Growth in the share
i denti}icagtion slfills rapid internal processes, of digital sales, increase in internet speedservice
Lifecell service | ada tatic’)n tpo new reduction increased availability | continuity and increased network
automation tgchnolo e of customer and speed performance
& service time of digital services

Source: compiled by the author

Kyivstar (2026b) actively uses Al, Smart services, the
My Kyivstar platform, and cybersecurity services, which
are used to personalise services, automate request pro-
cessing, and improve service quality. These initiatives have
contributed to ARPU growth, an increase in the share of
multi-service subscribers, and a reduction in customer
churn, with digital revenue in 2025 increased 4.7 times,
reaching USD 124 million strengthening the company’s
customer and structural capital.

Vodafone Ukraine is focusing its digital transforma-
tion on IoT, cloud services, and Big Data analytics, which
improves the efficiency of working with corporate custom-
ers. Significant investments in technological infrastructure
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(UAH 6.215 billion in 2024) and network modernisation
have made it possible to increase the speed and reliability
of data processing, restore more than 1,000 base stations
and deploy 7,252 LTE stations, strengthening structural
capital, enabling service scaling and supporting the launch
of new digital products (Kabachinsky, 2026).

In the fourth quarter of 2025, Kyivstar showed reve-
nue growth of 28.4% to USD 321 million (by 30.1% YoY
to UAH 13.5 billion), reflecting the consistent implemen-
tation of the converged services and digital transforma-
tion strategy. Mobile ARPU increased by 18.2% YoY to
USD 3.8, and the share of users who switched to 4G tarifts
increased by another 5.9 pp. Revenue from digital services
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increased by 6.1 times YoY to USD 50 million (6.4 times
to UAH 2.1 billion), reaching 15.7% of total revenue, of
which Uklon’s contribution amounted to USD 34 million
(UAH 1.4 billion). The number of multiplay users - those
who simultaneously use voice services, 4G Internet and at
least one digital application - increased by 18.0% YoY to
7.3 million, which is 35.0% of active mobile subscribers for
the month. The expansion of Kyivstar’s portfolio of servic-
es is increasingly integrating the company into the daily
life of customers.

EBITDA increased by 21.7% to USD 172 million (by
23.1% to UAH 7.2 billion) in the fourth quarter of 2025,
driven by revenue growth and disciplined cost control.
EBITDA margin decreased by 2.9 pp YoY to 53.5%, which
is in line with Kyivstar’s previously announced targets,
while the intensity of capital investments increased to 36%
of revenue against the backdrop of seasonal factors and in-
vestments in network and energy sustainability.

The Kyivstar (2026¢) expanded its digital healthcare
services by acquiring Tabletki.ua in February — Ukraine’s
leading online marketplace for medicines and health
products — for USD 160 million. Kyivstar (2026a) has ex-
tended Starlink Direct to Cell services to all its 4G users,
and nearly 5 million subscribers have already used the
basic text-messaging capabilities. The launch of voice ser-
vices and low-bandwidth data transmission is planned for
later in 2026.

In December, the Kyivstar (2025) acquired LLC “SAN-
VIN 117, the owner of a 12.9 MW solar power plant. This
investment enables Kyivstar to diversify its energy sourc-
es and reduce risks related to energy supply. In February
2026, Kyivstar also announced the acquisition of the inter-
net provider “Shtorm”, expanding the Group’s share in the
highly fragmented fixed broadband market.

Lifecell (n.d.) is implementing eSIM, service automa-
tion and digital identification, which reduces service time
and increases the share of digital sales. Digital initiatives
contribute to the development of staff competencies and
increase the productivity of internal processes. Thanks to
4G modernisation and a stable network infrastructure the
average mobile internet speed has increased by 20-30%,
which improves the company’s flexibility, efficiency and
competitive position.

Thus, the digital transformation of Ukraine’s three
leading mobile operators demonstrates the systematic
strengthening of their customer, structural and human
capital through the large-scale implementation of innova-
tive technologies. The development of Al solutions, cloud
platforms, smart services, IoT infrastructure, eSIM and
digital identification ensures revenue growth, increased
productivity of internal processes, expansion of multi-ser-
vice capabilities and improved quality of subscriber ser-
vice. Significant investments in network modernisation,
management automation and infrastructure resilience
enable operators to maintain a high level of technological
readiness, ensure communication stability even in crisis
conditions and maintain service continuity. As a result,
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digital initiatives create a sustainable competitive advan-
tage in the market, contribute to the financial growth of
companies, and lay the foundation for further innovation
in Ukraine’s telecom sector.

As of early 2025, approximately 31.5 million people
in Ukraine used the internet, and the network penetration
rate reached approximately 82.4%, indicating a high level
of digitalisation among the population and active use of
digital services, including telecommunications services.
94.1% of mobile connections in Ukraine were broadband
(3G/4G/5G), which is a relevant component of the digital
transformation of the telecom industry (Zinchenko, 2025).
Digital transformations contribute to the acceleration of
technological development. Cloud platforms, Big Data an-
alytics, Al, and 5G/6G networks are used by telecom oper-
ators to quickly adapt to changes in the tech environment,
introduce new services, and make internal processes more
efficient. Thanks to Al technologies such as machine learn-
ing and deep learning, systems can automate, analyse data,
gain predictive insights and adapt to new conditions.

The number of connected wireless devices worldwide
has grown from 11.5 billion in 2020 to 31.6 billion in 2023,
illustrating the scale of traffic growth and the need for net-
work automation. Al enables the next generation of wireless
networks to automatically exchange information between
“smart” applications, significantly improving network per-
formance. 5G networks provide high data transfer speeds
and low end-to-end latency, while URLLC services guaran-
tee latency of less than 1 ms, which is critical for controlling
smart devices, remote medicine, and industrial robots. This
approach reduces time to market, increases responsive-
ness to customer needs, and strengthens the company’s
position among competitors (Alhammadi et al., 2024).

The increase in the value of intangible assets is a sig-
nificant outcome of digital transformation. Data, software
solutions, digital platforms, intelligent management sys-
tems, and patents are becoming strategic resources that
support business development. Strengthening intellectual
property protection has a positive impact on the process of
data capitalisation: an analysis of a long-term panel sample
of Chinese companies for 2011-2022 showed that effective
IP protection increases both the resources for data capital-
isation and the willingness of companies to use them. The
greatest effect is observed in private companies, high-tech
industries, and regions with developed digital infrastruc-
ture. Thus, intangible assets form the basis for new busi-
ness models and create additional economic value for the
company, which directly affects its financial results and in-
vestment attractiveness (Wang & Dong, 2025).

Expanding the competencies and creative capabil-
ities of staff contributes to increased productivity and
human capital development. Employees acquire new
skills in cybersecurity, big data processing, AI manage-
ment, and digital networks, which increases their ability
to generate innovative solutions. Research confirms that
the systematic strengthening of human resource compe-
tencies, combined with the active use of technology and
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diversification of activities, significantly increases the pro-
ductivity of enterprises: for example, analysis of small and
medium-sized businesses has shown that the combination
of these factors has a positive and statistically significant
impact on their sustainable operations, with a coefficient
of determination of 72.3%. In addition, effective personnel
development and support from public policy are funda-
mental in ensuring the stability and growth of enterprises.
This ensures quick adaptation to change, efficient resource
utilisation, and the maintenance of high intellectual value
(Hernita et al., 2021).

Digitalisation enables companies to optimise oper-
ating costs and improve key financial indicators. Studies
show that companies that actively implement digital tech-
nologies can reduce operating costs by approximately 30%,
increase ARPU by 20%, increase earnings before interest,
taxes, depreciation and amortisation (EBITDA) by 25%
and improve return on assets by 15% compared to less dig-
itised companies, indicating significant economic benefits
from the implementation of digital solutions (according
to a business process optimisation model using AI and
big data analytics) (Liao et al., 2025). This confirms that
process automation, analytics and cloud technology im-
plementation directly impact the financial performance
and economic sustainability of companies, contributing
to increased productivity and reduced costs. These trends
are reflected in studies on digital business transformation,
which indicate the positive impact of digital solutions on
the performance and competitiveness of enterprises. Thus,
digital transformation comprehensively strengthens the in-
tellectual capital of telecom companies, increasing business
flexibility, service quality and financial results. The integra-
tion of Al, Big Data and cloud solutions contributes to the
creation of new sources of value and the formation of effec-
tive business models. This strengthens the market position
of operators and ensures stable long-term development.

In the process of digital transformation, telecommu-
nications companies face several systemic constraints that
slow down modernisation and affect the effectiveness of in-
novation implementation. Despite the active introduction
of Al, big data, automation and cloud solutions, the indus-
try needs more developed organisational, human resource
and financial prerequisites. Therefore, the ability of compa-
nies to identify and remove internal and external barriers
that hinder the formation of a sustainable digital ecosystem
is becoming a key condition for successful transformation
(Mahboub & Sadok, 2024). One of the main constraints
is the shortage of highly qualified personnel. The effec-
tive implementation of technologies such as Al, Big Data
analytics, cloud platforms and 5G/6G networks requires
employees with specialised knowledge and experience. A
study of digital literacy among higher education students
(N =324) showed that the level of training of future spe-
cialists is uneven: the lowest scores were in working with
digital information, particularly in the ability to assess data
quality and identify source bias. The highest results, on the
other hand, were in social digital literacy, such as the skills

of proper online communication. Although the differ-
ence between the studies was insignificant, experience and
length of study had a positive impact on the level of digital
competence. These results indicate that the modern level of
training does not fully meet market requirements, which
creates competition for specialists and complicates the for-
mation of strong human capital and the development of
innovative projects (Morgan et al., 2022).

The implementation of digital technologies requires
significant financial resources. Investments in infrastruc-
ture development, the purchase of licensed software, and
the implementation of cloud platforms and cybersecurity
systems create high capital expenditures, which increase
OPEX. Research on the digitalisation of small professional
service firms shows that even organisations with limited
resources recognise both the opportunities and risks of
digital transformation, but the complexity of the techno-
logical environment and the instability of the innovation
landscape often led to organisational tensions and inhibit
decision-making. Such firms tend to adopt a “selective dig-
italisation” approach, where investments in technology are
made selectively depending on the innovation orientation
of management and staff. At the same time, expanding co-
operation with technology providers and partners creates
additional costs for coordination and network manage-
ment. Therefore, telecommunications companies should
carefully plan financial policies and ensure the efficient use
of resources to benefit from the economic effects of digi-
talisation and avoid overspending (Cardinali et al., 2023).

Increased cyber risks are another significant challenge.
The expansion of digital platforms, growth in data volumes
and integration of IoT solutions create additional vulnera-
bilities for cybersecurity. Research on sustainable digitali-
sation emphasises that cyber threats can undermine envi-
ronmental, social and economic sustainability, as privacy
breaches, data leaks or digital system failures can have sig-
nificant socio-economic consequences. Therefore, cyberse-
curity must be considered an integral part of sustainable
digitalisation, requiring flexible policies and regulations
that can adapt to the rapid changes in the digital environ-
ment. Experts also emphasise the importance of a mul-
ti-stakeholder approach involving the state, business and
users for effective risk management. The implementation
of comprehensive data protection systems, network mon-
itoring and backup procedures is critical to minimising
the risks of information loss, financial loss or reputational
damage (Goswami et al., 2023).

Equally relevant is the transformation of corporate cul-
ture and the adaptation of business processes. The introduc-
tion of new technologies requires a change in management
approaches, greater openness to innovation, flexibility,
and the ability to make quick decisions. Research based on
the theory of innovation adoption and a systematic review
of the literature for 2011-2024 shows that organisational
culture is a key factor in the successful implementation
of Business Process Management. Companies with a cul-
ture focused on innovation, collaboration and continuous
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improvement have a significantly higher level of accept-
ance of Business Process Management, while barriers such
as resistance to change and risk aversion significantly re-
duce the effectiveness of digital transformations and em-
ployee satisfaction. This highlights the need to create an
adaptive and innovative environment in which compa-
nies encourage staff training, implement cross-functional
teams and change internal processes to effectively integrate
digital tools (Lima et al., 2025).

Thus, overcoming personnel, financial, cybersecu-
rity, and cultural barriers is a fundamental condition for
the successful digital evolution of telecom companies. By
building strong human capital, ensuring cyber security,
optimising investments and creating an innovation-ori-
ented corporate culture, companies can significantly im-
prove the efficiency of their business processes. This not
only minimises risks but also ensures strategic stability,
rapid scaling of digital services and long-term growth in
competitiveness in the context of dynamic market changes.

Discussion

The analysis of the results showed that digital transfor-
mations had a significant impact on the development of
human capital in telecommunications companies. The in-
troduction of continuous learning programmes and inter-
nal training ensured quick adaptation of staft to new tech-
nologies, increasing creativity and innovative potential,
which was reflected in productivity and the ability to create
added value for the company. This issue was also studied
by P. Ueasangkomsate & T. Soodsom (2024), confirming
that telecom companies need employees who possess rel-
evant digital skills and can utilise innovative technologies.
Developing such competencies contributes to increased
productivity, efficiency, and business competitiveness. In-
vestments in human capital ensure the sustainable growth
of companies and their ability to quickly adapt to techno-
logical changes. A. Arini & H. Respatiningsih (2024) also
showed that the digital economy requires constant up-
dating of knowledge and professional skills. Training and
retraining help staff respond effectively to new challenges
and master new tools. Supporting innovation within the
team stimulates a creative approach to work and con-
tributes to the formation of the company’s competitive
advantages. Analysis of the results shows that effective
development of digital competencies requires a systemat-
ic approach that includes both technical training and the
development of analytical thinking and communication
skills. Telecom companies must provide access to learning
platforms, practical training, and opportunities for profes-
sional growth. In addition, it is necessary to create a corpo-
rate culture prioritising innovation and continuous learn-
ing, which will ensure a smooth transition for employees
adapting to rapid technological changes.

The study showed that structural capital also un-
derwent significant changes under the influence of dig-
italisation. The study determined that process automa-
tion, cloud management systems and the use of big data
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analytics increase the efficiency of internal operations.
In addition, the introduction of IoT services, Smart City
and Industry 4.0 solutions created new sources of revenue
and contributed to the development of innovative prod-
ucts. The expansion of digital infrastructure, including 5G,
virtualised networks and edge computing, increased the
scalability of services and the speed of launching new ser-
vices. L. Broccardo et al. (2024) concluded that business
process automation enables telecom companies to reduce
costs, accelerate customer service, and improve service
quality. The development of high-speed networks and the
introduction of cloud platforms form the basis for scaling
digital services and creating new products. Such moderni-
sation strengthens the structural capital of enterprises and
ensures stable development in the context of technologi-
cal competition. A study by V. Stocker & G. Knieps (2021)
determined that the expansion of digital infrastructure re-
quires the transformation of organisational management
models and the introduction of more flexible approaches
to planning. Telecom companies are actively integrating
innovative solutions such as Al and IoT technologies to
optimise their operations. These changes contribute to the
formation of telecommunications ecosystems capable of
responding quickly to market and customer needs. These
results confirm the above study, as they demonstrate a
close link between the digital transformation of structural
capital and the growth in efficiency of telecommunications
companies. The introduction of automated systems and
the latest technological solutions ensures the optimisation
of internal processes and improved service quality. Thus,
the modernisation of digital infrastructure is becoming a
key factor in strengthening companies’ competitive posi-
tions in the market.

Digital transformations were found to have a signifi-
cant impact on customer capital. Companies implement-
ed customer-centric digital platforms and self-service
services, which increased the accessibility of services and
simplified subscriber interaction with the company. Per-
sonalisation of services through big data analysis and IoT
integration made it possible to predict user needs and in-
crease ARPU, which strengthened customer loyalty and
reduced churn. It is worth highlighting the study by J. Ou-
maima & S. Lamari (2024), demonstrating that personali-
sation of services improves awareness of the needs of their
users and offer solutions that best meet their expectations.
Digital platforms provide more convenient communica-
tion and self-service channels, which increase subscriber
satisfaction. High-quality interaction with customers helps
build trust in the company and strengthen its reputation
in the market. In turn, M. Pereira et al. (2025) concluded
that the use of digital tools not only expands the capabili-
ties of the service but also creates an individual experience
for each user. Analytics systems help predict customer be-
haviour and respond to their requests in a timely manner.
As a result, higher loyalty and long-term customer capi-
tal value are formed, which has a positive impact on the
financial performance of telecom companies. These data
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correspond to the theses presented in the previous section,
as they confirm the importance of digital tools for increas-
ing subscriber satisfaction and engagement. Thanks to per-
sonalised services and convenient platforms, companies
can form stronger and longer-lasting relationships with
their customers. This, in turn, ensures sustainable growth
in customer capital and strengthens the competitive ad-
vantages of telecom operators.

In addition, the study demonstrated the benefits of
digital transformation for intellectual capital. The study
determined that innovative approaches contributed to
the growth of companies’ intangible assets, increased staft
competence and improved financial performance. Compa-
nies that effectively integrated digital technologies into all
aspects of their operations achieved better adaptability to
technological changes and gained competitive advantages
in the market. Notably, R. Trequattrini et al. (2022) con-
ducted a study, the results of which confirmed that digital
transformation stimulates the development of innovative
products and services, ensuring a quick response to mar-
ket changes. It increases the adaptability of organisations
by ensuring the rapid introduction of new technologies
and processes. In addition, investments in digital solutions
strengthen the intangible assets of enterprises, in particular
their brand, reputation and staff knowledge. H. Halim et
al. (2023) showed that a digital transformation strategy
aimed at optimising the company’s performance can be
used for the improvement of operational processes and in-
creased productivity. The use of data analytics, automation,
and digital platforms contributes to more informed man-
agement decisions. This ensures increased competitiveness
and sustainable long-term development of the company.
Comparing the data obtained during the research, it is pos-
sible to argue that digital transformation directly affects
the growth of the innovative potential and flexibility of
telecom companies. It contributes to the accumulation of
intangible assets, such as staft knowledge, brand and tech-
nological expertise, which increases the overall value of the
enterprise. Therefore, investments in digital solutions are
strategically relevant for strengthening the company’s po-
sition in the dynamic communications market.

At the same time, the study revealed significant chal-
lenges faced by telecommunications companies. The main
problems were a shortage of highly qualified personnel,
high investment and operating costs, and increased cyber
risks. In addition, companies were forced to transform
their corporate culture to more effectively implement
innovative processes and ensure organisational flexibili-
ty. Based on the results of the study, K. Uzule & N.Veri-
na (2023) concluded that the digital transition of telecom
companies faces staffing challenges related to a shortage
of specialists capable of working with the latest technolo-
gies. Financial constraints can delay the implementation
of digital platforms and network modernisation, limiting
the scale of transformation. In addition, technological and
security risks, including cyber threats and the complexity
of integrating new systems, create additional barriers to an

effective transition to digital models. Data from Y. Niu et
al. (2023) show that the implementation of innovative
technologies is often hampered by organisational inertia
and staft resistance to change. A lack of financial resourc-
es and difficulties in integrating new systems can signifi-
cantly slow down the pace of digital transformation. As a
result, companies risk losing ground to competitors and
missing opportunities to create new services and improve
business process efficiency. An analysis of the study results
revealed that the main threats to digital transition signif-
icantly affect the speed and efliciency of telecom compa-
nies’” transformation. Personnel and financial constraints,
as well as technological challenges and security risks, re-
quire a systematic approach to planning and managing
digital projects. Only a comprehensive strategy that ad-
dresses these factors can minimise negative consequences
and ensure the successful integration of innovations into
business operations.

Based on the data obtained, it is possible to conclude
that digital transformations played a key role in strength-
ening the intellectual capital of telecommunications com-
panies. They simultaneously influenced human, structural
and customer capital, ensuring increased productivity, the
development of new services and the economic stability
of companies. The results of the study emphasise the need
for a comprehensive approach to the integration of digital
technologies to achieve strategic competitive advantages
in the market.

Conclusions
The study showed that the digital transformation of tele-
communications companies has a significant impact on the
development of human, structural and customer capital,
increasing productivity and competitiveness. As of 2025,
the number of Internet users worldwide reached ~6 billion
people, or 72% of the population, and in Ukraine, about
31.5 million people used the Internet, which is 82.4% of the
population. The growth in the number of users is accom-
panied by an increase in staff competence in the areas of
Al big data analytics, cybersecurity and 5G/6G networks,
which is a key factor in successful digitalisation. The struc-
tural capital of companies has been strengthened through
process automation, cloud platforms and analytical solu-
tions: routine operations have been reduced by 30-40%,
and 85% of operators consider digitalisation critical to
development. 70% of companies report increased network
productivity, and cost optimisation was 15-20%. The use of
Big Data and IoT platforms has improved the accuracy of
forecasts and the efficiency of resource management.
Customer capital was transformed through service
personalisation, self-service platforms, and IoT ecosystem
integration. Kyivstar revenue in Q4 2025 increased 28.4%
to USD 321 million; mobile ARPU rose 18.2% year-on-
year; digitalservices revenue grew 6.1x to USD 50 million
(15.7% of total, including USD 34 million from Uklon);
multiplay users increased 18% to 7.3 million; EBITDA
rose 21.7% to USD 172 million with a 53.5% margin; capex
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intensity reached 36% of revenue. Vodafone invested over
UAH 6 billion, deploying 7,252 LTE stations, which im-
proved network stability, while Lifecell increased internet
speeds by 20-30%.

The results of the study confirmed the key benefits of
digital transformation: increased innovation and creative
potential of staff, accelerated adaptation to technological
changes, growth in the value of intangible assets, process
optimisation and improved economic efficiency. At the
same time, the main challenges were identified, high invest-
ment costs, increased cyber risks, and the need to change
corporate culture for rapid innovation implementation.

Thus, digital transformations have become a catalyst
for strengthening the intellectual capital of telecommu-
nications companies, creating conditions for sustainable
development, increasing competitiveness, and achieving
strategic advantages in the market. The limitation of the
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study is that the analysis was based on open data and re-
ports from individual Ukrainian telecom operators, which
may not fully reflect the situation in the global market.
Prospects for further research include a detailed study of
the impact of digital transformations on the long-term sus-
tainability of intellectual capital and its relationship with
the financial and non-financial performance indicators of
telecommunications companies.

Acknowledgements
None.

Funding
None.

Conflict of Interest
None.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Ahmed, S.F.,, Alam, M.S., Afrin, S., Rafa, S.J., Taher, S.B., Kabir, M., Muyeen, S., & Gandomi, A.H. (2024). Toward
a secure 5G-enabled internet of things: A survey on requirements, privacy, security, challenges, and opportunities.
IEEE Access, 12, 13125-13145. doi: 10.1109/ACCESS.2024.3352508.

Alamuri, S., Aluvala, R., & Miryala, R.K. (2025). Transition from 5G to 6G communication technologies: Workforce
evolution and skill development needs. In 5G/6G Advancements in communication technologies for agile management
(pp- 117-142). London: IGI Global. doi: 10.4018/979-8-3693-6725-4.ch005.

Alhammadi, A., Shayea, L., El-Saleh, A.A., Azmi, M.H., Ismail, Z.H., Kouhalvandi, L., & Saad, S.A. (2024). Artificial
intelligence in 6G wireless networks: Opportunities, applications, and challenges. International Journal of Intelligent
Systems, 2024(1), article number 8845070. doi: 10.1155/2024/8845070.

Al-Jumaili, A.H., Muniyandi, R.C., Hasan, M.K., Paw, ]J.K., & Singh, M.]J. (2023). Big data analytics using cloud
computing based frameworks for power management systems: Status, constraints, and future recommendations.
Sensors, 23(6), article number 2952. doi: 10.3390/s23062952.

Arini, A., & Respatiningsih, H. (2024). Upskilling and reskilling in improving competence of competitive human
resources in the era of digital economy. Brilliant International Journal of Management and Tourism, 4(1), 137-150.
doi: 10.55606/BIIMT.V411.2738.

Beshley, M., Klymash, M., Scherm, I., Beshley, H., & Shkoropad, Y. (2023). Emerging network technologies for
digital transformation: 5G/6G, IoT, SDN/IBN, cloud computing, and blockchain. In M. Klymash, A. Luntovskyy,
M. Beshley, I. Melnyk & A. Schill (Eds.), Emerging networking in the digital transformation age (pp. 1-20). Cham:
Springer. doi: 10.1007/978-3-031-24963-1 1.

Broccardo, L., Vola, P., Alshibani, S.M., & Tiscini, R. (2024). Business processes management as a tool to enhance
intellectual capital in the digitalization era: The new challenges to face. Journal of Intellectual Capital, 25(1), 60-91.
doi: 10.1108/J1C-04-2023-0070.

Cardinali, S., Pagano, A., Carloni, E., Giovannetti, M., & Governatori, L. (2023). Digitalization processes in small
professional service firms: Drivers, barriers and emerging organisational tensions. Journal of Service Theory and
Practice, 33(2), 237-256. doi: 10.1108/]STP-06-2022-0132.

Celestin, M., Vasuki, M., Sujatha, S., & Kumar, A.D. (2024). How businesses create personalized experiences to boost
customer retention: The role of technology and human interactions in customer satisfaction. International Journal
of Applied and Advanced Scientific Research, 9(2), 75-80. doi: 10.5281/zenodo.13871854.

[10] Ciarli, T., Kenney, M., Massini, S., & Piscitello, L. (2021). Digital technologies, innovation, and skills: Emerging

trajectories and challenges. Research Policy, 50(7), article number 104289. doi: 10.1016/j.respol.2021.104289.

[11] Erkkila, T., Chou, M.H., & Kauppi, N. (2023). Human capital and the rise of the global talent competition. In

T. Erkkild, M.-H. Chou & N. Kauppi (Eds.), Knowledge alchemy (pp. 46-74). Bristol: Bristol University Press.
doi: 10.51952/9781529214420.ch003.

[12] Ewim, C.M., Omokhoa, H.E., Ogundeji, I.A., & Ibeh, A.L. (2021). Future of work in banking: Adapting workforce

skills to digital transformation challenges. Future, 2(1), 45-56. doi: 10.54660/.ITMRGE.2021.2.1.663-676.

[13] Goswami, S.S., Sarkar, S., Gupta, K.K., & Mondal, S. (2023). The role of cyber security in advancing sustainable

digitalization: Opportunities and challenges. Journal of Decision Analytics and Intelligent Computing, 3(1), 270-285.
doi: 10.31181/jdaic10018122023g.

Innovation and Sustainability, 2026, Vol. 6, No. 2 85


https://doi.org/10.1109/ACCESS.2024.3352508
https://doi.org/10.4018/979-8-3693-6725-4.ch005
https://doi.org/10.1155/2024/8845070
https://doi.org/10.3390/s23062952
https://doi.org/10.55606/BIJMT.V4I1.2738
https://doi.org/10.1007/978-3-031-24963-1_1
https://doi.org/10.1108/JIC-04-2023-0070
https://doi.org/10.1108/JSTP-06-2022-0132
https://doi.org/10.5281/zenodo.13871854
https://doi.org/10.1016/j.respol.2021.104289
https://doi.org/10.51952/9781529214420.ch003
https://doi.org/10.54660/.IJMRGE.2021.2.1.663-676
https://doi.org/10.31181/jdaic10018122023g

The role of digital transformation...

[14] Gui, L., Lei, H., & Le, P.B. (2022). Fostering product and process innovation through transformational leadership
and knowledge management capability: The moderating role of innovation culture. European Journal of Innovation
Management, 27(1), 214-232. doi: 10.1108/EJIM-02-2022-0063.

[15] Halim, H., Kesuma, T.M., & Siregar, M.R. (2023). Digital transformation strategy to optimize company performance.
Jurnal Manajemen Bisnis, Akuntansi Dan Keuangan, 2(2), 189-200. doi: 10.55927/jambak.v2i2.7022.

[16] Hernita, H., Surya, B., Perwira, I., Abubakar, H., &Idris, M. (2021). Economic business sustainability and strengthening
human resource capacity based on increasing the productivity of small and medium enterprises (SMES) in Makassar
city, Indonesia. Sustainability, 13(6), article number 3177. doi: 10.3390/su13063177.

[17] Industry Research. (2025). IoT in smart city market size, share, growth, and industry analysis, by type, application,
regional insights and forecast to 2034. Retrieved from https://www.industryresearch.biz/market-reports/iot-in-
smart-city-market-113865.

[18] Jafor, A.H., Azim, K.S., Hossain, M.A., Shayed, A.U., Nikita, N.A., & Khan, O.U. (2024). The evolution of cloud
computing & 5G infrastructure and its economical impact in the global telecommunication industry. AIJMR-
Advanced International Journal of Multidisciplinary Research, 2(5). doi: 10.62127/aijmr.2024.v02i05.1100.

[19] Ji,H.,Pang, Y., Suo, L., & Wang, T. (2022). Research on how external environment influences digitalization of cultural
enterprises. Discrete Dynamics in Nature and Society, 2022(1), article number 6807145. doi: 10.1155/2022/6807145.

[20] Kabachinsky, 1. (2026). In 2025, Vodafone increased revenue by 14% to UAH 27.8 billion. Retrieved from https://
scroll.media/2026/04/14/2025-vodafone/.

[21] Kyivstar. (2025). Investing in Ukraine’s energy resilience: Kyivstar to acquire solar power company. Retrieved from
https://investors.kyivstar.ua/news-releases/news-release-details/investing-ukraines-energy-resilience-kyivstar-
acquire-solar.

[22] Kyivstar. (2026a). Kyivstar ranks among top global providers of Starlink Mobile satellite connectivity with 5 million
total users. Retrieved from https://investors.kyivstar.ua/news-releases/news-release-details/kyivstar-ranks-among-
top-global-providers-starlink-mobile.

[23] Kyivstar. (2026b). Kyivstar revenue rises 26% YoY as digital and connectivity drive growth. Retrieved from https://
investors.kyivstar.ua/news-releases/news-release-details/kyivstar-revenue-rises-26-yoy-digital-and-connectivity-
drive.

[24] Kyivstar. (2026c). Kyivstar to expand digital healthcare offering in Ukraine with Tabletki.ua acquisition. Retrieved
from https://surl.li/xjrxth.

[25] Liao, D., Liang, R., & Ye, Z. (2025). A research on business process optimisation model integrating Al and Big Data
analytics. ArXiv. doi: 10.48550/arXiv.2511.08934.

[26] Lifecell. (n.d.). https://www.lifecell.ua/en/sim-and-number/eSIM.

[27] Lima, W.K,, Barbosa, A.F., Silva, A., Santos, J., Pinto, H., Almeida, G., & Vilela, J. (2025). The influence of
organizational culture on business process management: An update of a systematic literature review. In Simpdésio
brasileiro de sistemas de informacgdo (pp. 759-767). Porto Alegre: Sociedade Brasileira de Computagéo. doi: 10.5753/
sbsi.2025.246632.

[28] Linder, J. (2025). Digital transformation in the telecommunications industry statistics. Retrieved from https://gitnux.
org/digital-transformation-in-the-telecommunications-industry-statistics/.

[29] Mahboub, H.M., & Sadok, H. (2024). Barriers to digital transformation: The case of Moroccan companies. Journal
of Telecommunications and the Digital Economy, 12(1), 261-276.

[30] Melnyk, L.G., Voronenko, V.I., Rozgon, Y.V., Kovalev, B.L., & Mazin, Y.O. (2024). The impact of intellectual capital
and artificial intelligence on digital transformations. Change Management and Innovation, 9, 36-43. doi: 10.32782/
CM1/2024-9-8.

[31] Morgan, A., Sibson, R., & Jackson, D. (2022). Digital demand and digital deficit: Conceptualising digital literacy

and gauging proficiency among higher education students. Journal of Higher Education Policy and Management,
44(3), 258-275. doi: 10.1080/1360080X.2022.2030275.

[32] Nassereddine, M., & Khang, A. (2024). Applications of Internet of Things (IoT) in smart cities. In A. Khang,
V. Abdullayev, V. Hahanov & V. Shah (Eds.), Advanced IoT technologies and applications in the Industry 4.0 digital
economy (pp. 109-136). Boca Raton: CRC Press. doi: 10.1201/9781003434269.

[33] Niu, Y., Wen, W., Wang, S., & Li, S. (2023). Breaking barriers to innovation: The power of digital transformation.
Finance Research Letters, 51, article number 103457. doi: 10.1016/j.fr1.2022.103457.

[34] Oumaima, J., & Lamari, S. (2024). Customer experience in the digital transformation era: Insights on personalization,
digital marketing, and customer relationship management. International Journal of Economics, Management
and Finance, 3(2), 52-69. doi: 10.5281/zenodo.14109688.

[35] Pereira, M.D., de Castro, B.S., Cordeiro, B.A., de Castro, B.S., Peixoto, M.G., da Silva, E.C., & Gongalves, M.C. (2025).
Factors of customer loyalty and retention in the digital environment. Journal of Theoretical and Applied Electronic
Commerce Research, 20(2), article number 71. doi: 10.3390/jtaer20020071.

86 Innovation and Sustainability, 2026, Vol. 6, No. 2



https://doi.org/10.1108/EJIM-02-2022-0063
https://doi.org/10.55927/jambak.v2i2.7022
https://doi.org/10.3390/su13063177
https://www.industryresearch.biz/market-reports/iot-in-smart-city-market-113865
https://www.industryresearch.biz/market-reports/iot-in-smart-city-market-113865
https://doi.org/10.62127/aijmr.2024.v02i05.1100
https://doi.org/10.1155/2022/6807145
https://scroll.media/2026/04/14/2025-vodafone/
https://scroll.media/2026/04/14/2025-vodafone/
https://investors.kyivstar.ua/news-releases/news-release-details/investing-ukraines-energy-resilience-kyivstar-acquire-solar
https://investors.kyivstar.ua/news-releases/news-release-details/investing-ukraines-energy-resilience-kyivstar-acquire-solar
https://investors.kyivstar.ua/news-releases/news-release-details/kyivstar-ranks-among-top-global-providers-starlink-mobile
https://investors.kyivstar.ua/news-releases/news-release-details/kyivstar-ranks-among-top-global-providers-starlink-mobile
https://investors.kyivstar.ua/news-releases/news-release-details/kyivstar-revenue-rises-26-yoy-digital-and-connectivity-drive
https://investors.kyivstar.ua/news-releases/news-release-details/kyivstar-revenue-rises-26-yoy-digital-and-connectivity-drive
https://investors.kyivstar.ua/news-releases/news-release-details/kyivstar-revenue-rises-26-yoy-digital-and-connectivity-drive
https://investors.kyivstar.ua/news-releases/news-release-details/kyivstar-expand-digital-healthcare-offering-ukraine-tabletkiua
https://doi.org/10.48550/arXiv.2511.08934
https://www.lifecell.ua/en/sim-and-number/eSIM
https://doi.org/10.5753/sbsi.2025.246632
https://doi.org/10.5753/sbsi.2025.246632
https://gitnux.org/digital-transformation-in-the-telecommunications-industry-statistics/
https://gitnux.org/digital-transformation-in-the-telecommunications-industry-statistics/
https://search.informit.org/doi/epdf/10.3316/informit.T2024040300010000142251162
https://doi.org/10.32782/CMI/2024-9-8
https://doi.org/10.32782/CMI/2024-9-8
https://doi.org/10.1080/1360080X.2022.2030275
https://doi.org/10.1201/9781003434269
https://doi.org/10.1016/j.frl.2022.103457
https://doi.org/10.5281/zenodo.14109688
https://doi.org/10.3390/jtaer20020071

Okhrushchak

[36] Rehman, Z., Tarig, N., Moqurrab, S.A., Yoo, J., & Srivastava, G. (2023). Machine learning and internet of things
applications in enterprise architectures: Solutions, challenges, and open issues. Expert Systems, 41(1), article
number e13467. doi: 10.1111/exsy.13467.

[37] Saeed, S., Altamimi, S.A., Alkayyal, N.A., Alshehri, E., & Alabbad, D.A. (2023). Digital transformation and
cybersecurity challenges for businesses resilience: Issues and recommendations. Sensors, 23(15), article number
6666. doi: 10.3390/523156666.

[38] Stocker, V., & Knieps, G. (2021). Digitalizing telecommunications: innovation, complexity and diversity in the
internet ecosystem. In J. Montero, M. Finger (Eds.), A modern guide to the digitalization of infrastructure (pp. 59-91).
Cheltenham: Edward Elgar Publishing. doi: 10.4337/9781839106057.00009.

[39] Stofkova, J., Poliakova, A., Stotkova, K.R., Malega, P., Krejnus, M., Binasova, V., & Daneshjo, N. (2022). Digital skills
as a significant factor of human resources development. Sustainability, 14(20), article number 13117. doi: 10.3390/
sul42013117.

[40] Surantha, N., & Putra, N.A. (2022). Integrated SDN-NFV 5G network performance and management-complexity
evaluation. Future Internet, 14(12), article number 378. doi: 10.3390/f114120378.

[41] Talebkhah, M., Sali, A., Gordan, M., Hashim, S.J., & Rokhani, F.Z. (2023). Comprehensive review on development
of smart cities using industry 4.0 technologies. IEEE Access, 11, 91981-92030. doi: 10.1109/ACCESS.2023.3302262.

[42] Trequattrini,R.,Lardo, A., Cuozzo, B., & Manfredi, S. (2022). Intangible assets management and digital transformation:
Evidence from intellectual property rights-intensive industries. Meditari Accountancy Research, 30(4), 989-1006.
doi: 10.1108/ MEDAR-03-2021-1216.

[43] TVTechnology. (2025). ITU: 6 billion now online globally. Retrieved from https://www.tvtechnology.com/news/itu-
6b-now-online-globally.

[44] Ueasangkomsate, P., & Soodsom, T. (2024). Digital competency influencing human capital competitiveness. In
Proceedings of the international conference on information management and technology (pp. 236-240). Bali: IEEE.
doi: 10.1109/ICIMTech63123.2024.10780884.

[45] Uzule, K., & Verina, N. (2023). Digital barriers in digital transition and digital transformation: Literature review.
Economics and Culture, 20(1), 125-143. doi: 10.2478/jec-2023-0003.

[46] Vasylkivskyi, M.V., Kolomiyets, A.A., Budash, M.V, Prykmeta, A.V., & Oliynyk, A.O. (2024). Technological aspects
of the implementation of software-defined networks 5G and 6G. Computer-Integrated Technologies: Education,
Science, Production, 56, 335-344.

[47] Wang, Y., & Dong, F. (2025). How intellectual property protection enhances data capitalization: The mediating
effects of resources and willingness to capitalize on data. International Review of Financial Analysis, 107, article
number 104539. doi: 10.1016/j.irfa.2025.104539.

[48] WifiTalents Team. (2025). Digital transformation in the telecommunications industry statistics. Retrieved from
https://wifitalents.com/digital-transformation-in-the-telecom-industry-statistics/.

[49] Xia, L., Baghaie, S., & Sajadi, S.M. (2024). The digital economy: Challenges and opportunities in the new era
of technology and electronic communications. Ain Shams Engineering Journal, 15(2), article number 102411.
doi: 10.1016/j.asej.2023.102411.

[50] Xiong, F., Xie, M., Zhao, L., Li, C., & Fan, X. (2022). Recognition and evaluation of data as intangible assets. Sage
Open, 12(2). doi: 10.1177/21582440221094600.

[51] Zinchenko, M. (2025). The number of Internet users has increased in Ukraine, according to the Digital 2025 report.
Retrieved from https://ms.detector.media/withoutsection/post/37666/2025-03-14-v-ukraini-zrosla-kilkist-internet-
korystuvachiv-zvit-digital-2025/.

Innovation and Sustainability, 2026, Vol. 6, No. 2 87



https://doi.org/10.1111/exsy.13467
https://doi.org/10.3390/s23156666
https://doi.org/10.4337/9781839106057.00009
https://doi.org/10.3390/su142013117
https://doi.org/10.3390/su142013117
https://doi.org/10.3390/fi14120378
https://doi.org/10.1109/ACCESS.2023.3302262
https://doi.org/10.1108/MEDAR-03-2021-1216
https://www.tvtechnology.com/news/itu-6b-now-online-globally
https://www.tvtechnology.com/news/itu-6b-now-online-globally
https://doi.org/10.1109/ICIMTech63123.2024.10780884
https://doi.org/10.2478/jec-2023-0003
https://cit.lntu.edu.ua/index.php/cit/article/view/637
https://cit.lntu.edu.ua/index.php/cit/article/view/637
https://doi.org/10.1016/j.irfa.2025.104539
https://wifitalents.com/digital-transformation-in-the-telecom-industry-statistics/
https://doi.org/10.1016/j.asej.2023.102411
https://doi.org/10.1177/21582440221094600
https://ms.detector.media/withoutsection/post/37666/2025-03-14-v-ukraini-zrosla-kilkist-internet-korystuvachiv-zvit-digital-2025/
https://ms.detector.media/withoutsection/post/37666/2025-03-14-v-ukraini-zrosla-kilkist-internet-korystuvachiv-zvit-digital-2025/

The role of digital transformation...

Ponb umndppoBoi TpaHcdoopMdaLlil Y doopMyBOAHHI
TA PO3BUTKY IHTEJIEKTYAJS1IbHOIoO KaniTosy
TeJIeKOMYHIKALIMHMX NignpuemMcTB

Aprem Oxpymak

AcCnipaHT

€BPOMNENCHKMIM YHIBEPCUTET

03115, ByAabs. Akaaemika BepHaacbkoro, 16B, m. Kuis, YkpaiHa
https://orcid.org/0009-0004-9738-1125

AHOTALLiA. 3a MeTy CTaBMIOCS BM3HAYEHHs TOTO, SIK BIIPOBAJPKEHHS UMQPPOBUX TEXHOJIOTIN 3MiHIOE CKIamoBi
iHTe/eKTya/IbHOIO KalliTaly TeleKOMYHIKaliflHMX KOMIIaHiii Ta BIUIMBAa€ Ha IXHIO e(peKTMBHICTb i eKOHOMiYHi
pesymprati. [Ina mocmimkeHHA LudpoBoi TpaHchopMalil TeeKOMYHIKaIifHUMX KOMIIAHIl BUKOPUCTOBYBaIUCH
METOAM aHali3y JaHUX, iHTerpanil aHaJMiTMYHUX Ta IUIATGOPM IITYYHOIO IHTENEKTY, OLIHKM BIUIMBY IHTepHeTy
pedeil, XMapHUX CepBiciB Ta 1M(pPOBMUX eKocKucTeM Ha eeKTUBHICTh Oi3Hec-IpolleciB, IepcoHaisalio cepBiciB Ta
PO3BUTOK iHTeNEeKTyanbHOrO KaniTany. Byno BcTranoBneHo, mo y 2025 poni KibKiCTh iHT€pHET-KOPUCTYBadiB Yy CBiTi
mocsirna 67M3bKo 6 MinmbsipiB 0ci6 (72 % HaceneHHs), TOAI AK B YKpaiHi jefl TOKa3HMK CTaHOBUB 31,5 MinbiioHa ocib
(82,4 % HaceneHH:). BusHadeHo, 110 CTPYKTYpHUIT KalliTa/l TeJIeKOM-OIlepaToOpiB NOCUINBCA 3aBAAKM aBTOMAaTHU3allil
IpOIleciB, BIPOBA/PKEHHIO XMapHUX IUIATGOpPM Ta aHAIITMKM JaHMX; 85 % omeparopiB BBaKalTbh Lu¢poBisaliro
KPUTUYHOIO 1A 3pocTaHHA, 70 % MOBioMMIM Ipo MifIBUILEHHA NPOAYKTMBHOCTI MepeX, a olepaliilHi BUTpaTu
3HM3mwcs Ha 15-20 %. Takox BCTAHOBJICHO, 1[0 KII€HTCBKMII KaliTal TpaHC(OpMyBaBcsA 3aBAAKM IlepCoHasisamii
cepsiciB, maTdopmMaM caMo0o6CIyroByBaHHA Ta inTerparii [HTepHeTy pedeli. byno 3’acoBano, mo Kyivstar migsuimmna
edexTuBHICTD 00CTyroByBaHHsA, [udposa Bupydka y 2025 poui spocna y 4,7 pasa — go 124 mn o CIIA (y 4,9 pasa -
mo 5,2 MyIpp TpH) i focArna 10,7 % y cTpykTypi Bupyukn. Y deTBepTOMy KBapTaii 2025 poKy moxim Bip nudposux
cepsiciB y 2025 poui 3pic y 6,1 pasa — o 50 miH gon. CIIIA (y 6,4 pasa — o 2,1 mypp rpH) i ckinas 15,7 % Bix 3aranbHoi
Bupyuku. YacTka KopucTyBauiB maketHux nmocryr (multiplay-kopucrysauis) 3pocna Ha 18,0 % p/p - mo 7,3 MiH, 1m0
CTaHOBUTD 35,0 % aKTUBHMX MOOIIbHMX aOOHeHTIB 3a MicAub. JocmimKeHHA Ioka3ano, mo Vodafone inBecTyBama
HOHaJ 6 MiNbApHiB IpMBEHb Y MOfiepHisalio Mepexi Ta posropuyna 7252 LTE cranuii. byno Busnaueno, mo Lifecell
HigBUIIN/IA IIBUKICTh iHTepHeTY Ha 20-30 %. 11i sMiHM 3MIITHMIN TTIOCHKMIA, CTPYKTYPHMII Ta KIMI€HTCHKUI KaIliTas
i migTpUMany iHHOBALiiHUII PO3BUTOK TelneKoM-olnepaTopiB. IIpakTudyHe 3HaueHHA MOCTIIPKEHHA IOJATAE Y TOMY,
IO JIOTO pe3y/IbTaTV MOXYTb OyTM BUKOPUCTaHI A po3poOky eeKTUBHMX cTpaTerili mudposoi TpaHcdopmanii
TeJIeKOMYHIKaIli/IHUX MiAIIPUEMCTB Ta MifIBUIIeHHA eeKTUBHOTO YIPaBIiHHA IX iHTeJIeKTya/IbHUM KaIiTaIoM

KAlo4oBi cAoBa: XMapHi TeXHOJOrii; aBTOMaTKu3allid; iHHOBalil; IepCOHai3alisd; NPOAYKTUBHICTD; JIOSAIbHICTD
aboHEeHTIB
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Abstract. The purpose of the study was to substantiate the role of agility practices as a catalyst for strengthening
the dynamic sustainability of enterprises within the framework of ecosystem innovation management. The research
methodology was based on the use of system structural and comparative analysis to identify the architectonics of agility
processes, and logical modelling methods to assess their impact on the iterativeness of innovative development. It was
accepted that in conditions of high market volatility, the agility approach is a key driver that ensures the speed of resource
reconfiguration and the viability of business models. Conceptual parameters of flexible management (strategic lability,
operational iterativeness, network coherence) and their role in the transition from static to dynamic stability models were
considered. The level of integration of agility tools into the activities of contemporary Ukrainian enterprises in 2023-
2025 was analysed, which allowed establishing a direct correlation between the speed of managerial decision-making
and the organisation’s resilience to external shocks. It was revealed that the main destabilising factors that restrain the
effect of sustainability acceleration are the inertia of organisational structures, low digital capacity, and weak synergy of
participants in the innovation ecosystem. Analysis of secondary data showed that ignoring these factors leads to a drop
in innovation productivity by 25-30% and increases the time of adaptation to market changes by 35-40%, while gaps in
network interaction reduce the level of ecosystem synergy by 20-25 %, which minimises the effectiveness of implementing
agility tools. Based on the results of the study, a five-stage mechanism for deploying agility practices and a matrix of
their functional role (from operational to cognitive levels) in ensuring the vitality of enterprises within open innovation
ecosystems were proposed. It was proved that only the convergence of flexible management methods with strategic vectors
of ecosystem interaction allows forming long-term dynamic stability and competitiveness of the enterprise

Keywords: acceleration of innovations; business models; strategic resilience; enterprise vitality; flexible management

Introduction

The current stage of development of enterprises is character-
ised by a radical complication of the operating conditions,
which is manifested in the high variability of the external
environment, non-linearity of economic processes, and
the growing role of inter-organisational interaction in cre-
ating innovative value. In such circumstances, traditional

management approaches lose their effectiveness, giving
way to concepts focused on speed of response, flexibility of
decision-making, and the ability to constantly update. One
of these approaches is agility, which is increasingly consid-
ered not as a set of tools, but as a holistic management logic
that determines new parameters of enterprise functioning
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The agility approach as an accelerator...

in innovative ecosystems. The relevance of the study is con-
ditioned by the fact that the introduction of innovations
within ecosystems is accompanied by both expanding ac-
cess to resources and increasing dependence on external
participants, which increases the level of uncertainty and
risks. Under such conditions, it is the agility approach that
can serve as an accelerator, providing acceleration of the
processes of adaptation, coordination, and transformation
of business processes. Its practical implementation is com-
plicated by a number of factors, including insufficient con-
sistency of strategic and operational levels of management,
limited organisational flexibility, and fragmented integra-
tion into innovation ecosystems.

A significant number of studies are devoted to the in-
vestigation of theoretical and practical aspects of imple-
menting agility technologies and mechanisms of ecosystem
innovation management. The fundamental principles of
functioning of business accelerators and their role in tech-
nological transfer in the framework of systems scientific re-
views were investigated by J.P. Hausberg & S. Corre (2020),
emphasising the importance of co-quoting and networking
for the success of startup ecosystems. The issue of function-
al specifics and operational gaps in the activity of contem-
porary accelerators was analysed in detail by J. Aljalhama
& J. Slough (2022), which helps to better understand the
mechanisms of stimulating innovation activity. M. Shkilni-
ak & O. Tymkiv (2026) considered the conceptual frame-
work for using agile technologies to improve the change
management system in enterprises. The researchers ana-
lysed in detail the potential of flexible methods to increase
the adaptability of management structures and identified
the systemic advantages of switching from rigid hierarchies
to iterative models. K. Bellavitis et al. (2024) paid particu-
lar attention to strategic changes in deep technologies and
team management in conditions of high uncertainty; their
findings confirmed the need for flexible reconfiguration of
resources to maintain competitiveness. Further, A. Reven-
ko et al. (2026) explored agile as a managerial innovation
in project management. The researchers concluded that the
effectiveness of a flexible approach depends on minimising
the risks of simulated implementation, which is essential
for ensuring real, rather than declarative, dynamic stability
at the micro level.

N. Kotvytska et al. (2026) analysed the role of digital
innovation as a driver of development and adaptive capac-
ity of enterprises in a turbulent economic environment.
They stressed that digital solutions are crucial for strength-
ening the viability of organisations through mechanisms
for rapid reconfiguration of business processes. O. Kopyly-
uk et al. (2026) investigated the institutional environment
of innovation activity as a factor in ensuring the economic
mobility of enterprises. The conclusions indicate that the
establishment of a favourable environment within regional
innovation systems allows business entities to demonstrate
a higher level of adaptability to external market challenges.
The issue of business acceleration as a tool for stimulating
innovative development was considered by O. Lytvynov &

N. Grebennyk (2026). The researchers identified the key
role of accelerators in transforming scientific results into
practical innovations in the knowledge economy. The re-
sults of the study showed that acceleration mechanisms
significantly increase the ability of enterprises to integrate
into global technological chains. The role of cross-sectoral
partnerships in the innovation management system was in-
vestigated by Z. Galushka (2026), emphasising the impor-
tance of networking for achieving the sustainable develop-
ment goals. The dependence of the adaptive management
strategy on statistical modelling methods was considered
by A. Karpenko & O. Krainik (2026), proving that inno-
vative models of strategy construction are the basis for the
development of systemic resilience of the enterprise.

Despite considerable scientific attention to certain as-
pects of flexible management, the issues of forming a holis-
tic model of the agility approach as a system accelerator of
dynamic sustainability in the context of ecosystem transfor-
mation remain debatable. Most of the existing studies focus
either on agile tools in the field of IT, or on general issues
of innovation management, leaving out the mechanisms of
their architectural combination within open ecosystems.
Methodological approaches to assessing the acceleration
effect that flexible practices have on the strategic vitality
of enterprises are not sufficiently developed. The lack of a
systematic vision of mechanisms for overcoming the iner-
tia of organisational structures and eliminating the lack of
digital capabilities creates a scientific gap in the develop-
ment of adaptive models of ecosystem management. This
makes it necessary to clarify the conceptual parameters of
the agility approach and rethink the role of strategic lability
as a basic determinant of business fragility in the context of
present-day exogenous shocks. Therefore, the purpose of
the study was to theoretically substantiate agility practices
as determinants of strengthening the dynamic sustainabil-
ity of business structures in the dynamic environment of
innovative ecosystems. As part of the scientific search, the
following hypotheses were formulated. H1: Implementa-
tion of the integrated agility approach significantly accel-
erates the development of dynamic resilience of enterprises
to volatile environmental changes. H2: System integration
of strategic lability and operational iterativeness parame-
ters has a direct positive impact on the viability of business
models in the innovation ecosystem. H3: Low digital ca-
pacity and weak network coherence of ecosystem partic-
ipants are key barriers limiting the impact of accelerating
the sustainability of business entities.

Materials and Methods

The research methodology was based on the application of
a systematic approach, which allowed considering the agil-
ity approach not as a set of isolated tools, but as a dynamic
management architectonics integrated into the innovation
ecosystem. The research was based on a combination of
general scientific and special methods, which ensures the
complexity of the analysis at the intersection of strategic
management, ecosystem management, and innovation
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economics. The study did not involve the collection of pri-
mary data, so the methodological framework was focused
on theoretical and applied methods for analysing second-
ary materials, documentary sources, and case studies.

To achieve this goal, the following tools were used. The
system analysis method was used to structure the inno-
vation ecosystem at the micro-, meso-, and macro levels,
which allowed identifying the relationship between flexible
practices and strategic sustainability, and identify destabi-
lising factors (low digital capacity, organisational inertia).
The comparison method (comparative analysis) was used
to contrast approaches to agility management in various
sectors of the economy (IT, logistics, manufacturing). The
comparison was made according to the criteria of the speed
of resource reconfiguration and the intensity of use of dig-
ital tools. In the study, the analysis method provided a de-
composition of strategic and operational aspects of agility
practices; the synthesis method allowed combining the re-
sults obtained into a complete model; induction was used
to identify patterns based on individual cases; deduction —
to test theoretical propositions. The logical modelling
method was used to develop a matrix of the functional role
of agility practices. The model variables were the levels of
impact of tools on the sustainability of the business model;
the criterion for their inclusion in the matrix was the ability
to ensure the fragility of the ecosystem.

The information base of the study was based on re-
ports from the World Intellectual Property Organisa-
tion, OECD, National Strategic Materials, and scientific
publications for 2020-2026. The sample of sources was
formed through a targeted search in the Scopus and Web
of Science databases. The source inclusion criteria com-
prised relevance to the subject of agile management, the
availability of a robust evidence base (as indicated by the
presence of a DOI), and a focus on innovation ecosystem
management. To ensure scientific reliability, the systemati-
sation of sources reflected in the list of references and their
thematic grouping were carried out. A sample of innova-
tion-active enterprises operating within open innovation
ecosystems was selected for analysis. These enterprises
specialise in the development of technological solutions
and operate in highly dynamic market environments.

Yepifanova & Nechyporenko

The choice of these entities was determined by meeting
three criteria: 1) availability of formalised flexible man-
agement methodologies (Scrum, Kanban) (OECD, 2024;
Lytvynov & Grebennyk, 2026); 2) deep integration into
partner innovation ecosystems (Startup Genome, 2025;
StartupBlink, 2025); 3) availability of verified data on their
operating activities confirmed by industry reports and
analytical reviews (Ukrstat, n.d.; KPMG Ukraine, 2026).
The comparison was based on the following indicators:
response time to external shocks, the level of resource
reconfiguration, and the dynamics of market share recov-
ery. The hypothesis of agility as a stability accelerator was
tested by logical verification. The procedure provided for
comparing theoretical provisions with the actual data of
enterprises” activities for 2023-2025. By comparing flexi-
bility indices and loss indicators during crisis iterations,
the dependence was confirmed: enterprises with a higher
level of agility showed lower losses, which proves the effec-
tiveness of the model. This multi-method approach pro-
vided a comprehensive substantiation for the role of agility
as a catalyst for dynamic stability.

Results and Discussion

The results of the study allowed substantiating the agility
approach as a tool for strengthening the dynamic sustaina-
bility of enterprises in the system of ecosystem innovation
management. The conceptual foundations of the agility ap-
proach have been developed based on an analysis of reports
by the World Intellectual Property Organisation (2025),
Startup Genome (2025), and StartupBlink (2025). The
institutional context of the study was supplemented by
OECD data (2024). It was revealed that agility in ecosystem
management acts as a multi-level accelerator that integrates
strategic lability with network coherence mechanisms.
Agility has been found to provide a high speed of resource
reconfiguration, turning innovation management into a
proactive strategy. The proposed concept helps not just to
respond to crises, but to form proactive stability (antifra-
gility) through constant self-renewal. Thus, the dynamic
sustainability of an enterprise depends on the quality of
integrating flexible practices into the ecosystem innovation
management system (Table 1).

Table 1. Conceptual parameters of the agility approach as an accelerator
for developing dynamic enterprise sustainability

Analysis parameter Characteristics Impact on dynamic stability
Flexibility of managerial thinking and the ability Provides a high speed of predictive decision-making
Strategic lability to instantly reconfigure strategic goals under and minimises the response time
the influence of market anomalies. to exogenous shocks.
Operational Use of short project implementation cycles with Reduces the ITISk of l.arge ﬁng ncial losses and allows
. ; : . . flexibly adapting an innovative product to the needs
iterativeness constant feedback and real-time action correction.

of the ecosystem.

Network coherence
in the innovation ecosystem.

Level of synchronisation and consistency of enterprise
actions with partners, startups and institutions

It will create network business fragility through
resource diversification and rapid access
to external innovations.

Digital capability

Integration of digital competencies of personnel and
technological tools into a single management circuit.

It acts as a technical accelerator that ensures
transparency of processes and speed
of implementation of changes.
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Continued Table 1

Analysis parameter Characteristics

Impact on dynamic stability

Ecosystem vitality

Ability of the enterprise to self-organise and
regenerate key functions through symbiosis with
participants in the innovation environment.

Ensures long-term survival and development of
the enterprise as a “living organism” in a volatile
environment.

Source: developed by the authors based on E. Diego & P. Almodévar (2022), K. Bellavitis et al. (2024), M. Shkilniak &
O. Tymkiv (2026), N. Kotvytska et al. (2026), O. Lytvynov & N. Hrebiennyk (2026)

The agility approach as an accelerator of development
appears not only as a set of tools, but also as a dynamic phe-
nomenon that initiates a radical evolution of business mod-
els. It refocuses organisational structures on the principles
of strategic lability, network openness, and predictive sus-
tainability through iterative management practices and end-
to-end digital capabilities. In this context, agility serves as
the foundation on which an enterprises ability to maintain
vitality and functionality during exogenous shocks in an
innovation ecosystem is based. In particular, the introduc-
tion of iterative planning and cross-functional interaction
allows innovative and active enterprises-residents of open
ecosystems to reduce resource reconfiguration cycles by 25-
30% during crisis periods. This was confirmed by statistical
data on the dynamics of their operational stability: the tran-
sition to the agility model ensured the stability of financial
flows even in conditions of sharp fluctuations in the market
environment, where static structures were incapacitated.

Testing of the proposed agility tools based on this
group of enterprises has shown the high efficiency of the

implemented mechanisms. The results of the study con-
firmed that reconfiguration of strategic planning has re-
duced the corresponding time horizons by 30-35%, while
iterative renewal of the product portfolio has led to an
acceleration of time-to-market entry by 20-25%. In addi-
tion, the transition to integrated monitoring has provided
a level of automation of operational processes in the range
of 75-80%. The resulting positive dynamics of the adaptive
capacity index (an increase of 28%) is empirical evidence
that the integration of flexible practices transforms man-
agement costs into the capitalisation of adaptive potential,
creating the foundation for the fragility of business models
in market turbulence. In this way, agility transforms po-
tential vulnerability to external shocks into the ability to
quickly learn and adapt strategies, turning the innovation
ecosystem into an effective risk minimisation mechanism.
The process of forming this approach is iterative and mul-
ti-vector. The stages of implementing the agility approach
as an accelerator of dynamic enterprise sustainability are
illustrated in Figure 1.

STAGES IN THE IMPLEMENTATION OF THE AGILITY APPROACH AS AN ACCELERATOR
OF AN ORGANISATION’S DYNAMIC RESILIENCE

-

Audit of adaptive

comprehensive assessment of the management circuit and digital tools
to identify “bottlenecks” and organisational rigidity that prevent flexible
response to environmental turbulence

g

Conceptualisation of the
architecture of lability

designing a targeted agility model based on the synergy of flexible strategising
and open interaction with participants in the innovation ecosystem
to strengthen business fragility

development of a strategic plan for implementing flexible methodologies,
optimisation of resource flows and creation of non-hierarchical structures
focused on continuous innovation progress

testing of the developed model through the launch of short-term projects
in network structures to verify the speed of process reconfiguration under
the influence of unpredictable market factors

I
|3 )
Institutionalisation
of acceleration tools
4 |
__J
Pilot testing and flexible
implementation
5
— J

Reflexive monitoring and
ecosystem adaptation

WARVIRVIRVIRY

continuous screening of the effectiveness of agility practices based on cognitive
analysis of data from stakeholders, preventive levelling of new threats
and updating the model to ensure viability

Figure 1. Stages of implementing the agility approach as an accelerator of dynamic enterprise sustainability
Source: developed by the authors based on J. Aljalhama & J. Slough (2022), I. Arsavan et al. (2022), O. Komchatnykh &
D. Serbeniuk (2026), N. Kotvytska et al. (2026), A. Revenko et al. (2026)

This sequence of steps reflects the logic of the tran-
sition from diagnosing the initial state of the system to
forming a predictive control model. During the diagnostic

>«

phase, the enterprise’s “digital profile” was determined; for

innovation-driven businesses — residents of open ecosys-
tems — this has made it possible to identify critical gaps
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between the current speed of data exchange and the re-
quirements for ecosystem interaction. At the modelling
stage, the transition from reactive to predictive forecasting
becomes a priority: instead of waiting for the consequenc-
es of market fluctuations, the management model inte-
grates early warning indicators, which allows management
to reduce the time required to develop and implement
adaptive measures. This approach provided advanced
management, where strategic decisions are formed not on
the basis of post-fact reports, but on the basis of assessing

Yepifanova & Nechyporenko

future trajectories of ecosystem development. Further, the
implementation of the agility approach allows the business
entity to transform disparate technological and manage-
rial tools into a holistic mechanism for countering crisis
phenomena, providing the effect of accelerating (acceler-
ating) the development of dynamic sustainability in the
context of ecosystem transformation of innovations. The
ratio of the strategic potential of the agility approach as an
accelerator and the relevant risks of its implementation is
systematised in Table 2.

Table 2. Parameters for realising the potential of the agility approach
as an accelerator of sustainability and system challenges for its implementation

- . . . Performance indicators (average
Agility Functional role in acceleration . . . . Lo
data for innovation-active Systemic risks and limitations
components processes . .
enterprises — ecosystem residents)
. Accelerate predictive goal R(?d.uctlon of the strategic plan Risk of losing strategic focus due
Strategic L revision cycle from 90 to 30 days; .
o reconfiguration in response . to excessive frequency of changes;
lability to ecosystem volatilit growth of adaptive market complexity of long-term plannin,
4 Y share by 12%. prexity 8 P &
- . . Reduction of the Time-to-Market Lack of coordination between
. Catalisation of the innovation cycle S : N .
Operational . : indicator for new services by 30%; autonomous teams; risk
. ; through continuous prototype testing . s . -
iterativeness 1 increase in innovative of fragmentation of corporate
(MVP) within an ecosystem network. . o
productivity by 20%. standards.
Synchronisation of innovative Reduction of transaction costs Dependence on the reliabilit
Network rhythms of the enterprise with the for partner coordination by 25%; P ol
. . o L . of partners; the threat of erosion
coherence | pace of development of participants | reaching 100% of participants with - o1
. ; L of intellectual capital in the network.
in the open ecosystem. a single digital platform.
Technological acceleration of data Automation of 85% of monitoring . . .
i . . High cost of digital transformation;
Digital exchange and transparency processes; reduction of time .
s . ; vulnerability to open-loop
capability of processes between network for processing client requests
" . X 0 cyber threats.
entities. in real time by 45%.
. Scaling of flexible experience Reduction of staff adaptation time Organisational inertia; risk of staff
Cognitive 21 qrenr . o L .
s and rapid distribution of crisis to new standards by 40%; increase burnout due to high intensity
adaptability . . . . .
management solutions among staff. in the error learning rate by 35%. of iterations.

Source: developed by the authors based on K. Bellavitis et al. (2024), M. Shkilniak & O. Tymkiv (2026), N. Kotvytska et al. (2026),

A. Revenko et al. (2026)

Generalisation of the above data allows stating that the
agility approach as an accelerator acts not only as a man-
agement foundation, but also as a stabilisation mechanism
that minimises the impact of destabilising factors on the
company’s activities. The key advantage of implementing
this approach is the transition from static protection to
dynamic adaptability, where network interaction and iter-
ative algorithms allow predicting crises even before they
physically manifest. Simultaneously, the identified sys-
temic risks indicate the need for a balanced approach: the
management complexity of flexible structures should be
accompanied by an appropriate level of digital protection
and the development of cognitive abilities of personnel.

Thus, the strategic resilience of an enterprise in the
ecosystem era is determined not just by the availability of
advanced technologies, but by the ability to integrate them
into a flexible and secure management model capable of
continuous self-improvement. Analysis of the functional
orientation of the agility approach as an accelerator (Ta-
ble 2) confirmed that such transformation is not only a
time requirement, but also a key condition for ensuring

business continuity and vitality. To assess the real impact of
these processes on the strategic stability of organisations, it
is advisable to analyse the dynamics of integration of key
components of the agility approach as an accelerator into
the operational activities of Ukrainian enterprises during
2023-2025 (Fig. 2). The data in Figure 2 show that in con-
ditions of high turbulence, Ukrainian enterprises have ac-
tivated the use of the agility approach as a key accelerator
of development. The most intense dynamics was demon-
strated by digital capability (+31.0%), which confirmed
the priority of intelligent tools in the ecosystem innovation
management system. The increase in strategic lability to
48.0% in 2025 reflects the ability of organisations to quickly
reconfigure goals. This ensured the stability of functioning
within the innovation ecosystem and maintain the conti-
nuity of processes despite exogenous shocks. Thus, the agil-
ity approach becomes an effective accelerator that trans-
forms managerial flexibility into real dynamic stability and
vitality of business entities. Analysis of the impact of agility
practices on sustainability indicators (Fig. 2) defines func-
tional advantages and system limitations for organisations
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during 2023-2025. The positive effects of dynamic sustain-
ability acceleration include: optimisation of the cost struc-
ture: implementation of flexible algorithms and ecosystem
services allowed minimising the maintenance of inefficient
infrastructure, which helped to neutralise the negative im-
pact of inflationary factors; reduction of the lag of activity

70
60
50

40
30
20
10 | |

. HUN
Strategic lability Operational
(flexible planning) iterativity (agile

cycles) collaboration)

Network coherence DTgit-aT EaTaability C@Hvadaptability
(ecosystem-based (data-driven tools)

recovery: use of predictive models and ecosystem network
interaction provided prompt reformatting of value chains
in case of their destabilisation; acceleration of organisation-
al resilience: development of cognitive adaptability helped
to avoid strategic management mistakes and ensured the
effective use of intellectual capital of personnel.

35.00% g 2023

30.00% 2024
mm 2025

=== Dynamics (+/-

25.00%
20.00%
15.00%
10.00%
5.00%

0.00%

(staff training)

Figure 2. Dynamics of integration of agility approach components
into the operational activities of Ukrainian enterprises in 2023-2025, %
Source: developed by the authors based on Ukrstat (n.d.), KPMG Ukraine (2024), National Bank of Ukraine (2024), Z. Galushka (2026)

The implementation of the potential of the agility ap-
proach as an accelerator of sustainability is accompanied
by risks that need to be considered in the scheme of eco-
system management: temporary pressure on profitability:
significant capital investments in digitalisation and trans-
formation of management systems (CapEx) at the initial
stages can lead to a short-term decrease in profitability;
intensification of human capital costs: high demand for
personnel with adaptive competencies requires a revision
of the remuneration policy and increased costs for pro-
fessional development; ecosystem dependence: high in-
tegration into external digital platforms creates potential

threats in the event of failures in the functioning of part-
ner structures or changes in the conditions of interaction
within the framework of ecosystems. The obtained data
support the hypothesis about the feasibility of transform-
ing management costs into strategic investments in dy-
namic sustainability. According to the logic of the study,
the process of intensifying the adaptive capabilities of
enterprises depends on the ability to overcome internal
constraints and use the potential of ecosystem interac-
tion. The key factors that determine the effect of stability
acceleration or act as destabilising factors are systema-
tised in Table 3.

Table 3. Determinants of acceleration and destabilising factors of implementation
of agility practices in ecosystem innovation management

Flexible management options Role in ensuring the vitality of enterprises Factors holding back the acceleration effect
Network coherence Provides spegq of resource {econﬁgvuratlon and Weak synergy of participants, gap
synergy of participants in the innovation ecosystem in strategic vectors of interaction
Digital capability Acts as a technical base fgr_ iterative development Low d1g1t'al capablhty, technological
and rapid decision-making inertia of systems
Strategic lability Allows sw1tch1ng from static to dynamic Inertia of organisational structures, rigidity
stability models of management processes

Source: developed by the authors based on N. Kotvytska et al. (2026), M. Shkilniak & O. Tymkiv (2026), A. Revenko et al. (2026),

A. Karpenko & O. Krainik (2026)

The systematisation of the factors shown in Table 3
suggests that only the convergence of flexible management
methods with strategic vectors of ecosystem interaction cre-
ates conditions for the development of long-term resilience.
The revealed inertia of organisational structures and weak
synergy of participants in the innovation ecosystem are the
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main obstacles that negate the advantages of operational it-
erativeness. Thus, the proposed mechanism for deploying
agility practices is aimed at neutralising these destabilising
factors through the design of adaptive control systems. The
role of such systems as determinants of the viability of busi-
ness models lies in the ability to self-learn and preemptively




reconfigure resources in response to market volatility. This
lays the foundation for the transition to intellectual and
adaptive management, which can guarantee the stability of
the enterprise in conditions of uncertainty. For the practical
implementation of this concept, it is necessary to determine
the structure of interaction of key agility processes, which

Yepifanova & Nechyporenko

allows transforming flexible tools into an effective mecha-
nism for ensuring dynamic stability (Fig. 3). In accordance
with the purpose of the study, the matrix of the functional
role of the agility approach reflects the hierarchy of levels
at which resources are reconfigured and the vitality of the
enterprise is strengthened in the ecosystem environment.

Cognitive level Effect: Network coherence;

Iterative self-

A

i learning
Strategic level Effect: Ensuring strategic agility; ! of the system
Role: Scenario modelling and preventive reconfiguration of objectives !
Protective level Effect: Designing adaptive systems; i Generation
+of an adaptive
Operational level Effect: Basis of operational iterativeness; ' response
\ 4

Resource reconfiguration vector

Agility acceleration mechanism

Figure 3. Matrix of the functional role of the agility approach in ensuring the dynamic sustainability
of the enterprise within the innovation ecosystem
Source: developed by the authors based on N. Kotvytska et al. (2026), M. Shkilniak & O. Tymkiv (2026), A. Revenko et al. (2026),

A. Karpenko & O. Krainik (2026)

The presented matrix clearly demonstrated the role
of agility practices as a key determinant that determines
the ability of an enterprise to resist external shocks. Due
to the continuous feedback loops between the defensive
and cognitive levels, the system acquires the properties of
self-organisation. This means that the enterprise does not
just respond to the volatility of the environment, but uses
it as input data to automatically update management al-
gorithms. Thus, the matrix shown in Figure 3 illustrates
a hierarchical model for transforming agile methods into
strategic assets, where each level ensures iterative innova-
tion development and long-term sustainability.

Despite the high strategic potential of the developed
matrix, its practical implementation is complicated by the

influence of a number of destabilising factors. Typolo-
gisation of these obstacles allows specifying the content
of the problem field and determine the mechanisms for
levelling them. The key obstacle is the inertia of organi-
sational structures, which leads to a break in information
flows and makes it impossible to form a single stability
contour. The solution to this problem lies in the imple-
mentation of strategic lability; secondly, low digital capac-
ity is transformed from a technical disadvantage to a stra-
tegic challenge that requires the development of adaptive
systems; thirdly, weak synergy of ecosystem participants
was established, which requires the transformation of cor-
porate culture towards the development of “cognitive in-
teraction” (Table 4)

Table 4. Mechanisms for overcoming destabilising factors in the implementation of agility practices

Destabilising factor Essence. of destructive Ag.l lity-solutions . Effect for dynamic stability
impact (mechanism for overcoming)
. I Delay in management reactions, Implementation of strategic Increase the speed of resource
Inertia of organisational A s . -
process rigiditythat lability and transition manoeuvring and
structures . : . o :
hinders acceleration to cross-functional groups decision-making
Inability to effectively operate Development of “digital Acceleration of iterativeness
Low digital capability intelligent systems intelligence” of management of innovative development
and iterative development and AT analytics tools and flexibility
Weak synergy Fragmentary datg, gap in strategic | . etwork coherence Increase of vitality through
of ecosystem vectors of interaction . . ecosystem convergence
e and open innovation hubs e
participants between partners and sustainability
. . Gap between the implementation s Transformation of flexible
Inconsistency with : Convergence of agility processes o :
) of agile methods and the final | . : . practices into a sustainable
strategic goals . into functional planning contours
strategic result long-term advantage

Source: developed by the authors based on O. Komchatnykh & D. Serbeniuk (2026), Z. Galushka (2026), A. Revenko et al. (2026)

The proposed integrated approach assumed that
the agility approach should be formed not as an isolat-
ed management structure, but as a determining factor of
systemic sustainability, integrated into the organisational

structure. This accelerates innovation cycles — from threat
identification to adaptive response generation — which is
important for maintaining enterprise vitality in the face of
dynamic changes in the ecosystem business environment.
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Consequently, the dynamic sustainability of an enter-
prise is directly determined by the depth of integration of
agility practices into the overall ecosystem management
system. Only through overcoming identified barriers -
organisational inertia and low digital capacity - does the
architectonics of flexible management become an effec-
tive tool for ensuring competitiveness. This allows the
business entity not only to maintain its vitality during ex-
ternal shocks, but also to use market volatility as a driver
of exponential development.

It should be noted that even with an intensive expan-
sion of adaptive potential, financial and economic indi-
cators of activity in the short term can show certain vol-
atility. This is conditioned by several interrelated factors:
a temporary depression in profitability, when significant
investments in network coherence and digital monitoring
tools create a burden on net profit, but such costs are the
capitalisation of future sustainability; the cost of ecosystem
convergence, since the process of synchronising strategic
vectors with partners requires resources to overcome weak
synergies and information flow gaps; exogenous destruc-
tion, in which global turbulence and security risks can tem-
porarily offset the expected effect of operational iterative-
ness due to rising transaction costs.

To transform the agility approach into an effective de-
terminant of resilience, it is necessary to implement a stra-
tegic algorithm that covers the following functional vec-
tors: conceptual design of lability, that is, the development
of a target model of flexible management that is relevant
to dynamic business goals within open innovations; cog-
nitive transformation of culture, which involves the devel-
opment of “flexible intelligence” of management and the
development of an environment where self-learning of the
system is based on past crisis scenarios; optimisation of the
iterative circuit associated with the automation of resource
reconfiguration processes to ensure the speed of manageri-
al decision-making; ecosystem network coherence, which
implies the development of partnerships based on trans-
parency and continuous exchange of innovative data.

The implementation of these strategic vectors ensures a
qualitative transformation of the management system into
an intelligent and adaptive model, where the use of agility
tools guarantees the necessary ecosystem openness. This
allows optimising innovation cycles, so that the organisa-
tion not only adapts to market anomalies, but also forms
new standards of industry leadership. Thus, the systematic
convergence of flexible methods with strategic vectors of
ecosystem interaction positions the agility approach as a
fundamental determinant of long-term dynamic sustaina-
bility of an enterprise in a turbulent business environment.
Systematic implementation of flexible practices helps to
strengthen the fragility of business models, which is con-
firmed by the results of verification of hypotheses. In par-
ticular, a direct positive correlation was established between
the integration of agility practices and the speed of adap-
tation of enterprises to volatile changes, which confirms
the H1 hypothesis. It was also proved that the systemic

combination of strategic lability and operational iterative-
ness supports the viability of business models in turbulence
conditions, which is consistent with the H2 hypothesis.
Low digital capabilities and weak network coherence are
identified as critical inertia traps that limit the effectiveness
of adaptation processes, which confirms the H3 hypothesis.

The results obtained confirm the theses of B. Al-Nu-
aymi et al. (2022) and N. Albannai et al. (2026), according
to which digital strategy and leadership are fundamental
prerequisites for capitalising on flexibility in contempo-
rary ecosystems. The “management architectonics” mod-
el proposed in this study complements these results, ar-
guing that in an ecosystem environment, sustainability
is achieved not only through internal resources, but also
through the efficiency of network interfaces. The relation-
ship between iterative processes and minimising strate-
gic losses correlates with the findings of K. Bellavitis et
al. (2024), who proved that rapid iteration in conditions of
high uncertainty allowed enterprises to effectively trans-
form strategic development vectors. Furthermore, unlike
R. Go et al. (2023), who viewed flexibility primarily as a
marketing effectiveness tool, the present study proved
that in extreme turbulence, agility becomes the defining
survival mechanism for business models, using the exam-
ple of innovatively active business entities integrated into
open ecosystems.

When analysing the reasons for the discrepancies with
other researchers, it is worth noting the approach by J. Haus-
berg & S. Correc (2020) and J. Aljalhama &J. Slough (2022)
which focused on the accelerator function, while this pa-
per focused on the deep mechanisms of agility. The study
confirmed the opinion of K. Cubilias-Para et al. (2025) that
the balance between flexibility and proactive market ori-
entation is key to preparing for Industry 4.0. The results of
this study also confirm the findings of J. Rabal Conesa et
al. (2024) on the role of flexibility in ensuring eco-inno-
vation, however, they add that in the Ukrainian context,
digital capability is a critical barrier that slows down these
processes, which was also confirmed by A. Revenko et
al. (2026) and M. Shkilniak & O. Tymkiv (2026) in their
study on the risks of simulated agile. Thus, the integration
of results into the context of international research proved
that dynamic sustainability is the result of synergy of in-
ternal agility processes and external ecosystem integration.

It was established that the need for deep reconfiguration
of control systems under the influence of innovative chal-
lenges is fully consistent with the opinion of M. Shkilnyak
& O. Tymkiv (2026). The researchers pointed out the poten-
tial of agile technologies in improving the change manage-
ment system, but within the framework of this study, this
approach was expanded through the substantiation of agil-
ity as a holistic accelerator of dynamic sustainability in the
ecosystem environment. Supporting the thesis that organ-
isational inertia is the main obstacle, the paper proved that
its overcoming is possible only through the introduction
of strategic lability, where flexibility of thinking becomes
the basis for decision-making at all levels of management.
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The analysis of the impact of agile management on cor-
porate performance echoes empirical data from K. Bellavi-
tis et al. (2024). The researchers found a direct link between
strategic changes in teams and the success of implementing
complex technologies. This study agreed with their conclu-
sion that the positive effect of innovation is observed only
under the condition of adaptive reconfiguration of resourc-
es. [twas proved that the isolated use of individual tools with-
out holistic network coherence with other ecosystem par-
ticipants does not provide the desired increase in resiliency.
This synergy confirmed the findings of Z. Galushka (2026)
on the fact that the effectiveness of innovation is non-lin-
ear: maximum returns are achieved only with the transi-
tion to cross-sectoral interaction and ecosystem openness.

An important controversial issue is the role of accelera-
tion mechanisms. It is advisable to support the approach of
J. P. Hausberg & S. Corre (2020), who viewed business ac-
celerators as complex institutional systems. However, this
study demonstrated a different emphasis: it was argued that
the agility approach is an internal accelerator that ensures
strategic manoeuvrability of the enterprise under martial
law, which is consistent with the conclusions of O. Kopi-
lyuk et al. (2026) on the importance of economic mobility.
Complementing the opinion of N. Kotvytska et al. (2026)
on the role of digital drivers, the researchers noted that a
flexible management architecture serves as an intelligent
“shell” that minimises the destabilising impact of external
shocks on the organisation’s vitality.

Regarding the processes of digital transformation,
the paper shared the view of O. Litvinov & N. Greben-
nyk (2026) regarding the role of accelerators in the trans-
formation of knowledge into an economy. However, the
focus of this study was on the micro level - specific pa-
rameters of operational iterativeness. The data obtained
confirmed the conclusions of A. Revenko et al. (2026) that
agile is a management innovation that needs to be protect-
ed from simulated implementation. The proposed concept
is characterised by modularity, which helped to solve the
problem of digital competence deficit, which was described
by N. Kotvytska et al. (2026). This step-by-step approach
made sustainability transformation accessible even for
businesses with limited investment resources, which cor-
relates with the ideas of L. Lisovska & O. Gladkyi (2026)
on organisational and economic mechanisms of digitalisa-
tion. Summarising the results of the discussion analysis, it
is worth emphasising that the scientific community recog-
nises flexibility as a key factor in strategic management.

Conclusions

Based on the results of the study, it was found that the
introduction of the agility approach as an accelerator for
the development of dynamic sustainability is a funda-
mental condition for the viability of an enterprise in the
context of ecosystem transformation of innovations. It
was proved that this approach acts as an internal catalyst,
which, through hierarchical synergy of operational itera-
tiveness, strategic lability, and network coherence, allows
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the business entity not only to adapt to exogenous shocks,
but also to ensure the continuity of innovation progress. It
was proved that the effect of sustainability acceleration is
directly determined by the quality of resource reconfigura-
tion and the level of integration of digital capabilities into
a single management circuit. An analysis of the activities
of Ukrainian enterprises in 2023-2025 confirmed that the
intensification of flexible practices can significantly reduce
the lag of business process recovery and minimise the de-
structive impact of market volatility.

In particular, the introduction of agility tools on the ex-
ample of innovative and active business entities — residents
of open ecosystems — allows optimising strategic planning
cycles, reducing their duration by an average of 30-35%,
speeding up the introduction of new services to the market
(Time - to-Market) by 20-25% and increasing the level of
automation of monitoring business processes to 75-80%,
which is a determining factor in the successful adaptation
of enterprises to market turbulence. The effectiveness of the
implemented changes is confirmed by the positive dynam-
ics of operational sustainability indicators, in particular,
the growth of the adaptive capacity index by 28%, which
proves the ability of the agility approach to transform man-
agement costs into the capitalisation of adaptive potential
and the fragility of business models.

It was established that the transformation of manage-
ment costs into capitalisation of adaptive potential forms
the basis for long-term antifragility of business models. It
was revealed that the main destabilising factors that restrain
the vitality of organisations are the inertia of structures,
technological rigidity and weak synergy of participants in
the innovation ecosystem. To address these challenges, a
matrix of the functional roles of the agility approach has
been proposed, which structures the interaction between
management levels (from operational to cognitive) and
facilitates the transition to self-organising models of re-
silience. The success criterion for such transformation is
the speed of making predictive decisions and the ability
to converge ecosystems. For the practical implementation
of strategic potential, enterprises are recommended to im-
plement an algorithm that includes conceptual design of
lability, cognitive transformation of management, and the
development of open innovation hubs. Promising areas of
further research are the development of applied methods
for assessing the return on investment in dynamic sustain-
ability and the study of the role of artificial intelligence in
automating agility-architectonics reengineering processes
within a continuous management cycle.

Acknowledgements
None.

Funding
None.

Conflict of Interest
None.

Innovation and Sustainability, 2026, Vol. 6, No. 2 97



The agility approach as an accelerator...

References

[1] Albannai, N.A.A,, Raziq, M.M., Malik, M., & Abrar, A. (2026). digital leadership and its impact on agility, innovation,
and sustainability: A qualitative study of the UAE media industry. Benchmarking: An International Journal, 33(3),
717-735. doi: 10.1108/BIJ-06-2024-0492.

[2] Aljalhama, J., & Slough, J. (2022). An updated systematic review of business accelerators: functions, operations, and
gaps in the existing literature. Journal of Open Innovation: Technology, Market, and Complexity, 8(4), article number
214.doi: 10.3390/j0itmc8040214.

[3] Al-Nuaymi, B.K., Kumar Singh, S., Ren, S., Budhwar, P., & Vorobyov, D. (2022). Mastering digital transformation: The
relationship between leadership, agility, and digital strategy. Journal of Business Research, 145, 636-648.doi: : 10.1016/].
jbusres.2022.03.038.

[4] Arsavan, .V.E., Hariyanti, N.K.D., Atmaja, L M.A.D.S., Suhartanto, D., & Koval, V. (2022). Developing organizational
flexibility in small and medium-sized enterprises: A study of the role of innovation and strategic flexibility. Journal
of Open Innovation: Technology, Market, and Complexity, 8(3), article number 149.doi: 10.3390/joitmc8030149.

[5] Bellavitis, K., Tran, M.H., & Wiklund, J. (2024). Strategic change in deep technologies: A study of teams NSF I-Corps.
Strategic Change, 34(2), 305-313.doi: 10.1002/jsc.2619.

[6] Cubilias-Para, K., Tomaseiti-Solano, E., & Chegarra-Navarro, ].G. (2025). Balancing flexibility and proactive market
orientation to prepare for industry 4.0: Stop falling behind, start catching up. European Journal of Management
and Business Economics.doi: 10.1108/EJMBE-11-2024-0410.

[7] Diego, E., & Almoddvar, P. (2022). Mapping research trends on strategic agility over the past 25 years: Insights from
a bibliometric approach. European Journal of Management and Business Economics, 31(2), 219-238.doi: 10.1108/
EJMBE-05-2021-0160.

[8] Galushka, Z. (2026). Cross-sectoral partnerships as an innovation management tool for achieving sustainable
development goals. Sustainable Development of Economy, 1(58), 652-657.doi: 10.32782/2308-1988/2026-58-85.

[9] Go, R, Yin, G., & Liu, H. (2023). Collaboration, organizational flexibility, and innovation performance in new digital
enterprises. Industrial Marketing Management, 111, 143-157.doi: 10.1016/j.indmarman.2023.04.003.

[10] Grebennyk, N.H., & Labunska, O.V. (2023). Business accelerators and their impact on the development of the
innovation ecosystem of Ukraine. Scientific Bulletin of the Odessa National Economic University, 10(311), 80-92.
doi: 10.32680/2409-9260-2023-10-311-80-92.

[11] Hausberg, J.P, & Correc, S. (2020). Business incubators and accelerators: A co-citation analysis-based, systematic
literature review. Journal of Technology Transfer, 45, 151-176.doi: 10.1007/s10961-018-9651-y.

[12] Karpenko, A., & Krainik, O. (2026). Statistical modeling of economic development as a basis for the formation of an
innovative model of building an adaptive strategy for enterprise management. Sustainable Development of Economy,
1(58), 1000-1008.doi: 10.32782/2308-1988/2026-58-133.

[13] Komchatnykh, O., & Serbeniuk, D. (2026). Specifics of formation and realization of radical and incremental innovation
projects. Economy and Society, 83.doi: 10.32782/2524-0072/2026-83-138.

[14] Kopylyuk, O., Mitsenko, N., & Kutsyk, V. (2026). Institutional environment of innovation activity as a factor of ensuring
economic mobility of small and medium-sized enterprises in the regions of Ukraine. Modeling the Development of the
Economic Systems, 1, 280-286.doi: 10.31891/mdes/2026-19-32.

[15] Kotvytska, N.M., Zaslavets, S.M., & Radieva, V.M. (2026). Digital innovations as a driver of development and adaptive
capacity of enterprises in a turbulent economic environment. Academic Visions, 51.

[16] KPMG Ukraine. (2026). KPMG in Ukraine research that shapes business decisions. Retrieved from https://kpmg.com/
ua/uk/insights.html.

[17] Lisovska, L.S., & Hladkyi, O.V. (2026). Organizational and economic mechanism of managing the innovative
development of enterprises in the conditions of digitalization of the economy. Current Issues of Economic Sciences.
doi: 10.5281/zen0do.19328612.

[18] Lytvynov, O., & Grebennyk, N. (2026). Business accelerators as an institutional environment for the transformation
of scientific results into the knowledge economy. Scientific Bulletin of the Odessa National Economic University, 1(338),
88-98.doi: 10.32680/2409-9260-2026-1-338-88-98.

[19] National Bank of Ukraine. (2026). Retrieved from https://bank.gov.ua/.

[20] OECD. (2024). Main science and technology indicators. Retrieved from https://www.oecd.org/en/data/datasets/main-
science-and-technology-indicators.html.

[21] Rabal Conesa, J., Jiménez, D., & Martinez Costa, M. (2024). Environmental performance: The path to eco-innovation
through flexibility and customer engagement. Journal of Organizational Change Management, 37(3), 641-658.
doi: 10.1108/JOCM-09-2023-0359.

[22] Revenko, A., Selishchev, Ye., Matveieva, Yu., & Sulym, V. (2026). Agile as a management innovation in project
management: Limits of efficiency and risks of imitation implementation. Management and Entrepreneurship, 12(2),
115-122.doi: 10.32782/2308-1988/2026-58-113.

98 Innovation and Sustainability, 2026, Vol. 6, No. 2



https://doi.org/10.1108/BIJ-06-2024-0492
https://doi.org/10.3390/joitmc8040214
https://doi.org/10.1016/j.jbusres.2022.03.038
https://doi.org/10.1016/j.jbusres.2022.03.038
https://doi.org/10.3390/joitmc8030149
https://doi.org/10.1002/jsc.2619
https://doi.org/10.1108/EJMBE-11-2024-0410
https://doi.org/10.1108/EJMBE-05-2021-0160
https://doi.org/10.1108/EJMBE-05-2021-0160
https://doi.org/10.32782/2308-1988/2026-58-85
https://doi.org/10.1016/j.indmarman.2023.04.003
https://doi.org/10.32680/2409-9260-2023-10-311-80-92
https://doi.org/10.1007/s10961-018-9651-y
https://doi.org/10.32782/2308-1988/2026-58-133
https://doi.org/10.32782/2524-0072/2026-83-138
https://doi.org/10.31891/mdes/2026-19-32
https://academy-vision.org/index.php/av/article/view/2951
https://academy-vision.org/index.php/av/article/view/2951
https://kpmg.com/ua/uk/insights.html
https://kpmg.com/ua/uk/insights.html
https://doi.org/10.5281/zenodo.19328612
https://doi.org/10.32680/2409-9260-2026-1-338-88-98
https://bank.gov.ua/
https://www.oecd.org/en/data/datasets/main-science-and-technology-indicators.html
https://www.oecd.org/en/data/datasets/main-science-and-technology-indicators.html
https://doi.org/10.1108/JOCM-09-2023-0359
https://doi.org/10.32782/2308-1988/2026-58-113

Yepifanova & Nechyporenko

[23] Shkilniak, M., & Tymkiv, O. (2026). Using Agile technologies to improve the change management system. Scientific
Notes of Lviv University of Business and Law, 48, 118-128.

[24] Startup Genome. (2025). Global startup ecosystem report 2025. Retrieved from https://startupgenome.com/contents/
report/gser-2025 4786.pdf.

[25] StartupBlink. (2025). Global startup ecosystem index report 2025. Retrieved from https://Ip.startupblink.com/report/.

[26] Ukrstat. (n.d.). Use of information and communication technologies at enterprises. Retrieved from https://stat.gov.ua/
en/datasets/use-information-and-communication-technologies-enterprises.

[27] World Intellectual Property Organization. (2025). Global innovation index 2025: Executive summary. Geneva: World
Intellectual Property Organization.

Agility-nipxia ak akcenepaTop PO3BUTKY
OVHOMIYHOI CTIMKOCTI NignpmemcTBd
B eKOCCTEeMHOMY VNpPABJliHHI IHHOBALIAMW

Ipuna Enidanona

AOKTOP €KOHOMIYHMX HAYK, MPOddeCop, NPOPEKTOP
BiHHMLLbKMIM HOLLIOHOABHMM TEXHIYHMI YHIBEPCUTET

21021, ByA. XMeAbHULBKE Loce, 95, M. BiHHMLA, YKpaiHa
https://orcid.org/0000-0002-0391-2026

Tersasna HeunmopeHko

KAHAMAQT EKOHOMIYHMX HAYK, AOLLEHT

BiHHMLBKMIM HALLIOHAABHMIM TEXHIYHWUIA YHIBEPCUTET

21021, ByA. XMeAbHULLbKE LWOCE, 95, M. BiHHMLA, YKpaiHa
https://orcid.org/0000-0002-0690-15341

AHoTauis. Merow pocnimkerns 6yno o6rpyHTysaty ponb Agility-npakTuk sk KaTanisatopa sMiljHEHHs TMHAMIYHOI
CTIIKOCTi MiAIIPUEMCTB Y M€XaX eKOCMCTEMHOTO YIpaB/liHHA iHHOBaLiAMM. MeTomomnoria JOCIi[)KeHHA I'PYHTyBalacAa
Ha 3aCTOCYBaHHI CHCTEMHO-CTPYKTYPHOIO Ta KOMIIApaTMBHOTO aHaji3y A imeHtmdikanii apxirexronikm Agility-
IIPOLIECIB, @ TAKOXX METOMIB JIOriYHOTO MOJENIOBAHHA IS OLIHKM IXHBOTO BIUIMBY Ha IT€PATMBHICTh iHHOBALIIHOTO
PO3BUTKY. AKIIEIITOBAaHO, 1[0 B YMOBaX BMCOKOI BONMATWIbHOCTI puHKY Agility-nmifxif € KIO49oBMM ApaiiBepoM, IO
3abesleyye LIBUAKICTh peKOH}irypauii pecypciB Ta >KUTTE3HaTHICTH OisHec-Mopesneil. PO3ITIAHYTO KOHIENTyasIbHi
IapaMeTpy THYYKOTO yIIpaBIiHHA (cTpaTeriuHy /1abibHICTD, ONlepalliiiHy iTepaTuBHICTb, Mepe)XXeBYy KOTepeHTHICTb) Ta
iXHIO pOJIb Y IIepeXOfi BiJl CTAaTMYHUX JI0 AMHAMIYHUX Mopereli crifikocti. [TpoananizoBano piBeHb iHTerpamnii Agility-
iHCTpyMeHTapilo B JiAMbHICTD Cy4acHUX HifIpUEMCTB YKpainu 3a 2023-2025 pp., 110 JO3BOMMIO BCTAHOBUTU IPAMY
KOPeJIALi MDK IIBUAKICTIO IPUIHATTSA YIPABIIHCHKUX PillleHb Ta PEe3WIbEHTHICTIO OPraHisallii 10 30BHIIIHIX HIOKIB.
BusiBieHo, 110 OCHOBHUMY fiecTabinisylounmMu ¢pakTopaMi, SKi CTPUMYIOTh eeKT aKcenepalil cTiikocTi, € iHepLiliHicTb
OpraHi3alillHUX CTPYKTYp, HU3bKa I1M(PpOoBa CIPOMOXKHICTD Ta c/1abKa CYHeprif Y4acHVKIB iHHOBAIiifHOI €KOCUCTEMIL.
AHasli3 BTOPMHHUX JAHMX 3aCBifUMB, IO irHOpyBaHHA LMX YMHHMKIB 3YMOBJIIOE NaJliHHA IOKa3HMKA iHHOBALilIHOI
IPOAYKTUBHOCTI Ha 25-30 % Ta 30i/blye yac afanTanii ;o pMHKOBMX 3MiH Ha 35-40 %, BOJHOYAC PO3PUBU Y MepeKeBiil
B3a€MOJIi 3HIDKYIOTb PiBeHb eKOCUCTEeMHOI cuHeprii Ha 20-25 %, 1o MiHiMi3ye pesynbraTuBHICTb BIIpoBapkeHHA Agility-
incTpyMeHTapilo. 3a pe3y/lIbTaTaMu IPOBELEHOr0 JOCIIKEHHS 3alPOIIOHOBAHO I ATUETAIIHMII MeXaHi3M PO3TOpTaHHA
Agility-nipakTuk Ta MaTpuIIo IXHbOI PYHKIIOHAIBHOI poIi (Bif onepamniifHOro ;0 KOTHITUBHOrO piBHIB) y 3abe3neyeHH]
BiTaZIbHOCTI MifIIPMEMCTB Y M€XaX BiJKPUTUX iHHOBALiiHMX eKocKucTeM. JJoBefieHo, 1]0 JIMIIe KOHBEPTEeHIliA THYYKIX
METOZIB YIPaB/iHHA i3 CTpaTeriYHMMU BeKTOpaMM eKOCHCTeMHOI B3aEMOAii H03Bojs€ cHopMyBaTu HOBIOCTPOKOBY
JOUHAMIYHY CTiJIKiCTh Ta KOHKYPEHTOCIIPOMOXKHICTD MiJIIPUEMCTBA
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As aresult of the full-scale war, the Ukrainian economy
of the new security reality has entered a state in which re-
covery can no longer be understood as the linear reproduc-
tion of destroyed capacities or a mechanical return to the
pre-war sectoral structure. Rather, it concerns a much more
complex process: the reconstruction of the very architec-
ture of the national economy, in which construction, infra-
structure, agricultural production, energy, the bioresource
base and investment mechanisms form a unified space of
structural interdependence. It is precisely in this context
that the monograph by N. Petrukha (2026) acquires par-
ticular scholarly significance, as it makes it possible to view
the agricultural enterprise not merely as a production and
financial entity, but as a materially embedded element of
the spatial reconstruction of Ukraine’s economy.

From the standpoint of construction science, the re-
viewed work is valuable primarily because it transfers the
issue of agricultural resilience from the abstract level of
economic stability to the plane of material feasibility. An
agricultural enterprise under the conditions of the new
security reality cannot be viable solely by virtue of land,
machinery, working capital or managerial experience. Its
functional integrity depends on the quality of production
buildings, storage and processing facilities, logistical ac-
cessibility, energy nodes, engineering networks, reserve
systems, the spatial organisation of production and the ca-
pacity of the material environment to withstand prolonged
regimes of uncertainty. In this sense, the monograph cre-
ates an important bridge between agricultural economics
and the economics of construction.

Of particular interest is the fact that the author ef-
fectively presents construction as a material condition of
the bioeconomic transition. The bioeconomy cannot exist

merely as a set of environmental principles, technological
intentions or strategic declarations. It requires an appro-
priate spatial and material form, namely storage facilities,
capacities for primary and more advanced processing, en-
ergy-efficient production buildings, bioenergy modules,
infrastructure for managing by-product streams, laborato-
ry and control zones, transport access routes, engineering
connections and a safe working environment. Under this
approach, the construction sector appears not as an auxil-
iary sector, but as one of the fundamental carriers of bioec-
onomic reconstruction.

The title of the reviewed monograph, Investment
Support Reconfiguration and Resilience Formation of
Agri-Enterprises within the Bioeconomic Paradigm of the
New Security Reality: Methodology, Diagnostics, Mod-
elling, contains the category of reconfiguration, which is
important for construction science and, in the context of
the study, acquires not only financial and economic but
also spatial and structural significance. The reconfigura-
tion of investment support means not simply a change in
funding sources or support instruments, but the reorder-
ing of the relationships between capital, facilities, technol-
ogies, energy, risks and territory. It is precisely here that
the deeper meaning of the architecture of bioeconomic
reconstruction is revealed, whereby investment should be
directed not into an isolated asset, but into a material and
infrastructural configuration capable of ensuring produc-
tion continuity, energy adaptability and the technological
complication of value-added chains.

A scientifically productive aspect of the monograph is
its consideration of resilience as a property not only of an
organisational or financial system, but also of the materi-
al structure of economic activity. In a wartime economy,
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the resilience of an agricultural enterprise largely depends
on whether its buildings, structures, engineering networks
and production and logistics nodes are capable of ensuring
the minimum necessary technological regime under con-
ditions of damage, interruptions in energy supply, logisti-
cal disruptions and resource shortages. This gives rise to
a conclusion of fundamental importance for construction
science: structural resilience is formed not after the com-
pletion of the construction cycle, but is embedded at the
stage of design, the selection of the technological scheme,
materials, energy solutions, reserve circuits and the spatial
organisation of the facility.

In this respect, the categories of “fragility” and “anti-
fragility”, which are developed in the monograph, acquire
a distinct engineering and economic meaning. The fragil-
ity of an agricultural enterprise is manifested not only in
low liquidity, insufficient profitability or limited access to
capital, but also in the spatial fragmentation of production
processes, the technological incompatibility of facilities,
the energy intensity of buildings, the absence of autono-
mous energy sources, the weakness of logistics nodes and
the inability of the material base to function under condi-
tions of prolonged stress. Antifragility, by contrast, means
the capacity of a production and construction system not
only to preserve functionality during shocks, but also,
through modernisation, energy efficiency, modularity,
reserve provision and spatial flexibility, to strengthen its
long-term viability.

A significant advantage of the study is its focus on a
typical sector-average agricultural enterprise as an ana-
lytical unit, which makes it possible to test the realism of
bioeconomic reconstruction at the micro level. For the eco-
nomics of construction, this is of particular importance,
since it is precisely at the level of such an agricultural enter-
prise that the gap between the strategic need for moderni-
sation and the actual capacity to implement an investment
and construction project becomes most evident. A sec-
tor-average agricultural enterprise may objectively need a
new processing module, an energy-efficient storage facility,
local generation or a logistics node; however, high CAPEX,
a long payback period, the risk of asset damage, the cost of
project documentation and the shortage of guarantee in-
struments often make such solutions unattainable without
systemic support.

It is through this micro-level verification that the
monograph addresses the broader problem of the invest-
ment and construction feasibility of bioeconomic pro-
jects. Under conditions of uncertainty, it is insufficient to
substantiate the economic expediency of a project using
standard performance indicators. It is necessary to assess
its spatial appropriateness, technical feasibility, energy
reliability, operational safety, compliance with the tech-
nological regimes of agricultural production, capacity
for phased commissioning and resilience to disruptions
in the basic conditions of functioning. In this sense, the
work by N. Petrukha (2026) is important for the scholar-
ly discourse on construction, as it effectively extends the
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boundaries of investment analysis to the level of project
and infrastructure diagnostics.

The idea of new regularities in the transformation of
Ukraine’s economy, embedded in the monograph, deserves
particular attention. The first regularity is that recovery is
acquiring an intersectoral character and requires the simul-
taneous coordination of agricultural, construction, energy,
logistics and institutional solutions. The second is related
to the fact that bioeconomic development requires material
localisation: without the relevant facilities, networks and
spatial nodes, it remains merely a conceptual intention. The
third regularity is manifested in the growing role of the con-
struction component in ensuring the energy adaptability of
agricultural enterprises. The fourth is that reconstruction
should not be the restoration of the previous model, but the
formation of a more complex system capable of operating
under conditions of risk, resource scarcity and instability in
the external environment.

For construction science, it is particularly signifi-
cant that the monograph provides grounds for consid-
ering the agricultural enterprise of the future as a pro-
duction-and-construction complex of a new type. Its
architecture should combine energy efficiency, techno-
logical compatibility, adaptability to different operational
scenarios, circular use of resources, maintainability, spatial
compactness and the capacity for integration into local
infrastructure. Such a complex can no longer be designed
according to the logic of narrow production expediency. It
should be considered as an element of a territorial system
that simultaneously ensures agricultural production, pro-
cessing, energy stability, employment, the community’s tax
base and the spatial viability of the rural economy.

I am deeply convinced that the monograph by N. Pet-
rukha is a significant scholarly contribution not only to ag-
ricultural economic science, but also to the development
of construction economics, investment and construction
design, the theory of spatial recovery, bioeconomics and
state regulation of the economy. Its particular value lies in
the fact that the future of agricultural enterprises is con-
ceptualised not only in terms of land, capital, production
and the market, but also in terms of construction, archi-
tecture, infrastructure, energy and structural resilience. For
this reason, the reviewed work has every reason to occupy
a prominent place among contemporary studies that shape
a new scholarly language of Ukraine’s recovery: not as a
return to what has been lost, but as the construction of a
bioeconomically oriented, spatially viable and infrastruc-
turally resilient economy.
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