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The digital transformation of Ukraine’s energy sector is highly uneven, and this
unevenness is becoming increasingly visible at the regional rather than the national level.
With average household smart metering coverage of around 24% at the end of 2025, the
gap between the leading oblast and the oblasts of critical lag reaches almost fifteenfold.
This raises doubts about the ability of a single regulatory policy to influence all territories
equally. The regional dimension of energy digitalization remains underexplored in public
administration scholarship, although it is precisely at the oblast and community levels
that digital assets may become tools for managing energy resilience. The article aims to
identify the factors of regional leadership in the digital modernization of energy
infrastructure and to assess the conditions under which technical leadership translates
into managerial effectiveness. The study applies comparative inter-regional analysis, the
case method, and an original four-factor model explaining the preconditions for
advanced adoption. The empirical basis includes data from DiXi Group, NEURC materials,
and information from the regional authorities of Ivano-Frankivsk oblast. The results
show that Prykarpattia’s advanced level of digitalization, where smart metering coverage
reached 44.9% at the end of 2025 against a national average of 24%, stems from a
combination of four factors: the corporate strategy of the distribution system operator,
the regulatory tariff incentive, the presence of certain critical energy infrastructure
facilities in the region, and relative rear-area stability under conditions of armed
aggression. It is established that technical leadership does not automatically translate
into managerial effectiveness. Despite the presence of roughly 7,500 small and
distributed generation facilities in the region, this potential has not yet been realized in
the form of aggregated flexibility or manageable balancing resources. The article
substantiates that scaling regional success requires a shift in regulatory logic: from a
model in which operators may invest in digitalization to one in which they have a clear
obligation, an economic incentive, and a controlled investment mechanism. Further
research should focus on mechanisms for integrating regional distributed generation
into the national balancing system through the DataHub platform.
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perioHasbHOMY piBHI. 3a cepeJHbOTO OXOIlJIEHHST MOOGYTOBUX CIIOXKHBauiB
iHTe/sleKTya/IlbHUM 00J1iKOM 6J113bK0 24 % Hanpukidii 2025 p. po3puB Mixk 06s1aCTHO-
JIijlepoM i 06J1acTAMU KPUTHUYHOTO BiJICTAaBAaHHSA CATA€ MaixKe I SITHAALSATHKPATHOTO
3HayeHHd. lle cTaBUTb NiJi CyMHIB CIIPOMOXHICTb €JUHOI peryyjATOPHOI MOJITHUKU
0/JHAKOBO BIIJINBATH Ha BCi TepUTOPii. AKTyasJIbHICTb AOC/iP)KEHHS 3yMOBJIeHA TUM, 1110
B Hayui my6JiiyHOro ympaBJiiHHSI perioHaJbHUU BuMip nudposizanil eHepreTHUKU
3aJIMILAETBCA MaJOAOCHI[P)KEHUM, TOAi sIK caMe Ha piBHI o6jacteit i rpomajg
BUPIIIYETHCS, YM NEpeTBOPIOIOTbCA LUGPOBI aKTUBU Ha IHCTPYMEHT YNpaBJiHHA
€HepreTUYHOW CTilKicTio. MeTOw CTaTTi € BHUSBJEHHS YMHHUKIB perioHajJbHOrO
JifepcTBay undpoBil MoJiepHi3anii eHepreTHYHOI iIHPPACTPYKTYPH Ta OLiHKA YMOB, 32
SKUX TEXHiYHe JIiIepCTBO NepexoJAUTh B YIPABIIHCbKY ePeKTUBHICTb. ¥ JOCIiKEHH]
3aCTOCOBAHO MOpPIBHAJBHUM MiXperioHaJbHUH aHasli3, Kelc-MeTOJ Ta aBTOPCHKY
4oTUpUPAKTOPHY MOJiesIb NOSCHEHHSA NepelyMOB BUIlepe/KaJlbHOTO BIPOBA/XKEHHS.
EMnipudHoto 6a3o10 cTanu JaHi aHasiTuyHoro ueHTpy DiXi Group, maTepiasun HKPEKII
Ta o6s1acHO Biaau IBaHo-®PpaHkiBUMHY. Pe3ybTaTn MokasaJy, 1o BUNIepeKaabHUH
piBenp nudposizanii Ilpukapnarrtsa, nme HanpukiHgi 2025 p.  oxomJeHHSA
iHTeslekTyasbHUM 06JsiKOM pocsaryao 44,9 % nporu cepegHix 24 % mno KpaiHi,
MOSICHIOETBHCS MOEJHAHHAM YOTHPbOX YHNHHUKIB: KOPIOPATUBHOI cTpaTerii onepaTopa
CUCTeMH PO3MO/Aiy, perysaTOPHOro TapuPHOro CTUMYJ1y, HAABHOCTI OKpeMUX 00 €EKTIB
KpPUTUYHOI eHepreTu4yHol iHQpacTpyKTypu Ta BiJHOCHOI THJIOBOI CTabiJibHOCTI B
yMoBax 36poiHOi arpecii. YcTaHOBJIEHO, 1[0 TeXHiUHe JiepCcTBO He MepexXoAUThb B
yHpaBJiHCbKY eDeKTHUBHICTb aBTOMaTH4HO. [lonpu HasBHICTH y perioHi 6/iM3bKO 7,5
THC. 00’€KTIB MaJs10i Ta po3no/iJieHoi reHepariii, Ijei moTeHIiaJ MOKH He peasi30BaHUHN
y dopmaTi arperoBaHoi THY4YKOCTi Ta KepOBAaHUX pecypciB 6GajaHCyBaHHA. Y CTaTTi
OOr'pyHTOBaHO, 10 MaclITabyBaHHA perioHaJIbHUX YCIiXiB BUMarae 3MiHU
peryjadaTopHOl JIOTiKM: Bif MoJesi, 3a dKol ollepaTop MOXe IHBecTyBaTU y
yudpogisariito, 0 MojeJi, 3a IKOI BiH Ma€ 4iTKUNA 000B’sI30K, EKOHOMIYHUN CTUMYJI i
KOHTPOJIbOBaHUN IHBeCTULLIMHUN MexaHi3M. [lepcneKTHBU moJa/iblIUX JOC/iXKEHb
MoB’si3aHi 3 PO3po6JIeHHSM MexaHi3MiB iHTerparllii perioHaJbHOI pPo3MoOAiNeHO]
reHepatii y HallioHaJIbHY CHCTeMy GaJlaHCyBaHHs Yepes miatdopmy DataHub.

KJ/IIOYO0BI CJIOBA

nyo6JiiyHe ymOpaBJiHHA, IUPpOBi3allis eHepreTHKH, perioHaJbHa acUMETpif,
iHTe/sleKTyaJIbHUH 00J1iK, po3MoJijieHa TreHepalis, eHepreTU4YHa CTiHKIiCTb,
omnepaTop cucteMu po3nogainy, I[naycrpis 4.0.
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1. Introduction

The energy regulator of Ukraine sets the same requirements for distribution system operators
(DSOs), although their level of digital development differs significantly. At the end of 2025, the average
coverage of household consumers with smart metering in Ukraine approached 24% with a total number
of devices of 4.1 million [3], but the meter itself captures only the most visible part of the operator’s
digital maturity. Behind this figure are the telemetrization of substations, the ability of dispatch centers
to process data in real time, the quality of indicator verification and the readiness to integrate
distributed generation into the balancing system. None of these characteristics are systematically
measured by the regulator today, and the differences between operators are not reduced to differences
in financial resources: they reflect both regulatory incentives and the company’s management culture
and the security situation in the region of its operation.

European experience links the digitalization of networks with transparency of the electricity
market, integration of renewable generation and development of energy data exchange. In Ukraine,
another dimension has been added: after the start of full-scale armed aggression, the manageability of
networks has turned from a purely technical issue into a condition for the stability of the energy system.
The World Bank and partners estimate the country’s direct losses as a result of the aggression at over
195 billion USD, and the needs for the restoration of the energy sector alone amount to almost 91 billion
USD; accordingly, the price of each regulatory decision in this area is increasing.

In public administration science, the regional dimension of energy sector digitalization remains
understudied. Researchers mostly analyze the national regulatory framework or individual digital
technologies, while the question of why some regions achieve advanced results while others remain in
the critical lag zone requires a separate explanation. For the NEURC, such asymmetry has not only
statistical but also managerial significance, since the same regulatory requirements apply to operators
with different investment, technical, and security capabilities. Armed aggression affects this picture in
two ways. Mass power outages and the need for backup power supply push communities and businesses
to distributed generation and local digital metering, while frontline and de-occupied operators’ direct
resources mainly to emergency network restoration rather than digital modernization. This dual effect
of war can be considered as a military paradox of digitalization: war simultaneously increases the
demand for digital control of the energy system and narrows the possibilities of its implementation in
the most vulnerable regions. Therefore, the study focuses on identifying factors of regional leadership
in the digitalization of the energy sector of Ukraine using the example of the Ivano-Frankivsk region and
on assessing the conditions under which the technical leadership of the region can be transformed into
managerial efficiency.

2. Literature Review

The issue of digital transformation of public administration and the energy sector is actively
studied in domestic and foreign science, but attention to its individual aspects is unevenly distributed:
the conceptual principles of digitalization are developed much deeper than its regional dimension.
V. Saprykin distinguishes between digitization, digitalization and digital transformation of public
administration, showing that these processes are interconnected, but not identical, and digital
transformation means a deeper management restructuring, and not just the transfer of information into
digital form [15]. N. Sorokina and V. Filatov continue this line, emphasizing that digitalization should be
interpreted both narrowly, as a technical transformation, and broadly, as a general trend in the
transformation of governance [18]. These works form a theoretical framework within which the
digitalization of energy appears as a sectoral manifestation of a broader process of transformation of
public administration.

A separate area of research concerns the technological and market modernization of the energy
system. R. Zvarych and B. Kharkovsky analyze the smart integration of the Ukrainian energy system into
the EU single energy market, noting that deeper integration increases the reliability of electricity supply,
but at the same time requires synchronization of networks and harmonization of legislation with
European standards [20]. Their approach is valuable for combining technical and managerial views, but
the regional unevenness of implementation remains out of focus: integration and technological tasks
are described as nationwide, without explaining why some regions are progressing faster than others.
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[ssues of state policy in the field of renewable and distributed energy are considered by T. Korolyuk and
Yu. Zverevych, who draw attention to the contradictions of the state course between supporting nuclear
and renewable generation and emphasize that stimulating decentralized sources should create
favorable conditions for their implementation and reduce financial barriers for communities [5]. This
conclusion directly applies to the regional level, as it is communities and regions that become the
environment where distributed generation either develops or is constrained depending on local
institutional, financial, and network conditions.

In international studies, the regional dimension of energy transformation has been developed
more broadly. H. Trypolska, 0. Kubatko, and O. Prokopenko investigate the prerequisites for the creation
of solar energy cooperatives in Ukraine, showing that the suitability of regions for cooperative solar
generation is determined not only by the level of insolation, but also by the ability of energy companies
to operate in the market and the structure of tariffs [19]. This study is methodologically close to the task
of this article, as it directly links regional specifics with managerial and economic factors. B. Sovakul and
co-authors analyze the global dynamics of the transition to smart metering, emphasizing that national
trajectories of smart metering deployment are determined primarily by governance factors, in
particular the presence or absence of a legislative mandate, and not only by technological capabilities
[17]. R. Alsaig, R. Mehmood and I. Katib consider governance and transparency in the application of
artificial intelligence in smart energy systems, emphasizing that the complexity of digital systems puts
forward new requirements for their manageability and accountability [2].

An analysis of the available works shows that the conceptual foundations of digital governance,
smart grid technologies and general approaches to public policy in renewable energy have been
developed in sufficient detail. However, the regional dimension of the digital transformation of the
energy sector in Ukraine remains understudied. There is a lack of works that would explain why
individual regions become leaders in the digitalization of the energy sector, what management,
regulatory and security factors determine this and under what conditions regional experience can be
scaled up.

3. Problem Statement

The purpose of the study is to identify management, regulatory and security factors that
determine the advanced development of digitalization of the energy sector at the regional level, as well
as to assess the conditions under which the technical leadership of the region is transformed into real
management efficiency. To achieve this goal, it is necessary to perform several tasks: to assess the scale
of regional asymmetry in the coverage of household consumers with smart metering in Ukraine and
determine the place of Ivano-Frankivsk region in this distribution; to reveal the factors that provided
the region with advanced positions in the digital modernization of energy infrastructure; to substantiate
the author’s four-factor model of regional leadership, which explains the combination of corporate,
regulatory, infrastructure-geographic and security prerequisites; to identify the gap between the
availability of digital assets and the ability of public administration entities and operators to use them
to increase energy sustainability; to determine the conditions under which the regional experience of
the Carpathian region can be transferred to other territories of Ukraine. The object of the study is the
processes of digital transformation of the energy sector of Ukraine in the public administration system,
and the subject is regional factors of the early implementation of digital solutions in the energy
infrastructure using the example of the Ivano-Frankivsk region.

4. Methods and Materials

The study is based on a combination of case studies, comparative interregional analysis and
statistical analysis of open data. Ivano-Frankivsk region is considered as an illustrative example of
regional leadership in the digitalization of the energy sector, based on which it is possible to trace the
connection between regulatory, corporate, infrastructure-geographic and security factors. The case
study made it possible not only to describe the state of digitalization of the region, but also to identify
connections that explain the different rates of implementation of digital solutions in the regions under
the conditions of a single regulatory field. Comparison of the Ivano-Frankivsk region with other regions
in terms of the level of coverage of household consumers with smart metering made it possible to
determine the scale of regional asymmetry and justify the region’s belonging to the group of leaders.
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The empirical base was formed from open and verified sources. The main source was the data of
the DiXi Group analytical center, published on the Energy Map portal based on the responses of the
National Commission for the Regulation of Energy and Utilities of Ukraine. According to these data, at
the end of 2025, about 4.1 million smart meters were installed in Ukraine, which corresponds to almost
24% of household consumers, while at the end of 2024 this figure was 3.3 million [3]. At the same time,
these data require careful interpretation: they primarily reflect the fact of installation of devices, but do
not allow for a full assessment of their functionality, quality of remote reading and compliance with the
requirements of Directive (EU) 2019/944.

Additionally, official materials of the authorities of Ivano-Frankivsk region on the development of
distributed generation, analytical materials of international energy organizations, as well as regulatory
and legal acts in the field of commercial metering of electricity and the development of distributed
generation were used. The combination of different types of sources made it possible to cross-check the
facts and reduce the dependence of conclusions on a single information array. This is especially
important in wartime conditions, when access to some detailed data on energy infrastructure is limited
for security reasons.

To explain the reasons for regional leadership, the author’s four-factor model was used, which
combines the corporate strategy of the distribution system operator, the regulatory tariff incentive, the
infrastructure and geographical specificity of the region and the relative rear stability in conditions of
armed aggression. Unlike purely quantitative index approaches, this model is explanatory in nature: it
is aimed not only at fixing a high level of digitalization, but also at identifying the conditions under which
the region achieves ahead-of-time implementation. The use of the model together with comparative
analysis made it possible to move from stating leadership to analyzing its causes, managerial
prerequisites and possible limits of scaling.

The study has several limitations that must be taken into account when interpreting the results.
Firstly, the indicator of coverage of smart metering does not fully reflect the quality of remote reading,
integration of devices with the operator’s information systems and the actual management efficiency of
digital solutions. Secondly, the analysis is based on open data, the availability of which is limited during
the war period. Thirdly, the case of Ivano-Frankivsk region cannot automatically represent all regions
of Ukraine, as it combines specific corporate, regulatory, infrastructure-geographic and security
prerequisites. Therefore, the proposed four-factor model is explanatory in nature and requires further
testing on materials from other regions of Ukraine.

5. Results and Discussion

Analysis of data on the coverage of household consumers with smart metering by the end of 2025
demonstrates a pronounced regional unevenness in the digital modernization of commercial electricity
metering systems in Ukraine. With an average national indicator of about 24%, the gap between the
leading region and the regions with a critical lag reaches almost fifteen times the value. The highest level
of coverage was recorded in the Ivano-Frankivsk region, where 44.9% of household consumers are
equipped with smart meters, which corresponds to 260.8 thousand households [3]. The group of regions
with coverage over 40% also included Zakarpattia (44.3%), Dnipropetrovsk (42.3%) and Volyn (41.9%)
regions. At the opposite pole are Kharkiv Oblast with an indicator of 6.3%, Cherkasy Oblast - 3.9% and
Donetsk Oblast — 3.0%, and in total in these three oblasts only about 128.9 thousand devices are
installed. The scale of this gap is illustrated by the comparison of coverage indicators by individual
oblasts, shown in Fig. 1.

A graphic comparison shows that the leading regions and the regions of critical lagging behind
form two sharply different poles, between which the average national indicator occupies an
intermediate position. This is not a gradual distribution of regions along a single scale, but a qualitative
gap, in which a small group of regions has advanced significantly further than most other regions. This
is precisely what determines the need to explain what factors provide individual regions with leading
positions. At first glance, such a gap could be explained by external circumstances, primarily hostilities.
Indeed, the lowest positions of Donetsk and Kharkiv regions are largely due to being in the zone of active
hostilities or near it. It is significant that in the Donetsk region during 2025 not a single new smart meter
was installed, which reflects the actual impossibility of implementing investment programs in
conditions of constant shelling [3]. However, the explanation due to proximity to the front is not
exhaustive. Cherkasy region, located in the relatively safe center of the country, demonstrates one of the
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lowest indicators with negative dynamics: according to the regulator, the coverage level in the area of
responsibility of the local operator decreased during the year due to a change in the approach to
metering devices and the failure of some data collection equipment [3]. Therefore, the regional
asymmetry of digitalization is determined not only by the security factor, but also by the management
decisions of operators and the quality of their investment policy. This conclusion is consistent with the
analysis of barriers to ensuring the country’s energy security in wartime conditions [6].

44.9% 44.3%
42,3% 41,9%

40 4— ——

30 +— —

24,0%

Coverage, %

20 +— —_— —_— —_—

10 1+ E— — —

6,3%

0,
3.9% 3,0%

Ivano-Frankivsk Transcarpathia Dnipropetrovsk Volynska (Ukraine) Kharkiv Cherkasy Donetsk
average

Figure 1. Coverage of household consumers with smart metering by regions of Ukraine
(end of 2025), %
Source: Compiled by the author based on [3].

Such a comparison gives rise to a key conclusion: the security situation explains the lag of front-
line regions, but does not explain leadership. Ivano-Frankivsk region does not have obvious structural
advantages that would automatically put it in first place: it is not the largest in terms of the number of
consumers, does not have the highest level of population income, and does not belong to the traditional
industrial and energy centers of Ukraine. Therefore, its leading positions require a separate explanation
through a combination of factors that operate specifically at the regional level.

These positions should be explained not by a single decisive factor, but by a combination of
prerequisites that mutually reinforce each other. To systematize them, a four-factor model of regional
leadership has been proposed, which combines corporate, regulatory, infrastructure-geographical and
security factors and shows how their coincidence in time and space creates conditions for the
accelerated implementation of digital solutions. The generalized structure of the model is shown in
Fig. 2.

The proposed model reflects four groups of prerequisites, each of which operates at its own level,
but it is their combination that forms the cumulative result. Corporate and regulatory factors set the
economic logic of digitalization; that is, they determine who and for what purpose invests in intellectual
infrastructure. Infrastructural-geographical and security factors, in turn, form the environment in which
these investments can be implemented more consistently. The arrows in the diagram indicate the
direction of all four prerequisites towards a common result - the early implementation of digital
solutions. The lower level of the model captures a key caveat: the achieved technical leadership does not
yet mean managerial efficiency, and the transition from the first to the second becomes the central
condition for a sustainable result.

The first factor is related to the corporate strategy and investment policy of the distribution
system operator. In Ivano-Frankivsk region, the operator functions are performed by the joint-stock
company “Prykarpattyaoblenergo”, the investment decisions of which directly affect the pace of
installation of smart metering devices. Meter replacement is carried out mainly within the framework
of the operator’s investment programs approved by the regulator, although the consumer can order
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installation at his own expense. Because of this, the regional coverage indicator primarily reflects how
actively a particular operator is implementing digital modernization of the network infrastructure.
Comparison with regions where operators demonstrated passivity or even negative dynamics, as
happened in Cherkasy region, shows that the corporate factor is one of the initial prerequisites for
regional leadership.

Corporate Factor Regulatory factor

Strategy and Investment Policy of the Incentive rate regulation (RAB)
Distribution System Operator

! l

Geographical factor Security factor
Concentration of critical energy Relative rear stability in conditions of
infrastructure facilities armed aggression

—_

B

Advance implementation of digital solutions in the
energy structure of the region

Technical leadership of the region

transition to managerial efficiency as a key condition

Figure 2. Four-factor model of regional leadership in the digitalization of the energy sector
Source: Compiled by the author.

The second factor is related to the regulatory environment, primarily to the tariff formation
model. A key role is played by stimulating regulation, also known as RAB regulation, i.e., a system of
long-term tariff formation aimed at attracting investments in the modernization of electricity networks
and increasing the operator’s cost efficiency. Unlike the traditional “cost plus” model, where the
regulator approves all cost items each year, incentive regulation allows the operator to retain part of
the achieved savings and plan capital investments for a longer period. It is significant that the tariffs for
electricity distribution services for JSC “Prykarpattyaoblenergo” were set using incentive regulation [9].
This creates an economic interest in investing in digital infrastructure, since network modernization
and the implementation of smart metering become not only a cost item, but also a way to increase the
operational efficiency of the DSO.

The third factor is of an infrastructural and geographical nature and is associated with the
presence of certain critical energy infrastructure facilities in the region. Prykarpattia has historically
been an important node of the country’s gas transportation infrastructure. In particular, the
Bogorodchansky underground gas storage facility with an active capacity of about 2.3 billion cubic
meters is located here, which is part of a system of twelve underground storage facilities with a total
design capacity of 31 billion cubic meters and is capable of covering peak daily needs of up to 50 million
cubic meters [4]. The reconstruction of this facility provided for the automation of gas supply regulation
and switching, as well as the implementation of automated metering, i.e., digital solutions that meet the
logic of Industry 4.0 in the energy sector. The presence of such facilities creates increased requirements
for the reliability and manageability of energy supply, and therefore indirectly stimulates the
digitalization of local infrastructure. At the same time, this increases the requirements for its
cybersecurity, since the complexity of digital systems expands the surface of possible cyber attacks on
critical infrastructure [13].

The fourth factor is security and becomes especially important in conditions of armed aggression.
The western location of the Ivano-Frankivsk region and its remoteness from the front line provide
relative rear stability compared to front-line regions. This circumstance has direct managerial
significance: investment programs for network modernization can be implemented more
systematically, without directing major resources to emergency restoration of destroyed facilities. The
contrast with the Donetsk region, where not a single new meter has been installed during the year,
illustrates how the security situation determines the very possibility of digital development. This is
where the military paradox of digitalization manifests itself: armed aggression destroys the digital

7
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infrastructure in frontline regions and at the same time indirectly strengthens the relative advantages
of rear areas, which can become sites for early implementation. Strengthening the security dimension
of digitalization of public administration corresponds to global trends in state response to modern
threats [1].

The combination of these four factors explains why the Ivano-Frankivsk region is ahead of other
regions, but it does not yet prove that technical leadership automatically translates into managerial
efficiency. This issue requires separate consideration, since the main limitation of the regional model
lies precisely in the gap between the availability of digital assets and the ability to use them as a
managerial resource.

The high level of coverage of smart metering and the rapid growth of distributed generation may
create the impression that [vano-Frankivsk region has already formed a modern digital energy system.
The dynamics are truly indicative. If in February 2025 there were 5290 home solar power plants in the
region with a total capacity of 137 MW and 156 industrial plants with a capacity of 263 MW, then as of
June 2026 the number of home solar power plants had increased to 7289 units with a capacity of 178
MW, and industrial plants to 217 facilities with a total capacity of 354 MW [13]. The change in these
indicators for the period from February 2025 to June 2026 is illustrated in Fig. 3.

Number of stations, units Total capacity, MW
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Figure 3. Dynamics of distributed solar generation in Ivano-Frankivsk region
(February 2025 - June 2026)
Source: Compiled by the author based on [13].

A comparison of the two time periods shows that the growth covered both the segment of home
stations and the segment of industrial facilities. At the same time, the increase in industrial generation
capacity in absolute terms exceeded the increase in home generation. This indicates that distributed
generation in the Carpathian region is developing not only at the expense of the population, but also due
to the activity of business entities that are increasing their own energy capacities. The increase in the
number of home stations by almost 40% for the period from February 2025 to June 2026 indicates a
more active involvement of the population in electricity production and the formation of a layer of
prosumers, that is, consumers who are simultaneously electricity producers. The transition to green
energy is changing the management models of business entities operating in this area [11]. In total, there
are about 7.5 thousand distributed and small generation facilities operating in the region.

However, this resource in itself does not mean that the region has acquired the ability to manage
it effectively. Here, a fundamental difference between technical leadership and managerial efficiency is
manifested. The presence of smart meters and thousands of solar installations creates a technical
prerequisite for active demand management, aggregation of distributed sources and formation of
managed balancing resources, but this prerequisite remains largely unrealized. Smart metering
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provides the operator with consumption data, but the data itself does not turn into manageability
without institutional mechanisms for their use. The role of territorial communities in digital
transformation becomes important for consolidating regional successes, since it is at the local level that
the demand for energy sustainability, local generation and digital services is formed [16]. Similarly,
thousands of home solar stations operate mainly in individual mode under the “green tariff” scheme:
they sell excess electricity, but are not combined into virtual power plants and are not involved in the
provision of system balancing services. A comparison of the available potential and the actual level of
its use gives grounds to speak of a significant gap, summarized in Table 1.

Table 1. The gap between the existing digital potential and the level of its managerial
implementation in the energy sector of Ivano-Frankivsk region

Direction Available potential Level of managerial
implementation
Smart metering 44.9% coverage of household Data is collected but poorly used for
consumers, over 260 thousand active demand management
devices
Distributed solar 7289 household solar power plants Operate individually under a “green
generation (178 MW) tariff”, not aggregated
Industrial solar 217 stations (354 MW) Not integrated into regional balancing
generation mechanisms
Demand management Technical readiness based on Flexible tariff incentive mechanisms
intelligent metering are limited
Virtual power plants Sufficient number of distributed No operational source aggregation
sources for aggregation projects

Source: Compiled by the author based on [3; 13].

The security factor also depends on circumstances that are not controlled at the regional level,
since proximity to the front line is determined by the course of hostilities, not by local politics. Thus, the
infrastructural, geographical and security prerequisites form the context of digitalization, which cannot
be mechanically reproduced in other regions.

Instead, the distribution system operator’s corporate strategy and the regulatory environment
are controllable variables, and therefore form the basis of the scaling policy. If geography and the
security situation cannot be changed, then the operator’s investment activity and tariff incentives can
be adjusted by means of state policy. Reproducing the Carpathian model should not be based on copying
unique territorial conditions, but on a targeted impact on those factors that are subject to regulation.
The key lever here is the tariff formation model, since stimulating regulation creates an economic
interest in digital modernization for the operator.

At the same time, the reproduction of corporate and regulatory factors does not in itself eliminate
the gap between technical leadership and managerial efficiency. Scaling requires not only investments
in equipment, but also the formation of mechanisms that transform this equipment into real
manageability. Therefore, scaling policies should combine economic incentives for investment,
institutional mechanisms for data use, the involvement of distributed generation in forecasting and
balancing, as well as training personnel with digital competencies. This requires improving the legal
regulation of renewable energy in the context of European integration [7].

This leads to a key conclusion regarding the logic of scaling: the current model, in which an
operator can invest in digitalization only if favorable conditions are met, is insufficient. A transition to a
model is needed in which the digital modernization of energy infrastructure is based on a clear
obligation, a predictable economic incentive, and a controlled investment mechanism. Only under such
conditions can regional successes like the one in the Carpathian region turn from an isolated exception
into a reproducible result of the state policy of digitalization of the energy sector [10].

Scaling the Carpathian experience requires a clear coordination of the functions of key public
administration entities. The Ministry of Energy should define the digitalization of distribution networks
and the development of managed distributed generation as components of the state policy of energy
sustainability. The National Commission for Energy and Power Generation should establish measurable
regulatory indicators for DSOs: the share of metering points with remote reading, the level of network
telemetry, data quality, time to detect accidents, and the integration of small generating facilities into
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forecasting and balancing processes. Regional military administrations can coordinate regional
digitalization programs, critical infrastructure needs, and local energy projects, while communities
should shape demand for local energy sustainability solutions. With such coordination, smart metering
ceases to be just a separate DSO investment measure and becomes a tool for evidence-based regulation,
monitoring, and crisis management. The results obtained show that the Ivano-Frankivsk region is not
only a region with a high level of smart metering coverage, but also a case of combining a corporate DSO
initiative, a tariff incentive, infrastructural and geographical specificity, and relative logistics stability.
At the same time, this case shows the limits of technical leadership: the installation of smart meters and
the growth of the number of distributed generation facilities do not guarantee an automatic transition
to managed energy flexibility. Therefore, it is advisable to consider the Carpathian experience not as a
ready-made template for other regions, but as a management model that can be scaled only by taking
into account the security, financial and institutional characteristics of a specific region.

6. Conclusions

The study showed that the digital transformation of the energy sector of Ukraine is unfolding with
pronounced regional asymmetry, which cannot be explained only by differences in the financial
capabilities of operators or the security situation. With an average national level of coverage of
household consumers with smart metering of about 24% at the end of 2025, the gap between the leading
region and regions of critical lag reaches almost fifteen times the value. It was established that proximity
to the front line explains the lag of individual front-line regions, but does not explain leadership, and
therefore, the leading positions of individual regions require a separate explanation through a
combination of factors operating at the regional level.

Using the example of the Ivano-Frankivsk region, the author’s four-factor model of regional
leadership is substantiated, which combines corporate, regulatory, infrastructure-geographic and
security factors. It is shown that the advanced level of digitalization of the Carpathian region, where the
coverage of smart metering by the end of 2025 reached 44.9%, is explained by the coincidence of the
active investment policy of the distribution system operator, stimulating tariff regulation, the presence
of individual critical energy infrastructure facilities and relative logistics stability in conditions of armed
aggression. It is the combination of these prerequisites, and not the action of one of them, that creates
the conditions for the accelerated implementation of digital solutions.

A separate result of the study was the identification of the gap between technical leadership and
managerial efficiency. Despite the high level of coverage of smart metering and the presence of about
7.5 thousand distributed and small generation facilities, this potential remains largely unrealized:
distributed sources operate mainly in individual mode, are not aggregated into virtual power plants and
are not involved in system balancing. This gives grounds to consider the technical leadership of the
region not as a finished result, but as a formed base, the potential of which has yet to be revealed through
appropriate management and institutional mechanisms.

Analysis of the conditions for scaling regional experience showed that the factors of the model
have different transfer potential. Infrastructural, geographical and security factors form the context of
digitalization and cannot be mechanically reproduced in other areas. Instead, the operator’s corporate
strategy and regulatory environment are controllable variables, and therefore form the basis of the
policy of scaling digitalization. It follows that the reproduction of regional successes is possible not
through copying unique conditions, but through targeted influence on factors subject to regulation,
primarily through an appropriate tariff model in combination with the development of management
mechanisms and personnel training.

The overall conclusion of the study is that the current model, in which the distribution system
operator can invest in digitalization under favorable conditions, is insufficient, as it makes the pace of
transformation dependent on the random coincidence of regional circumstances. The transition to a
model in which digital modernization is based on a clear obligation, a predictable economic incentive
and a controlled investment mechanism would allow transforming regional successes from an exception
into a reproducible result of public policy. Prospects for further research are related to the development
of mechanisms for integrating regional distributed generation into the national balancing system, in
particular through an energy data exchange platform, as well as the development of a methodology for
assessing the digital maturity of distribution system operators as a tool for differentiated regulatory
influence.
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