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Zos-Kior M., Saienko V. Assessment of the impact of humnan resources on the management efficiency of agri-food enterprises.
Abstract. The article investigates the impact of human capital on the performance of agri-food enterprises in Ukraine amid war-related challenges,
demographic shifts, labor market transformation, and increasing business-environment uncertainty. The purpose of the study is to assess the relationship
between the quantitative and value-based characteristics of human capital and the performance indicators of agri-food enterprises, and to identify the main
trends in the transformation of labor resource efficiency. The findings demonstrate a persistent decline in the number of employees in the agri-food sector
accompanied by a significant increase in labor costs and average wages. At the same time, labor productivity and the return on labor expenditures have
improved despite the reduction in workforce size. The study reveals that labor cost intensity has generally decreased, whereas labor cost recovery has
increased, indicating more efficient utilization of available human resources. However, profitability indicators remain highly volatile due to external
economic and military factors, which significantly affect enterprises' financial stability. Based on the results obtained, the study identifies the so-called
“agri-food sector paradox”, which reflects the simultaneous reduction in human capital, rising labor costs, and increasing labor efficiency amid unstable
financial performance. The scientific novelty of the research lies in the comprehensive assessment of the influence of human capital on enterprise perfor-
mance by integrating quantitative labor indicators, labor cost parameters, and efficiency measures into a unified analytical framework. Furthermore,
practical directions for improving human resource management are outlined, including implementing adaptive HR strategies, automating production
processes, digitalizing HR management, optimizing employee motivation systems, planning the workforce, and developing competencies.
Keywords: human capital; agri-food enterprises; enterprise performance; labor productivity; human resource management; labor efficiency; dig-
italization; adaptive HR strateqies.
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IMPLEMENTATION OF INNOVATIVE MEASURES AT GAS DISTRIBUTION ENTERPRISES IN
UKRAINE: RISKS, REGULATORY BARRIERS, AND A CONCEPTUAL MODEL

Nahirska K., Sadovska 1., Semenov N., Bilo 1. Implementation of innovative measures at gas distribution enterprises in Ukraine:
risks, regulatory barriers, and a conceptual model.

The Ukrainian gas distribution industry has long carried a heavy historical burden — physical wear of pipelines beyond 60-65%, decades of under-
funding, and now direct damage from the war. These overlapping pressures turn the question of innovation from an option into a survival condition for the sector,
for energy security and for the country's European trajectory. The article aims to substantiate a set of innovative measures for Ukrainian gas distribution enter-
prises, to expand the analysis of risks and regulatory barriers that impede their adoption, and to offer a conceptual model of innovation-driven transformation that
fits both wartime constraints and the logic of post-war reconstruction. Methodologically, the work combines a systemic approach with comparative analysis and
logical-structural modeling. The empirical layer is built on NEURC reports, Naftogaz of Ukraine data, IEA and ENTSOG materials, EBRD and KfW program
documents, and a body of publications by Prof. O. M. Pavlova and co-authors on gas distribution enterprises and digital transformation. Five strategic directions
for innovation are identified: technological modernization, management digitalization, pipeline reconstruction, methane leak detection systems, and human capital
development. The risk classification has been extended to six groups: technological, financial, requlatory, cybersecurity, organizational, and military. Regulatory
barriers fall into four clusters. The conceptual model interconnects measures, mechanisms, expected outcomes, time horizons, risks, and funding sources. The
proposed meastres are expected to reduce technological gas losses, shorten emergency response time, and increase labor productivity, the magnitudes of which
require further empirical verification. Conclusions. Innovative transformation of gas distribution
enterprises requires the simultaneous removal of regulatory and financial barriers, the manage- This is an Open Access article di
ment of an extended risk landscape, and a clear transition to RAB-based tariff regulation. Post- tributed under the terms of the
war reconstruction is interpreted through the Build Back Better lens. BY Creative Commons CC-BY 4.0
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tegration.

Statement of the problem. The gas distribution net-
work is a key element of the country’s energy infrastruc-
ture. It supplies natural gas round the clock to millions of
households, combined heat and power plants, factories and
hospitals. However, the stability of its current operation
masks a deep-rooted structural problem. According to data
from the NEURC [8], the average wear and tear of the coun-
try’s pipelines exceeds 60-65 percent, whilst in certain re-
gions — Luhansk, Donetsk, parts of Kharkiv and Za-
porizhzhia — the actual figures are closer to 75-80 percent.
From a research perspective, such infrastructure should
have been taken out of active service or completely over-
hauled long ago. However, it continues to carry its load.

Economic indicators confirm the scale of the prob-
lem. Technological gas losses in Ukraine exceed 400 million

cubic meters annually [8]; by comparison, in EU countries,
standardized losses are kept within 0.5-0.8 percent of trans-
ported volume, compared with Ukraine’s 1.5-2.5 per-
cent [16]. This threefold —and in some cases, fivefold —gap
is not due to the climate or the length of the networks; it is
the result of decades of deferred modernization and a regu-
latory model that did not even conceptually incorporate in-
vestment logic. The “cost-plus’ tariff was easier to adminis-
ter than one designed to benefit the consumer.

The war did not create these problems. It exacer-
bated them. Part of the network has been damaged by mis-
sile and artillery strikes, particularly in frontline and de-oc-
cupied communities. The number of engineering and
technical staff has fallen due to mobilization and internal
displacement. The cost of importing equipment and
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materials has risen due to logistical constraints and cur-
rency fluctuations. At the same time, the country is pursu-
ing a course of European integration, which means literally
rewriting sectoral regulations to meet the requirements of
Directive 2009/73/EC, Regulation (EU) No 715/2009 and
the updated ‘Clean Energy for All Europeans’ package — a
task that certainly does not fit into a peacetime schedule.

In such a situation, piecemeal repairs become a way
of postponing the inevitable. A systematic program that
combines technological, digital, financial, regulatory, and
organizational aspects appears to be the only rational re-
sponse. The rationale for such a program — including an
analysis of the risks and barriers that will hinder its imple-
mentation — constitutes the scientific and applied problem
addressed by this study.

Analysis of recent research and publications. The
issue of modernizing gas distribution enterprises is not new
to domestic science, yet the configuration of challenges
changes faster than the research community can respond.
A review of the existing literature identifies several the-
matic blocks in which the contemporary understanding of
these issues is gradually crystallizing and highlights the
precise niche in which this article's scientific novelty lies.

The works of O. M. Pavlova occupy a special place
in the domestic study of the sector. While in her early work
the author focuses on the investment- and innovation-ori-
ented regional gas distribution enterprises —disclosing the
structure of their innovative potential and substantiating in-
vestments as the primary prerequisite for modernization —
her monograph shifts the focus noticeably. The latter ad-
dresses the institutional environment: the monitoring of
regulatory conditions, the systematization of incentive
mechanisms, and proof that the current tariff model is struc-
turally suboptimal. Her article takes the discussion beyond
the distribution link alone, positioning underground gas
storage facilities as an element of national energy security.
This study presents gas distribution as an integral part of
the state's unified energy architecture rather than an auton-
omous technological system.

The independent works of O. M. Pavlova naturally
extend into collective research, where the emphasis shifts
depending on the co-authorship. In a study with K. V. Pav-
lov, L. Horal, O. V. Novosad, and others, an integrated
methodology for assessing the competitiveness of gas dis-
tribution companies in the Western region of Ukraine was
developed; this tool combines financial, operational, and
regulatory indicators and serves as a basis for prioritizing
investment decisions. At the same time, attention is concen-
trated on diagnosing the current state; in the study by
O. M. Pavlova, K. V. Pavlov, Yu. Opashniuk, N. Shirshi-
kova, and M. Kostiuk shift the focus to the dynamics of
transformation, demonstrating digitalization mechanisms
that reduce operational costs and enhance system reliability
using material from specific production enterprises. In the
work of O. M. Pavlova, I. Skorokhod, M. Karlin, A. Mokh-
niuk, and I. Bilio —which is recent by publication date — the
methodological benchmark is raised even higher: the au-
thors systematize theoretical approaches to digital technol-
ogies in logistics, forming a conceptual foundation for view-
ing gas distribution precisely as a logistics system with
corresponding optimization tools. The current study con-
tinues this trajectory, shifting the focus from technological
potential to the regulatory and digital barriers that block its
realization.

The regional dimension of gas distribution enter-
prises' operations is reflected in the work of O. M. Pavlova
and her research school. The study identifies the factors that
determine the economic resilience of gas distribution enter-
prises under wartime conditions and proposes approaches
to managing critical infrastructure through public-private
partnership mechanisms. The monograph by O. M. Pav-
lova, O. M. Stryshenets, and K. V. Pavlov forms a method-
ological framework for assessing the sustainable develop-
ment of the region's energy enterprises, combining

environmental, economic, and social parameters. Collec-
tively, these studies form the theoretical core of research
into the gas distribution sector, in which O. M. Pavlova is
among the leading researchers on the problem.

A broader context for the innovative development of
the fuel and energy complex is formed by the works of
V.M. Heyeits and V. P. Semynozhenko, which are dedi-
cated to the nationwide prospects for the innovative devel-
opment of Ukraine's economy and the strategic priorities of
sectoral transformations. A. V. Cherep and I. V. Zhuravlova
expand upon this topic within the plane of specific condi-
tions for implementing technological changes—qualified
management, access to financial resources, and a favorable
regulatory environment. The value of these works for our
study lies in their revealing innovation as a managerial ra-
ther than a purely technological problem.

The regulatory and strategic framework of the study
is outlined by the Law of Ukraine "On the Natural Gas Mar-
ket", which defines the legal foundations of market func-
tioning and the powers of the regulator, and the Energy
Strategy of Ukraine for the Period until 2050, which formu-
lates modernization targets —a gradual transition to incen-
tive regulation, harmonization of legislation with the EU,
and a reduction of the carbon footprint of the energy sector.
Reports from NEURC provide the empirical basis for the
analysis: here, data on technological losses, accident rates,
investment programs of gas distribution companies, and
regulatory decisions for the current period are systema-
tized.

The analytics of leading organizations represents the
international level of discussion. Reports from the Interna-
tional Energy Agency provide global benchmarks — techno-
logical loss volumes, digitalization levels, and investment
flow dynamics in the gas sector. Materials from ENTSOG
establish efficiency standards for gas transportation, meth-
odologies for accounting for methane emissions, and prin-
ciples for integrating national gas systems into a unified Eu-
ropean market. Analytical reviews by KPMG synthesize
global experience in the digital transformation of energy
companies, including Smart Grid, SCADA, and predictive
analytics. This body of literature enables the Ukrainian sec-
tor to be correctly positioned within the international con-
text without reducing the analysis to self-contained national
assessments.

Despite the volume of the existing literature, scien-
tific publications exhibit several gaps. Monothematic ap-
proaches predominate —separate technological, regulatory,
and financial views —which reduce the synthesizing value
of the conclusions. Studies conducted under peacetime con-
ditions fail to account for the realities of a wartime economy
and the logic of post-war recovery. Most often, a compre-
hensive risk classification and a systemic analysis of the reg-
ulatory barriers blocking the sector's transition to an invest-
ment-oriented model are overlooked. It is precisely in these
areas that the scientific novelty of the proposed study lies.

The existing literature is predominantly oriented to-
ward peacetime conditions and remains insensitive to the
specifics of wartime and postwar recovery. There is a lack
of comprehensive models that integrate technological, reg-
ulatory, financial, and organizational components; further-
more, the analysis of risks and regulatory barriers associ-
ated with implementing innovations in the sector remains
underdeveloped. These lacunae define the scientific novelty
of the current study.

The purpose of the research. The objective of the ar-
ticle is to substantiate a complex of innovative measures for
gas distribution enterprises in Ukraine, provide a detailed
analysis of the risks and regulatory barriers associated with
their implementation, and develop a conceptual model for
the innovative restructuring of the sector. Achieving this
objective involves the following tasks: systematization of
strategic directions for innovative development; analysis of
economic effects and conditions for successful implementa-
tion; expanded classification of risks; substantiation of
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regulatory barriers and ways to overcome them; and formu-
lation of implementation stages.

Presentation of the main research material. Gas dis-
tribution enterprises of Ukraine operate under a regime of
four parallel pressures. Technical pressure causes critical
wear and tear on networks and equipment, increasing
losses and accident rates. The military pressure encom-
passes direct damage to infrastructure and disruptions to

the logistics of repair supplies. The regulatory pressure
stems from the need to align market functioning rules with
the EU acquis communautaire. Finally, the financial pressure
results in a meager internal funding base for enterprises,
combined with a "cost-plus" tariff model that effectively pe-
nalizes efficiency. None of these four pressures can be re-
lieved in isolation. A coordinated program is required; its
conceptual representation is presented in Table 1.

Table 1
Conceptual model of innovation initiatives at gas distribution companies in Ukraine
Direction of Measure Substance of Measure Implementation Mechanism Expected Result Horizon
. Smart Metering, SCADA sys- Procurement and installation of ~ [Reduction of commercial
Technological . ; . o -
O tems for automated network | equipment, integration with billing | gas losses; increased ac- | 1-3 years
modernization . .
control and dispatch systems counting accuracy
Computer-based network man-
Digitalization and agement, automatic shutdown | GIS network maps, telemetric sen- | Significant reduction in 2.5 vears
automation during accidents, remote moni-| sors, remote valve control systems |accident elimination time y
toring
Replacement of worn-out sec- I - Reduction of technologi-
I . . . . nvestment programs utilizing poly- .
Pipeline reconstruction | tions, modern insulation mate- othylene pipes cal losses and accident | 5-10 years
rials, pressure optimization Y pp rates
. Methane leak detection sys- | Equipping crews with gas analyzers,| Reduction of accident
Environmental and safety ot . . . i ) . .
. . tems, emissions control, eco- |integration with eco-monitoring sys-| risks; compliance with 1-3 years
innovations
safe seals tems EU standards
Human capital develop- Maintenance services reform, Professional training programs, asset| Growth of personnel la-
KPIs for personnel, training and| - 1-2 years
ment certification management systems (EAM) bor productivity

Note: Compiled by the authors based on sources [1-6; 16-18].

If we view the proposed model as a single scenario,
the following picture emerges. The short-term horizon of 1-
3 years covers three areas: smart metering, environmental
and safety innovations, and the reform of technical mainte-
nance services. This represents a relatively inexpensive yet
already noticeable reduction in commercial gas losses and
an increase in labor productivity. The medium-term hori-
zon of 2-5 years is dominated by extensive digitalization of
network management, with remote valve control systems
and GIS maps enabling a significant reduction in incident
response times. The longest and most expensive phase —
the 5-10-year pipeline refurbishment — delivers a radical
reduction in technical losses and a decrease in accident
rates. Sequence is just as important as content: rapid
measures generate savings that partially cover the capital
expenditure required for more extensive modernization.

Smart metering serves as much more than just a
means of accurate billing. The transmission of real-time
consumption data makes anomalies immediately apparent
— sudden drops in pressure, nighttime spikes in consump-
tion, and deviations from seasonal norms. European statis-
tics show that in countries where smart metering coverage
exceeds 70 percent, commercial gas losses are reduced by 8-
15 percent [16]. At the national level in Ukraine, this repre-
sents annual savings of several billion hryvnias.

SCADA takes the next step — moving from manual
dispatch mode to semi-automatic mode. The operator has a
complete overview of the network. The system alerts oper-
ators to pressure deviations. In the event of a fault, it auto-
matically shuts off the affected section, without dispatching
a field crew. KPMG [18] estimates that this reduces re-
sponse times by a factor of 2-3. In wartime, when the stabil-
ity of gas supplies to hospitals and critical infrastructure is
a matter of life and death, this advantage goes beyond a
purely economic argument.

Pipeline reconstruction is the most financially de-
manding yet the most fundamental area of focus. Other
measures, without an upgraded network, have only a lim-
ited effect. SCADA, applied to critically worn-out infra-
structure, merely automates its inefficiency —it does not
eliminate the sources of losses. Replacing the most problem-
atic sections with polyethylene pipes, which offer improved
operational characteristics, reduces process losses and the
frequency of accidents [1]. Post-war reconstruction pro-
vides an opportunity to implement the ‘Build Back Better’
principle — the damaged section is returned to service in
accordance with modern standards, rather than in its

previous, worn-out state. Methane leak detection systems
operate on three distinct principles. Economic — prevent-
ing financial losses from process leaks. Safety — early de-
tection of concentrations that could lead to an explosion or
asphyxiation. Environmental: reducing methane emissions,
whose global warming potential is 28-34 times higher than
that of CO, over a 100-year timeframe. In the context of
Ukraine’s commitments under the Global Methane Pledge
and the conditions for ‘green’ financing [17], this aspect is
particularly significant.

Human capital is often overlooked in technological
discussions — and unjustifiably so. Experience of digital
implementations in related sectors [4; 6] reveals an unfortu-
nate pattern: even the most expensive system becomes a
‘dead weight” when staff are unable or unmotivated to use
it. Systematic training, transparent KPIs, and a change in or-
ganizational culture are not merely supplements to tech-
nical measures but prerequisites for their return on invest-
ment.

An analysis of the effects of the proposed measures
is impossible without considering the associated risks and
potential funding sources. A summary of these characteris-
tics is provided in Table 2.

The data in Table 2 reveal a pattern that is not imme-
diately obvious: the effects of the measures do not add up
linearly but rather reinforce one another — or cancel each
other out. The implementation of SCADA on the upgraded
pipeline yields a significantly greater effect than the sum of
the effects of these two measures taken separately. Recon-
struction without an analytical monitoring system makes it
impossible to track its actual results. Digitalization without
trained staff remains an investment in idle equipment. The
risk landscape is also specific — each measure has its own
set of vulnerabilities: Smart Metering requires skilled per-
sonnel, SCADA introduces new cyber threats, and refur-
bishment entails long payback periods. Funding sources are
diverse — ranging from EBRD and KfW programs to EU
‘green’ funds and structural funds, which will become
available upon full membership.

An expanded classification of risks associated with
innovative transformation. A template-based approach to
assessing innovation projects reduces risks to two or three
categories: technological and financial. For the Ukrainian
gas distribution sector, this oversimplification is dangerous.
The actual scope of risks is broader — at least six groups,
each requiring its own management tools. A summary of
these characteristics is presented in Table 3.
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Technological risks — seemingly the most obvious
category — are, however, consistently underestimated in
Ukrainian practice. An imported SCADA platform may
well prove incompatible with cable telemetry systems that
have been in use for decades. EU-certified polyethylene

pipes require specific installation conditions that a contrac-
tor may not always be able to provide. Pilot implementation
zones, where new solutions are tested before being rolled
out on a larger scale, identify such problems at an early
stage and significantly reduce subsequent losses.

Table 2

Economic impacts, risks and sources of funding for innovation initiatives

ards

Measure Expected Effect Primary Risks Conditions for Success Financing Sources
. Reduction of commercial High cost of equipment; per- | Integration with billing; sta- | EBRD, KfW, internal
Smart Metering . -
losses sonnel shortages ble financing funds
Pipeline reconstruc- | Reduction of technological [Significant capital expenditures;| State support; access to inter- | EU structural funds,
tion losses and accident rates long implementation period national grants state budget
Reduction in accident elimi- |Cyber threats; need for operator | Digital infrastructure; trained KPMG programs,
SCADA Lo .
nation time training personnel EBRD
Reduction of accident risks; . .
Methanii(l)e]fk detec- compliance with EU stand- False sensor trips Regular Cég;bcl;itx);’ training EU "Green" funds

Personnel develop-

ment and Kpls | Growth of labor productivity

Resistance to change; lack of
training resources

Management support; trans- |Internal funds, training
parent motivation grants

Note: Compiled by the authors based on sources [1-6; 16-18].

An expanded classification of risks associated with the innovative transformation of gas distribution companies

Table 3

of EU Directives.

Risk Group Nature of Risk Management Tools
. Incompatibility of new equipment with the legacy net- Technological audit before investment; pilot implementation
Technological work; manufacturing defects; complexity of integrating Sones: certification of eduipment suppliers
SCADA with obsolete telemetry ’ quip pp

. . Exchange rate fluctuations during equipment import; ris- Currency risk hedging; multi-source financing; state loan

Financial ing cost of capital; delays in tranches from donors; non- Jarantees political risk insurance (MIé A)
recovery of investments due to unstable tariffs & ' P
Changes in the rules}(l) f the gafme: tarlf(firvlavmgns, dretrqac— Transparent regulatory agreements with NEURC for a 3-5
Regulatory tive restrictions on the rate of return, de'ays in adopting [year period; tariff stability mechanism; involvement of the En-

the RAB methodology, and fragmented implementation

ergy Community in monitoring

Cybersecurity

Attacks on SCADA, as occurred at energy facilities in
2015-2016; compromise of consumer data from Smart
Metering; ransomware on corporate systems

Segmentation of OT/IT networks; implementation of IEC
62443 standards; continuous monitoring (SOC); cooperation
with CERT-UA and CISA

Organizational

Resistance to change by personnel; lack of qualified spe- | Reskilling programs; transparent KPI system; involvement of
cialists in digital technologies; conflict of corporate cul-
tures during the integration of external contractors

external change managers; internal communication cam-
paigns

Military and Secu-
rity

landmines

Direct missile and artillery strikes; sabotage; inability of
crews to operate in the frontline zone; danger of

Decentralization of critical facilities; redundancy of key
nodes; war risk insurance through international programs;
equipment evacuation protocols

Note: Compiled by the authors based on the following sources: [4; 8; 10; 13; 16-18].

Financial risks are linked to exchange rate fluctua-
tions and debt structure. As most of the equipment is im-
ported, cost estimates are sensitive to currency fluctuations.
The use of forward contracts as a hedging tool is limited for
Ukrainian enterprises — hence the key role of multi-source
financing. This takes the form of a combination of grants,
preferential loans and partial budgetary co-financing. In-
surance against political risks through the Multilateral In-
vestment Guarantee Agency (MIGA) deserves special atten-
tion: its cover extends to losses arising from expropriation,
restrictions on currency transfers, war and civil unrest.

Regulatory risks are of decisive importance in the
current Ukrainian context. Investors assess not only the cur-
rent rate of return but also the predictability of the regula-
tory environment over a 7-10-year horizon. If the NEURC
reserves the right to revise tariffs retrospectively or reduce
the permissible rate of return, investment attractiveness de-
clines more rapidly than due to any technical factor. Trans-
parent regulatory contracts covering the medium term are
standard practice in countries that have successfully transi-
tioned to the RAB model.

Cybersecurity risks come hand in hand with digital-
ization. Ukraine has already had a painful experience of this
— attacks on energy companies in December 2015 and De-
cember 2016, when large areas were left without power due
to the BlackEnergy and Industroyer malware. The spread of
SCADA and smart metering in gas distribution increases
the number of entry points for a potential attacker. Segmen-
tation of OT (Operational Technology) and IT networks, im-
plementation of the IEC 62443 industry standard, continu-
ous monitoring via a SOC (Security Operations Center), and
coordination with CERT-UA — these are the bare minimum
requirements that, even in peacetime, demand substantial
budgets.

Organizational risks are often overlooked at the
planning stage, leaving organizations surprised by the re-
sistance they encounter. Resistance to change from staff is
rarely irrational: an employee with 20 years’ experience
fears that a new digital system will render them ineffective
or redundant. A well-designed reskilling program trans-
forms this fear into motivation. A heavy-handed top-down
implementation has the opposite effect — it fuels sabotage
and reduces the quality of work with the new system. Mili-
tary and security risks are a specifically Ukrainian challenge
with no exact equivalent in European practice. The decen-
tralization of critical facilities. Redundancy of key nodes.
Rapid evacuation protocols for mobile equipment. Insur-
ance through international military risk programs. All these
tools have taken on practical significance since 2022. Of par-
ticular importance is the establishment of backup dispatch
centers in secure areas, which allows the network to con-
tinue operating even if the main control center is damaged.

Regulatory barriers are a key constraint on innova-
tive transformation. Technological solutions for gas distri-
bution largely already exist and have been tried and tested
in EU countries. The real ‘bottleneck’ to innovative devel-
opment is the regulatory environment, which either fails to
create incentives for investment or directly restricts them.
An analysis of the current regulatory framework identifies
four key groups of barriers, as set out in Table 4.

The cost-based tariff-setting model has the longest
history and the deepest impact on enterprise behavior. The
tariff for a gas distribution enterprise is calculated as the
sum of its justified costs plus a small regulatory margin.
Herein lies the main paradox: the more efficient an enter-
prise becomes and the less it spends on its own mainte-
nance, the lower its tariff will be in the subsequent regula-
tory period. The current model effectively counter-
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incentivizes cost optimization. Investments in Smart Meter-
ing, which reduce commercial losses, simultaneously lower
the cost base—and consequently, future revenue. Under
such conditions, a rational enterprise will abstain from
modernization, even when it is technologically obvious that
it would be beneficial.

The absence of a full-fledged RAB regime is a log-
ical continuation of the previous barrier. Incentive regula-
tion, built upon a Regulatory Asset Base (RAB), radically
changes this logic. Every hryvnia invested in the network is

added to the RAB, generating a guaranteed rate of return
throughout the regulatory period. A direct economic inter-
est in modernization emerges. In Ukraine, a partial intro-
duction of RAB elements occurred in 2017-2018; however,
the systemic transition halted: the updated NEURC meth-
odology was never finalized, an independent asset revalu-
ation was not conducted, and the minimum rate of return
was not legally established. Investors lack clear signals that
their investments will be protected and yield returns within
a predictable timeframe.

Table 4

Regulatory barriers to the innovative transformation of Ukraine’s gas distribution sector

Barrier Group

Manifestation in the Gas Distribution Sector

Direction for Overcoming

Cost-based tariff

setting model - .
ciency disappears.

Tariff is set on a "cost-plus" basis; cost reductions lower the
subsequent tariff; the motivation to invest in internal effi-

Gradual transition to the RAB model; guaranteeing
the rate of return on invested capital; multi-year reg-
ulatory period (3-5 years)

Absence of a full-
fledged RAB re-

Partial introduction of incentive regulation in 2017-2018
stopped; there is no clear methodology for asset revaluation;
gime the rate of return is not legally fixed.

Approval of an updated RAB methodology by
NEURGC; legislative consolidation of the minimum
rate of return; independent asset revaluation

ing EU Directives

Fragmentation of | Partial transposition of Directive 2009/73/EC and Regulation | Coordinated roadmap for the implementation of the
legislation regard-|715/2009; delays with the implementation of the Third Energy
Package; non-compliance of certain secondary legislation

acquis communautaire; integration with ENTSOG;
codification of secondary legislation

Weak protection of|

investments
erators

Retroactive tariff changes; risk of expropriation during war-
time; limited access to international arbitration for private op- | clauses); inclusion of ISDS provisions in bilateral in-

Investment stability guarantees (stabilization

vestment agreements; MIGA insurance

Note: Compiled by the authors based on the following sources: [2; 9, 10; 17].

Fragmented transposition of European legislation
creates another layer of constraints. As a candidate country
for EU membership, Ukraine is obligated to implement the
acquis communautaire in the energy sector, including Di-
rective 2009/73/EC, Regulation (EC) 715/2009, and the up-
dated "Clean Energy for all Europeans" package. Partial im-
plementation has already taken place: the unbundling of
transmission and supply functions has been completed, and
an independent GTS operator has been established. A sig-
nificant portion of the regulations, however, remains at the
level of framework provisions, and secondary legislation is
contradictory. This creates legal uncertainty, complicating
project assessments by international financial institutions.

Weak investment protection is particularly sensitive
under wartime conditions. Retroactive tariff changes
through NEURC decisions occurred even before 2022. The
war added the risk of direct asset damage, which must be
covered either through international programs (MIGA,
ECA) or through special state guarantees. The inclusion of
investment protection provisions (stabilization clauses) in
Ukraine's bilateral investment agreements with donor
countries could significantly reduce the risk premium and
improve the conditions for attracting capital.

The generalization that emerges is discouraging.
Overcoming these four regulatory barriers is a necessary
condition for any technological program to yield a sustain-
able effect. Regulatory reform must precede technological
investments rather than follow them. Otherwise, enter-
prises will spend funds under unfavorable conditions and
fail to recoup costs, which will discredit the very idea of
modernization.

Sources and mechanisms of financing. The internal
funds of most Ukrainian gas distribution enterprises are in-
sufficient for large-scale modernization —especially under
wartime conditions and with declining payment discipline.
The formation of a financial package must rely on a combi-
nation of several sources. The European Bank for Recon-
struction and Development is traditionally the most active
donor to the Ukrainian energy sector —over the 2014-2023
period alone, the EBRD invested more than 4 billion euros
in the sector. The German KfW primarily works through
programs aimed at improving energy efficiency and mod-
ernizing municipal infrastructure. The World Bank oper-
ates through budget support programs and targeted pro-
jects. The Energy Community provides methodological
support and financing for pilot implementations.

"Green" financing represents a distinct prospective
direction, access to which is conditional upon meeting

environmental KPIs. Methane emission reduction pro-
grams fall under these criteria: investments in leak detec-
tion systems and the modernization of compressor stations
can be funded through climate funds and green bonds. The
European Commission views Ukraine as a potential partic-
ipant in the Innovation Fund program, subject to the avail-
ability of transparent carbon accounting and independent
project verification.

Conclusions and prospects for further research.
Ukraine’s gas distribution sector is in a state of systemic cri-
sis. The technical deterioration of the network, war damage
and a regulatory model that fails to encourage investment
are locked in a self-perpetuating cycle. Gas transmission
losses, which are 3-5 times higher than the European aver-
age, are the simplest quantitative indicator of this chronic
inefficiency.

Addressing individual problems in isolation cannot
be the answer to the accumulated challenges. What is
needed is a comprehensive program of innovative transfor-
mation covering five interrelated areas: technological mod-
ernization (Smart Metering, SCADA), pipeline reconstruc-
tion, methane leak detection systems, digitalization of
management, and human capital development. The syner-
gistic effect of their simultaneous implementation exceeds
the sum of the effects of individual measures. The actual
risk landscape, however, extends far beyond the usual tech-
nological and financial categories — an expanded classifi-
cation encompasses at least six groups, each requiring its
own set of management tools.

The most striking finding of this study is that the key
constraint is not technology, but the regulatory environ-
ment. Four groups of barriers — a cost-based tariff-setting
model, the absence of a fully-fledged RAB regime, frag-
mented legislation regarding EU Directives, and weak in-
vestment protection — are blocking the sector’s transition
to an investment-oriented operating model. Regulatory re-
form must precede technological investment, rather than
follow it. Otherwise, companies will spend money under
unfavorable conditions and fail to recoup their investment.
The post-war reconstruction of the sector presents a unique
window of opportunity to implement the ‘Build Back Bet-
ter’ principle — rebuilding damaged infrastructure to mod-
ern standards is more cost-effective than restoring previous
technologies.

The scientific outcome of the study lies in substanti-
ating a conceptual model for the innovative transformation
of gas distribution companies, which combines technologi-
cal, digital, financial, regulatory, and organizational-
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management dimensions, along with an expanded classifi- quantitatively assessing the synergistic effect of the compre-
cation of risks and regulatory barriers. Prospects for further hensive implementation of measures, and developing a
research include empirically validating the proposed model methodology for prioritizing innovations tailored to re-
using data from specific gas distribution companies, gional conditions.
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AHHOTanisn

Haczipcoka K. €., Cadobevka 1. b., Cemeno8 H. O., Biavo 1. O. 3anpoBadixenns innoBayiinux 3axo0i6 na 2a3opo3nodirbHux nion-
puemcmbax Yxpainu: pusuku, pecyiamopui 6ap'epu ma KoHyenmyaisHa Mooes.

Tazoposnodisvha earyss Yipainu xube 3 banmaxem, wo naxonuuybabea npomsaeom He 00Hoeo nokoainua. Texuiuna deepaoayis mepexebux
akmubib, wo nepemuyia mexy Oesneurol excnayamayii, NOMHOXeHa HA OecAMUAIMmMA iHbecmuyitinoeo e0400y, a menep — Ha npami 606061 nouiko-
Oxenna ingppacmpyxmypu. Came y maxomy HaKAA0eHHT NUMAHHA iHHOBaYi nepecmae Gymu npedmemom cmpameeiunux Ouckycitl i cmae ymoboro 6u-
okubanua — i 045 camoeo ceKmopy, i 045 eHepeemuunoi be3nexu kpainu, i 044 npaxmuunux Gukiuxib adanmayii Yykpaincokux mexHiuHux peesamenmio
0o xopcmrux Bumoe Hupexmu €C. Cmamms noxiukana odrpyHmyéamu xomniexc innoBayiinux 3axo0i6 045 ykpaiHcsKux 2a30po3nodisbHux nionpu-
eMcmb, poseopHymu aHaA3 pusuki6 i peeysamoprux bap'epib, axi 0.40Kyw0ms ix YnpoBaorkeHHs, a MAKOX 3ANponoHy6amu KoHYenmyaisHy Mooeis iHHO-
Bayiiinoi nepeby0obu eaysi, w0 o0HouacHo Bionobioara 6 Boennum obmexenHaAM i 102iyi noboennozo Bionobaenna. Memodosoeiuny ocHoBy ckaaru cuc-
memHutl nidxio, nopibuassHuil anaiiz i Aoeiko-cmpykmypue modeatobanns. Emnipuunum niorpyumam € 36imu HKPEKII, dani HAK «Hagpmoeas
Vipainu», anasimuxa MEA ma ENTSOG, npoepamni doxymenmu €BEPP i KW, a makosx cepis pobim npodp. I1aaoboi O. M. i cnibabmopib, npucbave-
HUX ea30po3nodiavHuM nionpuemcmbam ma yugppobin mparcgpopmayii. Buokpemaeno n'ams cmpameeiunux Hanpamib innoBayii — mexnos02iuHa Mo-
Oepnizayis, yugppobizayia ynpabainna, pekoncmpyxyia mpybonpobodib, cucmemu Buabaenns Gumoxib memany ma po3bumox a00cvkoeo kanimany. Kia-
cudgpiayito pusuxi6 posuiupeHo 00 uleCmu epymn: IMeXHOA0IMHUX, (PiHAHCOBUX, peeysAmopHUX, Kibepbesnexobux, opeanisayiinux i GOEHHUX.
Peeyasmopni bap’epu 3epynobano 8 4 6aoxku. Konyenmyarvna modeas y6'asye 3ax00u, Mexanismu, ouikybani pesysvmamu, 4acobi eopu3onmu, pusuxu
ma Oxepeaa gpinancybanns. 3anponoroBani 3axodu 003604810Ms SHUSUMU MEXHOAOIUHI Bmpamu 2a3y, CKOpomMumy 4ac Ha ycyrenna abapiil 1 niobu-
wumu npodyxmubricme npayi. Innobayiina nepedydoba eazoposnodisbHux nionpueMcmb Bumazae 00HOUACHO20 SHAMMA PeYAAMOPHUX | (hiHaHCOBUX
bap'epib, ynpabainua posuupenum sanouiagpmom pusuxib i nepexody do RAB-modeai mapugpoymBopenns. Ioboenne Gionobaenna inmepnpemobaro
Kpisb npusmy npunyuny «Build Back Better».

Katouo06i caoba: easoposnodisvni nionpuemcmba, innobayinni saxoou, peeysamopni oap'epu, pusuku, RAB-peeyaobanna, Smart Metering,
SCADA, yudgppobisayis, enepeemuuna besnexa, eBpoinmezpayis.
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