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Abstract. The aim of the study was to develop an adaptive model of e-budgeting that would contribute to strengthening
the financial resilience of territorial communities amid wartime and other crisis challenges. The research methodology
was based on the mix of systems, comparative and structural-functional analysis, as well as on the best international
practices, in particular, the Finnish OmaStadi system and the Ukrainian E-DEM platform. The results of the study
demonstrated that effective implementation of e-budgeting has a positive impact on the transparency of governance
processes, increases public participation and the optimal allocation of public resources. The analysis revealed key issues
hindering the implementation of digital budgeting tools in Ukraine, including: low levels of digital literacy, insufficient
infrastructure, weak engagement of vulnerable population groups in participatory budgeting processes and the absence
of integrated mobile services. To enhance the financial resilience of territorial communities in the face of crisis and
wartime challenges, a multi-level model for improving the e-budgeting system is proposed. This model encompasses
directions for improving participatory budgeting practices, a system for their evaluation, expected outcomes from
model implementation and its impact on key components of financial resilience. The proposed model for improving the
implementation of electronic budgeting systems in support of the financial resilience of territorial communities has
a potential to illustrate how areas for improvement influence the criteria of electronic budgeting systems, leading to
qualitative outcomes. The practical significance of the study lies in the possible application of the adaptive e-budgeting
model by local self-government bodies, civil society organisations, analytical centres and state institutions that monitor
the financial activities of territorial communities

Keywords: public administration; participatory budgeting; digital platform; transparency; local community

¢ INTRODUCTION

In the context of ongoing economic and political chal-
lenges, particularly amid full-scale war, the financial re-
silience of Ukraine’s territorial communities has become
a key element of endurance, as well as national recovery
and sustainable development. Ensuring effective budget
management, transparent allocation of funds and citizen

engagement in decision-making processes has become not
only a tool of effective public governance but also a factor
in societal consolidation and support for local financial re-
silience. One of the promising mechanisms contributing to
resilience is e-budgeting, which leverages digital platforms
to enhance public participation in budgetary processes.
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E-budgeting enables citizens to influence the allocation of
local financial resources, thereby promoting transparency,
accountability and efficiency in the management of pub-
lic finances. The potential implementation of e-budgeting
represents a fundamental shift in the interaction between
local authorities and community members. By integrating
digital tools into budget planning, execution and moni-
toring, territorial communities not only increase citizen
involvement in governance decisions but also strengthen
trust in local self-government bodies.

The relevance of research in the field of e-govern-
ance, including the digitalisation of budgeting processes,
is widely recognised within the Ukrainian academic dis-
course. Studies of digital governance and e-budgeting in
Ukraine emphasise the promise of participatory budget-
ing for community development. For example, Ye.V. Ma-
liarevskyi & V.O. Barannik (2021) examined participatory
budgets in Ukraine. They concluded that empowering res-
idents through local budget initiatives could drive social
and territorial development. O.P. Basyuk (2022) analysed
international experiences of digital budget optimisation.
The researcher found that automating budget processes
and embedding strong financial controls is crucial. A con-
ceptual model for Ukraine’s public finance digital trans-
formation was subsequently proposed. N.Ye. Skorobohato-
va et al. (2024) investigated how accounting for wartime
expenditures affects community budgets. Their research
highlighted challenges in tracking and financing essential
services under martial conditions, and proposed the ways
to manage those challenges. M.M. Pityulich et al. (2023)
identified key socio-economic determinants of communi-
ty development. In their research they showed, how such
factors affect the financial resilience of territorial com-
munities. V. Kruhlov & D. Tereshchenko (2024) explored
adaptive budgeting under crisis. They argued that digital
tools could enable more responsive public financial man-
agement during emergencies.

J. Davies et al. (2022) used qualitative fieldwork in
Scottish local councils to study embedding digital par-
ticipatory budgeting. They found that formal adoption
of digital participatory budgeting requires well-trained
mediators and adequate resources, otherwise entrenched
bureaucratic practices can stall innovations. K.S. Wack-
owski & L.Yu. Gordiienko (2025) analysed digitalisation
of public services drawing on Poland’s experience. In
their paper, they noted that while digital platforms can
improve service delivery, they must be tailored to local
institutional contexts. However, it should be noted that
existing studies pay insufficient attention to the local
level, specifically, territorial communities, instead ex-
amining e-budgeting, participatory exercises and dig-
italisation of finance primarily at the national scale.
Furthermore, there is a near-complete lack of publica-
tions analysing the impact of full-scale war as the most
critical shock factor on the financial resilience of terri-
torial communities. Financial resilience is defined as the
ability of a territorial community to effectively manage
its resources, maintain a balance between revenues and
expenditures and proactively respond to economic shocks
(Kunitsyn & Melnyk, 2025). Its significance has increased
considerably in the context of full-scale armed aggres-
sion, which has confronted communities with existential

challenges, including the need to mobilise resources and
ensure the provision of essential functions under martial
law. E-budgeting is aimed at supporting these function-
al capacities by improving spending transparency and
enhancing the level of public oversight. Despite its ad-
vantages, the implementation of e-budgeting in Ukraine
faces several challenges. These include limited digital
infrastructure in some communities, low levels of digital
literacy among citizens and resistance to change from en-
trenched budgeting practices. Overcoming these barriers
requires targeted investments in technological capacity,
public education and institutional preparedness.

The goal was to create an adaptive e-budgeting mod-
el that would help territorial communities increase their
financial resilience in the face of war and other crises.
To achieve this aim, the following objectives were set: to
analyse existing e-budgeting platforms in Ukraine and
abroad, identifying their advantages and disadvantages;
to assess the effectiveness of implementing e-budget-
ing practices based on examples of Ukrainian territorial
communities affected to varying degrees by the full-scale
war; to propose a multi-level model for improving the im-
plementation of the e-budgeting system as part of sup-
porting the financial resilience of territorial communities.
The novelty of the study lies in the attempt to integrate
principles of digital budget resource management under
conditions of high uncertainty, resource scarcity and risks
characteristic of wartime.

e MATERIALS AND METHODS

The research is based on a combination of comparative
analysis of e-budgeting systems functioning in various
territorial communities of Ukraine and a theoretical-con-
ceptual analysis of the most effective e-budgeting models
in global practice. This approach enabled a comprehen-
sive examination of existing management practices in the
field of e-budgeting, revealing both the advantages and
shortcomings of the respective systems. The research
proceeded through a structured multi-stage method-
ology. Literature review of Ukrainian and international
studies on e-budgeting, participatory budgeting and lo-
cal financial resilience was conducted. Then analysis of
the next Ukrainian e-budgeting tools was done: E-DEM
(Ukrainian e-democracy portal, 2021), Public Project
(BePart, 2022) and The Interactive Community Budget
(Cost Ukraine, 2025). The prepared analysis is based on
the mix of systems, comparative and structural-func-
tional analysis, to define the most used, which prove its
effectiveness, system in-use in territorial communities.
The next step is the similar analysis done for the most
well-known foreign e-budgeting tools: OmaStadi from
Finland (Mainiotech, 2021); Decide Madrid from Spain
(Faster Capital, 2025); Go Vocal (2024) from Canada;
Maptionnaire (2022) from Poland and Dalyvaujamasis bi-
udzetas from Lithuania (EEA and Norway Grants, 2025).
This informed the selection of analytical frameworks and
identified best practices to examine in depth. Compari-
son of its advantages and disadvantages gave a possibility
to empirically choose the most applicable one, to make
a deeper structural analysis with the Ukrainian cases.
The next step was purposive sampling that performed
a case selection: two Ukrainian territorial communities
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with contrasting wartime conditions were chosen. They
are Novoiavorivsk territorial community in Lviv region
and Kherson City, which was liberated from Russian oc-
cupation in autumn 2022. Novoiavorivsk territorial com-
munity is digitally advanced and largely untouched by
conflict, while Kherson has been heavily impacted by the
full-scale invasion. This allowed comparison of e-budget-
ing under divergent shock exposures. Data were gathered
for the years 2021-2024, drawing on e-participation plat-
form usage reports (Maptionnaire, 2022; Go Vocal, 2024;
Faster Capital, 2025), qualitative information from ter-
ritorial community websites (City of Helsinki, 2024; No-
voiavorivsk City Council, 2024a), news and organisations
releases (BePart, 2022; Decentralization portal, 2024; EEA
and Norway Grants, 2025).

Based on the mentioned above, the study applied a
combination of analytical methods. Comparative analysis
component was used to identify differences in functional-
ity and engagement possibilities of e-budgeting systems.
This method was justified by the need to systematically
contrast varied contexts and digital platforms itself. Struc-
tural-functional analysis component supported to examine
system’s components and their contributions to budgeting
processes under stress. This highlighted how elements like
mobile apps or transparency methods applied in each set-
ting. Systems and contextual analysis component placed
these findings among legal, social and technological envi-
ronments. In particular, there was reviewed how Ukrainian
financial regulations and digital literacy levels influence
outcomes. Content analysis of platform helped characterise
the intended features of each tool. Finally, model synthe-
sis was used to integrate insights and propose an adaptive
multi-level e-budgeting model for crisis resilience, draw-
ing parallels with systems thinking. The mixed approach
of combining qualitative review and case comparison en-
sures both breadth and depth. The methodology enabled a
comprehensive examination of e-budgeting tools and their
impact on community financial resilience under varying
pressures caused by a full-scale invasion.

e RESULTS AND DISCUSSION

Analysis of Ukrainian e-budgeting tools

Ukrainian scholars, including O.P. Basyuk (2022), define
e-budgeting as the process of digital transformation of
the budgeting system, which involves the use of informa-
tion and communication technologies to automate budget
procedures, enhance transparency, improve financial man-
agement efficiency and ensure open access to budget in-
dicators and decision-making processes. E-budgeting tools
are understood as software solutions that enable the au-
tomation of budget planning, control and analysis, inte-
gration of financial data, generation of electronic report-
ing and support of managerial decision-making (Popov et
al., 2023). The use of such tools contributes to increased
transparency, accountability and active citizen engage-
ment in local decision-making. Further development and
enhancement of these platforms can strengthen democrat-
ic processes and improve the financial resilience of terri-
torial communities through a more flexible and adaptive
system for forming local budgets. Particular importance is
the participatory budget (also known as the public budget
or participatory budgeting), which, according to I.I. Bozhuk
& U.0. Fomenko (2020), is an instrument that allows res-
idents of territorial communities to directly influence the
allocation of a portion of the local budget by submitting
project proposals and participating in the voting process
for their implementation.

It is worth agreeing with A.M. Oriol (2024), who argues
that there is currently no universal e-budgeting system
that fully meets the needs of both territorial communities
and central authorities. At the same time, existing systems
are capable of covering a wide range of tasks and general-
ly shape the e-budgeting process. Their development can
be observed both in Ukraine and internationally. Table 1
presents a comparison of the most widely used e-budget-
ing systems currently implemented in Ukrainian territorial
communities (The EGAP Program, 2022; Council for the
development of communities and territories, 2023; Decen-
tralization portal, 2024).

Table 1. E-Budgeting tools in Ukrainian territorial communities

Platform Developgr / The main functions Tgrrltorlal communities,
Foundation which are using the system

E-DEM (Ukrainian
e-democracy
portal, 2021)

EGAP / East
Europe Foundation

participatory budgeting;
open public consultations;
creation of local-level petitions;
school participatory budgeting

For December 2024, the system is in-use
in 546 communities across Ukraine

Public Project

the system ensures a full-cycle process

For December 2024, the system is in-use in

(Cost Ukraine, 2025)

(BePart, 2022) SocialBoost of participatory budgeting more than 200 communities across Ukraine
The Interactive . commun.i ty revenue .
Community Budget CASE Ukraine / and expenditure apalysm; Usage statistics are not collecFed !Jy the
USAID budget modelling; developer or external organisations

proposals for infrastructure projects

Source: created by the authors

The E-DEM platform, as rightly emphasised in Ukrain-
ian e-democracy portal (2021), is the most widespread
e-democracy tool in Ukraine, integrating key services for
citizen engagement with local self-government bodies.
One of the core functionalities is a participatory budget-
ing, which in fact is a tool that enables residents to submit
their own initiatives and apply for funding from the local
budget. In addition, important function is local petitions
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creation and management availability. It is a service for
submitting electronic petitions aimed at drawing the at-
tention of authorities to important community issues. A
core function allowing users to report local problems using
an interactive map usually called as “open community”. It
is also important, that platform has possibility to organise
public consultations, which acts as a mechanism for gather-
ing public opinion on pressing issues. School Participatory
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Budgeting is quite an interesting educational initiative
for students aimed at developing civic engagement skills
through the design and implementation of projects, which
is also available on E-DEM platform. Important to note
that, to date, the E-DEM platform is the most widely used
e-budgeting tool in Ukraine, implemented under the EGAP
project of the East Europe Foundation (Ukrainian e-de-
mocracy portal, 2021).

Public Project (Table 1) is another widely used digital
tool that automates the entire participatory budgeting cy-
cle, from project submission to voting and reporting. Its
main advantages include transparency, ensuring openness
at every stage of the process, by requirements of detailed
description of each step of decision-making, and making
available this information accessible for community mem-
bers. In addition, this tool has intuitive interface and easy
navigation among services and section. Public Project
has a hybrid identification system for authentication: via
BankID, digital signature or a specific resident card, if the
system is implemented in a community. The toll uses inte-
gration with social networks, email newsletters and com-
munication tools for increasing engagement of community
members. Since 2016, over 5 million users have visited the
Public Project platform and the total value of implemented
initiatives has exceeded 1 billion UAH (BePart, 2022).

The Interactive Community Budget platform is a tool
developed by the analytical centre CASE Ukraine with sup-
port from the USAID programme. It allows citizens to ex-
plore, analyse and model local budgets in a convenient and
visualised format. The tools provide an access to detailed
information on budget items, which allow to make a reve-
nue and expenditure Analysis. In addition, the tool allows
users to create budget allocation scenarios, to make com-
parative analysis and determine the best possible option.
Except this, internal function supports communication

between users, enabling public engagement in discussions
and voting. It is important to note that, unlike E-DEM and
Public Project, The Interactive Community Budget is not
a direct e-budgeting tool. Rather, it serves a supporting
function, like enhancing awareness among citizens and lo-
cal authorities about the principles and potential of partic-
ipatory budgeting and preparing them for the implemen-
tation of full-fledged digital e-budgeting systems (Cost
Ukraine, 2025).

As rightly noted by H.I. Jeakalo et al. (2020), e-budg-
eting serves as a powerful tool for engaging citizens in the
processes of formulating and allocating public finances,
offering a range of significant advantages. First and fore-
most, it enhances the transparency of budgeting processes
by providing open access to information on revenues, ex-
penditures and funding priorities. Such openness strength-
ens citizens’ trust in government institutions, which is par-
ticularly important in the context of post-conflict recovery
and democratic progress. In addition, e-budgeting stimu-
lates active civic participation by enabling residents to di-
rectly influence decision-making, sets development prior-
ities for their communities and implements projects that
address real public needs. This contributes to an improved
quality of life, as initiatives with tangible value for local
communities are brought to fruition.

Analysis of foreign e-budgeting tools

Table 2 represents the most well-known e-budgeting
tools that have been implemented in territorial commu-
nities abroad (OECD Observatory of Public Sector Inno-
vation, 2015; Maptionnaire, 2022; City of Helsinki, 2025a),
as well as in the countries and cities (communities) whose
public administration systems have adopted e-budgeting.
The table outlines the advantages and disadvantages of
these solutions.

Table 2. International e-budgeting tools

Combines online tools with offline
events (e.g., OmaStadi Expo) to
OmaStadi o Helsinki, foster citizen engagement. B.udget The platform proved. to be complex
.. Decidim - of approximately €8.8 million. for some users, leading to reduced
(Mainiotech, 2021) Finland ; X s . . .
Innovative methods like a card game activity in online discussions.
for co-design promote participation
and understanding.
High participation: over 400,000 Lack of detailed citizen-to-citizen
Decide Madrid . . registered users and a budget of discussions may limit the quality
(Faster Capital, 2025) CONSUL Madrid, Spain €100 million. Offers both online and of decisions. Limited feedback on
physical voting options. project implementation.
.MOblle app allows citizens to Limited information on the
In-house Toronto, quickly submit proposals and vote. s .
Go Vocal (2024) - . . platform’s influence on decision-
development Canada Integrated with social media for . L .
making and project implementation.
broader outreach.
Interactive maps allow citizens Focus on geospatial data may limit
. . . . to mark specific locations for the range of topics discussed. Fewer
Maptionnaire (2022) | Maptionnaire | Warsaw, Poland improvement. User-friendly interface | opportunities for deep discussion and
for proposal visualisation. collaboration among users.
Dalyvaujamasis o Simple platform for submitting and anlted information on 1n.tegrat.10n
. v In-house Vilnius, . with other platforms or discussion
biudzetas (EEA and - ; voting on proposals. Focus on local ; . A
development Lithuania s 2 - X tools. Potential functional limitations
Norway Grants, 2025) initiatives and community projects.
compared to more advanced systems.

Source: created by the authors
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The comparative analysis of the international e-budg-
eting tools presented in Table 2, conducted to identify the
potentially most functional model suitable for adaptation
to Ukrainian realities, reveals the following. The OmaSta-
di platform in Helsinki, built on the open-source Decidim
framework, exemplifies a robust model for digital partic-
ipatory budgeting that fosters institutional transparency,
inclusivity, and scalability. Launched in 2018, Decidim
was selected for its modularity and democratic design,
which Helsinki has since extended with approximately
20 custom modules and integrations aimed at enhancing
usability, accessibility, and inclusive participation across
device types and user groups (Decidim, 2022). OmaStadi
operates on a biennial cycle: in the first year, citizens pro-
pose ideas, which are screened, co-developed with city ex-
perts in both online and offline workshops, and ultimately
voted on by residents aged 12 and older; in the second
year, the winning proposals are implemented (Shin et
al., 2022). Inclusivity is central to OmaStadi: the platform
allows Helsinki residents to propose and vote, with inter-
faces available in seven languages and support facilitated
through libraries, community centres and digital channels
to reach diverse linguistic and cultural groups. Notably,
younger residents participate actively: during one round,
29% of comprehensive-school-aged children voted - far
exceeding turnout figures among older age groups (City
of Helsinki, 2022). Transparency is institutionally embed-
ded in the process: all stages, from proposal submission
and cost assessments to iterative co-development and
implementation tracking, are made publicly accessible
via the OmaStadi website, ensuring accountability and
city-citizen dialogue (City of Helsinki, 2025b).The OmaS-
tadi platform also incorporated elements of gamification
with a specially designed card game that functioned as
a participatory tool to stimulate creativity, idea genera-
tion and collaborative brainstorming among residents.
By transforming the often abstract and technical task of
project ideation into an engaging, game-like activity, the
platform succeeded in lowering barriers to entry, making
participation more accessible and enjoyable, particular-
ly for younger or less experienced contributors (Partici-
pedia, n.d.). Decidim’s open, flexible architecture offers
a scalable foundation for local participatory budgeting
platforms, capable of integrating tailored modules, mul-
tilingual accessibility, transparent decision-making and
engagement innovations to enhance democratic inclu-
sion and responsiveness (Mainiotech, 2021).

The Decide Madrid platform is noteworthy as an exam-
ple of a continuously functioning system for proposals and
voting on civic initiatives funded by the city budget. The
use of mechanisms for direct citizen initiatives, through
petitions and voting, has ensured the system’s stable op-
eration, with more than 400 projects implemented. Ukrain-
ian communities, especially in cities with a high level of
digitalisation, should consider this model as a best practice
that combines transparency, efficiency and social impact.
It is essential to establish a regulatory framework enabling
direct citizen initiatives in budget processes (Faster Cap-
ital, 2025). The Canadian approach to e-budgeting, illus-
trated by the case of Toronto, is suitable for adaptation at
the district administration level in large Ukrainian cities.
District-level budgets (approximately 750,000 Canadian
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dollars), project submission via interactive maps and man-
datory voting are mechanisms that could be integrated
in Ukraine. This decentralised model is particularly
well-suited for communities with high population density
and multi-level infrastructure (Go Vocal, 2024). Warsaw’s
experience with the use of interactive maps that allow
citizens to pinpoint specific locations for improvement
demonstrates the sustainability of participatory budgeting
and the importance of a regular budgeting cycle. Annual
participatory budgeting events, a high volume of proposals
and the implementation of approximately 80% of select-
ed projects point to an effective organisational model. As
recommended by Maptionnaire (2022), annual participa-
tory budgeting cycles should be implemented as a man-
datory practice, with clearly defined procedures and key
performance indicators for monitoring. For Ukraine, this
provides a strong example of how systematic approaches
and transparent communication with residents can foster
trust in local authorities. The Lithuanian model demon-
strates the benefits of scaling participatory budgeting na-
tionwide. Given that over 70% of Lithuania’s municipalities
have implemented participatory budgeting using a unified
digital platform, Ukraine could consider a scenario involv-
ing a centralised e-budgeting system capable of adapting
to various community types. As highlighted in EEA and
Norway Grants (2025), such a solution has the potential to
reduce local development costs and ensure standardised
approaches to public reporting and oversight.

The comparative analysis of e-budgeting tools (Ta-
ble 2) confirms that, globally, governments are increas-
ingly implementing e-budgeting systems to enhance
transparency, efficiency and accountability in public fi-
nancial management. According to a study by the Euro-
pean parliamentary research service (2015), e-budgeting
involves the digitalisation of budget procedures, the dis-
semination of budget information in open formats and
the use of big data to support policy-making. This reflects
the widespread adoption of such practices in many coun-
tries, although it does not allow for the identification of a
single dominant system. A World Bank report (The World
Bank Blogs, 2022) also notes the global rise in cashless
transactions, indicating a general trend toward the dig-
italisation of financial processes. While this trend is not
synonymous with e-budgeting, it reflects the gradual
emergence of a digital financial environment in which
such systems can operate effectively. However, as current
research shows, there is no unified international statisti-
cal record that would allow the identification of a single
most widely used e-budgeting system globally. Based on
the comparative analysis of leading international e-budg-
eting cases, the OmaStadi system in Helsinki was found
to be the most effective. It is distinguished by its innova-
tive approach to citizen engagement, process transparen-
cy and high efficiency in participatory budget formation.
Thus, e-budgeting serves as a powerful instrument for the
democratisation of financial governance, combining sig-
nificant potential with the necessity of overcoming struc-
tural and social barriers. Based on the data and findings
presented, the next section of this article will propose a
model for improving the implementation of the e-budg-
eting system in the context of strengthening the financial
resilience of territorial communities in Ukraine.
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Comparative analysis on implementation

of E-DEM and OmaStadi platforms

The one of the previous sections established that the most
widely used e-budgeting platform in Ukraine is the E-DEM
system. One of the most successful examples of E-DEM
implementation is demonstrated by the Novoiavorivsk
territorial community in Lviv Region. In 2024, this com-
munity ranked among the top 100 communities in terms
of digital transformation, according to the Digital Trans-
formation Index developed by Ukraine’s Ministry of Digital
Transformation (Novoiavorivsk City Council, 2024b). This
indicates a high level of integration of digital tools into the
community’s public administration system, particularly
the E-DEM platform. However, the experience of the Novo-
iavorivsk community is not fully representative for assess-
ing the effectiveness of E-DEM under wartime conditions,

as this community has not been significantly affected by
the shock factors associated with the full-scale invasion.
To obtain a more relevant picture of the functioning of the
e-budgeting system under martial law, it is appropriate to
analyse the experience of the Kherson territorial commu-
nity. This community experienced russian occupation in
2022 and continues to suffer from intense shelling by the
occupying forces, being located near the front line. This
case allows for a deeper evaluation of the resilience, adapt-
ability and potential of the E-DEM system under extreme
conditions. Table 3 presents the results of a comparative
analysis between the OmaStadi system (Helsinki) and the
E-DEM system (Novoiavorivsk and Kherson territorial
communities), aiming to identify directions for improving
e-budgeting systems in Ukrainian territorial communities
under full-scale war conditions.

Table 3. Comparative analysis of OmaStadi (Helsinki)
and E-DEM (Novoiavorivsk and Kherson Territorial Communities) platforms

OmasStadi (Helsinki)

Criterion

E-DEM (Novoiavorivsk

E-DEM (Kherson Community)

Community)

Participation is available to all . . )
. . - . - No information found regarding
. Active involvement of community community residents. A mobile .
Inclusiveness - . specific measures to ensure
members aged 12 and older application has been implemented . .
: . inclusiveness
for convenient access to services
Citizens can submit projects, vote
Citizen The process includes idea and mo‘nltor.lmplementat‘lon. The Local petlt.lon services, public
L L . Novoiavorivsk community has consultations, participatory
Participation submission, co-development with . « . . . 4 o
Mechanisms experts, voting and implementation introduced the “Novoiavorivsk budgeting and “Open City” are
’ SMART” mobile app, integrating integrated
E-DEM and other digital services
) . me-b mechanisms ar . )
Gamification Game-based mecha SIS are used to Not available Not available
engage participants
A high level of transparency is A ba'sm level of transpgrer}cy 18 No information found regarding
Process provided through publication of
ensured through open access to . ; - measures to ensure process
Transparency . . information on the platform and in
information at all process stages - transparency
the mobile app
The need to further engage all Low awareness among residents Low awareness among residents
Challenges and . ;
Lo community groups and improve about the platform and the need for | about the platform and the need for
Limitations . . . . .- - . .-
discussion processes adaptation to wartime conditions adaptation to wartime conditions

Source: created by the authors

A comparative analysis of the characteristics of the
OmaStadi system (Helsinki) and E-DEM (Novoiavorivsk
and Kherson territorial communities), presented in Ta-
ble 3, revealed a number of gaps in the implementation of
e-budgeting systems in Ukrainian territorial communities.
Novoiavorivsk, being a relatively peaceful and well-re-
sourced city, implemented advanced e-budgeting features,
for example, a dedicated “Novoiavorivsk SMART” mobile
app (Novoiavorivsk City Council, 2024a) that integrates the
E-DEM platform. Its residents can submit projects, vote on
them and monitor implementation conveniently via this
app and open data portal. This has led to relatively higher
engagement among local citizens. In contrast, Kherson’s
e-budgeting relies on the standard E-DEM system without
such enhancements, and its participatory budget process
lacks any mobile integration. Kherson’s platform version
shows no specific inclusion or transparency measures, like
neither multi-channel access nor detailed public dash-
boards, reflecting both infrastructural constraints and the
disruptions of a full-scale war (Kherson City Council, n.d.).
Consequently, citizen awareness and involvement in

Kherson’s participatory budgeting process remain low, ex-
acerbated by ongoing military actions.

Both communities shared certain weaknesses. Neither
Novoiavorivsk nor Kherson currently uses gamification
elements, unlike Helsinki’s OmaStadi, which actively en-
gages youth through game-like features. Additionally, both
reported low overall awareness of participatory budgeting
opportunities among residents. In sum, Novoiavorivsk lev-
eraged better digital tools, mobile app and wider criteria
of participation, to involve more citizens, whereas Kherson
suffered from limited adoption and outreach under wartime
conditions. These contrasts imply several causal insights
and lessons. The first one is that infrastructure and stabil-
ity matter. Novoiavorivsk’s infrastructure investments and
absence of direct conflict enabled smoother e-budgeting
implementation. In Kherson, conflict-related resource di-
version and population displacement hindered similar pro-
gress. The next one is that technology alone is not enough.
Even with E-DEM in place, both communities face low en-
gagement, indicating that without active promotion and
support, digital tools underperform. In addition, it is the
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fact that transition of best practices requires adaptation.
Features like gamification or mobile access (inherited from
the Helsinki model) could improve outcomes, but must
be tailored for ongoing wartime conditions, so, for exam-
ple taking into account power outages or displacement.

Based on the conducted analysis, the following di-
rections for improving participatory and e-budgeting can
be proposed. There should be enhancing inclusiveness
by ensuring the participation of all population groups,
including youth, persons with disabilities and internally
displaced persons, through targeted programmes and in-
itiatives. In addition, it is important to improve commu-
nity engagement in project development by strengthening
cooperation with experts and local authorities. This can
be facilitated by integrating e-budgeting systems with
mobile applications, thereby expanding functionality and
improving access to key information (Gavkalova & Kunit-
syn, 2024). It can be effective to make an introduction of
gamification practices, drawing from the Helsinki model, to
attract young people to e-budgeting processes. This could
enhance the system’s effectiveness by leveraging game-
based mechanisms. The next is highly important increas-
ing of transparency at all stages of the budgeting process to
improve public trust in the culture of participatory budg-
eting and digital fiscal systems (Barida et al., 2024). Final-
ly, implementation of embed rapid response mechanisms

within the budgeting process to provide timely support to
communities during emergencies.

Proposal model for improving the implementation

of e-budgeting systems

Based on the identified gaps and proposed improvement
directions for implementing e-budgeting systems in
Ukrainian territorial communities, the following points
should also be considered. The effectiveness of implemen-
tation can be achieved through the synergy of all proposed
improvement directions. Adaptability to wartime condi-
tions should be viewed as a key success factor in the cur-
rent context of full-scale war. Evaluation of improvement
efforts in e-budgeting implementation should be based on
financial indicators that demonstrate a high level of finan-
cial resilience in the community. In addition to the above
and taking into account the experience of Ukrainian com-
munities in adapting e-budgeting systems to such extraor-
dinary challenges as full-scale war (Lobodina et al., 2022),
it is reasonable to recommend that international territorial
communities consider adopting the positive practices of
Ukrainian communities. To strengthen the financial resil-
ience of Ukrainian territorial communities under wartime
conditions, this study developed a model for improving the
implementation of e-budgeting systems as an informa-
tional tool (Fig. 1).

’ EVALUATION CRITERIA FOR E-BUDGETING SYSTEM IN TERRITORIAL COMMUNITIES ‘

The level of Th:é;)cl’irln;gg;w Gamification The transparency of Challenges and
inclusiveness p pa the budgeting process constraints
mechanisms

L N

N

< L

RESULTS OF IMPLEMENTING MEASURES TO IMPROVE
THE E-BUDGETING SYSTEM IN TERRITORIAL COMMUNITIES

. . Increasing Improving the . . .
S:g:i;llrllg :f:lr;ﬁg;ga rf::r transparency and overall quality of Sttrentg_themng Ll ]]E)r_lll_iantcmg t,g?
roy ar%lmes efficiency of participatory Tus! 1r1t§coxt/§: rance alll ! yt 0 SWIttly
progr. expenditures budgeting institutions reallocate resources

<

IMPACT ON THE COMPONENTS OF THE FINANCIAL RESILIENCE OF A TERRITORIAL COMMUNITY

Improving efficiency in Enhanced management of
managing financial revenue and expenditure
resources balance

Strengthened
preparedness for rapid
response to potential
risks and shocks

Ensured adaptability to
changes in the economic
environment

Figure 1. A model for enhancing the implementation of e-budgeting system
to support the financial resilience of Ukraine’s territorial communities

Source: created by the authors

The model shown in Figure 1 is structured as a mul-
ti-level analytical framework. This model should be read
as a theory-of-change for how targeted improvements to
e-budgeting translate into measurable process perfor-
mance, near-term governance outcomes and ultimately
into the capacities of financial resilience of a territorial
community. Structurally, it links four levels: strategic di-
rections for improving the implementation of e-budget-
ing; a system of criteria to assess the effectiveness of the
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implemented improvements; the expected outcomes of
implementation; and the impact of the proposed measures
on the key components of the financial resilience of terri-
torial communities. In the Ukrainian wartime context, the
model functions as an informational and managerial tool
to align scarce administrative effort with the largest resil-
ience gains, consistent with the study’s definition of finan-
cial resilience as the ability to manage resources, maintain
budgetary balance and respond proactively to shocks.
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At the first level of the model, five strategic directions
for improving the implementation of e-budgeting are de-
fined. Enhancing inclusiveness is not only about open ac-
cess, since it requires targeted design for hard-to-reach
groups, for example internally displaced persons, persons
with disabilities, elderly and the youth. Operational meas-
ures include multi-channel participation, accessibility
compliance, multilingual interfaces (Ukrainian, Crimean
Tatar, English, Polish, Romanian, Slovakian, Hungarian),
and assisted submission points via social service centres. In
war-affected communities, inclusiveness also entails flex-
ible identity verification for residents with damaged docu-
ments and temporary residence. Active citizen engagement
in project development shifts participation upstream from
voting to co-design. Effective practices include budget-lit-
eracy micro-courses and moderated deliberation that re-
duces elite capture and aligns projects to legal/engineering
standards. Embedding these practices in the e-budgeting
workflow increases the share of implementable propos-
als while reducing downstream procurement bottlenecks.
Gamification of participatory budgeting is treated as a
means, not an end. Appropriate use involves short “quests”
that mirror the real process, for example completing a
needs-assessment quiz to unlock a project-draft tem-
plate, transparent badges for constructive behaviours, like
peer-review or evidence provision, and community-level
leader boards tied to non-monetary recognition, thereby
avoiding perverse incentives. Properly tuned, gamification
raises engagement from younger cohorts without dilut-
ing deliberative quality. Ensuring transparency across the
budgeting cycle means having an easy-way accessibility to
all the stages of budgeting cycle for community member. It
means that community member should have an access to
detailed information about projectidea, its technical review,
costed shortlist, contract details, implementation flow, and
be able to participate in post audit. In addition, it is impor-
tant to highlight, that linking e-budgeting data to procure-
ment and treasury events creates traceability from vote to
expenditure, which also has a potential to increase trans-
parency. Providing a rapid response to community needs
embeds agility in the platform: emergency tranches with
shorter cycles, delegated thresholds for micro-allocations,
geo-tagged incident reporting integrated with civil protec-
tion and pre-approved “shelf projects” ready for immediate
launch are good to have for an effective e-budgeting sys-
tem. In frontline or de-occupied communities, this reduces
the latency from community signal to budgetary action.

The second level of the model presents a system of
criteria to assess the effectiveness of the implemented im-
provements. Each direction is mapped to observable, au-
ditable indicators that can be tracked within the platform
and through administrative data. The level of inclusiveness
can be measured via coverage ratios, for example, share of
active users among eligible residents or participation rates
by different dimension based on provided users’ personal
information. In addition, accessibility metrics like share
of submissions via assistive channels or completion rates
on mobile vs. desktop can be also useful to properly de-
termine the level of inclusiveness in territorial community.
Citizen participation mechanisms are assessed by process
quality: conversion rates as percentage of ideas, which
turned to real proposals, average review time, number and

completion of co-design sessions or proportion of success-
ful proposals with documented evidence, like photos or
cost sheets. Gamification could be evaluated using engage-
ment depth, like median session length and repeated par-
ticipation across cycles. Also, contribution quality, which
is measure by peer-review helpfulness scores, and drop-off
analysis to ensure that “points” do not crowd out deliber-
ation, can be helpful to properly measure gamification’s
level of implementation. Transparency can be measured
by presence of itemised costs and contracts, which are evi-
dence of each step in a pipeline. Challenges and constraints
could be explicitly recorded: platform uptime, cyber-in-
cidents, staff hours per cycle, legal exceptions used and
energy/connectivity disruptions. These indicators enable
a diagnostic dashboard and support the construction of a
composite performance index using normalised scores with
transparent weights calibrated to community priorities.
The third level of the model (Fig. 1) focuses on the ex-
pected outcomes of implementation. Increasing transpar-
ency and efficiency of expenditures translates into fewer
off-cycle budget amendments, lower variance between
approved and executed project costs and higher audit pass
rates. Improving the overall quality of participatory budg-
eting is seen in a rising share of technically viable pro-
posals, stronger geographic equity of funded projects and
higher completion rates on time and on budget. Strength-
ening public trust is evidenced by repeated participation
across cycles and favourable trust-in-local-government
survey scores. Securing funding for socially significant pro-
grammes is reflected in the proportion of projects aligned
with social protection, education, health and basic infra-
structure. Enhancing the ability to swiftly reallocate re-
sources becomes visible through shorter cycle times and
the successful activation of emergency tranches without
breaching fiscal rules. These results are the near-term
“transmission belt” that carries process improvements into
fiscal resilience effects. At the fourth, the model illustrates
the impact of the proposed measures on the key compo-
nents of the financial resilience of territorial communities.
Enhanced management of revenue-expenditure balance
arises from better project costing and fewer failed imple-
mentations, improving predictability of cash flows and
limiting waste. Ensured adaptability to economic changes
could be achieved by institutionalising data-driven repri-
oritisation and emergency micro-cycles that keep service
delivery responsive under constrained revenues. Strength-
ened preparedness for rapid response follows from pre-vet-
ted projects, integrated geo-data and clear mandates for
the main responsible actors. Improving efficiency in man-
aging financial resources reflects transaction cost reduc-
tions, tighter procurement alignment and evidence-based
sequencing of investments. Together, these channels re-
inforce the credibility of local public finance, facilitate ac-
cess to intergovernmental transfers and donor funds, and
reduce the risk of fiscal distress under wartime volatility.
It is important to note that the proposed model is built
upon a logic of step-by-step interaction among its compo-
nent levels. The improvement directions outlined at the
first level serve as prerequisites for the formation of certain
qualitative characteristics of electronic budgeting, which
are presented at the second level of the model in the form of
assessment criteria. The application of the criteria defined
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at the second level directly influences the achievement of
third-level outcomes, such as increased transparency of
expenditures, improved funding of social programmes and
strengthened trust in local authorities. These outcomes, in
turn, act as transmitters of influence on the financial re-
silience of territorial communities, which is represented at
the fourth level. It should be emphasised that the outcomes
achievable at the third level ensure better resource man-
agement, revenue-expenditure balance and community
preparedness for crisis situations. Thus, the model reveals
a cause-and-effect relationship: initiatives at the respec-
tive levels of public governance trigger structural shifts in
the budgeting process, which ultimately lead to enhanced
financial adaptability and resilience of communities, in-
cluding under wartime and post-war conditions.

Several barriers may hinder the efforts to improve the
effectiveness of electronic budgeting systems in Ukraine’s
territorial communities. As noted by H. Voznyak et
al. (2024), technical limitations, such as insufficient access
to modern technologies and infrastructure, remain a chal-
lenge in many regions. Another major issue is the low level
of digital literacy, both among citizens and local govern-
ment representatives. In addition, there is often resistance
to innovation, driven by entrenched traditional budgeting
practices. To overcome these challenges, H. Voznyak et al.
suggests implementing the following comprehensive meas-
ures. First, invest in the development of digital infrastruc-
ture to ensure reliable internet access in every community.
Second, organise digital literacy training programmes for
both officials and residents. Third, foster cultural change
by demonstrating the advantages of digital solutions and
involving stakeholders in the implementation process.
Fourth, strengthen the legal and regulatory framework to
ensure transparency, accountability and citizen participa-
tion in the budgeting process. These measures aim to over-
come the outlined barriers and enhance the implementa-
tion of electronic budgeting systems.

Therefore, electronic budgeting should be viewed not
only as a technical and economic tool but also as a critical
mechanism for democratising governance, increasing pub-
lic finance transparency and strengthening the financial
sustainability of communities. This is especially relevant
in the context of Ukraine’s reconstruction, where the effec-
tiveness of local self-governance determines not only the
quality of life of citizens but also the long-term stability
of the country as a whole. Electronic budgeting systems
can form the foundation for a new culture of interaction
between the state and citizens, one that reflects the real
needs of communities and supports their sustainable de-
velopment. The proposed model not only enables a struc-
tured assessment of the current state of electronic budget-
ing in a community but also provides practical guidance for
its improvement. It integrates technological, economic and
social components, offering a systemic vision of the inter-
connection between digital participation tools, the quality
of the budgeting process and the long-term financial ca-
pacity of the community. This is particularly relevant in the
context of high uncertainty and limited resources caused by
the ongoing full-scale war and represents a novel, flexible
approach to public administration. Obtained results res-
onated with and extend recent international research on
digital participatory budgeting, community resilience and
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e-budgeting. B. Shin et al. (2024) catalogued digital partic-
ipation tools and found that many e-budgeting platforms
facilitate citizen-to-government information flow, but suf-
fer from limited accountability features. Novoiavorivsk’s
system provides open data and project tracking for partial
transparency, whereas Kherson’s platform offers minimal
feedback mechanisms — mirroring B. Shin et al. conclu-
sion that “prominent deficiencies” remain in showing cit-
izens how decisions are made. Similarly, V.R. Levesque et
al. (2024) research showed in rural Maine that municipal
digital services enhance community resilience during cri-
ses. The results of research extended this by demonstrat-
ing a concrete fiscal example: communities with more
developed e-budgeting tools (Novoiavorivsk territorial
community) were better able to engage stakeholders and
maintain budget functions, suggesting stronger resilience.
V.R. Levesque et al. confirm that more extensive digital
services (information portals, online transactions, e-de-
mocracy) correlate with greater resilience, which aligns
with recommendation that robust e-budgeting is a resil-
ience-building strategy.

Several studies emphasise that governance context
and digital divides shape outcomes. For instance, S. Ko-
zaman Aygiin & T. inal Cekig (2025) made hypothesis that
e-participation can widen inequalities if not everyone can
engage online. This finding reflected in Kherson’s low par-
ticipation under martial law, where many citizens lack se-
cure Internet connection or digital literacy. The results of
research correlated with A.M. Oriol (2024) formulation that
“no universal e-budgeting system” exists and solutions
must fit local needs, particularly in crisis. H. Voznyak et
al. (2024) focused on Ukraine’s war context and found that
well-designed budgetary instruments can largely preserve
community resilience. In line with them, there is an obser-
vation that neither Kherson nor Novoiavorivsk saw cata-
strophic budget collapse despite war. Financial stability of
these communities was maintained via central transfers
and local flexibility. H. Voznyak et al. reported that 90% of
communities’ resilience remained stable when defence-re-
lated tax shifts occurred, supporting inference that adap-
tive budgeting frameworks, like emergency funds, helped
shield communities from full disruption. On the other
hand, some research highlights challenges not fully ad-
dressed by technology alone. M. Bisogno et al. (2022) stress
that e-participation boosts transparency but must be cou-
pled with accountability frameworks. The research we’ve
done, studied similarly notes that transparency gains from
e-budgeting, for example, public visibility of projects, re-
quire institutional support to translate into trust and civ-
ic action. T.A.N.N. Susanti Oktaviani & C. Kuntadi (2022)
emphasised leadership and resources in e-budget adop-
tion, while it was determined, that Novoiavorivsk’s pro-
active leadership, for example, pushing a mobile app and
outreach, contrasts with Kherson’s more reactive stance.
This suggests that capacity-building, which is based on
trained officials and funding for tech, is essential. This
conclusion echoed in the actual literature. Contributions of
this study include a war-time perspective: even under ex-
treme shocks, maintaining participatory budget practices
can support resilience, provided they adapt to emergency
needs. Globally, the discourse on e-participation and resil-
ience is evolving. Recent works emphasise digital inclusion
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and local empowerment. This vision was extended by ex-
plicitly linking e-budgeting design to community financial
endurance during the deepest kind of crisis. Upon criti-
cal reflection it was noted that most scholarship assumes
peacetime conditions case highlights that during full-scale
conflict, priorities shift and digital tools, like e-budgeting
systems, must be agile.

o CONCLUSIONS

The conducted study allows to conclude that electronic
budgeting is not only a tool for the digital transformation
of public administration at the local level, but also one of
the mechanisms for ensuring the financial resilience of
territorial communities in times of crisis. In examining
the digital tools of electronic budgeting in Ukraine’s ter-
ritorial communities, it was found that this domain is not
merely a technological innovation but forms part of the
broader process of public sector digitalisation under the
ongoing decentralisation reform. In the current context,
particularly amid full-scale war and the imperative for ef-
fective post-war recovery, enhancing the transparency of
the budgeting process, engaging citizens in decision-mak-
ing and fostering trust between government and society
are critically important.

An analysis of existing Ukrainian electronic budgeting
platforms has shown the gradual introduction of digital
solutions into public finance management. Each of these
systems has its own specificity, functional features and lev-
el of integration with local government bodies. The particu-
lar value is the experience of Helsinki, where the OmaStadi
platform operates on the open-source software Decidim,
offering a flexible setup of citizen participation tools. At
the same time, several barriers hinder the full realisation
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BUK/INKiIB. MeTOmOJIOTiSI MOCTiAKeHHS] TPYHTyBajacsl Ha IO€OHAHHI CUCTEMHOTO, IOPiBHSUIBHOTO Ta CTPYKTYPHO-
(byHKITiOHAIBHOTO aHasIi3y, @ TaKOXX Ha TMOPIBHSIHHI MisKHAPOZHMUX MPAKTUK, 30KpeMa (iHcbkoi cuctemn OmaStadi Ta
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YIIPOBaKeHHS IIMMPOBYUX iIHCTPYMEHTIB OI0/KeTYBaHHS B YKpaiHi, cepe[ IKuX: HU3bKMIi piBeHb IIMGPOBOI paMOTHOCTI,
HemocTaTHSl iHQpacTpykTypa, cnabka 3aaydeHiCTh Bpas3JMBMX TPYN HACeIeHHS OO MPOIECiB MapTUCUIIATUBHOTO
610K TYBAHHSI Ta BiICYTHICTb iIHTErpOBaHUX MOBITbHIMX cepBiciB. ISl migBuileHHS GiHAHCOBOI CTiMKOCTi TEpUTOPiaTbHUX
rpomMaj y KpM30BUX Ta BOEHHMX YMOBaXx 3alIpOIIOHOBAaHO 6araTopiBHEBY MOZE/b YIOCKOHAIEHHSI CUCTEMY eJIeKTPOHHOTO
OI0KeTYBaHHS. BOHa OXOIUTIOE HATIPSIMU PO3BUTKY ITPAKTUK MAaPTUCUTIATUBHOTO GIO/IsKeTYBaHHS, CUCTEMY iX OI[iHIOBaHHS,
OUiKyBaHi pe3yabTaTy BITPOBAIKEHHSI MOJIeNi Ta ii BIUIMB Ha KIIOYOBI CKIamoBi GiHaHCOBOI CTilfkoCTi. 3aporoHoBaHa
MOJIeTb YIOCKOHAJIEHHST BITPOBAKEHHS CUCTEM €JIeKTPOHHOTO OIOKeTYBAaHHS /ISl MiATPUMKY (GiHAHCOBOI CTiiiKOCTi
TepPUTOPiaIbHMUX MAa€ MOTeHIlial ITPOAEeMOHCTPYBATH, SIK HATIPSIMU BIOCKOHAIEHHS BIVIMBAIOTh HA KPUTEPii eIeKTPOHHUX
OIOMIKETHUX CUCTEM, 1[0 TIPU3BOAUTD A0 SIKICHUX pe3y/bTaTiB. [IpakTMYHEe 3HaUE€HHST JOC/TiIKEHHS MTOJISITa€ Y MOSKIMBOCTI
3aCTOCYBaHHSI aJaliTUBHOI MOJIesi eleKTPOHHOTO 610/ KeTyBaHHSI OpraHaMi MicLieBOro CaMOBPSIAYBaHHS, iIHCTUTYTaMMU
IPOMAaJSIHCbKOTO CYCIiZIbCTBA, aHATITUUHMMU LIEHTPaMM Ta Aep>KaBHUMMU IHCTUTYILISIMMU, SIKi 3[i/ICHIOIOTh MOHITOPUHT
(hiHaHCOBOI JisUIBHOCTI TepUTOpiaIbHUX TPOMa,
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Abstract. The relevance of the study was determined by the need to take into account energy consumption costs, which
are a significant item in the cost of production, when making management decisions. The aim of the study was to improve
the formation of management decisions based on the assessment of a modified indicator of equipment efficiency, which
takes into account the level of energy consumption (OEEe). The methodological basis of the study included the use of
methods of analysis and synthesis, comparison and generalisation, visualisation of empirical data based on a diagram
of the dynamics of the components of the overall equipment effectiveness indicator using the example of a company
that manufactures packaging products for the first half of 2025. This gave grounds to argue that it is necessary to more
fully assess the resource and economic efficiency of equipment by introducing an additional component, “E — energy
efficiency”, which reflects the ratio of minimum and actual energy consumption in the production of a unit of output.
Using the example of calculating OEEe for a production line for the manufacture of aluminium tubes, it was established
that, with comparable values of overall equipment efficiency, there may be significant differences in specific energy
consumption costs, which directly affects the cost and profitability of products. The results of the analysis proved that
the main source of energy losses is an increase in the number of equipment changeovers required to fulfil small-volume
orders. It is proposed to use the OEEe indicator for making management decisions aimed at optimising the production
programme, managing the order portfolio, justifying investment decisions and forming a staff motivation system. The
practical significance of the research results lies in the fact that the OEEe indicator can be used as a tool to increase energy
efficiency, identify hidden economic losses, and integrate the indicator into the management reporting system

Keywords: management; production cost; equipment performance; changeovers; energy efficiency; specific energy
consumption

¢ INTRODUCTION

The main goal of managers of any enterprise is to increase
its profits. One of the ways to achieve this in a manufactur-
ing enterprise is to increase performance and production ef-
ficiency. Equipment is an important part of the production
system, and both the level of labour productivity and the
quantity, quality and cost of goods produced on it directly

depend on the efficiency of its use. The simplest indicator
for assessing the efficiency of equipment use is the ratio
of productive equipment usage time to planned production
time. However, calculating this indicator does not allow
for the identification of production losses and analysis of
equipment or production line performance. The overall
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equipment effectiveness (OEE) indicator has become more
widely used among scientists and managers. OEE tools are
widely used as key performance indicators (KPIs), which, in
combination with lean manufacturing technologies, allow
companies to increase their competitiveness. Scientists
L.d.C. Ng Corrales et al. (2020) used analysis of information
from electronic scientific databases to study the evolution
of the OEE indicator, the frequency and results of its use.
At that time, they counted 847 documents and scientific ar-
ticles, which proves the great interest of scientists in this
issue. This interest has actively increased since 2015 and
has covered not only publications devoted to technology
and production issues, but also management, business de-
velopment, logistics, etc. Over time, companies in various
industries have also tried to adapt the OEE indicator to the
specifics of their production or developed new modifica-
tions of the indicator.

According to researchers F.A.S. Piran et al. (2020), in-
creasing the level of equipment utilisation efficiency can
also increase the competitiveness of a company. Thus, they
proposed comparing the results of a comprehensive analy-
sis of performance and overall production efficiency (DEA/
OEE). As a result, they found that managers’ actions aimed
solely at improving the OEE indicator reduce the efficien-
cy of operations by increasing resource consumption, do
not necessarily increase production levels, and may even
reduce technical efficiency. Based on the calculation of the
OEE indicator, researchers E.T. Prasetio & A. Oktora (2024)
proposed to identify the causes of inefficient equipment
use and reduced performance when using a moulding ma-
chine. To do this, they first used a Pareto chart, which was
compiled based on values for six major losses and allowed
to establish that in 81.6% of cases, equipment problems
are related to breakdowns, reduced operating speed, and
equipment configuration issues. The authors then used the
principles of cause-and-effect decomposition borrowed
from the Ishikawa method and comprehensive analysis
to identify the main problems leading to losses in are-
as such as equipment, methods, personnel, materials and
machines. I. Kustiyawan et al. (2023) used the OEE indi-
cator to determine the efficiency of automated packaging
machines with a tracking system using two-dimensional
barcodes and proposed ways to improve it. Their research
was conducted for a company that manufactures pharma-
ceutical packaging. The authors calculated the three main
components of the OEE indicator and identified two main
problems for each of them. As a result, six major losses
were identified: breakdowns, planned downtime, idle time
and minor stoppages, speed losses, product shortages, and
start-up deviations. Based on the assessment of the val-
ues of these losses, the authors constructed a “fishbone”
diagram and identified the root causes of problems on the
automatic packaging line, which made it possible to reduce
its unproductive labour time.

The use of the OEE indicator to reduce costs in additive
manufacturing was considered by S. Basak et al. (2022). In
doing so, they retained the traditional structure of the OEE
indicator and adapted it to the specifics of their produc-
tion. The authors also presented management ideas that
can maximise the efficiency of the additive manufacturing
process using the OEE indicator. There is also a trend in
scientific literature that studies the efficiency of equipment

use without the help of the OEE indicator. For example, re-
searchers N. Safonik & V. Vatashchuk (2023) analysed the
features of increasing the efficiency of reproduction and
use of fixed assets of an enterprise using the depreciation
coefficient, suitability coefficient, return on assets, capital
intensity and capital-labour ratio indicators. N. Lutska et
al. (2024) proposed to evaluate the efficiency of the use of
fixed assets of an enterprise based on an analysis of their
technical condition using the renewal, disposal, growth,
depreciation and suitability coefficients, as well as using
indicators of return on assets, capital intensity, profitabil-
ity and net profit. Researcher O. Iastremska (2023) linked
the efficiency of equipment use to the number of defec-
tive products and the need to manage product quality. Pa-
reto analysis was used to analyse the situation and justify
proposals to reduce product defects, and an Ishikawa dia-
gram was used to identify the relationships between fac-
tors. Thus, despite the considerable interest of scientists
in issues related to the efficiency of equipment operation,
a number of issues remain unresolved, namely: the ener-
gy consumption of equipment is not taken into account,
which is relevant in the context of rising tariffs; many pro-
posals for improving the OEE indicator focus only on the
technical aspects of equipment use and do not take into
account the fact that problems may be related to imperfect
planning of the production programme or insufficient mo-
tivation of employees. The aim of this study was to improve
the management decision-making mechanism by evaluat-
ing a modified equipment efficiency indicator that takes
energy consumption parameters into account. Identifying
and solving problems related to low levels of this indicator
will enable managers to increase labour productivity and
equipment efficiency at manufacturing enterprises.

e MATERIALS AND METHODS

The study was conducted based on the processing of sta-
tistical data for “Tube Plant” LLC. The selection of this en-
terprise is due to the fact that it is one of the most well-
known companies manufacturing packaging products for
the pharmaceutical and cosmetic industries, not only in
Kharkiv but in Ukraine as a whole. Furthermore, the com-
pany’s products are actively used by European companies
located in Spain, Italy, Latvia, and elsewhere. Despite the
crisis years, the enterprise not only continues to operate
but is also actively developing.

The production line for the manufacture of aluminium
tubes was considered as the object of the study. The line
consists of seven technological sections that sequentially
perform operations (turning, trimming, internal and exter-
nal lacquering, printing, applying a latex ring, and screwing
on caps). Production is small and medium-scale, which is
associated with frequent equipment changeovers. To as-
sess the prerequisites for the current level of availability of
the production system, retrospective and historical analy-
sis of operational data was used. The analysis covered the
period 2019-2023 and was based on the company’s internal
reporting on the volume and structure of orders, the du-
ration of production cycles and the number of equipment
changeovers, obtained by the authors. Particular attention
was paid to the period after 2022, which was characterised
by the company’s entry into European markets and an in-
crease in the share of small-batch orders. Changes in the
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structure of orders were assessed through a comparative
analysis of average batch sizes, start-up frequency and
downtime, which made it possible to identify their impact
on equipment availability.

The calculations used the following statistical data
of the enterprise for the first half of 2025, which made it
possible to determine the volumes of high-quality and de-
fective products, the planned and actual operating time of
the equipment, and its downtime. The analysis of equip-
ment utilisation efficiency was carried out using the overall
equipment effectiveness indicator, which consists of three
components: operational readiness (availability) of the
working operation, efficiency (performance) of the working
operation, and quality coefficient (Chikwendu et al., 2020).
The relationship between these components can be repre-
sented by the following formula:

OEE=AxPxQ, (1)

where A - availability; P - performance; Q — quality. Op-
erational readiness (availability) of a working operation
is defined as the proportion of time when the equipment
produced or could have been producing output, i.e. was in
working order. Availability makes it possible to compare
the time during which the equipment was actually used
with the time during which its use was planned. This indi-
cator is calculated using the following formula:

A= tactual (2)

’
tplanned

where ¢, - actual production time; Canned ~ planned pro-
duction time. Efficiency (performance) of the working op-
eration is the proportion of time defined as the actual time
spent on production at the maximum (ideal) speed for the
given equipment. It can also be defined as the ratio of the
quantity of output actually produced to the maximum pos-
sible quantity that could have been produced on the given
equipment. The performance indicator takes into account
losses associated with reduced production speed due to
equipment wear, the use of materials of inadequate quality,
or the influence of human factors. This indicator is calcu-
lated using the following formula:

P - Vac[ual, (3)

Vinax

where V. - the quantity of output actually produced;

V ..~ the maximum possible quantity of output that can be
produced on the given equipment. The quality coefficient
shows the share of acceptable output in the total produc-
tion volume of the line. It compares the number of units
that have passed quality control with the total number of
units produced on the given equipment. This indicator is

calculated using the following formula:

—_ unalizy 4
Vactual’ ( )
where V, .- the quantity of quality products; V,,, — the

quantity of products that were actually manufactured. Sta-
tistical and economic analysis methods, a systematic ap-
proach, and scientific generalisation were used to justify
the methodology for calculating the overall equipment ef-
fectiveness indicator, taking into account energy efficiency.
The efficiency of equipment use was assessed based on a
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modified overall equipment effectiveness (OEEe) indica-
tor, adapted to the conditions of small-batch production
with a high frequency of changeovers. The OEEe calcula-
tion was based on the classic OEE structure, but the inter-
pretation scale was adjusted to take into account industry
specifics and real limitations of the production system.
The efficiency level assessment intervals were determined
based on benchmarking analysis of companies with simi-
lar types of production, as well as analysis of internal his-
torical dynamics of indicators. In particular, the range of
50-79% was classified as “typical functioning” because, in
conditions of high order variability and frequent change-
overs, achieving values typical of classic mass production
(65-85%) is structurally limited. Values below 50% were
interpreted as low efficiency, indicating systemic losses in
availability, performance or quality. It is proposed to cal-
culate the “E - energy efficiency” component as the ratio
of the minimum required energy consumption per unit of
output (under ideal conditions) to the actual energy con-
sumption per unit of output:

E .
F= i, 5)
Eqctual
where E . - minimum energy consumption per unit of out-
put; E,_, , — actual energy consumption per unit of output.

Minimum energy consumption per unit of output is calcu-
lated as the ratio of minimum energy consumption to max-
imum possible output. Actual energy consumption per unit
of output is determined as the ratio of energy consumed to
actual output. Then the formula for calculating the equip-
ment efficiency indicator, taking into account energy effi-
ciency, is as follows:

OEEe=OEExE=AxPxQxE, (6)

where OEEe - overall equipment effectiveness, taking into
account energy consumption; E - energy efficiency. The
global standards for the components of the OEE indicator
are as follows: availability - 90%, performance — 95%, qual-
ity — 99%, which results in an OEE value of 85% (Chikwen-
du et al., 2020; Kliment et al., 2020). The calculated value
of the overall equipment effectiveness indicator can also be
compared with reference values: 100% — ideal level, equip-
ment operates quickly and without errors; 85% — global
level, which is a long-term goal for many companies; 65% —
typical level, which indicates opportunities for improving
equipment utilisation; 40% - low level, which is usually
found in companies that have not previously paid attention
to equipment utilisation efficiency.

To form a scale for determining the level of production
efficiency based on the OEEe indicator, the method of struc-
tural-parametric synthesis was used. This method is based
on the structure of OEEe as the product of the elements
of availability, performance, quality and energy efficiency.
Since each of these elements is limited to the range [0;1]
and does not reach its maximum in real conditions, the up-
per limit of OEEe was determined as the limit value corre-
sponding to the minimum technological and energy losses.
On this basis, high, medium and low OEEe intervals were
identified, reflecting different types of losses and equip-
ment operating modes. As already noted, each component
A, P and Q has its own stable range. The maximum value
of the energy efficiency component E is 95% (Patterson et



Velyka & Kozlova

al., 2023). It follows that even with good production organ-
isation, the maximum achievable value of OEEe can be:

OEEe, , =0.90 x 0.95 x 0.9 x 0.95=0.80.

Thus, an OEEe value above 0.80 corresponds to modes
with minimal energy and time losses, while values below
0.50 indicate the presence of systemic losses. The result-
ing scale is the result of a parametric interpretation of the
OEEe model, rather than an empirical comparison, which
makes it reproducible and applicable to different types of
equipment. The main purpose of calculating the OEEe in-
dicator is not so much to compare its value with the pro-
posed standards, but rather to identify the reasons for the
low efficiency of equipment use at the enterprise and to
formulate management decisions to improve the situation.
Thus, it is necessary to constantly monitor the dynamics of
this indicator, identify the causes of losses and respond to
them promptly. The information obtained should be accu-
mulated and provided to the enterprise manager for analy-
sis in the form of graphs.

To determine the factors that influence the level of
the OEEe indicator and its components, the principles of
cause-and-effect analysis based on the logic of the Ishika-
wa methodology were used. Classic graphical “fishbone”
diagrams were not constructed because many factors are
interrelated and may influence several components of the
OEEe indicator simultaneously. However, the structure of
factors was formed according to similar principles of cause
decomposition, which made it possible to systematically
identify the key loss factors for each component and show
their interrelationship. To establish the correspondence
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between the results of the OEEe calculation and manage-
ment decisions, a method of analysis and synthesis was
used, which took into account the factors affecting this
indicator and the results of observations of equipment op-
eration. For each component of the OEEe indicator, typical
situations that affect its value were identified. The method
of analytical generalisation was used to establish possible
causes and practical management measures that reflect the
relationship between changes in the OEEe indicator and
decisions that managers can make to improve equipment
performance.

e RESULTS

The overall equipment effectiveness indicator allows for
the analysis of performance losses and the identification of
problem areas in production. It provides an answer to the
most important question for a company manager: how to
quickly and significantly increase output without increas-
ing production capacity. The OEE indicator can be used in
established operating modes, mainly for mass, large-scale
and serial production. The advantage of using this indicator
is its comprehensive nature and the ability to identify the
causes of low equipment efficiency. The overall equipment
effectiveness indicator can also be used to track changes in
its dynamics, compare its values for different similar types
of equipment, or compare its values for the same type of
equipment but in different shifts. Calculations of the over-
all equipment effectiveness indicator for one of the enter-
prise’s production lines (Fig. 1) showed that it corresponds
to typical production (for typical production, the indicator
values should be between 65% and 85%).

69 69 71

April 2025 May 2025 June 2025

Figure 1. OEE - overall equipment effectiveness for “Tube Plant” LLC, %

Source: developed by the authors

Considering the individual components of the overall
equipment effectiveness indicator (Fig. 2), it can be seen
that the highest values were for the “Q - quality” compo-
nent. The share of quality products in the total produc-
tion volume is 95-96%, i.e. 4-5% of products are defective.
It should be noted that during the production process, at
various stages, part of the manufactured products (about
2%) was selected for quality control, which is a requirement
of the technological process. Thus, the actual amount of
products manufactured that were of inadequate quality
accounted for 2-3% of total production. The “P — perfor-
mance” component also had quite high values, amounting
to 92-98%, i.e. 2-8% of time losses were associated with
short downtimes that did not require the intervention of
repair personnel (minor malfunctions, material interrup-
tions, tool cleaning, etc.) or with natural factors reducing

performance (fatigue deformation of parts, equipment
wear, i.e. everything that reduced the rated performance).
The biggest problems at the enterprise that led to a
decrease in equipment efficiency were identified in com-
ponent “A - availability”. The availability indicator was 67-
78%, meaning that 22-33% of time was not spent on direct
production, but was lost due to unscheduled and scheduled
downtime. Unplanned downtime at the enterprise includ-
ed stoppages for tool and fixture replacement, equipment
breakdowns, lack of materials, the need to replace paint or
printing plates due to poor-quality printing, and similar
issues. Planned or start-up downtime included line stop-
pages for changeovers to produce items of different sizes.
Since 2022, following the company’s entry into new
European markets, the number of small-volume orders
has increased, each requiring time for changeovers. This
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became the main reason for the low values of the “A -
availability” component, leading to less efficient use of
equipment. It should also be noted that the equipment
was not switched off during changeovers and continued to
consume electricity, the share of which in production cost
was relatively high, amounting to 11-14%. The overall effi-
ciency of the equipment does not directly take into account

100

electricity losses. However, as a result of downtime, short-
ages or re-adjustments (i.e. when any of the OEE compo-
nents decrease), specific energy consumption increases
because electricity is used inefficiently. That is, when as-
sessing the efficiency of equipment use, it is also advisable
to consider energy efficiency as another aspect of losses,
along with losses in availability, performance and quality.
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Figure 2. Components of overall equipment effectiveness for “Tube Plant” LLC

Source: developed by the authors

If only the OEE indicator is used to assess the efficien-
cy of equipment, it is possible to take into account losses in
time, speed or quality. However, in modern production con-
ditions, it is also necessary to take into account resource
losses associated with energy consumption. A critical situ-
ation for management is when the share of electricity costs
in the cost structure is constantly growing, not only due
to the constant increase in tariffs, but also due to the in-
efficient use of equipment, which leads to an increase in
energy consumption. If energy consumption costs are not
taken into account when calculating OEE, this can lead to
a situation where two production periods with the same
OEE values can have completely different financial results
due to different specific energy costs. In other words, the
overall equipment effectiveness indicator does not provide
a complete picture, limiting managers’ ability to assess the
real impact of production decisions on costs and profits.

Taking into account the “E - energy efficiency” com-
ponent when calculating OEE made it possible to integrate

another key factor into the production management sys-
tem - the energy component of the cost price. This gave
managers the opportunity to evaluate production effi-
ciency not only in terms of volume and quality, but also
in terms of production costs. They were also able to iden-
tify hidden financial losses associated with the irration-
al organisation of equipment operation (e.g., as a result
of frequent changeovers), justify changes in the policy of
forming the order portfolio and production plan taking
into account energy efficiency, and make investment deci-
sions based on more comprehensive indicators. Thus, the
transition from the OEE indicator to the overall efficiency
indicator, which takes into account energy costs, is a log-
ical development of the equipment efficiency assessment
methodology. This has ensured a closer link between pro-
duction indicators and the strategic management goals of
the enterprise. It was proposed to use the following scale
to determine the level of production efficiency based on
the obtained OEEe values (Table 1).

Table 1. Scale for determining the level of production efficiency based on the OEEe indicator

Perfect production 100% Ideal equipment operation without energy losses
World-class production 80-99% Equipment operates with minimal energy losses; settings, loading and planning are optimal
Typical production 50-79% Moderate energy losses associated with changeovers, downtime or unstable loading
Low level of production 30-49% Systemic energy losses, high proportion of long changeovers and frequent transitions
efficiency ° between orders

Source: developed by the authors

To calculate the OEEe value for the production line,
the minimum energy consumption per unit of output was
first determined. For the enterprise under review, the term
“energy consumption” refers to electricity consumption,
i.e. the consumption of electrical energy in kW per hour.
This approach was due to the fact that the production line
uses electricity as its main energy source, while other types
of energy (heat, gas, steam) are not used in the production

24 « Development Management. 2025. Vol. 24, No. 4 «

process. Accordingly, when calculating E,__ , the best oper-
ating conditions of the equipment were taken into account,
namely, the adjustment of the line for the production of
one order and its continuous production during two shifts.
Under these conditions, the highest energy consumption
occurred during the warm-up and adjustment of the equip-
ment, which lasted an average of two hours. Then, energy
consumption decreased and averaged 150 kW per hour. The
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maximum possible output was determined taking into ac-
count the speed of the equipment (80 units/min) and the
operating time of the line. As a result, it was determined
that in the analysed period, the overall efficiency of the
equipment, taking into account energy efficiency, was 41-
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52%, which corresponds to a low level of production effi-
ciency (Fig. 3). That is, if the OEE values indicated that the
production level was typical, the OEEe values already indi-
cate its low level. This is due to the low values of the “E — en-
ergy efficiency” component, which ranged from 60 to 83%.

4 49
l8 ] l
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Figure 3. OEEe - overall equipment effectiveness taking into account energy efficiency for “Tube Plant” LLC, %

Source: developed by the authors

To determine the reasons for the deterioration in OEEe
values, changes in each of its components were examined,

as well as the factors that influenced them. To this end, it is
proposed to use the diagram shown in Figure 4.

Downtime duration

OEEe

Actual time

A - availability

Number of working days

™

Standard time

Number of shifts per day

Actual production
volume

Shift duration

P - performance

Maximum production
volume

Line productivity

Number of changeovers

Changeover duration

Q - quality —

Quantity of acceptable
output

E - energy efficiency

Minimum energy
consumption per unit
of output

Technical condition of
equipment and tooling

Quality of raw materials

Staff qualifications

Actual energy
consumption per unit
of output

Line capacity

Stability of energy supply

Figure 4. Factors affecting the level of OEEe

Source: developed by the authors

The above factors prove that changes in the overall ef-
ficiency of equipment, taking into account energy efficien-
cy, are directly related not only to the technical parameters
of the equipment itself, but also to the organisation of the
production process. It is important for managers to translate

the calculated values of the indicator into practical actions.
For this purpose, it is advisable to use Table 2, which shows
the relationship between the results of the OEEe calcula-
tion, the identified key problem areas of OEEe, and possi-
ble management decisions that can be made on their basis.
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Table 2. Key management decisions based on OEEe calculation results

Decrease in OEEe value
with stable OEE level

Interpretation

The equipment formally operates

(e.g., due to frequent changeovers or
partial loading)

without downtime or defects, but actual
energy consumption exceeds the norm

Management decision

review the order portfolio in favour of consolidating batches,
combining small orders by type and size;
optimise the production programme to reduce the number of
changeovers;
introduce the “energy load” criterion when planning the
production programme

Increase in OEEe value
after combining orders

or changes in production .
energy consumption

Improvements in the organisation of the
production process have reduced specific

approve the new planning algorithm as a standard;
introduce OEEe into the KPI system for economists in the
planning department and line managers;

schedules use OEEe calculations to justify minimum order sizes
optimise the production programme to maximise the
Different OEEe values Identification of “energy-intensive” utilisation of energy-efficient machines and lines;
on different machines or areas where actual specific energy consider the feasibility of replacing equipment with low OEEe
lines consumption is higher with more efficient equipment;

use OEEe to justify investment projects

The increase in production costs is
associated with increased energy
consumption, rather than direct

production losses

Correlation between OEEe
level and product cost

include the OEEe indicator in the management reporting
system;
take energy costs into account when calculating the cost of
production;
consider the OEEe indicator as a factor of competitiveness,
especially in the context of rising electricity tariffs

Lack of OEEe use in OEEs makes it possible to consider not
employee motivation only the volume and quality of output,
system but also the rational use of resource

introduce a bonus scale for achieving OEEe targets;
motivate economists in the planning department and line
managers for rational planning of the production programme;
combine OEEe growth with the company’s energy conservation
programmes

Note: KPI - key performance indicators used to measure and achieve the strategic goals of a company or a specific employee

Source: developed by the authors

Thus, the overall equipment effectiveness indicator,
taking into account energy efficiency, is transformed from
a technical indicator into a management tool. It allows for
improved planning and management of orders at the oper-
ational management level and will serve as a basis for jus-
tifying investments and a source of cost optimisation at the
strategic management level. At the analysed enterprise, the
overall efficiency of equipment, taking into account energy
efficiency on the production line, decreased significantly in
May compared to April (Fig. 3). Analysis of the reasons for
this decrease showed that the values of components A, P
and Q remained almost unchanged during this period. The
deterioration in energy efficiency had the greatest impact
on the decline in the overall efficiency of equipment use.

The energy efficiency indicator depends on the min-
imum and actual energy consumption per unit of output.
The minimum value for “Tube Plant” LLC was unchanged
and depended on the capacity of the line and the duration
of its operation. Actual energy consumption depended on
the actual volume of products manufactured and the actual
amount of electricity consumed. In turn, these indicators
depended on the number of orders requiring equipment
changeovers on the line and their complexity. In May, the
company had many small-volume orders that required
equipment changeovers. During changeovers, the line was
not switched off and continued to consume electricity
without producing finished products. The line also operat-
ed irregularly, with frequent stops for adjustments, which
prevented it from reaching an energy-efficient operating
mode and increased specific energy consumption.

As a result of calculating the OEEe indicator and ana-
lysing the factors that caused its deterioration, the com-
pany’s managers identified the main problem, namely a
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reduction in energy efficiency at a fairly stable OEE level.
To solve this problem, the following management decisions
were proposed. The quality of order portfolio management
needs to be improved. The main problem is that the greater
the number of small orders processed by the company, the
more frequent the changeovers become, which increases
downtime, raises energy consumption and reduces OEEe.
To overcome this issue, the planning department’s econ-
omists should take a more thorough approach to grouping
orders, taking into account tube diameter and length, type
of raw material, thread type, cap type and colour, printing
complexity, etc. At the same time, order fulfilment times
and possible energy costs should also be taken into ac-
count. It is also advisable to set an economically justified
minimum order size. If the customer’s order volume is low-
er than this, either refuse the order or significantly increase
its selling price. It is also necessary to investigate the feasi-
bility of modernising equipment. Since the OEEe indicator
varies across different production lines, especially due to
the energy efficiency component, this may be an indicator
of the need to make a decision on re-equipping or modern-
ising the line.

It is also necessary to introduce a system of motivation
for economists in the planning department and line man-
agers not only for the quantity of products manufactured,
but also for the achieved OEEe level. This is because the
higher the OEEe value, the lower the losses of the enter-
prise, including energy consumption, and the higher the
contribution of production line employees to the financial
result. This measure will contribute to the formation of a
reasonable order priority, coordinate changeovers, prevent
defects and improve work planning. In the future, this may
become the basis for the formation of KPIs for economists
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in the planning department and production line employees.
The use of a modified overall equipment effectiveness in-
dicator that takes energy efficiency into account has made
it possible not only to more accurately assess the technical
efficiency of equipment, but also to link the performance of
the production line to the economic and financial indica-
tors of the enterprise. Including OEEe in the management
analysis system will provide managers with more reliable
information for decision-making. It will also make it pos-
sible to use OEEe as a management reporting tool and as a
basis for KPI development.

e DISCUSSION

Calculations of the proposed OEEe indicator, which is a
modification of the overall equipment effectiveness indi-
cator and takes energy consumption into account, have
revealed a number of features that are not reflected in the
calculation of the classic OEE indicator. In particular, with
comparable OEE values across different shifts and produc-
tion lines, significant differences in specific energy con-
sumption were identified, which led to a reduction in the
OEEe value. This proves the necessity of including the “E -
energy efficiency” component in the system for assessing
overall equipment effectiveness.

An analysis of data from the manufacturing enterprise
showed that the main source of additional energy losses
was the increase in the number of changeovers caused by
the reduction in order sizes. As a result, the equipment
operates at less than full capacity, and the electricity con-
sumption per unit of output increases. This directly af-
fects the cost and profitability of products, confirming the
importance of the OEEe indicator for management deci-
sion-making. Assessing the efficiency of equipment use
based on the proposed OEEe indicator, which takes into
account the level of energy consumption of the enterprise
in the production of products, will allow for a comprehen-
sive analysis and identification of the main problems asso-
ciated with the inefficient use of equipment. Based on the
analysis of the values obtained for both the indicator itself
and its components, enterprise managers will be able to
make management decisions aimed not only at improving
the efficiency of equipment use, but also at improving the
economic and financial performance of the enterprise, re-
ducing its costs and increasing profits. The results obtained
were based on current scientific developments in the field
of efficient equipment use. According to R.M. Nachiappan
& N. Anantharaman (2006), measuring the efficiency of in-
dividual equipment in a factory is insufficient because the
production system is focused on a production line consist-
ing of mass-produced machines. They proposed using the
Overall Line Effectiveness indicator in a continuous flow
production system.

Authors A. Agardi & K. Nehéz (2021) considered the
task of production planning, which depends on the type
of equipment and changeover time and is limited by time
parameters regarding available time and maintenance
time. They chose to minimise changeover time as the ob-
jective function and the number of orders, the number of
machines, their production capacity, order setup time, etc.
as the constraints of the function. To solve the optimisa-
tion problem, the authors used a so-called genetic algo-
rithm based on partial search. It starts with a population of

random solutions and iteratively creates elements of the
next population through mutations. Indeed, the efficien-
cy of equipment use depends on the type of equipment
and its capacity. Changeover time affects the efficiency of
equipment use because no production takes place during
this time and performance decreases. Moreover, equipment
usually continues to operate and consume electricity dur-
ing changeovers. This made it possible to formulate and
substantiate the hypothesis that equipment effectiveness
is influenced not only by its availability and the quantity
and quality of output, but also by the energy consumption
associated with setting up and producing an order. If en-
ergy consumption per unit of output increases, this may
indicate a growing number of small orders requiring fre-
quent changeovers, a decline in the skill level of line work-
ers leading to longer setup times, or a deterioration in the
condition of the equipment itself, which, due to wear, re-
quires more time for maintenance.

The problems between the number of changeovers and
the need to increase production flexibility were explored in
an article by L. Van De Ginste et al. (2022). Modern customer
requirements increasingly complicate performance indica-
tors, because the constant change of products at production
stations leads to a decline in the “A — availability” compo-
nent of the OEE indicator due to the growing number and
duration of changeovers. The authors proposed that, when
assessing equipment effectiveness, flexibility indicators
should also be taken into account through the calculation
of the OEE, , indicator, which includes elements such as
mobility, homogeneity and range. Mobility is related to the
time spent on changeovers. The higher the mobility, the
faster the equipment can be reconfigured to produce new
products. It is debatable whether it is appropriate to single
out mobility as a separate element of OEE or whether it
is sufficient to take into account the time for changeovers
when calculating the “A - availability” component when
determining the planned production time. If the changeo-
ver time is mandatory for product manufacturing, then the
planned time should not be calculated as the product of
the number of work shifts and their duration, but should be
reduced by the time required to change over the equipment
to order, provided that the production plan is optimal.

M. Braglia et al. (2008; 2021) believed that the overall
efficiency of OEE equipment can only be used to evaluate
the performance of individual equipment, which does not
allow for the evaluation of the efficiency of the production
system as a whole when the machines are connected in a
production line. To overcome this problem, they proposed
a comprehensive approach to assessing line performance
based on the calculation of an object-oriented modelling
indicator. The authors developed a classification of losses
depending on whether they are associated with specific
equipment or distributed throughout the line. That is, ac-
cording to the authors, the OEE indicator cannot be used to
evaluate the efficiency of the entire line. Indeed, the classi-
cal version of OEE calculation is intended only for a single
machine and allows its performance and bottlenecks to be
identified. However, the OEE indicator can also be used to
assess the effectiveness of the entire production line, tak-
ing into account the following features: availability is cal-
culated not for individual machines but for the whole line;
performance is taken at the level of the slowest machine in
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the line; and quality is determined by the final quantity of
output at the end of the line. Accordingly, the OEE value for
individual equipment reflects its own effectiveness, where-
as the OEE value for the production line reflects the coor-
dination of equipment operation and the absence of losses
between them. At the same time, the overall OEE for the
line is usually lower than that of the best individual ma-
chines. C. Phukapak et al. (2024) used the OEE indicator as
one of the factors influencing the optimisation of the fruit
juice manufacturing process. To do this, they examined
the juice production process and used the OEE indicator
to identify its bottlenecks. Although the authors provided
values for labour, raw materials, packaging, overhead costs,
and downtime costs, their research focused more on tech-
nical than managerial issues of production improvement,
namely the response of equipment to changes in tempera-
ture conditions and load settings.

M. Zubair et al. (2021) used the OEE indicator to iden-
tify key factors that could improve overall equipment effec-
tiveness and performance in the pharmaceutical industry.
They calculated the OEE for three main types of equipment
and compared their values with each other. This allowed
the authors to determine which equipment was used least
efficiently and led to a decrease in the performance of the
entire line. The main problems that led to low equipment
efficiency were unplanned downtime and poor quality parts.
It is debatable whether it is possible to compare three types
of equipment that are completely different in terms of pur-
pose, performance and speed using the OEE indicator. The
article by P.H. Tsarouhas (2020) presents the results of an
analysis of the OEE level for an ice cream manufacturing
company. Using the Pareto method, the author identified
six main losses that lead to equipment downtime, name-
ly: equipment failure, setup and adjustment, downtime,
speed reduction, and defects in the production process. A
distinctive feature of the study is that the author calculated
the OEE indicator not only for a month, but also for each
working day and week. This made it possible to identify
problems with the use of equipment in a specific period.

F. Kechaou et al. (2024) found that, since the intro-
duction of the OEE indicator, several main methods for
its calculation have emerged. As a result, somewhat dif-
ferent outcomes may be obtained, leading to slightly
different conclusions about how to improve equipment
effectiveness. In some cases, an inappropriate choice of
calculation method may lead to incorrect or less effective
improvement measures. Thus, the authors devoted their
study to comparing the main measurement systems used
in industry and identified and justified the key character-
istics that should be considered when selecting an OEE
measurement system. In other words, the authors focused
more on the choice of the measurement system for over-
all equipment effectiveness than on identifying ways to
improve it through specific managerial decisions. On the
one hand, it can be agreed that accurate measurement not
only allows the OEE value to be determined correctly, but
also helps to identify appropriate ways of improving it.
On the other hand, if a company’s management decides to
use the OEE indicator for decision-making, it is likely to
apply the calculation method that best reflects the specif-
ic nature of the company’s operations, or to adapt existing
methods accordingly.
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The study by P. Dobra & J. Jésvai (2022) was not aimed
at determining the level of OEE achieved by a company, but
rather at establishing its forecast value. According to the
authors, accurate forecasts contribute to more efficient use
of resources and the timely fulfilment of orders. They pro-
posed making such forecasts not only with mathematical
models based on previous-period results, but also through
human forecasting based on surveys of machine setters. On
the one hand, this approach is reasonable, because people
may anticipate problems that could arise during order ex-
ecution but have not yet appeared in previous OEE calcu-
lations. On the other hand, the authors did not assess the
level of experience of the machine setters or the consist-
ency of their opinions, apart from stating that they should
have many years of experience. Moreover, even surveying
machine setters did not always make it possible to identi-
fy the problems that led to a decline in overall equipment
effectiveness. The main issues that made OEE forecasting
impossible were unpredictable shortages of raw materials,
equipment breakdowns, poor-quality materials, urgent
orders, and similar factors. Thus, the reviewed studies
are based on the calculation of OEE components and the
search for ways to improve their values, taking into account
the specifics of the production process, operating condi-
tions, and the parameters of particular equipment. Thus,
the results of these studies cannot be directly applied to
companies operating in other industries, producing dif-
ferent products, or using different types of equipment.
Wherever possible, the findings should be adapted to the
specific features of a particular enterprise. The analysis
of recent studies on overall equipment effectiveness has
demonstrated the advisability of modifying its calculation
to reflect the characteristics of a production enterprise that
consumes large amounts of electricity. It can be conclud-
ed that existing approaches to OEE calculation should be
supplemented with an energy-efficiency component. This
would make it possible to account for energy consumption
not only during production, but also during equipment
setup for orders or during downtime. It would also help to
identify problems of inefficient resource use even when
overall equipment effectiveness indicators appear satisfac-
tory. As a result, this provides a basis for managerial de-
cisions aimed at reducing production costs and increasing
company profits through improved equipment utilisation.

e CONCLUSIONS
Despite its widespread use, the overall equipment effec-
tiveness (OEE) indicator has limitations - it does not re-
flect resource losses, primarily those related to energy
consumption, which is a significant item in the cost of
production of a manufacturing enterprise. To overcome
this shortcoming, it is proposed to use a modified OEEe
indicator, which includes an “E — energy efficiency” com-
ponent that compares minimum and actual specific energy
consumption. The calculations of OEEe showed that, with
the same OEE values, different production periods can
have significantly different energy costs, which confirms
the need to take into account the energy component when
assessing the efficiency of equipment.

A common factor in the decrease in OEEe at the stud-
ied enterprise was an increase in small orders, which in-
creased the number of changeovers and led to an increase
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in energy costs and production costs. The use of the OEEe
indicator will improve the effectiveness of management
decisions at the operational level (it will allow optimis-
ing the order portfolio, production programme and tak-
ing into account the results when forming the employee
motivation system) and at the strategic level (calculating
the cost of production, establishing the main directions
for equipment modernisation and justifying invest-
ment decisions). The inclusion of the OEEe indicator in
the management accounting system will ensure a more
comprehensive assessment of the efficiency of the enter-
prise’s production activities and will allow the technical
efficiency of equipment to be linked to its economic and
financial indicators.

Thus, the use of the OEEe indicator allows for the
identification of hidden energy losses, which is relevant for
enterprises where the share of energy consumption costs
in the cost price is high. Managers will be able to identi-
fy ways to save resources not only by optimising time, but
also by reducing energy consumption. They will be able to
see how much electricity is consumed above the minimum
required level and identify the reasons for excess consump-
tion. Based on this, a motivation system can be introduced
for various employees involved in planning and execut-
ing production plans. For example, it is possible to make
changes to the enterprise’s pricing policy and significantly
differentiate sales prices depending on order volumes in
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3araapbHOi eeKTMBHOCTI 06GMagHAHHS MOXJIWBI 3HAYHI PO3OIKHOCTI y MUTOMMUX BUTPAaTaxXx Ha €HEPrOCIIOKMBAHHSI,
IO HANpSIMy BIUIMBa€ Ha Co6iBapTicTh Ta MPUOYTKOBiCTh Mponykilii. PesynbrTatu aHamizy mOBenu, IO OCHOBHUM
IDKepesioM €HEePToBTPAT € 30LIbIIEeHHS KiTbKOCT IIepeHa aioK 06/1aHaHHS 11 BUKOHAHHS HEBEIMKUX 38 pO3MipamMu
3aMOBJIeHb. 3alIPOIIOHOBAHO BUKOpPUCTaHHS ToKasHuKa OEEe mjist mpuitHATTS yrpaB/liHChKUX pPillleHb, CIIPSIMOBAHUX
Ha ONTMMi3allil0 BUPOOHUYOI ITPOrpamMy, YIIpaBIiHHS MopTdeneM 3aMOBIeHb, OGIPYHTYBAHHST iHBECTUIIHUX PillleHb
Ta GopMyBaHHS CUCTEMM MOTMBAIlii TepcoHay. IIpakTHYHA 3HAYYIIICTh PE3YJAbTATIB JOCTIIKEHHS TOJIATAE Y TOMY,
1m0 nokasHuk OEEe MOKJIMBO BUKOPUCTOBYBATH SIK iIHCTPYMEHT /151 30i/IbIIEHHST eHeproe@eKTMBHOCTI, BCTAHOBJIEHHS
CKPUTUX eKOHOMIYHMX BTpAT Ta iHTerpallii MoKa3HMKa 0 CUCTeMM YIIPaBIiHCbKOI 3BiTHOCTI
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Sustainable food production and strategic management...

¢ INTRODUCTION

Food systems are in crisis due to a range of global and local
challenges, affecting environmental, economic and social
stability. Population growth, climate change, natural re-
source degradation, biodiversity loss and socio-econom-
ic inequality reduce efficiency of traditional agricultural
production models. Ukraine is experiencing the effects
of temperature increase, droughts and declining soil fer-
tility, which risk food security and agriculture efficiency.
Increase in socio-economic differentiation, urbanisation,
market instability and geopolitical risks further also in-
crease the vulnerability of food systems by limiting access
to resources and technologies. Intensive farming models
prioritising maximum vyields have depleted ecosystems
and increased anthropogenic impacts on the government.
Therefore, strategic management for balance of economic
efficiency, social equality and environmental responsibil-
ity is necessary. There is a need to identify efficient in-
stitutional, technological and management mechanisms
that can transform existing food systems into sustainable,
adaptive and equitable structures that can address com-
plex challenges.

Food systems are under pressure from a multitude of
interrelated factors and are undergoing a critical transi-
tion caused by profound structural changes. The expected
population growth to 9.7 billion by 2050 will require a sig-
nificant increase in food production. According to M. van
Dijk et al. (2021), global food production must increase by
50-70% to meet increased demand. As noted by S. Juri et
al. (2024), new qualitative threats also contribute to quan-
titative challenges, as climate change, soil and natural re-
source degradation, increased socio-economic inequality,
and growing instability in agricultural and food markets
undermine the resilience of food systems. Socio-economic
transformations also affect the situation. Accelerated ur-
banisation, with more than 55% of the population living in
urban agglomerations, is reducing the amount of agricul-
tural land and increasing dependence on complex global
supply chains. As noted by T. Varzakas & S. Smaoui (2024),
economic inequality remains one of the key factors of food
insecurity: approximately 9.2% of the global population
lives in extreme poverty, while more than a quarter of the
population faces moderate or severe food insecurity. Gen-
der inequality and limited access to education for small-
holder farmers in developing countries further impede the
adoption of innovative and sustainable agricultural prac-
tices. Regarding climate risks, O. Ndehedehe et al. (2025)
confirmed the substantial impact of extreme events on
water resources. The study emphasised active, innovative
implementation rather than response. Successful cases of
water consumption reduction by 90% demonstrate that
strategic management should prioritise technologies that
reduce dependence on vulnerable resources.

Traditional agricultural production models, particu-
larly intensive farming, increase environmental impact
on natural systems. According to FAO (2018), agriculture
produces approximately 24% of global greenhouse gas
emissions, including methane from livestock and emis-
sions related to deforestation. Excessive use of pesticides
and mineral fertilisers causes soil degradation and water
pollution, while the dominance of monocultures reduc-
es agrobiodiversity. The historical example of the “green
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revolution” in India illustrates this contradiction: M. Crip-
pa et al. (2024) noted that despite significant increases in
crop yields, the long-term consequences included the de-
pletion of up to 40% of agricultural land in the state of Pun-
jab. From an economic perspective, such production mod-
els often prove unsustainable, as small farmers face high
resource costs and limited access to market infrastructure.
Sustainable food production concept offers an alternative
approach, which the FAO (2018) defines as a system that
ensures food security and adequate nutrition for all while
preserving the economic, social and environmental foun-
dations for future generations. The implementation of this
concept involves the reduction of environmental pressure,
the conservation of natural resources, the improvement of
the economic viability of agricultural production and the
enhancement of social justice. In this context, strategic
management becomes crucial in the integration of tech-
nological innovations (precision farming, artificial intel-
ligence (AI) and blockchain), effective policy instruments
and social initiatives into a comprehensive model of food
system transformation. In the analysed studies, research-
ers insufficiently addressed integrated models of strategic
management that would combine environmental, social
and economic aspects in the context of Ukraine, especial-
ly in the context of military risks and regional disparities.
Most studies address individual challenges (climate, soil
or inequality), ignoring comprehensive tools for trans-
formation at the national level, which necessitated the
study. Therefore, the research relevance of efficient stra-
tegic solutions that can be scaled in both global and local
contexts, covering the specificities of individual regions to
overcome global and regional challenges such as climate
risks, high technology costs, skilled labour shortages and
geopolitical conflicts, is determined. The study aimed to
conduct an analysis of the principles of sustainable food
production, identify the main challenges and formulate
strategic recommendations for overcoming them at the
global and regional levels in the context of Ukraine.

e MATERIALS AND METHODS

The methodological basis of the study was based on the
use of a mixed approach to conduct an in-depth analysis
of the principles of sustainable food production, identify
key challenges and barriers to their implementation, and
develop practical recommendations for strategic manage-
ment in various agricultural and food models. The analysis
of previously published interviews, in particular by S. Juri et
al. (2024), M. Crippa et al. (2024), and D. Saccone & E. Val-
lino (2025), was conducted using a set of criteria based on
the role and sphere of influence of stakeholders to ensure
the representativeness of food system levels. In particular,
the samples covered a range of experts and practitioners,
from farmers to representatives of international organ-
isations. A key element was to achieve data integrity, i.e.
the interviews had to contain “different perspectives and
expectations” on critical aspects of sustainability, such as
technological innovation, social justice (e.g. gender-sensi-
tive policies) and institutional practices. The findings from
the interview material were integrated with other second-
ary sources. These sources included official reports from
leading international organisations (FAO, IPCC, UNEP,
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OECD, World Bank) as well as international open databas-
es. An analysis of cases in countries such as the Nether-
lands, Ukraine and Denmark (Europe), Brazil, the United
States and Costa Rica (America), China, Japan, India (Asia),
Zimbabwe, Ethiopia and Kenya (Africa), as well as sever-
al others (including Bangladesh and Ghana), was used to
identify both successful models for implementing sustain-
able solutions and typical problems that hinder progress in
the EU and worldwide.

To develop scenarios for the development of the sys-
tem, a scenario modelling method was used, combining
elements of expert assessment and simulation analysis. At
the first stage, key forces and factors of uncertainty were
identified based on a review of the literature and expert
consultations (using the Delphi method). At the second
stage, a morphological analysis of possible combinations of
factors was conducted, which was used to form a coordinat-
ed set of alternative development scenarios, in particular,
the “catastrophic climate shock” scenario. Further assess-
ment of the scenarios was conducted by simulation model-
ling of their potential consequences for the sustainability
of the system using specific indicators. The key advantage
of the mixed approach was the integration of qualitative
and quantitative data. This synthesis provides a more com-
plete and reliable overview of the analysed phenomenon,
creating a basis for practice-oriented recommendations
for strategic management of sustainable food production.
The study of sustainable food production used compara-
tive analysis to identify differences and common patterns
in strategies implemented in different socio-economic and
geographical contexts. This approach was used to assess
how specific factors — from political institutions and tech-
nological infrastructure to climatic conditions and cultural
norms - shape the characteristics of sustainable agricul-
tural production. A comparison of practices in developed
and emerging countries was used for a differentiated anal-
ysis of universal and context-dependent solutions.

The comparative analysis process in the study was
based on a comprehensive set of criteria. The selection
of regions and case studies was determined by the main
criterion — representativeness in terms of the diversity
of agri-food models, which was used to compare coun-
tries with high-tech intensive agriculture (such as the
Netherlands) with countries with developing agricultural
systems (such as Ethiopia or India). The comparison was
conducted using key sustainability metrics, using system-
atised data from primary and secondary sources, including
national statistics, scientific research and field observa-
tions. The main subject criteria for comparison included
environmental footprint (assessment of greenhouse gas
emissions, resource use and Life Cycle Assessment (LCA)
results), technological readiness (level of implementation
of sustainable and regenerative agriculture, as well as eco-
nomic barriers), governance and policy (effectiveness of
legislative changes, subsidies and institutional practices),
and socio-economic aspects (including analysis of social
justice and gender-sensitive policies). The integration of
these approaches identified systemic conflicts and points
of agreement between different priorities — for example,
between increasing productivity and conserving natural
resources, or between economic efficiency and social in-
clusion. This approach was used to develop strategies that

simultaneously meet the requirements of environmental
sustainability, economic feasibility and social justice. It
also reinforces the correlation between science and prac-
tice, providing a basis for decision-making based on com-
prehensive and objective information.

e RESULTS

Technological innovations in the strategic
management of sustainable food production
Technological innovations are a central element in the
strategic management of food systems, which ensure tran-
sition to sustainable (SFS) and adaptive models. Their stra-
tegic impact is evident not only in increased operational
efficiency, but also in a fundamental shift in approaches to
planning, risk management, transparency and addressing
global challenges. The transformative power of technology
depends on economic and administrative strategies, so-
cial needs and support across a wide range of societal and
structural forces. Within the framework of strategic man-
agement, they act not only as tools for improving efficien-
cy, but also as elements of systemic transformation of the
food sector.

One of the most developed technological areas is pre-
cision farming (PF) and digital agriculture, which represent
the integration of sensor systems, the Internet of Things
(IoT), satellite monitoring, AI and machine learning algo-
rithms for microzonal resource management. The use of
advanced data analytics and computer vision for targeted
application of resources, such as spraying weeds with up
to 90% savings in agrochemicals, is radically transforming
corporate business models. The strategy of agricultural
producers and equipment suppliers is shifting from sell-
ing physical volumes of resources to selling “results” or
“services”. This requires a strategic shift from the maxi-
misation of gross production volume to the optimisation
of margins while minimising environmental externalities.
Management methods prioritise data as a key production
asset, and strategic planning is shifting from annual to sea-
sonal and operational, based on real-time models (digital
twins), requiring significant investment in digital infra-
structure and expertise.

The integration of satellite data into control mecha-
nisms automatically monitors agricultural plots to confirm
compliance with financial support (subsidy) conditions.
This transforms public administration from resource-in-
tensive manual control to risk-oriented and transparent
monitoring. Strategically, the government is shifting from
controlling the costs of economic entities to controlling
results and compliance with environmental standards,
thereby increasing the efficiency of budget funds. Research
also emphasises the significant improvement of strate-
gic planning in the agricultural sector through the use of
short-term vyield forecasting algorithms based on highly
spatially detailed data (Pokal et al., 2024), which facilitates
adaptation of cultivation strategies to changing environ-
mental conditions. IoT-based precision irrigation tech-
nologies can significantly improve water efficiency (Xing
& Wang, 2024), which is a critical strategic imperative for
regions prone to desertification (e.g., southern Ukraine).
The strategic integration of ICT into national programmes
requires support both in terms of digital infrastructure
and through the development of institutional knowledge
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management mechanisms to ensure the widespread adop-
tion of innovations.

Development of biotechnology, including genetic en-
gineering, cultured meat and alternative protein sources,
is also relevant. The vector of development of biotechno-
logical solutions is a fundamental driver of strategic re-
structuring of food systems. These technologies, which
involve manipulation at the cellular level and the crea-
tion of food and feed substitutes, go beyond technological
change to become a key factor in strategic management.
At the corporate level, the success of innovative areas of-
fering alternative proteins poses an existential challenge
to traditional agribusiness conglomerates. Their strategy
is inevitably transforming: from the former desire for a
monopoly on protein to the need for strategic diversifica-
tion of protein sources. This requires large companies to
internalise disruptive innovations to minimise the risk of
market displacement and necessitates a reassessment of
the value of tangible assets (farms, land), which can be re-
placed by high-tech, resource-saving production facilities,
radically changing the approach to capital investment and
long-term planning.

At the sectoral and government levels, biotechnology
is becoming critical for macro-risk management. Livestock
management is transitioning to biological and climate risk
management related to animal health and greenhouse gas
emissions. Genetic engineering facilitates a preventive
adaptive strategy. This is a strategic method for the reduc-
tion of agrochemical use and the stabilisation of crop yields
in extreme climate conditions, making agriculture more
sustainable (Gupta, 2024). In addition, for large econom-
ic entities, the implementation of national programmes to
increase the production of alternative proteins is a direct
strategy for national food independence and reducing ge-
opolitical risks, aimed at minimising critical dependence
on international imports of key raw materials. The devel-
opment of cell-based agriculture and plant-based alter-
natives is an imperative for environmental sustainability:
the production of these proteins requires significantly
fewer resources, forcing governments and institutions to
strategically rethink the parameters of natural resource
efficiency. Strategic management is moving away from a
volume-based, extensive strategy (increasing acreage) to
a cost- and resource-efficient strategy (precision agricul-
ture), where the metric of success is determined not by gross
production, but by minimising external environmental ef-
fects and increasing productivity per unit of resource used.

Regenerative agriculture (RA) is becoming the third
basis of technological transformation of sustainable food
systems. RA is a set of agricultural practices (such as no-
till, mulching, crop rotation, and cover cropping) that are
strategically aimed at improving soil health and increasing
its organic carbon content, transforming soil from a simple
carrier into a strategic asset and carbon reservoir. Invest-
ments in programmes that encourage farmers to adopt CSA
practices reflect a strategic shift from simple procurement
management to supply chain sustainability management.
Large processors and retailers are strategically investing in
the sustainability of their raw material base, not only for
environmental reasons, but also to hedge supply risks and
manage financial attractiveness. This simplifies access to
cheaper green financing (ESG investments) and strategic
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management of reputational risks in response to growing
consumer demand. Healthy soil becomes an insurance
policy against climate volatility, integrating into finan-
cial models as an investment in sustainability rather than
just an operating expense. The integration of soil health
improvement measures into national emission reduction
strategies (as is the practice in Canada) is a prime example
of the strategic positioning of the agricultural sector. The
state is strategically transforming the agricultural sector
from a mere food producer into an active carbon sink. This
creates new opportunities for international climate finance
and increases the sector’s competitiveness in global mar-
kets, which are increasingly demanding carbon-neutral
products. Technological innovations alone are insufficient
for a complete strategic transformation of food systems.
They must be supported by changes in policies and the reg-
ulatory framework, the creation of market incentives, the
provision of stable financing, and the formation of public
trust in new technologies.

Political and economic mechanisms

of strategic management

The development of strategic frameworks, roadmaps, key
performance indicators (KPIs) and development scenarios
in the field of political and economic food management
mechanisms is a multi-stage, cyclical process that gov-
ernments and institutions implement based on systematic
analysis, integrating political decisions and economic in-
struments to achieve sustainability and security goals. The
strategic framework is first established, beginning with
an analysis of the food security system and vulnerability
assessment using UN SDG reporting and SWOT/PESTEL
analysis. This stage provides a long-term vision and goals
(e.g., transition to a resource-efficient system), which are
then validated through multi-stakeholder consultations
with science and business. The integration of a long-term
vision based on ESG principles and the UN Sustainable De-
velopment Goals (SDGs) into national and regional strate-
gies is the basis of further development. The European Un-
ion’s Farm to Fork Strategy is a notable example of specific
targets for reduction of pesticide, antibiotic and fertiliser
use, as well as an increase in organic farming by 2030 (Mos-
chitz et al., 2021). Another example is Singapore’s National
Food Security Strategy (“30 by 30”), which aims to produce
30% of the national food needs locally by 2030 through
intensive investment in vertical farms and aquaculture
in a land-constrained environment (Calvo-Baltanas et
al., 2025). Similarly, China’s “Number One” strategy focus-
es primarily on self-sufficiency in staple crops based on a
strategic framework to tightly control acreage and govern-
ment procurement (Shih et al., 2025).

The integration of social innovations that ensure
the inclusiveness of strategic management and the sus-
tainability of local communities is a substantial vector
for reinforcing political and economic mechanisms. In
this context, the example of the Indian association SEWA
(Self-Employed Women’s Association) is noteworthy, as
it demonstrates how a collective organisation of self-em-
ployed women farmers can overcome structural barriers
to access to financial resources, land rights and markets.
SEWA transforms social capital into tangible economic
leverage through cooperation mechanisms, incorporating
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small producers in the formation of value chains on an
equal footing with large agricultural holdings. A similar
social trajectory is demonstrated by organic coffee cooper-
atives in Costa Rica, where strategic management is based
on the principles of fair trade and shared responsibility for
ecosystems. These cooperatives act as social stabilisers,
providing not only environmental certification of products,
but also funding for health care and education for commu-
nity members, making agricultural production the founda-
tion of regional prosperity. At the same time, rethinking the
role of FAO (2022) Farmer Field Schools exceeds the scope
outside of political interpretation as an instrument of state
support. Within the framework of strategic management,
FFS act primarily as an institutional mechanism for build-
ing social capital through horizontal learning and peer-to-
peer problem solving. In contrast to traditional top-down
models, these frameworks form a networked structure of
interaction, where sustainable soil cultivation methods
and plant protection become a public asset. This trans-
forms farmers from objects of state regulation into strate-
gic change agents capable of self-organisation and collec-
tive adaptation to climate risks. Thus, the combination of
economic incentives with a substantial social foundation,
based on cooperation and knowledge sharing, becomes a
decisive factor in the success of any national strategy for
sustainable food production, ensuring legitimacy and long-
term sustainability in a changing global environment.

Next, the strategic vision is transformed into specific
roadmaps by deconstructing the goals into medium-term
programmes and short-term tasks. At this stage, political
and economic mechanisms are applied directly: economic
levers are used in the form of subsidies for regenerative ag-
riculture, tax breaks and R&D funding, as well as political
levers through the establishment of regulatory standards
(e.g. pesticide restrictions) and land policy. The success of
roadmaps depends on adaptive governance mechanisms
that can be used for flexible revision of strategies based
on empirical data, as was the case with the adaptation of
Canada and New Zealand’s national food strategies in re-
sponse to the logistical shocks caused by the COVID-19
pandemic. India’s roadmap for sustainable development
of the agri-food sector for the period up to 2030 provides
for a clear division of responsibilities between the central
government, states and private businesses, especially in
water management and digitalisation of farming services
(Chand, 2022).

At the same time, KPIs that are critical for monitor-
ing progress are being established. Modern KPIs cover
three dimensions of sustainability: economic (e.g., price
volatility and agricultural export index), environmental
(GHG emissions per unit of production based on LCA and
percentage of land with regenerative practices) and social
(food accessibility index and malnutrition rate). Denmark
uses detailed KPIs for reducing greenhouse gas emissions
in agriculture, which are directly linked to subsidy pro-
grammes and investment priorities (Schokker et al., 2022).
Another example is the World Bank and FAO, which use the
Food Security Index as a KPI to assess the effectiveness of
national investments in agriculture (MOPAN, 2024), which
can be used for progress comparison between countries
and financial assistance to be adjusted. Moreover, interna-
tional giants (such as Unilever) use KPIs on the percentage

of raw materials sourced from renewable sources and in-
tegrate them into their ESG reports (Tan, 2025), creating
additional pressure on governments to set appropriate
national standards. This ensures transparent monitoring
and adaptive management based on these measurements.

The cycle is completed by the development of sce-
narios for the improvement of the sustainability of the
system. Governments conduct scenario modelling of sev-
eral possible future scenarios (from climate disasters to
sustainable growth), assess the sustainability of existing
mechanisms under these conditions, and develop adaptive
policies and response plans (e.g., the creation of strategic
food reserves) that are activated when certain “triggers”
are reached. Governments model various development
scenarios (e.g., “catastrophic climate shock” or “global
supply chain disruption”) to assess the stress resilience of
national food reserves and infrastructure. A typical exam-
ple is the modelling of the impact of drought or flooding
on the yield of major crops and the assessment of the need
for strategic reserves, which is regularly conducted by the
FAO and the International Food Policy Research Institute
(IFPRI). For instance, Australia employs scenario analysis
to assess the impact of different levels of extreme weath-
er events on export markets and domestic water supplies,
which has led to the development of diversified investment
programmes in irrigation technologies and early warning
systems (Christopher et al., 2025).

Political and economic instruments are central in
shaping an institutional environment that promotes sus-
tainable food production. These include support for farm-
ers, fiscal incentives, international agreements and aid
programmes to improve the resilience of food systems
in the context of climate and economic risks. Their effi-
ciency significantly depends on the coherence of strategic
management, the availability of resources, and consid-
eration of the specificities of the local context (Sgarbi &
Nadeu, 2023). Subsidy policies aimed at promoting sus-
tainable practices have a significant impact on farmers’
adaptation to climate change and transition to environ-
mentally friendly methods. Programmes such as CAP in
the EU, PM-KUSUM in India or tax incentives in the US
encourage the adoption of precision farming, renewable
energy and organic farming; however, they also face sev-
eral institutional barriers (European Commission, n.d.a;
MNRE, 2022; McFadden et al., 2023).

International agreements, including the Paris Agree-
ment and SDG 2, are used as a basis for global efforts,
but implementation remains fragmented. FAO (2018),
CGIAR (2022) and UNFCCC (n.d.) programmes provide
technical assistance and funding, but coverage of benefi-
ciaries in low-income countries remains limited. Small-
holder support programmes are substantial, especially in
developing countries. Initiatives such as PSNP in Ethiopia,
PMFBY in India, or IFAD (2022) microfinance help over-
come the vulnerability of rural households and promote so-
cial inclusion (World Bank, 2021). However, limited access,
high rates, and weak institutional infrastructure remain
barriers. In China, the introduction of agro-environmental
subsidies (2022-2025), including grants for integrated land
use, has reduced erosion by 12% in pilot regions. Strate-
gic management at the provincial level has contributed to
more efficient allocation of funds (Chang & Wang, 2023).
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In Kenya, Pula (n.d.) digital microinsurance programme
covers more than 6 million farmers and is linked to satellite

data. This reduces transaction costs and improves drought
resilience (Table 1).

Table 1. Political and economic measures for sustainable production: examples, tools, efficiency

country/region

Ecological subsidies EU (CAP 2023)

Implementation method

30% of the budget for green

Effects and risks

More than 20% organic land, fewer

practices pesticides, bureaucracy

Renewable energy India (PM-KUSUM)

Solar pump subsidies

10% less CO, emissions, but
insufficient coverage

More than 25% of implementations

Tax breaks USA (USDA 2023) Tax reduction for precision farming in 5 years, but not available to
everyone
International treaties SDG 2, Paris Global commitments, financing 10 ].2)1111.01’1 USD. thrqugh the GCF.’ but
Agreement with insufficient implementation
Climatic agronomy CGIAR New resistant varieties 15% higher yield, limited coverage
Farmer support Ethiopia (PSNP), India Microloans, insurance, grants 15% more incpr_n_e, but low
(PMFBY) ’ ’ accessibility

Strategic management at the

provincial level China, pilot regions

Introduction of agri-environmental
subsidies (2022-2025), including
grants for integrated land use

12% reduction in erosion, increased
efficiency of resource allocation

Development of software linked

to satellite data Kenya

Digital microinsurance programme

Lower transaction costs and
improved drought resilience

from Pula

Source: compiled by the authors based on FAO (2018), World Bank (2021), MNRE (2022), CGIAR (2022), IFAD (2022), UNFCCC (n.d.),
F. Sgarbi & E. Nadeu (2023), Y. Chang & S. Wang (2023), ]. McFadden et al. (2023), Pula (n.d.), European Commission (n.d.a)

In contrast to international cases analysed, where po-
litical and economic instruments are implemented in con-
ditions of relative institutional stability, their application
in Ukraine differs significantly under the influence of mar-
tial law. State subsidies are being redistributed in favour
of food security, and the “Affordable Loans 5-7-9%” pro-
gramme has been adapted to the needs of the agricultural
sector. At the same time, funding remains limited and ac-
cess to resources is uneven, particularly for farmers in the
eastern regions of the country. This indicates a decline in
the effectiveness of standard financial instruments in crisis
conditions and highlights the need for their flexible combi-
nation with direct support for vulnerable groups and inter-
national coordination mechanisms. Incorporating territo-
rial differences, the level of institutional maturity and the
social structure of agricultural systems, the strategic inte-
gration of such measures forms a more sustainable basis for
the transformation of food systems in times of global crisis.

Social aspects of sustainable food production

Social factors are substantial in shaping sustainable food
systems, as they go beyond economic efficiency to promote
community engagement, expand access to knowledge and
technology, and ensure social justice and equal opportu-
nities. Strategic management of the food sector cannot be
successful without deep integration of social capital. One of
the key areas is the development of educational initiatives
that transform the traditional model of knowledge transfer.
Field school programmes and online courses supported by
international organisations demonstrate high potential for
democratising access to knowledge on agroecological and
regenerative practices. The use of digital platforms (mobile
applications) in African countries has become an example
of how accessible training can increase crop yields and op-
erational efficiency on farms. The knowledge management
strategy is shifting from centralised expertise to decentral-
ised, scalable self-learning. This is also crucial for gender
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strategy, as expanding the participation of women, who
represent a significant portion of the workforce, in training
programmes directly increases the overall productivity of
the sector.

Integration of local communities into decision-mak-
ing through cooperative forms of management improves
sustainability at both the microeconomic and sectoral lev-
els. The creation of organic farmers’ cooperatives in Latin
American countries or the involvement of communities in
the restoration of degraded land in East African countries
not only improves the economic situation of participants
but also strengthens the food security of millions of people.
Cooperative models, including the institutional participa-
tion of marginalised groups, are a strategy for increasing
market access and bargaining power for small producers.
For the state, cooperation is an effective mechanism for in-
ternalising externalities (e.g. soil restoration) and reducing
administrative costs for supporting small farms. Fair trade
mechanisms that provide producers with stable prices and
premiums are a strategic tool for managing ethical and fi-
nancial risks in supply chains. More than 1.9 million farmers
in 70 countries receive economic and social benefits from
participating in certified chains (Jodrell & de Bruin, 2024).
Therefore, producers can reinvest premiums into environ-
mental projects and local infrastructure, which in turn min-
imises the risks of supply instability for end processors. For
large market actors, investment in fair trade is not charity,
but a strategy for managing reputation capital and ensur-
ing the long-term sustainability of the raw material base.

Despite successful examples, there are significant
universal barriers: limited access to educational resourc-
es in remote regions, high certification costs, and a lack
of start-up capital for cooperation. Strategic management
requires an integrated approach: combining educational
programmes with government support and the introduc-
tion of digital technologies. The effectiveness of these
measures varies depending on the institutional context. In
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countries with developed infrastructure, regulatory mech-
anisms, and subsidies that create institutional incentives
for sustainable practices are central. In developing coun-
tries, the focus is shifted towards social mobilisation and
expanding access to knowledge and markets. The most
sustainable results are achieved when these approaches
are integrated, as they address financial, institutional and

cultural barriers that hinder the expansion of successful
models. Thus, strategic management should address the
institutionalisation of social inclusion as a necessary pre-
requisite for economic and environmental sustainability.
Modern strategies for sustainable food production show
significant progress, but their implementation requires
systemic support (Table 2).

Table 2. Integration of sustainable food production approaches: measures, regional cases and KPIs (2021-2025)

country/region

Implementation method

Effects and risks

EU Introduction of precision farming in the | 25% higher yield; 30% less water consumption; 20%
. Netherlands less fertiliser use
Technological Mobil icultural applicati iC
Kenya oblie agricuitura’ applcations (iCow, 15% higher yield; 20% higher household income
DigiFarm)
Subsidies for sustainable practices o : . . .
Political and EU (CAP, Farm to Fork Strategy) A 35% increase in organic farming areas by 2030.
economic . Agro-environmental subsidies (PM- 20% increase in the share of sustainable farms; 30%
India . X .
KUSUM, India) increase in access to solar systems
Global FAO Farmer Field Schools Programme 1 million trained farmers in 90 countries
) India SEWA women cooperatives 1.5 mllll(?n women with access to markets; 25%
Social increase in cooperative profits
Costa Rica Organic coffee cooperatives 20% increase in fagmers Income; greater use of
sustainable practices

Source: compiled by the authors based on Indian Council of Agricultural Research (n.d.), T. Reardon et al. (2022), FAO (2022), IFAD (2022),
V. Mehta (2023), E.M.B.M. Karunathilake et al. (2023), Fairtrade International (2024), D. Jodrell & W. de Bruin (2024), T. Issayas &

Y. Lemma (2025)

Efficient in developed countries, technological and
policy measures require institutional adaptation for the
global South. Social initiatives have a long-term impact,
promoting social justice and inclusion, but require com-
prehensive support to expand. Relevant social and insti-
tutional mechanisms for sustainable agricultural produc-
tion are also being developed in Ukraine. The National
Strategy for Digital Transformation of the Agricultural
Sector until 2030 includes measures to expand access to
knowledge and innovation in rural areas (Law of Ukraine
No. 1163-r, 2023). The cooperative movement, supported
by the Ukrainian Agrarian Council, is increasingly substan-
tial in enhancing social inclusion and collective resilience
(Agroreview, 2025). The development of cooperatives also
strengthens the sustainability of the agricultural sector,
especially in times of war, when cooperative forms help to
pool resources, restore logistics and ensure food security at
the local level.

Fair Trade principles are implemented through na-
tional and international programmes that focus on train-
ing, cooperation and support for SMEs in the agricultural
sector. Ukraine is still poorly integrated into global Fair
Trade supply chains. However, some organic producers are
already obtaining relevant certification. The main barriers
remain limited access to knowledge in remote villages, high
certification costs, lack of capital, and weak institutional
support. These problems can be addressed by accelerating
digitalisation, expanding state and international support
programmes, and increasing the participation of non-gov-
ernmental organisations. The most sustainable results are
achieved when several approaches are integrated: educa-
tional programmes, subsidies, the introduction of digital
solutions, and institutional reforms. Elements of these
models are gradually taking shape, but for a large-scale
effect, institutional consolidation of strategies such as the

development of rural digital platforms and the introduc-
tion of training programmes at the community level is nec-
essary. Integration of educational, digital and cooperative
strategies with the support of the state and international
partners creates conditions for the social sustainability of
food systems in Ukraine and forms the prerequisites for an
inclusive and equitable agricultural revival. Thus, the in-
tegration of approaches demonstrates that the maximum
effect is achieved at the intersection of technology, social
policy and institutional regulation. Notably, strategic man-
agement is central for such integration, ensuring coordina-
tion of activities, risk assessment and adaptation of deci-
sions to the regional context.

Strategic management in food systems:
From classical models to integrated approaches
The historical evolution of strategic planning models in
the agricultural and food sector reflects a fundamental
paradigm shift from linear growth to systemic sustainabil-
ity. The classical planning models that dominated the last
century were based on the assumption of infinite access to
natural resources and the priority of increasing production
volumes without due consideration of environmental and
social constraints. However, with the onset of the 21t cen-
tury, such approaches have become inadequate due to the
intensification of climate crises, critical resource depletion
and growing pressure from stakeholders. This has led to an
objective need to transition to systemic approaches, where
the strategic framework includes ESG (Environmental, So-
cial, Governance) principles, the triple bottom line (TBL)
concept, and the long-term benchmarks of the Sustainable
Development Goals (SDGs) (Chopra et al., 2024).

Modern concepts of sustainable development inte-
gration are based on a transition from short-term hori-
zontal planning to transdisciplinary thinking based on
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scenarios and cyclicality. Strategic documents must also
address planetary boundaries and social thresholds, which
are embodied in the use of the “donut sustainability”
framework (Turner & Wills, 2022). A central element of this
process is the introduction of Life Cycle Assessment (LCA),
which provides scientific forecasting of the consequences
for products and technologies. The use of LCA can evaluate
the results of implementing regenerative farming meth-
ods, which can reduce CO, emissions by 15% compared to
traditional systems, while increasing resource efficiency
and resistance to external stresses.

Institutional mechanisms for the implementation of
sustainable management strategies form a complex archi-
tecture adapted to modern challenges. The development
of a priority matrix to identify significant ESG issues and
correlate them with stakeholder expectations and reg-
ulatory trends is central at the planning level. Strategic
environmental assessment performs a predictive con-
trol function, analysing the impact of programmes and

investment decisions on ecosystems and social groups
even before they are implemented. Scenario planning, es-
pecially in its climate-oriented modification using system
dynamics methods (Vensim or Stella software), integrates
time uncertainties into management thinking. This cre-
ates adaptive behaviour models in conditions of instabil-
ity, including parameters of infrastructure vulnerability
and agrosystem stress resistance. Integrated reporting
acts as a mechanism for transparency, aligning the finan-
cial and non-financial logic of activities, demonstrating
transformations and long-term effects through the prism
of public trust and inclusiveness of decisions. Assessment
of the effectiveness of these strategies requires a system
of quantitative KPIs, which serve as operationalisers of
sustainable strategies. Such indicators can be used for re-
al-time monitoring, control and decision-making, ensur-
ing transparency and accountability of the process. A set
of industry KPIs for sustainable food production is pre-
sented in Table 3.

Table 3. Strategic KPIs for sustainable food production

Area KPI indicator (Wit it Explanation/example Source/method
measurement
Production carbon footprint kg CO,-equiv. /t Overall emissions GHG Protocol, ISO 14067
of produce
Production water footprint 1/ kg of produce Water accounting by type: Water Footprint Network
Blue, green, grey
Ecological Assessment of erosion,
Soil degradation index % of lost fertility compaction and FAO, National Soil Service
contamination
Share of organic/eco-certified | Direct indicator Global Organic Monitor,
% of total sown area ) . . .
areas of sustainable practices national statistics
Added value per unit USD/m? of water, Eco-efficiency in the
of natural resource USD/ha of land production cycle WEBCSD, FAO
E . :
conome roigﬁéfnglﬁ:lt?&a:de 1 % of contracts For instance, Rainforest Corporate reporting, GRI
p chain pply with certificates Alliance, FSC, etc. P P 8
Percentage of employees
covered by the social security % ILO, OOH standards GRI, local labour inspections
system
Social The proportion of women Gender inclusiveness
in the management % A OECD, UN Women
. . indicator
of agricultural enterprises
Level of compliance % of agreements Legitimacy and stability World Bank Land
with land use rights reached of the lease Governance Framework
Availability of an integrated
GRI, ISO 14001/14040, IR
LCA/ESG/ system (rpethodology . Reflects the maturity Framework (international
for assessing binary (yes/no) - .
. of consistency management | frameworks for non-financial
the full life cycle of products reporting)
Institutional (from field to shelf))
Frequency of sustainable times/year or Reflects adaptability Internal audit, corporate
development strategy updates planning cycle to external risks documents
Level of compliance with SDGs . Integration with the UN’s SDG (Sustainable
index from 0 to 1
(based on self-assessment) global goals Development Goals)

Note: GHG Protocol (Greenhouse Gas) — provides most used standards and guidelines for greenhouse gas accounting; ISO 14067 - in-
ternational standard, establishes requirements for calculating and reporting the carbon footprint of products; Global Organic Monitor —
monitoring of the global market for organic products and its trends or the area of agricultural land on which organic farming is practised;
WBCSD (World Business Council for Sustainable Development) — World Business Council for Sustainable Development, a global network
of more than 250 leading companies that view sustainable development as a key factor in competitiveness; GRI (Global Reporting In-
itiative), IR (Integrated Reporting Framework), ESG (Environmental, Social, Governance) — international frameworks for non-financial
reporting; OECD (Organisation for Economic Co-operation and Development) — a forum and knowledge centre for sharing data, analytics
and best practices in public policy; LCA (Life Cycle Assessment) — a methodology for assessing the entire life cycle of a product (from

field to shelf)

Source: compiled by the authors based on World Resources Institute & World Business Council for Sustainable Development (n.d.)
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A comparison of international practices demonstrates
the high efficiency of integrated approaches. In the Europe-
an Union, the Farm to Fork strategy sets a goal of reducing
the use of chemical pesticides by 50% by 2030 (European
Commission, n.d.b), while India’s PM-KUSUM programme
is achieving a 10% reduction in CO, emissions through
solar transformation (MNRE, 2022). Technological mod-
ernisation in the United States through the use of drones
has reduced pesticide use by 20-30%, and in the Nether-
lands, digital platforms are demonstrating the potential
to reduce water consumption by 90%. Social integration is
most evident in the experience of Costa Rica, where the de-
velopment of organic coffee cooperatives has led to a 15%
increase in exports (FAQ, 2018). It is necessary to improve
the analysis of social aspects through the cases of SEWA
women’s cooperatives in India, which have become a model
of inclusive growth. Moreover, in a social context, the insti-
tutional consolidation of FAO (2022) Farmer Field Schools
programmes should be considered, which ensures the sta-
bility of rural communities through the mass training of
farmers. In addition, blockchain initiatives in India show
a 30% reduction in corruption in the distribution of subsi-
dies, confirming the importance of combining technology
with social justice (NITI Aayog, n.d.).

Despite successful examples, there are critical chal-
lenges and constraints that hinder sustainable transforma-
tion. Globally, climate threats in African regions are pro-
jected to reduce crop yields by 20-30% (Simane et al., 2025).
In Ukraine, the process of integrating sustainability

remains fragmented due to a weak methodological base
and institutional dependence on outdated models (Path
Dependency), which leads to a decline in the level of organ-
ic carbon in soils. Military conflict creates multidimension-
al risks that traditional strategies cannot simultaneously
mitigate. The solution to these problems for Ukraine lies
in the implementation of a “digital twin” that combines
data on mining, soil conditions and logistics for predic-
tive management. Ukrainian policy should be supported
by successful practices: expanding digital services similar
to Kenya (where iCow mobile applications increased yields
by 10-15%), developing cooperatives based on the SEWA
and Central American models, and institutionalising FAO
Farmer Field Schools educational programmes. A com-
bination of economic incentives, similar to EU measures,
with technological and social innovations will form a de-
velopment model that combines economic efficiency with
environmental sustainability and national security in the
context of global transformations of the 21°t century.

Cases of strategic management in food systems:
Successes and failures

An analysis of empirical cases in the field of sustainable
food production shows that strategic management in this
area depends not only on the level of technology or the
volume of investment, but on the ability to integrate long-
term sustainable development goals, incorporating local
characteristics, institutional constraints and global chal-
lenges (Table 4).

Table 4. Successful cases of strategic management of food systems

Region/country Base approach Key strategies Results and consequences
. . PPP (public-private partnership), subsidies Tomato yield is 5 tlmes'hlgher than
Netherlands High-tech agriculture for technology. and farmer education average, water consumption is reduced
&Y by 90%, and CO2 emissions by 20%
. Agroecology and Ban on GMOs, cooperatives, 15% growth in exports, 50% reforestation,
Costa Rica - . . .
organic farming support for Fairtrade and involvement of women
- Integrating food aid and | PSNP programme, satellite monitoring, | 1.5 million hectares restored, food security
Ethiopia 5 . L - o
ecological restoration farmer participation improved for 8 million people
“oco S —
Japan Vertical farms with AI | Robotisation, hydroponics, state subsidies 95% water, +300./°. productivity,
no pesticides
. Biogas, biowaste, CO, -35% by 2030, investment
Ukraine ESG and closed loop KPI-oriented management in bioenergy +25%

Source: compiled by the authors based on Safaricom PLC (2022), OECD (2023a; 2023b), Quarterlytics (2023), AgroNews (2025)

A range of countries have implemented successful
models of sustainable food production, where close coor-
dination between public and private structures, along with
widespread innovation, is a key factor. One example is the
Netherlands, where, despite a shortage of natural resourc-
es, one of these models is in place. Government incentive
strategies, such as top-level sector policy, form a “triple
helix” of interaction between government, academia and
business. This association encourages the adoption of pre-
cision farming, IoT, drones and Al analytics in greenhouses
and fields, optimising resources, reducing emissions and
increasing yields (OECD, 2023a; 2023b). With government
investment in agricultural R&D, subsidy programmes for
agritech start-ups and strict monitoring of emissions, the
Netherlands has achieved a 90% reduction in water con-
sumption and a 300% increase in crop yields compared to
the global average.

Another case of strategic success is Costa Rica, where
the government is consistently implementing agricul-
tural transition by combining a ban on GMOs, support
for organic agriculture, and the development of coopera-
tives, especially in indigenous and mountainous regions.
This approach is supported by fair trade programmes and
cross-border ecotourism, which have contributed to the
restoration of more than half of degraded forests and a
15% increase in the value of agricultural exports. The res-
toration of forests in the country has been made possible
by land policies that include payments to land users for
preserving or restoring vegetation (Payments for Environ-
mental Services), as well as the introduction of a system for
protecting biological corridors and a ban on logging. As a
result, Costa Rica has changed from a country with one of
the highest rates of deforestation in the 1980s to a region-
al example of environmental sustainability and leadership
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in organic exports (OECD, 2023a; 2023b). Spread Co., Ltd.
(Techno Farm, Kyoto and Fukuroi) has introduced fully au-
tomated vertical farms: Al systems, robots, LED lighting
and hydroponics, which provide a significant increase in
yield while drastically reducing water consumption (by up
to 95%) and eliminating the use of chemicals. Based on the
analysis, the company produces up to 30,000 lettuce heads
per day with minimal water consumption, and automated
management has increased yields several times compared
to traditional farming. In terms of strategic support, the
Japanese government is promoting the Smart Agriculture
initiative through inter-ministerial programmes (SIPs) and
the NARO laboratory. Projects include robotics, hydro-
ponic installations, and Al monitoring aimed at creating
sustainable farms that reduce resource use and increase
yields. Japanese vertical farms with Al and hydroponics are
becoming a model for highly efficient and resource-saving
agricultural systems through these programmes, via METI
and other agencies. (Liu et al., 2022).

In Kenya, the introduction of mobile agricultural tech-
nologies, including the iCow and DigiFarm platforms, as
well as the active participation of women’s cooperatives,
resulted in a significant improvement in farming produc-
tivity and economic integration. The iCow users, especial-
ly in the counties of Uasin Gishu, Nyandarua, and Bomet,

reported an increase in milk income of approximate-
ly 50,000-130,000 kg per year (approximately 400-1,000
USD), while average annual milk production per cow in-
creased from ~1,964 litres to ~2,359 litres (i.e. ~20%) com-
pared to controls. DigiFarm has shown rapid growth: more
than 700,000 registered farmers successfully accessed
loans, training and inputs via mobile phones within a year
of launch, improving farm productivity and resilience. The
involvement of local communities and cooperatives has
contributed to a reduction in household costs of approx-
imately 20%, particularly through optimised procurement,
knowledge sharing and collective access to resources (Safa-
ricom PLC, 2022). Despite the war, successful pilot projects
were implemented in some regions of Ukraine. For instance,
in the Poltava region, cooperatives of small producers,
supported by USAID grants, reported an 18% increase in
income. In the Lviv region, the introduction of drip irriga-
tion and training programs increased crop yields by 23%
(AgroNews, 2025). It is also worth noting the example of
Ukraine: the MHP agricultural holding has become a pio-
neer in ESG-oriented agribusiness, selling biogas stations,
a bio-waste disposal system, and digital KPI platforms. This
ensures 35% reduction in CO, emissions by 2030 and in-
creased energy efficiency, despite external challenges, in-
cludingwar and energy crises (Quarterlytics, 2023) (Table 5).

Table 5. Failed cases of strategic management

Country/region Primary issue Cause Consequences

Excessive use of

India (Punjab) agrochemicals

Lack of education, monitoring, and
strategic planning

Degradation of 40% of land, increased
morbidity, and river pollution

Deforestation for

Priority of exports, weak interagency

20% loss of the Amazon rainforest,

support farming

communities in the development of local
programs

Brasil . Do 15% increase in COy emissions, loss of
agricultural purposes coordination . .
biodiversity
. Land reform without Lack of training, investment, and 40% reduction in production, 60%
Zimbabwe . . . - .
support infrastructure increase in food insecurity
o . Low level of fund absorption (less
Lack of monitoring of policy o Qo
Lack of a strategy to effectiveness. Insufficient involvement of than 50% of planned subsidies were
Ukraine ’ implemented in 2021). Only about 72%

of the planned budget of 6.5 billion UAH
was used

Source: compiled by the authors based on World Bank (2022), V. Kravchenko (2022), Ukraine: Largest amount of state support in 2021

received by five agriculture companies (2022), P. Greenfield (2023)

In contrast to successful examples, there are several
cases where strategic management was either absent or in-
effective, leading to persistent environmental, economic,
and social dysfunctions. In Punjab (India), the consequenc-
es of the “green revolution” resulted in environmental and
agricultural crises: despite increased crop yields, excessive
use of fertilisers and pesticides, lack of effective agricul-
tural education and lack of monitoring led to the degra-
dation of over 40% of arable land and serious river pollu-
tion. Experts recorded a drop in organic carbon content to
0.3-0.8%, while the minimum acceptable level is 1%. This
is indicated in the government report. According to the
Department of Planning, about 39% of the state’s territo-
ry is completely degraded, and 50% suffers from a serious
deficiency of nutrients (such as nitrogen and phosphorus),
which highlights the institutional inability to adapt to
long-term environmental challenges.

In Brazil, the strategic emphasis on agricultural ex-
ports, accompanied by the relaxation of environmental
regulations under the Bolsonaro administration, caused a
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major increase in deforestation in the Amazon and high-
er greenhouse gas emissions. At the same time, the agri-
cultural lobby has actively influenced decision-making,
undermining the national and international climate com-
mitments. The lack of coordination between the federal
government and the provinces has undermined full com-
pliance with environmental standards and prompted a re-
sponse from the international community, including import
restrictions by the EU under sustainable supply chain rules
(e.g., EUDR). After years of scientific observation, evidence
has confirmed that under Bolsonaro’s leadership, deforest-
ation in the Amazon has reached a 15-year high, directly
impacting the country’s climate and global sustainability.
According to INPE (Brazilian Institute for Space Research),
carbon emissions from deforestation have increased sig-
nificantly (from an average of 0.24 gigatons per year in
2010-18 to 0.44 GtC in 2019-2020, respectively), and for-
eign buyers, especially from the EU, have expressed serious
concerns about the origin of imported products and their
environmental responsibility (Greenfield, 2023). Thus, the
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priority on short-term gains and weak institutional infra-
structure resulted in a significant deterioration of the en-
vironmental situation in the country and increased pres-
sure from the international community, primarily the EU.
Similar examples are observed in Zimbabwe, where land
reform was implemented without strategic support: the
lack of investment, agricultural infrastructure, and support
for new farmers led to a 40% drop in crop yields and a 60%
increase in food insecurity (World Bank, 2022). In Ukraine,
the government’s 2020-2022 programs to support farming
often lacked a specific implementation strategy. Low ab-
sorption of funds (less than 50% of planned subsidies were
implemented in 2021) State programs to support farming
in 2021 faced significant underfunding; in fact, only about
72% of the planned budget of 6.5 billion UAH was used, and
the lack of effective monitoring and corruption schemes
significantly reduced the effectiveness of these measures
(Kravchenko, 2022; Ukraine: Largest..., 2022).

Analysing these cases, several critical conditions for
strategic success in food systems can be identified. Ef-
fective systemic management with clear interagency co-
ordination is vital. Programs that integrate agricultural
innovation, environmental goals, and social mechanisms
demonstrate the greatest resilience and adaptability. Strat-
egies need to be localised. Approaches that factor in the
local context, education levels, infrastructure readiness,
and cultural characteristics are more sustainable than uni-
versal or export-oriented models. KPI-based assessment is
key. Quantitative indicators such as carbon footprint, hec-
tares restored, and food security index can be used to man-
age results and adjust policies in real time. Ukraine needs a
multi-level strategy that combines decentralised planning
based on up-to-date data with the introduction of innova-
tions incorporated into educational and financial systems.
It is necessary to ensure the active participation of local
producers in collaborative management processes and to
introduce a comprehensive performance assessment sys-
tem that incorporates indicators of yield, income level, en-
vironmental footprint, and community engagement. Thus,
sustainable strategic management is not a set of policies,
but a dynamic system that demands a balance between
the interests of the economy, the environment, and soci-
ety. Successful cases point to the potential of sustainable
models as a driver of economic growth, while unsuccessful
examples point to the high cost of ignoring sustainable de-
velopment and strategic analysis. In the case of Ukraine,
future sustainability requires an adaptive, transparent, re-
gionally sensitive management system that incorporates
international experience but is based on local potential.

Comparative analysis of regional strategies

for sustainable food production

Determination of the differences in regional approaches
to sustainable food production can not only reveal effec-
tive models, but also adapt them to the conditions of indi-
vidual countries, including Ukraine. The European Union,
the United States, Asia, and Africa demonstrate varying
degrees of institutional maturity, resource availability,
and political will, which determine the trajectories of food
system development. The EU (e.g., the Netherlands, Den-
mark) emphasises technological leadership, bioeconomy,
digitalisation, and institutional frameworks — from Farm

to Fork strategies to the Green Deal (European Commis-
sion, n.d.b). These approaches are supported by a com-
prehensive system of subsidies and research centres (e.g.
Wageningen University), digital platforms and certification
mechanisms, which ensure sustainability to be measured
and managed using KPIs. The United States is relying on
private investment, agribusiness holdings, and USDA initi-
atives. Although advanced precision farming technologies
are being developed, structural vulnerabilities remain: the
dominance of large farms, dependence on monocultures,
and low environmental sustainability in some regions.
African and Asian countries such as Ethiopia, India, and
Kenya are demonstrating potential through low-cost tech-
nologies, cooperative movements, local community partic-
ipation, and international programmes. In Kenya, for ex-
ample, digital platforms and mobile technologies provide
access to credit and agricultural advice, increasing yields
and incomes by 25-40% (IFAD, 2022). In India, the PM-KU-
SUM programme (subsidies for solar installations) has re-
duced CO, emissions and costs, but requires transparent
monitoring (Indian Council of Agricultural Research, n.d.).

Ukraine, being at the forefront of global trends and lo-
cal challenges, is a special case. On the one hand, the coun-
try has high agro-industrial potential, fertile black soil and
an export orientation. On the other hand, it suffers from
institutional instability, limited access to finance, vulner-
ability to external shocks (including war) and weak coor-
dination of sustainable initiatives (Escoto, 2020). Although
Ukraine has introduced elements of sustainable agricul-
ture - organic production, pilot digital farms, precision
irrigation projects — these practices still cover only about
5-7% of the total sector (Ivashura et al., 2022). In addi-
tion, there is no comprehensive mechanism for monitoring
sustainability and strategic management at the national
level, which limits the scaling up of successful practices.
Therefore, Ukraine can use an adaptive model that com-
bines the best practices of the EU (institutional support
and regulatory framework), African countries (inclusive
approaches and cooperation), and the US (technological
transformation). However, this requires investment in sci-
ence, sustainability standards, digital transformation, and
a KPI system at all levels of government.

Global cooperation is a catalyst for the transformation
of food systems towards sustainable development. Interna-
tional organisations, including FAO, CGIAR, IFAD and GCF,
are actively investing in projects aimed at reducing vul-
nerability, developing agroecology and adapting to climate
change. Examples include GCF investments in biofarms in
Asia and Africa, CGIAR (2023) platforms for crop genomics,
and FAO (2018) initiatives on agro-landscape planning. For
Ukraine, cooperation with the FAO, GEF, and the Europe-
an Investment Bank (EIB) has become particularly relevant
in the context of the war. Programmes to support farmers,
restore logistics, and introduce alternative technologies
(mobile elevators, drones) have become not only a factor
for survival, but also an incentive for more sustainable pro-
duction (Escoto, 2020). However, access to international
assistance requires institutional maturity, transparency,
and strategic integration into national policy. The lack of
a single coordination centre for sustainable agriculture in
Ukraine, fragmented policies, and competition between
agencies weaken the effect of international initiatives. The
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introduction of a national platform for sustainable agricul-
tural development with the participation of civil society
organisations, the Ministry of Agrarian Policy and the busi-
ness sector could strengthen strategic management and
the integration of global resources into national priorities.

Recommendations for strategic management

of sustainable food production in Ukraine

To develop an effective strategy for sustainable food pro-
duction in Ukraine, it is necessary to define the areas in
which international experience can be tailored to nation-
al realities, as this approach will overcome existing tech-
nological, institutional and social barriers. A key element
of the modernisation of the domestic agricultural sector
should be large-scale digitalisation and the introduction of
modern technological solutions, using Kenya’s successful
practice of expanding digital services and specialised ag-
ricultural applications as a benchmark. In the Ukrainian
context, the creation of similar mobile platforms and inte-
grated management systems will provide small and medi-
um-sized farmers with rapid access to market data, weather
forecasts and expert advice, which will significantly in-
crease the efficiency of resource use and the transparency
of all value chains.

The practical implementation of the digital twin con-
cept in conditions of active hostilities and budgetary con-
straints in Ukraine should be based on the principles of
lean innovation and the use of open-access data. Instead of
creating expensive closed systems, it is advisable to use the
synergy of free satellite images from the Sentinel-2 (Co-
pernicus) programme and open-source machine learning
algorithms to automatically detect funnel formations and
chemical burns on the soil. This approach provides initial
monitoring of land conditions without the need for expen-
sive manned aviation or commercial space services. The
logistical implementation model requires the creation of
a two-tier data structure: the first tier is formed through
crowdsourced mobile platforms, where farmers and repre-
sentatives of local communities independently record the
coordinates of damage, and the second tier involves auto-
mated verification of this data by state authorities through
integration with the Land Cadastre. This transforms the
digital model into a dynamic risk management tool that
prioritises demining and recultivation costs only in those
areas with the highest potential for restoring fertility, en-
suring maximum economic efficiency of every hryvnia in-
vested in conditions of martial law.

Within the framework of strategic management, social
components and the development of inclusive economic
models that have proven their viability on a global scale
are noteworthy. The model of the Indian association SEWA
and the experience of organic coffee cooperatives in Costa
Rica and other Central American countries should become
the foundation for developing mechanisms to support
farmers’ cooperatives, particularly women’s cooperatives,
in Ukraine. The implementation of such approaches will
not only contribute to improved financial stability of rural
communities through shared access to markets and mod-
ern processing technologies, but will also ensure self-em-
ployment among the population and increase food security
at the local level. Institutional strengthening of Ukrainian
sustainable development policy requires the systematic
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implementation of educational programmes aimed at dis-
seminating knowledge about environmentally friendly
production methods. It is advisable to consolidate initia-
tives at the state level, following the example of FAO Farm-
er Field Schools, which have proven their effectiveness in
transferring practical experience in regenerative agricul-
ture and biological plant protection. The creation of a net-
work of regional knowledge transfer centres in Ukraine will
ensure adaptation of farmers to climate change and imple-
ment sustainable management principles directly into the
production process, which is critical for maintaining soil
fertility in the long term.

Further refinement of the strategy requires a profound
transformation of political and economic incentives, which
must correlate with measures implemented in the Europe-
an Union and India. For Ukraine, it is necessary to move
away from traditional models of direct subsidies towards
flexible economic instruments that encourage compliance
with ESG standards and the achievement of Sustainable
Development Goals. This involves the introduction of a
system of “green” payments for the application of environ-
mental practices, expanding access to preferential lending
for high-value-added projects, and creating a favourable
investment climate for low-carbon technologies. The pro-
posed set of measures justifies the key areas for improv-
ing Ukraine’s sustainable agricultural production policy,
demonstrating its high potential in the context of global
trends. Combining the innovative digital experience of de-
veloping countries with the systematic regulatory mech-
anisms of developed economies will transform Ukraine’s
agricultural sector into a high-tech and socially responsi-
ble industry. Such an integrated approach will not only in-
crease the competitiveness of domestic products on world
markets but also form a sustainable production model ca-
pable of effectively countering modern geopolitical and
climatic challenges.

e DISCUSSION

The results of the study are consistent with trends that em-
phasise the need for a balance between economic efficien-
cy, environmental sustainability and social inclusiveness.
The results indicate a direct correlation between short-
term planning and resource degradation, confirming the
hypothesis that sustainable food production requires not
just technological upgrades, but fundamental changes in
strategic management. This phenomenon is a consequence
of path dependency, where strategic decisions continue
to follow outdated, intensive models despite obvious en-
vironmental and economic losses. This conclusion is par-
tially confirmed by R. Chand (2022), highlighting the need
for a transformational vision for the agricultural sector.
However, this study enters into a key debate with this ap-
proach and argues that vision alone is not enough: it must
be backed by institutional power and inter-agency coor-
dination. The analysis shows that economic pressure on
productivity dominates environmental sustainability if it
is not restrained by mandatory KPI monitoring and trans-
parent accountability. The critical role of key performance
indicators (KPIs) was addressed by J. Schokker et al. (2022),
justifying the implementation of climate risk indicators.
This study does not deny the need for KPIs, but questions
their universality and the effectiveness of implementation.
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Systemic failures in monitoring, highlighted in the MO-
PAN (2024) assessment of food organisations, are a more
critical barrier to sustainability than the choice of specific
KPIs. Low transparency effectively devalues even the best
KPIs. Research data from M.W. Jordon et al. (2022) and
A.M. Prairie et al. (2023) confirm that the implementation
of integrated CSA systems not only preserves but also in-
creases organic carbon stocks in the soil, creating the con-
ditions for the development of carbon neutrality strategies
in agriculture. CSP changes strategic management at the
sector level, transforming it from a simple production sys-
tem to an ecosystem service. This requires governments to
develop policies that encourage carbon sequestration and
create carbon markets where farmers can monetise envi-
ronmental benefits, ensuring that environmental sustaina-
bility becomes a financially attractive strategy.

The case of Ukraine (72% of the budget for state pro-
grammes remains unused) is an indicator not only of in-
stitutional weakness, but also of high corruption risks and
ineffective management. This institutional failure creates
a favourable environment for the misuse of funds, which is
a critical barrier to attracting international financing. The
conclusion of the article reinforces the position of MO-
PAN (2024), transforming the requirement for transparen-
cy into a requirement for strict institutional accountability
as the basis for sustainable development and overcom-
ing institutional path dependency. M. Bastidas-Orrego et
al. (2023) examined policy instruments for green infra-
structure. This study reinforces this argument, emphasis-
ing that in crisis regions, investments must not only be
“green” but also integrated into the national system of
geopolitical and military risk management, ensuring the
physical resilience of assets. This requires the development
of unique instruments, such as Sovereign War Risk Guaran-
tees, to stimulate private capital.

Strategic adaptation is another significant point of dis-
cussion. The concept of localising strategies resonates with
the analysis of corporate sustainability strategies, particu-
larly K. Tan (2025). However, it is necessary to distinguish
between national and corporate strategies by proposing
a Hybrid Resilience Framework. This framework requires
that national strategies be differentiated by region and
include adaptation to geopolitical threats that go beyond
traditional risk management. Traditional, linear scenario
planning (regarding climate or the market) has proven in-
effective in the context of geopolitical challenges, such as
full-scale invasion, which requires a dynamic rebalancing
between export-oriented and domestically oriented pro-
duction models.

Y.-Y. Shih et al. (2025) on restructuring global supply
chains through the “China-plus-one” strategy (pull-push-
lock) is valuable. However, a more complex strategic chal-
lenge emerges in the Ukrainian context: the country must
maintain key export markets while ensuring domestic food
security, which requires the implementation of a hybrid
strategy of localisation and global integration, as opposed
to simple supply chain diversification. For agribusiness as
a whole, the importance of scenario planning for climate
disaster resilience is emphasised. This need must be ex-
panded by requiring the integration of military risk scenar-
io planning (destruction of logistics, mining of territories)
into any long-term agricultural strategy. This includes not

only risk assessment, but also planning for the rapid re-
placement of critical infrastructure (e.g., mobile grain el-
evators). Furthermore, it is proposed that the strategy in-
clude government mechanisms for insuring military risks
and targeted funding programmes for demining and res-
toration, making investments in resilience physically se-
cure. Innovative solutions such as controlled environment
agriculture (CEA) demonstrate the potential to increase
productivity by up to 300%. The analysis argues that in the
context of post-conflict recovery, CEA is not just a techno-
logical improvement but a strategic necessity for the rapid
and safe restoration of production in damaged areas.

The issue of energy sustainability is also critical. Con-
cerning the circular economy, the conclusions of M. Fazle
Rabbi & M. Bin Amin (2024) on the role of Al and blockchain
in increasing transparency and optimising supply chains
are indisputable. The contribution of the study consists of
an analysis of the use of these tools for rapid environmen-
tal restoration, in particular for monitoring and decontami-
nating degraded soils. To finance sustainability in high-risk
conditions, it is necessary to move away from traditional
lending models. Blended finance, which combines conces-
sional public capital or guarantees with private investment,
should be the key mechanism. This should be accompanied
by the issuance of Targeted Green Bonds, the proceeds of
which are strictly directed towards soil restoration pro-
jects and the implementation of low-carbon technologies.

While emphasising the technological potential of CEA,
the sustainability strategy cannot ignore social justice.
Without inclusive financial mechanisms for small and me-
dium-sized farms, the introduction of high-tech solutions
(CEA, Al) will only exacerbate regional and social inequali-
ties. It is necessary to create decentralised innovation hubs
that facilitate the transfer of knowledge and technology.
This requires the development of Green Skills among work-
ers and managers, as well as the development of a new train-
ing and certification system that meets the requirements of
a high-tech and sustainable agricultural sector. This study
emphasises general trends and proposes the introduction
of a national concept of a “digital twin” for the agricultural
sector. This tool can be used by government agencies and
investors to conduct scenario modelling of the impact of
strategic decisions (e.g., subsidising specific technologies)
on sustainability (organic carbon growth) and national
security. It transforms management from reactive to pre-
dictive, which is critical in conditions of high uncertainty.
In addition, it provides uncompromising transparency for
international partners, minimising corruption risks and fa-
cilitating capital attraction. This concept involves creation
of a virtual, dynamic model of all key agricultural resourc-
es and infrastructure, combining: This model comprehen-
sively combines Geospatial Data (soil condition, including
organic carbon and pollution, mining data, water resource
monitoring), Production Indicators (actual yield, resource
consumption, energy efficiency, according to J. Schokker et
al. (2022) and Logistics Networks (dynamic supply chain
models, optimised to account for military risks and Hybrid
Resilience).

Thus, the study complements existing literature by in-
tegrating aspects of sustainability with a critical analysis
of geopolitical and military risk. The introduction of the
concept of institutional dependence explains resilience
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to change, while the hybrid resilience framework offers a
mechanism for adapting to multidimensional crises. It is
necessary to shift the focus from technological optimisa-
tion to institutional efficiency, financial innovation and
digital transparency (through digital twins), which is a fun-
damentally new approach for countries facing permanent
crisis challenges. The conclusion is that food security is,
first and foremost, a strategy for national security, insti-
tutional resilience and social inclusion, and only then for
environmental and economic efficiency.

e CONCLUSIONS

Based on an in-depth analysis of sustainable food produc-
tion principles and strategic management mechanisms,
the study confirms that ensuring sustainability is a sys-
temic challenge that requires the integration of economic,
environmental and social mechanisms. The study estab-
lished that progressive technologies (precision farming,
regenerative agriculture, and blockchain) create the nec-
essary potential for sustainable food production. At the
same time, strategic management must be transformed
from a set of separate policies into a dynamic process of
multi-level governance and integrated risk management
(climatic, geopolitical).

An analysis of successful and unsuccessful cases has
revealed critical conditions for effective food system man-
agement. First, this requires a systematic approach with
clear inter-agency coordination and integration of innova-
tions. It also requires the localisation of strategies that take
into account the local context, infrastructure and cultural
characteristics. A key element is KPI-based assessment,
which can be used for real-time management of results
and policy adjustments (e.g. through monitoring of car-
bon footprint and food security index). At the same time,
short-term planning, lack of transparent monitoring and
corruption risks remain critical barriers. The study deter-
mined that achieving sustainability is context-dependent:
in developed countries, it is achieved through technolog-
ical advantage and institutional maturity, while in devel-
oping countries, it is achieved through social mobilisation
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AHoraiig. MeTol0 AOCTIAKEHHS CTaJ0 IPOBENEHHS IMOIMOIeHOr0 aHali3y NPUHIUINB CTaJoro BUPOOHMUIITBA
MIPOZIOBOJIbCTBA, BUSBJIEHHS KIIOUOBMX BUK/IMKIB Ta PO3pOOKa CTpaTeriyHMX pPEeKOMEH[alliii IoJ0 iX TOJOoTaHHSI B
I06aTbHOMY Ta PErioHAJIbHOMY KOHTeKCTax VYkpainu. MeTomonoris mocimskeHHs1 6a3yBasach Ha KOMIUIEKCHOMY
MiXIUCIUTUTIHAPHOMY ITiIXO/Ii, 1110 TIO€HYE ITOPiBHSUIbHMIA, aHATITUYHMIA i CUCTEMHMIT METOAMN, SIKi TO3BOJISIIOTH BCEGIUHO
OI[iIHUTY €KOJIOTiYHi, EKOHOMIUHi Ta collia/ibHi KOMITOHEHTY MPOAOBOBUMX CUCTEM Y KOHTEKCTi Cy4yaCHUX ITI06aTIbHUX
BUK/IMKIB, TeHJEHILili PO3BUTKY IIPOFOBOJBUOTO CEKTOPY Ta BIUIMBY TeXHONOTiyHMX TpaHchopmaliit. 3pificHeHo
TTOT/IMO/IeHNIT aHAJIi3 TEOPETUUHMX OCHOB CTAJIOTO BUPOOHUIITBA MTPOJOBOIbCTBA, JOCTIIKEHO TepskaBHi Ta KOPIIOpaTUBHi
cTpaterii ympaBiiHHSI MPOAOBOJIBYMMM pecypcaMiu, BMBUEHO MDKHApOAHI iHilliaTuBM, MpOTpamMu CIiBPOOGITHUIITBA
Ta iHHOBAaIIiiHi TEXHOJIOTIUHi pillleHHs, CIIpPSIMOBaHi Ha MiABUIEHHS ePEKTMBHOCTI Ta CTaJOCTi arpompomoBOIbUNX
cucTeM. BcraHoBIIEHO, 1110 e(eKTUBHE CTpaTeriuHe yIpaBiHHS CIpUsE IMMOOKiN iHTerparlii eKoIorivHmx, comiaabHmux
i eKOHOMIUHUX (DAKTOPiB Y CUCTEM IPOIOBOJIBYOTO BMPOOHMIITBA, 3a6e3euyioun 36aJ1aHCOBAHMIT PO3BUTOK arpapHoi
cdepn. Po3pobieHo KoMITIEKC peKOMeH Ialliil {00 afanTalii MixkHapoJHOTo 1OCBimy o yMoB YkpaiHu, 30kpema y cdepi
PO3BUTKY arpOTEXHOJIOTi i, BAOCKOHAJIEHHS MeXaHi3MiB IepsKaBHOTO YITPaBIiHHS Ta IMiATOTOBKY BMCOKOKBasTi(hikoBaHMX
KaJpiB IJIs1 TIPOAOBOIBUOTO cekTopy. IIpoaHamizoBaHo ycmimmHi keiicu Kpain €C, CIIA Tta Kurawo, BuM3HAueHO ixXHi
edeKkTUBHI Momeni peamisallii cTamMx MPAKTUK i MOKIMBOCTI 3aCTOCYBAHHS IMX TiAXOMiB Y BiTUM3HSIHOMY KOHTEKCTI.
BomHouac BUSIBJIEHO, 1110 HEIOCKOHAICTh iIHCTUTYLIITHUX MeXaHi3MiB, 06OMeXXeHicTb (piHaHCOBMX pecypciB i HemoCTaTHS
KOOpAMHAIlSI MiX JepKaBHMMM Ta TMPUBATHUMM CTPYKTypaMM 3aJIMIIAIOTHCS KITIOUOBMMM Gap’epamMy Ha IUISXY IO
crasnocTi. [IpakTuyHa LiHHICTb JOCTiAKeHHS TIOMSITa€e Y MOXKIMBOCTI BUKOPUCTAHHS 110r0 pe3ynbTaTiB daxiBusmu y cdepi
CTPATErivHOTO YIIPABJIiHHS, IepXKaBHOI MOJIITUKY Ta arPAapPHOTO PO3BUTKY /IS TTiABUIIEHHS e(DeKTUMBHOCTI HAI[iOHATbHUX
Mporpam MpoJoBoOIbYOi 6e3reky Ta JocsrHeHHs Linei ctanoro po3sutky OOH
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Abstract. The study aimed to systematise existing risk management methodologies and identify theoretical provisions
regarding their potential suitability for IT projects. To achieve this goal, a comparative analysis and theoretical assessment
of the high-level characteristics of risk management methodologies in IT projects were used. The comparative analysis
revealed the features of the most commonly used risk management methodologies: ISO 31000:2018 was characterised by a
high level of versatility; Project Management Body of Knowledge (PMBoK) and Risk Management in Portfolios, Programs,
and Projects: A Practice Guide had a high degree of detail; Projects IN Controlled Environments (PRINCE2) was formal
in nature, while Enterprise Risk Management (COSO ERM) was conceptual; Factor Analysis of Information Risk (FAIR)
and Factor Analysis of Information Risk Artificial Intelligence Risk (FAIR AIR) focused heavily on the use of quantitative
risk assessment tools; and “NIST Special Publication 800-37. Revision 2. Risk Management Framework for Information
Systems and Organisations: A System Life Cycle Approach for Security and Privacy”, “NIST AI 100-1. Artificial Intelligence
Risk Management Framework (AI RMF 1.0)” and “NIST AI 600-1. Artificial Intelligence Risk Management Framework:
Generative Artificial Intelligence Profile” ensured risk management in projects based on the use of artificial intelligence.
The results of comparative analysis and research into the practical application of individual methodologies can be used to
select the optimal methodology in a specific context

Keywords: digital transformation; analysis; monitoring; control; software

¢ INTRODUCTION

In modern conditions of digital transformation, effective
risk management has become one of the key factors for
the success of information technology (IT) projects, pro-
grammes and portfolios. The dynamic development of
IT, the emergence of new architectural solutions, rapid
software updates and high market competition create an
environment of increased uncertainty. Effective risk man-
agement of IT projects is only possible if a wide range of
external and internal project environment factors are ad-
dressed. It is necessary to emphasise the need to incorpo-
rate modern trends in the IT services market: the integra-
tion of artificial intelligence into the software production
cycle, the ever-growing relevance of cybersecurity, cloud
transformation as a strategic necessity, zero-trust architec-
ture, DevOps and Infrastructure as Code, cost optimisation,

low- and no-code platforms, distributed teams, and the
transformation of stakeholder demand and expectations in
the context of the popularisation of artificial intelligence.
There is no established taxonomy of IT project risks
in the scientific field. In addition to the basic risks for
project activities (such as failure to comply with project
constraints, market and regulatory risks, human capital
risks, etc.), IT projects are also characterised by specific
industry risks. K. Nazarova et al. (2023) referred to risks
related to IT infrastructure, personnel, loss or leakage
of information, as well as social, legal, market and tech-
nological risks. The study addressed technological risks,
which include risks of software code obsolescence, inte-
gration risks, and cybercrime risks. According to J.J. Sel-
vakumar et al. (2024), risk management can improve the
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effectiveness of IT projects and initiatives. This conclu-
sion was made based on the results of a structured survey
of 261 IT professionals, emphasising the existence of a
directly proportional relationship between risk identifi-
cation and analysis and the probability of success of an
IT initiative. The existence of such a relationship was also
confirmed by R. Testorelli et al. (2024) in an investigation
of the impact of risk management on the value of projects
in various segments of the economy. Based on data from
116 relevant studies, the authors presented a theoretical
model in which the use of risk management methodolo-
gies and tools increased the economic, environmental and
social value of projects and programmes.

V.I. Ziuziun & D.O. Liashenko (2025) presented an
integrated conceptual model of risk management for IT
projects that create online platforms with high-value
transactions, considering that traditional approaches, in
particular ISO 31000:2018 (2018), PMBoK and MSF, do
not fully meet the challenges of the digital environment,
in particular fraud and cyber threats. The study empha-
sised that the modern information environment requires
a rethinking of existing approaches and the introduction
of new, contextually determined approaches. Thus, the ef-
fectiveness of risk management in projects, programmes
and portfolios depends not only on specific risk manage-
ment methodologies or standards, but also on the char-
acteristics of the environment in which they are used. A
similar opinion was presented by L. Mohylna & I. Vorobi-
ov (2024), identifying and investigating the determining
factors of risk management effectiveness in innovation
and investment projects.

In addition to the need to align existing management
methodologies and standards with company strategies,
challenges lie in the lack of unified protocols for identify-
ing and documenting risks. This obstacle to risk manage-
ment was documented, for example, by W. Albasyouni et
al. (2025), in a comparative analysis of individual compa-
nies from local and multinational corporations operating
in the Middle East, Asia and Latin America. According to
the observations, the key difference is that multinational
corporations use standardised risk management protocols,
while local companies often face difficulties in formalising
these practices.

In the field of risk management methodologies and
standards, it is also worth considering the sources of risk,
which have been studied by A. Tak & S. Chahal (2024). Ac-
cording to these experts, existing sources of risk include
dynamic resource allocation, management model sustain-
ability, risk integration, and information quality. A. Tak &
S. Chahal emphasised that analysis of the barriers to im-
plementing existing methodologies and standards is key
to effective risk management in projects and programmes.
Despite the existence of individual studies comparing
key risk management approaches and standards, there is
a need for a more systematic and comprehensive review
covering their conceptual foundations and practical appli-
cations. The study aimed to systematise international risk
management methodologies and assess their relevance
in the context of IT projects, programmes and portfolios.
Achieving this goal involved conducting a comparative
analysis and critical assessment of existing approaches to
risk management in the segment under study.

e MATERIALS AND METHODS
Key international standards and methodologies were used
as primary materials, including ISO 31000:2018 (2018), A
Guide to the Project Management Body of Knowledge PM-
BOK® Guide Seventh Edition (Project Management Insti-
tute, 2021) and PRINCE2 Project Management Foundation
(Version 7) (PRINCE2, n.d.). Risk Management in Portfo-
lios, Programs, and Projects: A Practice Guide (Project
Management Institute, 2024) and NIST Special Publication
800-37. Revision 2 (National Institute of Standards and
Technology, 2018) were also used. Alongside mentioned
documents, the Factor Analysis of Information Risk (FAIR)
(FAIR Institute, n.d.) and Committee of Sponsoring Or-
ganisations of the Treadway Commission Enterprise Risk
Management (COSO ERM) (Committee of Sponsoring Or-
ganizations, n.d.) were also analysed. Alongside mentioned
methods, the NIST AI 100-1. Artificial Intelligence Risk
Management Framework (Al RMF 1.0) (National Institute of
Standards and Technology, 2023), NIST AI 600-1. Artificial
Intelligence Risk Management Framework: Generative Ar-
tificial Intelligence Profile (National Institute of Standards
and Technology, 2024) and A FAIR artificial intelligence (AI)
Cyber Risk Playbook (Copeland, 2024) were also analysed.
To achieve the research objectives and ensure the ob-
jectivity of the results obtained, a set of theoretical meth-
ods of scientific cognition, comparative analysis, and a
review of the features of risk management in IT projects
were used, which made it possible to comprehensively an-
alyse the features of risk management in IT projects, pro-
grammes, and portfolios. The comparative analysis meth-
od was used to compare risk management methodologies
and standards in terms of structure, process stages, level
of detail, and practical application possibilities. Compara-
tive analysis made it possible to identify common features,
differences, advantages, and limitations in the context of
modern IT projects, programmes, and portfolios. The com-
parison was made based on the following criteria: the fun-
damental idea that the methodology seeks to implement to
create value; the level of detail, i.e. the depth of disclosure
of the proposed processes and tools; degree of formali-
sation as the level of requirements for documenting and
formalising processes; and adaptability, which consists in
whether the methodology can be used for the modification
of the proposed processes for a specific industry, organi-
sation, portfolio, programme or project. The paper also
examined the specifics of applying the selected method-
ologies in the context of risk management in IT projects.
The practical aspect of using methodologies was explored
in terms of their strengths and weaknesses in increasing
project resilience in an environment of constant change.

e RESULTS

International risk management standards

Risk management is a complex process with a high entry
threshold, which often requires fruitful interaction be-
tween stakeholder groups, functional units of the organisa-
tion, corporate strategy and organisational culture. Given
the complexity of this process, several international insti-
tutions aim to create universal methodologies that would
accumulate the best and most relevant achievements in the
scientific and practical spheres. This knowledge is system-
atised, tested for compliance with current conditions, and
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transferred to managers in the form of ready-made models,
processes, and tools. In other cases, risk management is an
objective necessity due to the high cost of errors and reg-
ulatory restrictions, such as in data management, finance,
and construction. In such cases, the creation of universal
methodologies is part of the regulation of a given field of
activity, and following the methodology becomes an obli-
gation of the business entity. Risk management methodol-
ogies are often components of overall project management
methodologies (as in the case of PRINCE2 and PMBoK), but
for the most part, they are comprehensive and autonomous
and can be studied separately.

The most popular risk management methodologies
include ISO 31000:2018 (2018) (as well as related stand-
ards that cover individual elements of risk management in
greater detail, such as IEC 31010:2019 (2019)), PMBoK (as
well as the more detailed separately published methodolo-
gy Risk Management in Portfolios, Programs, and Projects),
PRINCE2, NIST Risk Management Framework (RMF), APM
Project Risk Analysis and Management (PRAM), ISACA CO-
BIT, FAIR, COSO ERM, and others.

ISO 31000:2018 (2018) is an international standard for
risk management that sets out general principles, frame-
works and processes for managing risks in any organisation.
The methodology involves eight interrelated principles for
creating and protecting project value: continuous improve-
ment, use of the best available information, consideration
of human and cultural values, consideration of the dynamic
nature of the project, integration, structure and complex-
ity, individualisation (customisation) and inclusiveness.

PMBOoK is a framework of interrelated processes from
the Project Management Institute (2021) (PMI) designed
for project management; it considers project risk manage-
ment as a separate set of processes, which includes iden-
tification, quantitative and qualitative risk assessment,
response planning, and monitoring. In modern editions
(7™ edition and 8™ edition), the approach has become more
principled, adaptive, and focused on contextual selection
of techniques. PMBoK is well-suited for medium and large
projects where it is necessary to formalise risk manage-
ment processes in the project lifecycle.

PRINCE2 (n.d.) is a project management methodol-
ogy that originated in the United Kingdom and is wide-
ly used in government and corporate environments. In
PRINCE?2, risk is considered one of the key topics and, sim-
ilar to ISO 31000:2018, provides for a cycle that includes
risk identification, assessment, planning, implementation
and communication. The methodology emphasises the
appointment of risk owners, the use of a risk register and
the inclusion of a risk strategy in the project’s initial doc-
uments. A key feature of the methodology is its transpar-
ency, which is achieved through an emphasis on clear roles
and responsibilities.

NIST Special Publication 800-37 is a methodology de-
veloped for managing information security risks. RMF con-
sists of a sequential cycle of stages: organisation prepara-
tion, information system categorisation, security measure
selection and implementation, assessment, authorisation,
and continuous monitoring (National Institute of Stand-
ards and Technology, 2018). In contrast to the universal
ISO 31000:2018, RMF is designed to ensure cyber resilience
and compliance with government security standards in the
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field of IT. Its main advantage is the integration of risk
management into the life cycle processes of IT systems.

FAIR is a universal risk management methodology
that places a strong emphasis on the need to measure risks
quantitatively, in financial terms, rather than solely in
percentage or qualitative categories (FAIR Institute, n.d.).
FAIR is based on two key concepts: loss event frequency
and loss magnitude, which can be used for modelling the
probability of risks occurring and their potential financial
consequences. A distinctive feature of FAIR is its emphasis
on a quantitative approach to risk assessment, which can
be used for more informed budget allocation, risk priori-
tisation, and demonstration of the effectiveness of man-
agement measures. The methodology is used in the bank-
ing, financial, technology, and government sectors to build
models of the economic effectiveness of cybersecurity.

The FAIR-AIR Approach Playbook is a variation of the
FAIR methodology adapted to the conditions of artificial
intelligence risk management (Copeland, 2024). This ap-
proach combines the principles of quantitative risk analy-
sis with models for assessing specific risks associated with
artificial intelligence (AI), such as algorithmic bias, opaque
decisions, reputational damage, privacy violations, or fail-
ure to comply with ethical standards. The main difference
between FAIR-AIR and FAIR is the object of assessment
and the context of application: FAIR focuses primarily on
information and cyber risks associated with technological
systems; FAIR-AIR emphasises the risks arising from the
implementation of artificial intelligence systems, where
uncertainty often has not only technical but also socio-eth-
ical dimensions. FAIR-AIR retains the quantitative basis of
FAIR, but supplements it with an assessment of qualitative
parameters such as user trust, ethical decision-making and
algorithm transparency. This approach can be used for a
comprehensive analysis of the risks of new technologies,
ensuring a balance between business interests, security
and social responsibility.

COSO ERM is a basic approach to corporate risk man-
agement (Committee of Sponsoring Organisations, n.d.).
COSO defines risk management as a process implement-
ed by the board of directors, management and other em-
ployees to identify potential events that could affect the
organisation and manage risks within its risk appetite. The
COSO model emphasises the integration of risk manage-
ment with corporate strategy, culture and internal control
systems. This approach can be used to create a unified
structure in which risks are viewed not only as threats, but
also as a source of strategic opportunities.

NIST AI 100-1 emphasised the management of risks
associated with the development, implementation, and
use of artificial intelligence systems (National Institute of
Standards and Technology, 2023). This methodology focus-
es on transparency, fairness, accountability, and reliability
of Al solutions. The AT RMF structure consists of four func-
tions: building a risk management culture and integrating
it with other business processes, mapping, measuring, and
managing risks. The methodology provides recommenda-
tions for assessing potential ethical, technical, and social
risks arising from working with machine learning algo-
rithms and generative Al.

NIST AI 600-1 is a specialised profile that extends
the AI RMF to generative artificial intelligence systems
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(National Institute of Standards and Technology, 2024).
This document details approaches to managing risks re-
lated to content creation, copyright, misinformation, and
model bias. A substantial feature is the emphasis on data

security, transparency of training samples, and human
oversight mechanisms. A comparative analysis of risk man-
agement methodologies based on key parameters is pre-
sented in Table 1 below.

Table 1. Comparative analysis of key risk management methodologies in IT projects

Fundamental idea . Level

ISO 31000:2018 (2018)

Creation of a universal risk
management system aimed at
achieving the organisation’s
goals through the integration
of risk management into all
processes.

Medium - principles,
frameworks and
general processes
are defined without
excessive detail on
tools.

Low - requires
development of
internal policies and
procedures.

Adaptability

High - easily adaptable
to most industries where
risk management is not
directly regulated.

PMBOK 6 edition (2017)

Formation of a structured
risk management process
within the project to control
the impact of uncertainty on
project objectives.

High - specific
processes, inputs,
outputs, tools and

techniques are

described.

Medium - clear
requirements for
documenting each risk
management process.

High - easily adaptable
to most industries where
risk management is
not directly regulated.
The idea of adaptability
(“fitting in”) is embedded
in the very foundation of
the methodology.

PRINCE2 (n.d.)

Ensuring controlled project
management through

High - specific
processes, inputs,
outputs, tools and

High — mandatory
templates, roles, risk

Medium - possible
modifications within the

Portfolios, Programs,
and Projects: A Practice
Guide (2024)

management across portfolio,
programme and project levels
to achieve strategic objectives.

relationships between
management levels are
described in detail.

requirements for
documenting each risk
management process.

systematic risk management, K approved management
R techniques are logs.
roles and responsibilities. . structure.
described.
Risk Management in Ensuring consistency in risk High - the Medium - clear High - easily adaptable

to most industries where
risk management is not
directly regulated.

NIST Special Publication
800-37 (National
Institute of Standards
and Technology, 2018)

Integration of information
security risk management into
the IT system lifecycle.

High - clear stages,
control measures and
audit requirements.

Very high - strict
documentation and
compliance with state
standards.

Low - limited possibility
of modification due to its
regulated nature.

Quantitative assessment of
information risks in financial

High - detailed
models for calculating

Medium - requires

High - easily adaptable

value by balancing risks and
opportunities.

described, without
specific techniques.

processes.

FAIR (n.d.) - - - data collection, but not | to the industry, system or
units for making economically | frequency and loss - - .
. . strict formalism. type of risk.
sound decisions. values are described.
High - suitable for
adaptation to most
Integration of risk Medium - principles, sectors and business
management into corporate components and Medium - requires | scales. At the same time,
COSO ERM (n.d.) strategy to create added interrelationships are customisation of in contrast to most

other methodologies, it
does not mention the
principles and process of
adaptation.

NIST AI 100-1 (National
Institute of Standards
and Technology, 2023)

Improving the reliability,

fairness, transparency and

accountability of artificial
intelligence systems.

High - defined and
detailed functions
for building a risk
management culture
and integrating it
with other business
processes, mapping,
measuring and
managing risks.

Medium - clear
requirements for
documenting each risk
management process.

Medium (within a specific
subject area) — created
as a flexible framework
for different types of Al

solutions.

NIST AI 600-1 (National
Institute of Standards
and Technology, 2024)

Managing risks associated
with generative artificial
intelligence: content,
copyright, bias, and data
security.

High - detailed
risk categories for
generative models.

High - requires strict
documentation of
processes and control
measures.

Medium (within a specific
subject area) — adapts
within the field of
generative Al

FAIR-AIR (2024)

Quantitative assessment of
artificial intelligence risks,
including ethical, social and
reputational aspects.

Medium - general
processes are defined
without excessive
detail on tools.

Medium - requires
basic documentation
and qualitative
justification.

Medium (within a specific
subject area) - flexible
methodology adapted
to any Al systems and

industries.

Source: compiled by the author based on Committee of Sponsoring Organisations (n.d.), FAIR Institute (n.d.), Project Management
Institute (2021), ].B. Copeland (2024)
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The comparative analysis showed that all the risk man-
agement methodologies considered have a common goal,
which is to create a systematic approach to identifying, as-
sessing and controlling risks to increase the resilience of
organisations to uncertainty. They are all based on a pro-
cess approach that includes the stages of risk identifica-
tion, analysis, response and monitoring, ensuring contin-
uous improvement of management practices. In addition,
each methodology integrates risk management into the
overall corporate or project management system and con-
siders risk as a factor that can have both a negative and
positive impact on the achievement of strategic goals.

At the same time, there are significant differences be-
tween the methodologies that determine their scope of
application and the depth of procedure development. ISO
31000:2018 is distinguished by its high level of versatility
and fundamental nature, as it emphasises not specific tools
but general risk management principles, making it suita-
ble for any organisation, including IT companies. PMBoK is
characterised by a high degree of detail, while the PRINCE2
methodology is characterised by a high level of formalisa-
tion and a clear distribution of roles and responsibilities,
which ensures transparency in risk management, espe-
cially in large IT projects or government structures. NIST
Special Publication 800-37 has a strong technical focus
and was developed primarily to ensure cybersecurity and
information system risk management (National Institute
of Standards and Technology, 2018). Its normative nature
makes this approach particularly effective for the pub-
lic and corporate sectors, where compliance with security
standards is required.

COSO ERM, in turn, is a principle-based methodol-
ogy that covers risk management at the strategic level of
an organisation, creating a foundation for building a cor-
porate risk management culture, but it needs to be adapt-
ed for practical use in the IT field. FAIR and FAIR-AIR are
risk management methodologies that focus on quantita-
tive risk assessment. FAIR can be used to express risks in
financial terms, which is beneficial for the justification of
investment decisions in business activities. FAIR-AIR is
an extension of the basic FAIR model and is used to as-
sess risks associated with artificial intelligence, including
algorithmic, ethical and systemic risks, while maintaining
a quantitative approach and enabling the economic val-
ue of the potential consequences of risks to be assessed.
NIST AI 100-1 and NIST AI 600-1 are a separate category,
representing methodologies for managing risks associated
with the development and application of artificial intelli-
gence systems (National Institute of Standards and Tech-
nology, 2023; 2024). While NIST AI 100-1 is a universal
framework for building systematic risk management in Al,
NIST AI 600-1 is its profile, specially adapted to generative
artificial intelligence and aimed at managing the risks of
transparency, bias, reliability and cybersecurity.

In the context of IT projects, the choice of risk man-
agement system should be based on the suitability of
the methodology to the level of decision-making and the
characteristics of the organisational environment. At the
strategic level, it is possible to use ISO 31000:2018 and
COSO ERM as tools that set out the general principles of
integrated risk management, but the assumption of their
increased effectiveness needs further verification. At the
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project level, any of the methodologies considered in the
study can be effective, as their usefulness is determined
by the specific conditions of the project implementation.
NIST Special Publication 800-37 focuses on ensuring an
adequate level of information security (National Institute
of Standards and Technology, 2018). FAIR, along with the
other methodologies mentioned, also supports quantita-
tive risk assessment and uses common tools, such as Monte
Carlo modelling; at the same time, its advantage lies in its
systematic structure for the financial interpretation of risk
indicators and the justification of the economic feasibility
of management decisions. Finally, NIST AI 100-1, NIST Al
600-1 and FAIR-AIR are crucial in implementation of arti-
ficial intelligence technologies, as they cover the specifics
of the subject area. Based on the characteristics of individ-
ual methodologies, it is proposed to consider an integrated
approach that provides comprehensive risk management,
from the strategic level to specific digital systems and al-
gorithms, creating a reliable foundation for the sustainable
development of IT organisations.

Assessment of high-level characteristics

of risk management methodologies in IT projects

The practical application of modern risk management
methodologies demonstrates that organisations can com-
bine several approaches depending on their field of activity,
IT environment structure, and level of regulatory complex-
ity. In this context, ISO 31000:2018 serves as a universal
framework for shaping organisational culture, establishing
procedures for identifying, assessing and treating risks, and
ensuring coordination between departments. The practical
strength of this methodology lies in its ability to provide a
universal assessment of existing risks and ensure strategic
alignment, which is particularly useful for organisations
with complex structures or a high degree of IT dependency.
At the same time, the main limitation of ISO 31000:2018
is its generality: the methodology describes principles but
does not contain detailed instructions for implementing
processes. This forces organisations to either develop in-
ternal processes or turn to other, more organised and de-
tailed methodologies.

An example of such a methodology is PMBoK, which
provides structured risk management within projects. In
practice, framework approaches are effectively applied
where it is necessary to document risks, track their impact
on deadlines, budget or quality, and coordinate interaction
between different teams. The strength of this methodology
is its systematic nature, which makes it possible to formal-
ise processes and integrate risk management into the pro-
ject life cycle. However, given the rise of agile development
approaches, excessive formalisation can hinder teams
working in highly dynamic environments. In such cases, it
is advisable to adapt the application of PMBoK by reducing
the amount of documentation and emphasising the role of
regular communication and short risk review cycles.

Risk Management in Portfolios, Programs, and Pro-
jects delves deeper into the domain of uncertainty in
project management and expands the scope to include
programme and portfolio management (Project Manage-
ment Institute, 2024). At the same time, the methodolo-
gy focuses primarily not on scaling as simply the ability to
cover a larger object, but on building a multi-level, holistic
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corporate risk management system. The methodology re-
veals in detail the interrelationships between risk manage-
ment levels, sets a clear framework of duties and respon-
sibilities, and describes in detail the principles of effective
interaction within and between levels. This ensures the
complete versatility of the methodology in terms of its
scope of application: it can be applied at the level of an
individual project, programme or business unit, or it can be
used as the basis for a corporate risk management system.
The key challenge in implementing the methodology is the
high requirements for corporate culture and maturity.

PRINCE2 (6 edition) can also be used to ensure the
controllability of large projects, especially where strict
change control and a clear accountability system are re-
quired. The practical advantage of the methodology is that
it ensures transparency of decisions and predictability
of results, which is relevant for IT initiatives in the pub-
lic sector or in large transformation programmes. At the
same time, the rigidity of PRINCE2 can be an issue in fast
innovation cycles, where the focus of stakeholders shifts
from controllability of the environment to speed and ad-
aptability. In the field of information security, NIST Spe-
cial Publication 800-37 is widely used in practice, enabling
organisations to align their IT systems with industry and
international standards (National Institute of Standards
and Technology, 2018). The advantage of this methodolo-
gy is its ability to ensure formalised compliance. However,
the complexity and resource intensity of NIST Special Pub-
lication 800-37 can be an obstacle for organisations that
do not have a developed information security function. To
reduce the burden, it is recommended to apply NIST RMF
selectively, focusing first on the most critical systems and
then scaling the process to all IT assets.

Factor Analysis of Information Risk (FAIR) focuses on
quantitative risk modelling and assessing the econom-
ic feasibility of response measures. Its key strength is its
emphasis on financial consequences, which can be used
for informed investment decisions. FAIR is widely used to
model potential losses, assess the probability of incidents,
and determine the optimal level of investment in response
measures. At the same time, FAIR is dependent on quality
data: the model operates at its highest efficiency when an
organisation has sufficient historical and statistical data or
can provide a correct assessment.

COSO ERM addressed the creation of a corporate risk
management system, but in contrast to the PMI’s frame-
work, it focuses primarily on this level. This complicates
the targeted implementation of the methodology locally
at the level of individual projects. At the same time, COSO
ERM can be cumbersome for organisations that do not have
mature strategic management mechanisms. To overcome
this, it is recommended to start with individual compo-
nents of COSO ERM, such as the process of determining
risk appetite or integrating risks into the budget cycle,
gradually expanding the scope of application.

In the field of artificial intelligence, the latest frame-
works NIST AI 100-1, NIST AI 600-1, and FAIR AIR provide
practical mechanisms for controlling risks associated with
incorrect predictions, generative system failures, or data
leakage risks. Their competitive advantage is their special-
isation in a specific, narrow field with in-depth disclosure
of the specifics of working with its risks. The limitation is

their relative novelty: organisations do not yet have estab-
lished practices for effectively protecting artificial intelli-
gence systems. It is recommended to start implementing
the methodology with use-case profiles, which can be used
to adapt requirements to specific Al systems.

During the theoretical comparison of the characteris-
tics of the methodologies used, it was assumed that dif-
ferent approaches may have complementary strengths:
ISO 31000:2018, due to its “lightness” and lack of formali-
sation, is well suited for forming general policies and prin-
ciples of risk management at different levels of the organi-
sation, PMBoK and PRINCE2 ensure operational discipline,
PMI Risk Management in Portfolios, Programs and Projects
provides tools for correct process scaling, NIST RMF en-
sures compliance with regulatory requirements and the
highest standards, FAIR provides “light” and adaptive tools
to improve the quality of management decisions based
on quantitative risk assessment. COSO ERM builds flexi-
ble processes and principles for building a corporate risk
management system, and the extension of some of these
frameworks (NIST RMF, FAIR) can be adapted to the spe-
cific challenges of artificial intelligence systems. However,
these conclusions are hypothetical and require empirical
confirmation in different organisational contexts.

e DISCUSSION
Thekeytask of the studywasto conduct acomparative analy-
sis, which resulted in conclusions about the characteristics,
strengths and weaknesses of individual risk management
methodologies. The idea presented in the study regarding
the need to compare and contextualise methodologies has
been confirmed in previous studies, by B. Metin et al. (2024),
arguing that objective risk assessment in the field requires
analysis of information relating to business requirements,
human factors and safety culture in the organisation. The
ideas expressed by B. Metin et al. correlate with the theo-
retical comparison of the characteristics of methodologies
presented in this study and the emphasis on the fact that
each of them has both strengths and weaknesses in the
context of risk management in IT projects. B. Teslim (2023)
considered the idea that the effectiveness of risk identifi-
cation and analysis is enhanced using artificial intelligence
tools that facilitate rapid data collection and processing.
Based on data obtained from 360 IT professionals, S. Kalo-
giannidis et al. (2024) concluded that Al-based data anal-
ysis and its integration into incident response planning
improve risk assessment and support business continuity
in an environment where enterprises face risks such as
natural disasters, cyber-attacks, or economic fluctuations.
The presented study also considered the idea that the
choice of risk management methodologies and standards
largely depends on the context in which they are used. The
idea of contextually determined choice of risk management
methodologies was also confirmed in the study by I. Aswat
& A. Carolin (2024). Experts noted that to improve the ef-
fectiveness of risk management, companies should further
determine the needs and specifics of individual economic
segments. This opinion partly correlates with the results
of the study, but the difference lies in its different analyti-
cal focus. In contrast to I. Aswat & A. Carolin, who studied
the accounting services sector, presented a study that an-
alysed risk management methodologies in the IT segment.
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A. Harju et al. (2024) analysed the risks arising for financial
institutions when purchasing IT services, emphasising the
specifics of the interaction between the financial sector and
technology solution providers. This connection confirms
the idea put forward in the work that the effectiveness of
risk management methodologies and standards in the IT
sphere largely depends on a detailed analysis of the context
of their application and adaptation to the specifics of the
project environment. A partial correspondence was also
found between this work and the study by Y. Xu et al. (2024),
which analysed the origins, connections and differences in
the interpretation of risks in different disciplines and seg-
ments. The existence of such differences partly confirms
the idea presented in this paper that context determines
the assessment of risks and the choice of approaches to
their minimisation. However, the correspondence is incom-
plete in the context of the relatively narrow scope of the
presented study. Based on an analysis of the strengths and
weaknesses of the most commonly used risk management
methodologies, the paper considered the need for an inte-
grated approach to risk management. This view has been
confirmed in previous studies, for example, by D. Yuniar-
to & A.B.A. Rahman (2025). The thematic analysis of 61
scientific works presented by these researchers identified
three groups of factors for the effective implementation
and minimisation of risks in IT projects: support from the
organisation’s management, cross-functional cooperation,
and risk-aware decision-making.

The results of the analysis indicate the feasibility of
applying risk management methodologies in IT projects,
particularly in the context of software development, to im-
prove process control and timely identification of potential
risks. After examining various risk minimisation and man-
agement strategies, O.T. Adebayo (2024) concluded that a
proactive approach to threat management is effective. The
study emphasised that risk management in the early stag-
es of a project can ensure a timely response to potential
threats. The general stages of risk management identified
in the comparative analysis provide a basis for its imple-
mentation. The importance of early risk identification as
an effective risk management strategy was also confirmed
in the work of G. Kanyongo & N. Wadesango (2025). In con-
trast to the presented study, G. Kanyongo & N. Wadesango
addressed cybersecurity risks. A high level of correspond-
ence was also found between the presented study and the
work of V.S. Balasubramaniam et al. (2023), in which the
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identification of risks in the early stages of the project life
cycle was considered a substantial factor in the effective-
ness of risk management in the field of IT. Overall, numer-
ous similarities were identified between this study and pre-
vious works, suggesting the relevance of the chosen topic
and the feasibility of further research. The contribution of
this work to the existing academic discourse lies in its at-
tempt to systematise and compare international method-
ologies and standards for risk management in the field of
IT. A systematic analysis can be beneficial in managing new
and existing risks in one of the most dynamic segments of
the economy.

e CONCLUSIONS
A comparative analysis revealed that methodologies differ
in their level of detail. For example, ISO 31000:2018 has a
high level of versatility, while PMBoK and Risk Management
in Portfolios, Programs, and Projects: A Practice Guide are
characterised by a higher degree of detail, focusing on risk
management within the life cycle of projects, programmes,
and portfolios. Key features of different risk management
methodologies that may influence the choice of approach
were also identified: PRINCE2 is characterised by a high lev-
el of formalisation, NIST RMF has a pronounced technical
focus, COSO ERM is oriented towards building a risk man-
agement system in an organisation, while FAIR and FAIR-
AIR provide structured quantitative risk assessment tools,
which, however, are also used in many other methodologies.
The comparative analysis also revealed key features of
NIST AI 100-1 and NIST AI 600-1, which are risk manage-
ment methodologies for IT systems based on artificial in-
telligence. The limitations of the study are the theoretical
scope and the need for further verification of the proposed
strategies in the context of individual companies or pro-
jects. In future research, the use of empirical data collec-
tion tools, such as surveys, experiments, or statistical anal-
ysis, is recommended to support the above statements.
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Abstract. The aim of the article was to study the history of the formation of the European Union cohesion policy through the
identification and formulation of the European integration mechanism of public management of territorial development
to ensure the effective participation of communities and regions of Ukraine in modern European integration processes of
transition to functional territoriality as the basis of modern EU cohesion policy in the aspect of its functional territoriality
and transition to a new model of territorial development “functional community — functional region — functional state”.
Steps to create a new territorial model for managing the European Union’s structural funds in Ukraine by regional policy
entities were proposed. These steps encompass the identification of geographical functional ties between regional policy
entities that shape a new territory of cooperation going beyond the boundaries of existing administrative-territorial
units and forming a new subject of regional policy formation. It implies a functional type of territories with the formation
of a new database for programming socio-economic processes of development of local governments in conformity with
the objectives of the updated state strategy for regional development of Ukraine. In consonance with the best European
experience of seeing regions as a living laboratory for the development of territorial cooperation, measures were
recommended to create a living laboratory for the development of the territories of communities of Slobozhanshchyna
to develop a mechanism and tools to support functional types of territories at the level of the city of Kharkiv and the
Kharkiv Region. There are also further arrangements to create the Kharkiv agglomeration, the Slobozhansk microregion
of territorial cooperation and the Dergach subregion. These arrangements and initiatives were addressed publicly within
the framework of the annual International Scientific Conference “Economic Development and the Legacy of Semen
Kuznets” in 2024 and 2025
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¢ INTRODUCTION

A new modern challenge for the functioning of the state  system of developing a territorial cohesion policy, which
management system of regional development in Ukraine is aimed at overcoming existing territorial disparities
is the transition to a new investment model of territori-  and inequalities through targeted financial support from
al development management and entry into the European  the European Union structural funds in order to achieve
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harmonious and balanced development of various func-
tional types of territories. As stated by researcher V. Mo-
gyl (2023), Ukraine, as a democratic and legal young state,
is gradually implementing a foreign economic course for
integration into the European Union, which remains a pow-
erful global socio-economic and political centre. Scientists
A. Soloviova & A. Fomin (2025) analysed the obstacles to
Ukraine’s membership in the European Union and focused
on the essence of cohesion policy in overcoming territo-
rial disparities of regions in the European Union for bal-
anced and harmonious development, through investment
in infrastructure, education, and innovation in the member
states of the European Union, which is a critical stage of its
development and expansion, promoting convergence and
an example of the benefits of integration.

As argued by V. Kravtsiv & I. Storonyanska (2025),
current trends and risks of spatial shifts in the economy of
Ukraine in the context of hostilities have led to the highest
rates of economic decline since Ukraine gained independ-
ence in 1991. The scientists assessed three ambitious tasks
of updating the state strategy of regional development of
Ukraine based on the introduction of a territorial approach,
adopted in 2024, including tasks to define goals and man-
agement decisions for individual functional types of terri-
tories to form a territorial model of attracting funding from
various sources for the implementation of projects for the
restoration and reconstruction of the socio-economic de-
velopment of Ukraine. The authors provided specific pro-
posals in the context of regional development and ensuring
Ukraine’s capacity to use Ukraine Facility funds at the na-
tional, regional and local levels.

Researchers A. Paasi et al. (2022) achieved crucial con-
clusions for understanding the essence of the existence of
functional types of territories, namely that territory, bor-
ders, and boundaries are not exclusively a state and ter-
ritorial phenomenon. These concepts are ideas that are
formed and take shape only in practice, in contrast to the
traditional political and geographical definition of the con-
cept of an administrative and territorial unit. Researcher
O. Olkowska (2023) analysed the Polish law adopted in
2014, which establishes the rules for the implementation of
cohesion policy programmes, the entities participating in
the implementation of these programmes, and the method
of cooperation between these entities. It covers two main
areas: the rules for the implementation of programmes
and cohesion policy, as well as the management and con-
trol system for the distribution of European Union funds.
K. Janoskova (2024) interpreted the relationship between
the use of European Structural and Investment Funds on
economic indicators in Slovakia, namely, minor changes
in gross domestic product and unemployment, which is a
criterion for assessing the territorial impact of European
integration policy on the example of Slovakia, which is also
a direction of promising Ukrainian research on the topic of
predicting socio-economic changes from participation in
European Union programmes.

M. BartGinék & P. Marek (2025) stressed the impor-
tance of new regional geography and the use of various
data collection methods for studying the territorial iden-
tity of the region. The article analyses 76 studies of the
territorial identity of regions obtained using the snowball
method and targeted search on the Web of Science. The
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paper focuses on the use of secondary data sources, name-
ly literature with spatial information, maps, census data,
toponym databases, etc., which provide indirect, expert/
governmental indicators for determining the boundaries of
the functional type of territories. Researchers I. Zalodska et
al. (2025) considered the basis for the post-war restoration
of the territories of Ukraine to be the creation of a mod-
el for the reconfiguration of the administrative-territorial
structure of Ukraine, namely for Donetsk, Luhansk, Zapor-
izhia, Kharkiv, and Kherson regions using three criteria
for community capacity, namely population size, number
of students and share of working-age population, under-
standing that communities in the indicated territories will
not be able to independently replenish community budg-
ets. M. Karpa et al. (2023) substantiated the theoretical
provisions on the definition of “territorial development” as
an essential characteristic of regional development and the
relevance of developing a territorial development strategy
for planning long-term socio-economic development of
the regions of Ukraine. The focus is on the creation of net-
works of cooperation, public authorities, companies, uni-
versities and public organisations to create medium-term
territorial development strategies is an important political
step in regional development.

Researchers N. Kutsmus et al. (2025) considered the
impact of the European Union’s cohesion policy on achiev-
ing the UN Sustainable Development Goals from the point
of view of the political creation of the European Union and
achieving high indicators of the level of economic devel-
opment, highlighting that it is aimed at levelling economic
and social differences between the member states of the
European Union, and as such requires further action in the
context of its improvement and conducting broad politi-
cal discussions and discussing the implementation of its
priorities. At the same time, the issue of studying the role
of functional types of territories as drivers of territorial
renewal and development, researching the functioning as
new subjects of regional policy and public management of
territorial development of the European Union in the intro-
duction of better procedures for the preparation, manage-
ment, monitoring, and control of programmes and projects
of the European Structural Funds from the point of view of
studying the mechanism of functioning of territorial cohe-
sion policy, which is constantly being improved in the pro-
cess of implementing European integration policy, remains
unexamined. Therefore, the purpose of the study was to
determine the essence of modern European integration
policy, namely the functioning of the European integration
mechanism of public management of territorial develop-
ment, the object of which is functional types of territories,
which have become full-fledged subjects of developing a
European integration policy of territorial cooperation, tak-
ing into account the experience of the EU cohesion policy
and modern challenges facing the regions of Ukraine.

e MATERIALS AND METHODS

The proposed study analysed the source base of regula-
tory documents and studies that form and investigate the
policy of territorial cohesion of the EU and regional devel-
opment of Ukraine. Structural and functional analysis was
used to study the methodology for forming the policy of
territorial cohesion of the EU and the policy of regional
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development of Ukraine, as a modern European integration
process of synchronisation and harmonisation of these
policies, comparative analysis methods were used to deter-
mine the types of functional territories as areas of public
management of territorial development, and modelling
methods were used to build a conceptual strategy for cre-
ating functional territories as a new territorial model for
managing EU funds. The comparative analysis method was
used to compare European standards for identifying func-
tional territories with the norms of current legislation of
Ukraine. The analysis process involved determining com-
mon features that define the self-sufficiency of territories
within the framework of cohesion policy. By systematising
the results obtained, an author’s classification was formed,
which is based on five groups of criteria covering critical
areas of public management of territorial development.
The systematisation method allowed structuring the col-
lected data into a hypothesis about the functioning of the
European integration mechanism of public management
of territorial development, which is constantly being im-
proved and contributes to the formation of a modern policy
of development of functional territoriality. The historical
method was also used to describe the stages of the forma-
tion of European integration policy.

The source base of the study was an array of regula-
tory legal acts of the European Union and the legislation
of Ukraine in the field of decentralisation and regional de-
velopment. 25 strategic documents and 19 scientific works
indexed in the Scopus and Web of Science databases were
selected for analysis. The selection criteria were: relevance
to the topic of European integration, focus on territorial
development, and practical significance for the transfor-
mation of public administration in conditions of war and
recovery. The analysis of the primary sources of the forma-
tion of Ukraine’s European integration policy (Association
Agreement..., 2014) allowed focusing attention on a critical
dimension of Ukraine’s European integration obligations
in the field of regional development, setting out in Article
446, namely the accent on studying the methods of forming
the European Union’s regional policy in the context of the
development of backward territories and territorial cooper-
ation; strengthening cooperation with the participation of
socio-economic entities.

The synthesis was used to combine the results of the
analysis of the primary source base of regulatory docu-
ments, scientific sources, international reports and statis-
tical data, which allowed identifying the main trends and
patterns in highlighting and considering modern priorities
and trends of the common administrative space for the
formation of regional development policies of Ukraine and
territorial cohesion of the European Union. Structural and
functional analysis of the methodology for the formation of
functional types of territories (Integrated territorial invest-
ments..., 2019), as a modern component of European policy
(Functional territories..., 2023), allowed these functional
types to be identified (Functional areas in the EU, n.d.),
as subjects of regional policy management and a territo-
rial model for managing the financial assets of the struc-
tural funds of the cohesion policy of the European Union.

The modelling method was used as a task for moni-
toring and evaluating the implementation of the regional
policy of Ukraine (Law of Ukraine No. 156-VIII, 2015). It

highlighted the focus on developing programmes and pro-
jects for functional types of territories through the creation
of special mechanisms for the state support. This support
was based on building a new socio-economic database for
functional regions for devising regional and local strate-
gies aimed at developing functional types of territories.
These approaches should be considered in the context of
experimental management of regional development (Rec-
ommendations for policy..., 2022) and conducting labora-
tory modelling predictions (EU border regions..., n.d.), as
a component of the modern European policy for the de-
velopment of functional types of territories, based on the
theoretical, methodological and practical experience of the
development of European territorial cooperation.

Given the systematisation of the provisions of the
report on regional policy of Ukraine (Report on the re-
sults..., n.d.), the report of the European Commission
(Commission staff working document, 2024) and the Ter-
ritorial Agenda 2030 (2020), a three-level model of man-
agement of functional types of territories in Ukraine was
proposed, namely “functional community-functional re-
gion-functional state”. In light of the analysis of the total-
ity of data on the functioning of the policies of territorial
cohesion of the European Union and regional development
of Ukraine, a vision of a European integration mechanism
of public management of the development of territories
was recommended for local governments of Ukraine to in-
crease the administrative potential and capacity in creat-
ing a modern territorial model of management of the funds
of the European Union structural funds.

e RESULTS
The modern European integration process
of synchronisation and harmonisation
of regional development policies of Ukraine
and territorial cohesion of the EU
The functioning of the EU has three major stages of the
formation of European integration policy, namely the pro-
cess of the creation, development, and enlargement of the
EU (Consolidated Versions..., 2016). Within these stages,
there was a constant improvement of the European inte-
gration mechanism of public management of territorial de-
velopment based on unchanged institutional principles to
reduce uneven development of territories, support the out-
ermost regions and eliminate regional imbalances through
the development of policies and thematic actions, on the
one hand, and on the other hand, ensuring the imple-
mentation of support for territorial cohesion through the
proper functioning of the EU structural funds, which are
the main financial instruments for achieving harmonious,
balanced and sustainable development of EU territories.
The current processes of updating the regional pol-
icy of Ukraine are formed on the basis of identifying the
challenges of regional development of Ukraine (Resolution
of the Cabinet of Ministers of Ukraine No. N 587, 2002), in
the list of which it is necessary to identify a new challenge
regarding the ability of the regional development manage-
ment system of Ukraine to adapt to the practice of func-
tioning of the EU territorial cohesion policy. It is possible
through the formulation of tasks and the best management
solutions of the modern European integration process for
the synchronisation and harmonisation of the regional
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development policy of Ukraine and the territorial cohesion
policy of the EU based on the definition of a common vision
of the development features of the territories of Ukraine
and the EU, namely in the context of supporting lagging
territories through the development of territorial coopera-
tion to reduce territorial differentiation, unlock the poten-
tial and increase the competitiveness of regions, territories
of communities and regions, and the creation of special
mechanisms for supporting and developing functional
types of territories.

The legislator, characterising the above challenge,
defines management measures in the context of creating
a regulatory framework for the management of EU struc-
tural funds, which are defined in Articles 174 and 175 of
the Treaty on the Functioning of the EU (Consolidated
Versions..., 2016). The measures are determined through
the formation of capable structures that will form a new
territorial model of EU funds management at the regional
and local levels, which is the basis for the formation of a
common administrative space for interstate management

of European integration with the identification of the mod-
ern European integration process of synchronisation and
harmonisation of regional development policies of Ukraine
and territorial cohesion of the European Union for the for-
mulation and project identification of joint management
decisions and actions at the national, regional and local
levels of government of Ukraine.

As part of the dissertation research, relevant topics of
regional development in Ukraine were identified, compo-
nents of the European integration mechanism of public
management of territorial development were defined (Ta-
ble 1), based on the study of the history of the functioning
of the EU territorial cohesion policy. It will contribute to
the convergence of management systems of regional devel-
opment policies in Ukraine and territorial cohesion in the
EU, which will lead to the expansion of the participation of
communities and regions of Ukraine in European projects
through the creation of a system of support for the devel-
opment of functional types of territories at the local and
regional levels of government in Ukraine.

Table 2. Components of the European integration mechanism of public management of territorial development

European integration mechanism
for interstate management of
territorial development

Characteristic

It is created on the basis of the concluded EU agreements: Treaties of Rome, Treaty of Brussels,
Treaty of Maastricht, Treaty of Amsterdam, Treaty of Nice, Treaty of Lisbon. Ensuring the
functioning: EU structural funds. Multiannual financial programmes. Resolutions of the
Conference of Ministers of the Council of Europe responsible for spatial/regional planning
(CEMAT). Practice of the Centre of Expertise on Good Governance of the Council of Europe

European integration process
of territorial development
management

Synchronisation and harmonisation of regional development and territorial cohesion policies

The object of territorial
development management policy

Features of uneven development of territories, functional types of territories based on common
interests with jurisdiction beyond administrative-territorial units in the system of regional
development management and territorial cohesion policy

Prioritising political goals
of territorial development
management

The management process of policy development for determining priorities for interstate
management of European integration based on the identification of challenges and the
formulation of territorial development objectives

Principles of functioning and
improvement of territorial
development management

Multilateralism and good governance, multilevel governance and partnership. Improvement
through the creation of databases on standards, tools, best practices and research on territorial
development management

Integrated territorial investments

Financial instruments aimed at harmonious and balanced socio-economic development of
various functional types of territories

Territorial development
management

Includes: intergovernmental administration, national administration and public administration
(regional and local) administration

Public management of territorial
development

System of regional and local development management by functional types of territories,
its synchronisation and harmonisation with the interstate and national levels of regional
development management

Ecosystem approach in territorial
development management

Identification of territorial development management systems in the context of the activities
of government bodies at all levels, institutions, specialised organisations that are subjects and
participants in the implementation of regional development and territorial cohesion policies

Public management toolkit for
territorial development

A set of tools of the European integration mechanism of public management of territorial
development, namely: methods of achieving political goals, management decisions, financial
instruments, databases, best practices, regulatory legal acts, administrative agreements, etc.

Strategic planning for the
development of functional types of
territories

Development of mechanisms to support the development of functional types of territories at
the local and regional levels of government for the implementation of public spheres of socio-
economic and harmonious development of territories, taking into account the various features of
territorial development.

Formation of the three-level organisation of power “functional community - functional region —
functional state”, functioning of the territorial model of territorial development management

Conducting scientific research
on territorial development

The process of obtaining new data on the implementation of priorities for the European
integration development of territories for the assessment and monitoring of the achievement of

management results of regional development and territorial cohesion policy
Laboratory modelling of territorial | Introduction of management solutions and methods for simulation, analysis and forecasting of
development socio-economic processes of development of functional types of territories

Source: developed by the authors based on E. Syromolot & N. Gavkalova (2025)
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Studying the functioning of the European integration
mechanism of public management of territorial develop-
ment will allow representatives of state authorities and lo-
cal governments of Ukraine to acquire modern knowledge,
skills, and competencies in the field of implementing the
territorial cohesion policy of the European Union, namely,
studying the essence of interstate and public management
of territorial development, understanding the content of
the European integration process of synchronisation and
harmonisation of regional development and territorial
cohesion policies, using the knowledge gained to create
and strategically plan the development of functional types
of territories based on good governance and multi-level
governance, and developing tools for the support and de-
velopment. It is necessary to reveal some aspects of the
functioning of the components of the European integra-
tion mechanism of public management of territorial de-
velopment. The problematic issues of the development of
European integration are the focus of attention of many
Ukrainian scientists. However, the transition of the state
policy of regional development of Ukraine to the essence
of the functioning of the policy of territorial cohesion of
the European Union remains not yet sufficiently covered.
This issue is of a general and directed disciplinary nature
from the point of view of understanding the essence of
European integration policy, and does not have a focus
on determining the territorial impact on the development
of effective policies and instruments for the development
of territories. Meanwhile, there are expert analytical ma-
terials on the issues of regional development of Ukraine,
raising these issues, but such materials do not provide a
holistic view of the methods of developing and functioning
of the policy of territorial cohesion.

Steps towards Ukraine’s approximation to the stand-
ards of European policy in the domain of regional devel-
opment are being formed in compliance with the recom-
mendations of the European Commission’s reports on the
progress made by Ukraine in implementing the EU acquis
(Chapters of the acquis EU, n.d.), among which the key one
is Acquis 22. Regional policy and coordination of structural
instruments of Cluster 5: Resources, agriculture and cohe-
sion, which is an important component in the field of mon-
itoring and evaluation of Ukraine’s regional policy in the
context of addressing the European integration challenge
of Ukraine’s regional development, namely the unprepar-
edness of the regional development management system
for EU procedures and best practices (Resolution of the
Cabinet of Ministers of Ukraine No. 695, 2025).

A vital focus of the development of territories in the
EU is the prioritisation of European integration policy in
the context of ensuring the development of functional
types of territories that go beyond the existing adminis-
trative-territorial borders and directly influence the for-
mation of the content of the EU territorial cohesion policy
as the main investment policy of interstate management
of European integration aimed at overcoming obstacles to
the socio-economic development of territories (Integrated
territorial investments..., 2019). A critical aspect of assess-
ing the territorial impact and formulating directions for
strategic planning of regional development of Ukraine in
the context of implementing the provisions of the Associ-
ation Agreement between Ukraine and the EU and moni-

toring the implementation of Ukraine’s European integra-
tion policy are the reports of the European Commission on
Ukraine’s implementation of pre-accession obligations of
the EU acquis, which determine European integration pri-
orities and tasks for Ukraine’s regional policy and provide
up-to-date information on methods for developing region-
al development policy.

The Commission staff working document (2024) de-
fines the primary understanding of EU regional policy
as EU cohesion policy, which is the main instrument for
reducing regional inequalities and investing in sustaina-
ble and inclusive socio-economic development. This ap-
proach coincides with the conclusions of the report that
the State Strategy for Regional Development 2021-2027
should have specific practical steps that are provided with
the necessary resources to develop the potential of ter-
ritorial communities and regions through establishing
links with European groups of territorial cooperation for
integrated territorial management, participation in In-
terreg cooperation programmes, with focus on using the
experience of implementing EU cohesion policy and prac-
tices of multi-level governance, programming, financial
provision, project management at the local and regional
levels of Ukraine.

The identification of three levels in the territorial
development management system, namely intergovern-
mental management, national (state) management and
public (regional and local) levels, is a comprehensive step
in the justification of public territorial development man-
agement as a new theory of managing functional types
of territories within the framework of the European inte-
gration process of synchronisation and harmonisation of
regional development policies of Ukraine and territorial
cohesion of the European Union with special emphasis
on the geographical uniqueness and functioning of new
subjects of regional development policy. The European
experience of managing functional types of territories re-
quires new applied thematic studies and timely examina-
tion and monitoring of the existing and new source base
of the functioning of the territorial cohesion policy of the
European Union.

Development of policy toolkit to support
the development of functional types of territories
The use of an interdisciplinary approach in conducting
research on the European territorial cohesion policy will
allow studying its various aspects, which will ensure the
effectiveness of the implementation of regional develop-
ment policies at the local and regional levels of Ukraine
through the application of the European integration
mechanism of public management of territorial develop-
ment and the creation of tools to support functional types
of territories, which are modern drivers of balanced and
harmonious development of the territories of the Euro-
pean Union. The latest priority in the regional policy of
Ukraine remains the European integration task of devel-
oping functional types of territories, which are influential
European integration actors in the field of forming and
improving the EU territorial cohesion policy, and are par-
ticipants in multiannual EU programmes.

Part of the Commission staff working docu-
ment (2023) is devoted to the development of functional
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types of territories. Focusing on the three-level system
of strategic planning organisation, namely: “state-re-
gion-community”, an assessment is given of the direction
of the state regional policy of Ukraine in defining four
functional types of territories:3 territories of renewal;
- regional growth poles; — territories with special condi-
tions for development; and territories of sustainable de-
velopment, and a recommendation is made on the need to
coordinate actions with the EU regional policy, including
with the NUTS territorial classification (Nomenclature of
Territorial Units for Statistics).

Recommendations for achieving administrative capac-
ity through initiating the creation of an official coordina-
tion system in Ukraine to prepare for effective program-
ming and management of EU funds with the participation

of regional and local authorities of Ukraine will be an effec-
tive step in implementing practical management actions at
the local and regional levels of government based on the
study of European (Fig. 1) and Ukrainian practices of creat-
ing functional types of territories. It will be the basis for the
formation of a new territorial model of a three-level organ-
isation of government “functional community — function-
al region - functional state”, proposed by E.A. Syromolot,
which is not limited to the 4 functional types of territories
identified in the state regional policy of Ukraine and creates
conditions for the introduction of innovative experimental
management of regional development and is provided with
the necessary level of knowledge of the identified European
integration mechanism of public management of territori-
al development (Table 1).

Classification of functional types of territories

Complex functional areas

Functional territories in conformity with social criteria

Functional territories, based on heritage and landscape criteria, cooperation between territories

Functional territories pursuant to economic criteria

v Y vy vy

Functional areas in line with geographical criteria

Figure 1. Classification of functional types of territories
Source: compiled by the authors based on the source Functional areas in the EU (n.d.)

The implementation of tasks to create functional types
of territories in the city of Kharkiv and the Kharkiv Region
is based on the experience gained. It requires standardi-
sation and is the basis for implementing thematic actions,
which are the basic management steps for forming the ter-
ritorial cohesion policy of the European Union and forming
the concept of developing a “functional community” and
“functional region” in the city of Kharkiv and the Kharkiv

Region (Fig. 2). The next step was to propose an experimen-
tal model of management of the development of functional
types of territories in the city of Kharkiv and communities
of the Kharkiv Region, as “functional communities” and
“functional region”, taking into account the existing expe-
rience of developing functional types of territories in the
Slobozhanshchyna Region and an analysis of Ukrainian
and European experience (Fig. 3).

Thematic actions for the development of functional types of territories in the city

of Kharkiv and Kharkiv Region

Ly Identification and definition of standards of best European and Ukrainian practices

in the development of functional types of territories
Ly Creation and presentation of concepts for the functional development of Kharkiv

as a trans-European city and Kharkiv Region as a functional region
—»| Discussing concepts and steps for strategic planning of functional types of territories
—»| Laboratory modelling of the development of functional types of territories

Inclusion of measures to support developing of functional types of territories in local
| and regional development programmes

Figure 2. Thematic actions for the development of functional types
of territories in the city of Kharkiv and Kharkiv Region

Source: developed by the authors
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Kharkiv Region - functional region,

Concept of functional development of the city

Kharkiv Regional Council

A 4
Kharkiv agglomeration, Kharkiv City Council

of Kharkiv and Kharkiv Region

v

Department of Public Governance,
Public Administration and Economic Policy

v

Slobozhanskyi microregion
of territorial cooperation development:
Communities: Merefyansk urban community,
Pivdenna urban community, Vysochansk settlement
community, Lyubotynsk urban community,
Pisochynsk settlement community

of the S. Kuznets KhNEU

v

Dergachiv subregion Communities: Dergachiv
urban community, Malodanyliv village
community, Solonytsiv village community

Figure 3. Experimental model of development management
by functional types of territories in the city of Kharkiv and Kharkiv Region

Source: developed by the authors

As for the third level of governance, the “function-
al state”, the following characteristics should be noted.
Among the recommendations provided by the European
Commission is a proposal to organise coordination with re-
sponsible stakeholders on the implementation of the State
Strategy for Regional Development of Ukraine and its co-
ordination with the process of recovery and reconstruction
of the development of territories affected by the war, both
at the level of Ministries and with the participation of rep-
resentatives of local and regional authorities of Ukraine.
There are also recommendations on the dissemination of
information about Interreg programmes in Ukraine, among
local and regional authorities to support the development
of projects with possible new beneficiaries from Ukraine. In
2025, the Cabinet of Ministers of Ukraine established the
Coordination Centre for Regional Restoration (Resolution
of the Cabinet of Ministers of Ukraine No. 776, 2025) as a
critical institutional body for coordinating the restoration
of the regions of Ukraine. At the same time, it should be de-
termined that the issues of monitoring and evaluating re-
gional development from the point of view of approaching
the standards of the EU territorial cohesion policy remain
unresolved, complex and require the development of new
organisational mechanisms for the territorial impact of the
priorities of the European Union territorial agenda on the
strategic planning of the development of the territories of
communities and regions of Ukraine through the introduc-
tion of European practice of conducting experiments in the
field of regional development management (Recommen-
dations for policy..., 2022) and the implementation of the
vision of the development of regions as living laboratories
of European integration (EU border regions..., n.d.).

It should be noted that there is no practice of func-
tioning of permanent organisational formats at the cen-
tral level of government in Ukraine that would deal with
issues of coordination of the development of territorial and
cross-border cooperation, while various advisory and con-
sultative, coordination councils, interdepartmental com-
missions, etc. functioned at different stages of develop-
ment of regional policy of Ukraine. From the point of view
of good practices in developing state policy in the field of
Euroregion development in the period from 2002 to 2010,
it is worth noting the activities of the Interdepartmental

Commission on the Development of Cross-Border Cooper-
ation and Euroregions established in 2002 (Resolution of
the Cabinet of Ministers of Ukraine No. N 587, 2002), the
activities of the Consultative and Advisory Council on the
Development of Euroregions and Cross-Border Coopera-
tion under the Ministry of Regional Development and Con-
struction, and the establishment of the Assembly of Ukrain-
ian Border Regions and Euroregions in 2010 (Ukraine’s
European integration process, 2010). This experience in
developing policy in the field of Euroregion development
and cross-border cooperation, as an example of good gov-
ernance and multilateral cooperation, should be used to
implement the experience of developing the territorial
cohesion policy of the European Union at the local and
regional levels of government of Ukraine. It is worth men-
tioning the importance of reports on the implementation
of the territorial cohesion policy of the European Union.
These reports are seen as a process of preparing analytical
documents with the data obtained for monitoring and eval-
uating the harmonious and balanced development of the
EU territory over a three-year reporting period pursuant to
the provisions of the Treaty on the Functioning of the EU
and improving the vision of priorities, goals, objectives, and
results as a process of developing a policy for the develop-
ment of territorial cooperation for the new reporting period
on the principles of multilateralism and good governance.

An analytical report by the European Territorial De-
velopment Observatory (Bohme et al., 2024) characterised
the use of territorial cohesion policy at national, regional
and local levels in the European Union countries as facing
certain difficulties due to its complexity, low visibility and
competition with other policy priorities, which makes it
difficult for stakeholders to fully understand and prioritise.
To improve the processes of reflecting in the regional de-
velopment strategies of Ukraine the practice of developing
and operating the EU territorial cohesion policy, European
experience should be used. This could encompass the oper-
ation of the Coordination Network of Cross-Border Points
(About the Border Focal Point Network, n.d.) to create a
Coordination Network of Territorial Cohesion Centres as
an online network of professional experts to discuss with
stakeholders relevant issues of the development of territo-
rial cooperation. The inclusion of European experts in this

« Development Management. 2025. Vol. 24, No. 4 « 63



Some aspects of the functioning of the European integration...

network will allow directing cooperation with Ukrainian
experts in the field of synchronisation and harmonisation
of actions to improve the functioning of the EU territorial
cohesion policy and the regional development of Ukraine
as a modern process of interstate management of European
integration between Ukraine and the EU. An integral factor
in the success of the proposed process of convergence of
management systems for regional development policies of
Ukraine and territorial cohesion of the EU is the organi-
sation of multilateral cooperation with leading European
organisations whose field of activity is the development
of territories. It was determined by the Ukrainian mission
to the EU as a priority for Ukraine’s European integration.
It also required the implementation of experiments in the
field of management of regional development of Ukraine
in the context of modelling the strategic development of
functional types of territories based on identifying the fea-
tures of the development and functioning of management
bodies grounded on the principles of multilateralism and
good governance and assessing the effectiveness of achiev-
ing the implementation of certain political priorities.

The interdisciplinary and ecosystem approach to
studying European policy is used from the point of view
of studying the territorial impact of the source base of
regulatory and legal documents, the creation of which is
the result of cooperation between scientists, practitioners,
and politicians whose field of activity is various aspects
of regional development and territorial cohesion. E. Syro-
molot & N. Gavkalova (2025) defined functional types of
territories as an object of public management of territo-
rial development, which made it possible to study modern
processes of decentralisation of interstate management of
European integration from the point of view of the for-
mation of new subjects of regional policy. These subjects
are formed on the basis of functional ties of territories,
which go beyond the existing administrative-territorial
units of the EU member states. Discussion of the compo-
nents of the European integration mechanism of public
management of territorial development: research on the
role of scientific ideas for the restoration of the develop-
ment of territories of communities and regions of Ukraine
through economic development and overcoming inequal-
ities, obstacles, interregional disparities and asymmetries
as components of European integration processes to en-
sure harmonious and balanced development and improve
the European integration mechanism of public manage-
ment of territorial development was disclosed within the

framework of the Conference of the International Scientif-
ic Conference “Economic Development and the Legacy of
Semen Kuznets” in 2024.

The scientific heritage of S. Kuznets as a pivotal part
of the innovation ecosystem of the S. Kuznets Kharkiv Na-
tional Economic University, which exerts influence on the
functioning of important components of the innovation
ecosystem of the S. Kuznets Kharkiv National Economic
University, namely on cooperation with European organ-
isations and embassies, and arranging cooperation with
international universities, in the context of the renewal
of the regional development of Ukraine, was presented by
E. Syromolot & N. Gavkalova (2025). The annual Confer-
ence on the Scientific Heritage of S. Kuznets is a crucial
determinant in the formation of the Kharkiv Region as a
functional region and contributes to the approximation of
the regional policy management system of Ukraine to the
standards and best practices of the EU territorial cohesion
policy in the context of the priority of developing function-
al types of territories and forming a three-level organisa-
tion of power “functional community — functional region —
functional state”.

Functional types of territories as an object

of public management of territorial development

The Territorial Agenda 2030, which complements the
EU’s territorial cohesion policy, focuses on two main ob-
jectives for territorial development, namely achieving a
Fair Europe through the implementation of three priori-
ties: achieving the status of a balanced Europe, developing
functional regions, ensuring integration across borders,
and achieving the goal of building a green Europe by en-
suring a healthy environment, implementing a circular
economy, and sustainable connectivity (Territorial Agenda
2030, 2020). The essential characteristics of the defined
priority of the development of the functional region Ter-
ritorial Agenda 2030 are the identification as engines of
regional growth that go beyond the administrative bor-
ders to organise cooperation with other regions, cities and
towns, using an integrated multi-level partnership involv-
ing people from different levels of government, in particu-
lar local and regional, as well as different political sectors
and social groups, which makes functional types of territo-
ries the object of public management of territorial devel-
opment, and provides for the implementation of thematic
actions in the field of management of the development of
functional types of territories (Fig. 4).

4‘ Thematic actions in the domain of development management of functional types of territories

»| Strengthening multi-level governance

»| Implementation of local territorial approaches

%| Organisation of cooperation between territories

»| Ensuring territorial cohesion at the European level

»| Implementation of territorial influence ¢ cooperation between territories; |

%| Ensuring territorial cohesion at the cross-border, transnational, interregional level

Figure 4. Thematic actions in the field of development management of functional types of territories

Source: developed by the authors
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An essential tool for developing territorial cohesion
policy, the sphere of public management of territorial de-
velopment and strategic planning of the development of
various types of territories is the implementation of the-
matic pilot actions initiated by the Territorial Agenda until
2020 to develop priorities for aligning the development of
regions with specific needs (Delivery of services..., 2024)
and demonstrating and disseminating best practices of in-
novative management solutions in the field of service pro-
vision to address identified territorial challenges and over-
come uneven development of territories. A significant step
in the institutional development of functional types of ter-
ritories is the development of a methodology for the func-
tioning as subjects of regional development and territorial
cohesion policy in territories that are located outside the
administrative-territorial units of EU member states, have
common functional connections and development fea-
tures, are beneficiaries of multiannual programmes for the
development of European territorial cooperation, which are
financed from the EU structural funds, being a demonstra-
tion of the functioning as an object of public administration
in the national system of regional development manage-
ment and interstate management of European integration.

The methodological toolkit for improving the pro-
cesses of management, coordination, planning, and im-
plementation in different jurisdictions of functional types
of territories developed by the Joint Research Centre, the
Directorate-General for Regional Development of the Eu-
ropean Commission and the World Bank, includes practical
recommendations for local and regional authorities to de-
velop integrated strategies, identify flagship projects, im-
prove participation, strengthen urban-rural links, promote
cross-sectoral integration, mobilise funding and improve
monitoring and evaluation processes at the level of func-
tional territories, which is an example of improving the Eu-
ropean integration mechanism of public management of
the development of EU territories and demonstrating the
best practice of developing European territorial coopera-
tion for its dissemination within the framework of the im-
plementation of the state policy of regional development
of Ukraine (Functional areas in the EU, n.d.).

The modern principles of the state regional policy of
Ukraine are formed, including on the processes of formu-
lation and identification of functional types of territories
as objects of public management of territorial develop-
ment. These principles are formed through the creation
of a system of support for the development through the
implementation of regional development programmes and
projects in these territories, monitoring, and evaluation of
socio-economic processes and results of socio-economic
development, including functional types of territories (Law
of Ukraine No. 156-VIII, 2015). Therefore, the definition of
functional types of territories as an object of public man-
agement of territorial development and a subject of devel-
opment of regional development policies of Ukraine from
the point of view of synchronisation and harmonisation
with the territorial cohesion policy of the EU is a relevant
managerial action within the framework of improving the
European integration mechanism of interstate manage-
ment of European integration between Ukraine and the EU,
and its practical implementation at the local and regional
levels of government of Ukraine.

Laboratory modelling of territorial development

to obtain new data for regional policy

Functional types of territories become a source of creating
new regional development databases based on the identi-
fied features of territorial development and identified func-
tional ties, on the basis of which projects are formed to at-
tract integrated territorial investments, as a basic financial
instrument of the EU territorial cohesion policy. The as-
sessment of the implementation of regional development
and European integration of Ukraine for the reporting pe-
riod 2021-2023 conducted by the Ministry of Community
and Territorial Development of Ukraine indicates a lack of
progress in determining the list of functional types of ter-
ritories and the creation by executive authorities and local
self-government bodies of special mechanisms and tools to
support these territories for the effective participation of
communities and regions in EU financial instruments and
structural funds that are available to Ukraine as a candidate
country for EU membership (Report on the results..., n.d.).

The complexity of the defined task of regional devel-
opment of Ukraine regarding the development of function-
al types of territories lies in the plane of determining the
relevance of the introduction of a systemic and innovative
approach, which provided for conducting experiments in
the regional development management system, introduc-
ing into local regional development strategies a strategic
goal for the development of functional types of territories
and conducting laboratory modelling of the development
based on the implementation of the best European practic-
es for the development of territorial cooperation. Modern
European practice of territorial development recognises
cross-border regions as living laboratories of European
integration, acknowledging the practice of creating Eu-
roregions as the beginning of the organisation of territo-
rial integration of EU border regions, which cover 40% of
the territory and 30% of the EU population (EU border re-
gions...,n.d.).

The practice of creating living laboratories has not yet
gained any development in Ukraine, while in the EU, such
laboratories have become a political tool for carrying out
real experiments, where innovative solutions for the devel-
opment of territories are created in partnership between
local administrations, enterprises, and citizens (Nes-
ti, 2017). A similar opinion was held by T. Santonen (2020),
who characterises living laboratories as a multi-faceted
approach of participants and development entities to the
implementation of open innovations, focused on the user,
for the joint creation and testing of new solutions in real
conditions at different stages of the innovation process
using various research, development and testing methods
using a systematic methodology. The Living Lab devel-
opment strategy is based on the concept of Open Inno-
vation 2.0 (n.d.), as an integrated system of multilateral
cooperation, guided by the realisation that the problems
faced by countries and societies are too big to be solved
separately, and that a new approach is needed in creating a
four-fold spiral of cooperation on innovation development
at the level of government, industry, academia and citizens,
to collaborate, exchange ideas, knowledge, resources, inno-
vations to achieve harmonious and balanced development.

The Living Lab concept is based on dynamic, open in-
novation ecosystems where research and innovation take
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place in real policy sectors, rather than in isolated labora-
tories, and new solutions are not only innovative but also
based on the real needs of citizens and end users. This ap-
proach makes Living Labs particularly effective in solving
current problems and complex societal challenges (Living
Labs, n.d.). Modern management tasks for the development
of mechanisms to support functional types of territories in
the regional development management system of Ukraine
should be based on obtaining new data for strategic plan-
ning of socio-economic development of territories of com-
munities and regions, related to the significant features of
the development of functional types of territories, as those
that go beyond the boundaries of existing administra-
tive-territorial units of communities and regions and have
identified functional spaces and connections, on which the
development of integrated territorial investments and stra-
tegic planning of new socio-economic formations is based,
as a new territorial model of attracting investments for
the development of communities and regions of Ukraine
(Functional areas in the EU, n.d.).

Taking into account the European experience, the ur-
gent task of strategic planning of regional development in
the context of updating the regional policy of Ukraine to
ensure the assessment and monitoring of socio-economic
processes occurring in functional types of territories, has

been identified as the urgent task of developing new sta-
tistical data for identifying new types of territories on the
basis of which local governments of Ukraine will develop
mechanisms for supporting new types of territories at the
local and regional levels of Ukraine in programmes for the
comprehensive restoration of the socio-economic develop-
ment of communities and regions. Considering the recom-
mendations of the Council of Europe on the development of
strengthening good democratic governance and resilience
in Ukraine (Strengthening good democratic..., n.d.) and
the Plan for the restoration of local self-government from
the consequences of the war (Recommendations for poli-
Cy..., 2022), the Living Laboratory for the Development of
Territories of Slobozhanshchyna was created for laboratory
modelling and creation of databases of the development of
functional types of territories at thelocal and regional levels,
which will ensure the effectiveness of the implementation
of the specified tasks for the renewal of the regional devel-
opment of Ukraine. It was proposed to create a Living Lab-
oratory for the Development of Territories of Slobozhansh-
chyna as a component of the innovation ecosystem of the
Department of Public Governance, Public Administration
and Economic Policy of the S. Kuznets KhNEU to obtain
primary information to identify the functional ties of the
territories of communities of Slobozhanshchyna (Fig. 5).

Living laboratory for the
development of the territories

L

Department of Public Governance, Public Administration

and Economic Policy, S. Kuznets KhNEU

of Slobozhanshchyna

D—

v

Local government bodies of Kharkiv Region

Good governance and multi-level
governance expertise

Thematic actions

Territorial Development
Database

Figure 5. Living laboratory model development of the territories of Slobozhanshchyna

Source: developed by the authors

The pillar for the functioning of the Living Laboratory
for the Development of Territories of Slobozhanshchyna,
the creation of which was supported by the leadership of
the S. Kuznets KhNEU and the Association of European
Border Regions, will be the identification of existing func-
tional ties with the communities of Kharkiv and Kharkiv
Region in the field of regional development and the train-
ing of future specialists for civil service and service in local
government bodies by the Department of Public Govern-
ance, Public Administration and Economic Policy of the
S. Kuznets KhNEU.

e DISCUSSION

The use of the methods of forming the EU territorial co-
hesion policy in the development of regional development
policies of Ukraine at the local and regional levels of gov-
ernment of Ukraine, as a priority of the European integra-
tion of Ukraine, requires conducting new comprehensive
research and implementing management decisions based
on innovative approaches and experimental management
of regional development where functional types of terri-
tories are considered as objects of management and in-
terdisciplinary research, conducting a study of the identi-
fied components of the European integration mechanism
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of public management of territorial development. This
mechanism was formed on the institutional principles of
ensuring the cohesion of territories with special needs in
the process of creating, developing and expanding the EU,
which is an essential European integration task of regional
policy for the formation of a new territorial model of partic-
ipation of local governments of Ukraine in EU programmes
and projects financed from the EU structural funds.

The analysis of the conducted scientific research in-
dicates that scientists have covered various relevant areas
of Ukraine’s European integration. Nevertheless, the issue
of the impact of the EU territorial cohesion policy from
the point of view of using the methods of its formation
on the process of strategic planning of regional develop-
ment at the local and regional levels of Ukraine remains
unexplained. This causes strategic uncertainty on the part
of local governments of Ukraine in using modern practic-
es for the development of European territorial cooperation
(Khymynets et al., 2022), which affects the perception of
the need to develop a modern territorial model of territo-
rial cooperation of communities close to the best practices
for the development of functional types of EU territories,
which are formed as new influential subjects of region-
al development and strategic planning, provided with the
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necessary program and financial instruments for support
and development.

P. Logvinov et al. (2025) considered the experience of
the Carpathian Euroregion, which includes Ukrainian bor-
der regions, as a practical example of coordination with the
priorities of the EU cohesion policy and the best model for
sustainable and integrated development of the territories
of communities and regions of Ukraine based on a detailed
and meaningful description of the implementation of the
policy of balanced and harmonious development of the ter-
ritories of the European Union. The conclusions of this ar-
ticle coincide with the proposed vision of the development
of the Carpathian Euroregion as an experimental and evolu-
tionary laboratory of the processes of European integration
of multifactor administrative and territorial entities, the re-
flection of the development of Euroregional formats in the
national strategy for the development of cross-border coop-
eration of Ukraine for the period 2025-2030, the determined
importance of the macro-regional strategy for the Carpathi-
an region as a coordination tool for the development of
infrastructure projects, the implementation of innovative
models of the use of renewable energy sources and the pres-
ervation of the cultural and natural heritage of the region.

Meanwhile, the study determines that the Carpathian
Euroregion experiences a deficit of institutional efficiency
in using the opportunities of cross-border cooperation for
socio-economic progress in border regions. It characterises
the need to implement management actions to strength-
en the coordination activities of the members of the Car-
pathian Euroregion, identifying it, including as a subject of
regional policy in Ukraine and a participant in the devel-
opment of regional development strategies and the state
program for the development of cross-border cooperation
in Ukraine based on the experience of developing the ter-
ritorial cohesion policy of the European Union. C. Patras-
cu (2023) characterises the integral role and impact of
cohesion policy on all European regions, through the crea-
tion of local strategies in the context of the EU renewal of
the social market economy model through green and digi-
tal transition strategies to overcome challenges in the de-
velopment of territories, including negative demographic
trends and the growing shortage of skilled labour, consid-
ering cohesion policy as the main instrument of EU devel-
opment, with a crucial mission — improving the quality of
life and reducing inequalities in European regions, involv-
ing and consulting numerous partners and stakeholders.

The study focuses on the existing territorial instru-
ments of the EU territorial cohesion policy, namely: com-
munity-led local development (CLLD) and integrated
territorial investments (ITT), which are aimed both at inter-
acting with communities and at building integrated multi-
lateral financing. It is these tools that need to be applied
in the practice of strategic planning for the development
of functional types of territories in Ukraine, based on the
identification of modern challenges and opportunities for
the development of territories of communities and regions
of Ukraine in conformity with the sustainable practice of
developing European territorial cooperation and imple-
menting management actions to renew the regional de-
velopment of Ukraine. A. Ciffolilli et al. (2024) presented
a thematic study of indicators of the use of EU cohesion
policy funds in 2014-2020 from the EU structural funds of

various operational programmes in six EU Member States
regarding the ability to adapt EU cohesion policy at the na-
tional and regional levels of strategic planning, identifying
a typical model of absorption and territorial impact of EU
cohesion policy at the local and regional levels of Europe-
an integration of territories, through the ability of public
management entities for the development of territories to
make better management decisions in the field of balanced
and harmonious development. The peculiarity of the study
is the fact that it was prepared in accordance with the re-
quest of the European Parliament Committee on Regional
Development, and it formulates proposals for the EU coun-
tries at the level of the countries to simplify the rules and
procedures for the use of the instruments of the Europe-
an Union cohesion policy by promoting the participation
of the EU Member States in the development of the policy
and adapting the policy to specific needs, reducing uncer-
tainty regarding the application of its key principles and
compliance with its requirements, promoting learning and
the exchange of good practices.

At the national and regional levels of adaptation to
the territorial cohesion policy, proposals are provided to
strengthen administrative capacity, enhance coordination,
promote compliance of national and regional legislative in-
itiatives with EU rules and regulations to avoid uncertain-
ties, as well as support the potential of beneficiaries of the
territorial cohesion policy. F. Molica et al. (2025) presented
a new perspective on the process of improving the EU ter-
ritorial cohesion policy starting with the adoption of the
Lisbon Strategy, according to which the resources of the EU
structural funds were directed to financing large-scale in-
frastructure projects and investments in industrial produc-
tion in less developed regions, but at the next stage, these
steps became insufficient to ensure sustainable develop-
ment, especially in more developed regions, where innova-
tion and human capital played a greater role and there was
aneed to synchronise the EU cohesion policy with other EU
policies, taking into account the EU’s transition to a knowl-
edge-based economy, the development of innovation and
the implementation of structural reforms, strengthening a
more centralised approach to management with stronger
national coordination. Researcher V.I. Dudkevych (2021)
noted the advantageous geographical location of Ukraine
and identifies a strong potential for cooperation between
Ukraine and the European Union by analysing the political
steps that Ukraine took on the path to membership in the
European Union. The statement about the complexity of
the process of Ukraine’s European integration and the need
to create a powerful pro-Ukrainian lobby is undeniable.

The next stage of the implementation of EU cohesion
policy, which F. Molica et al. (2025) defined as territorial-
isation, was aimed at overcoming excessive centralisation
and building capacity, defining a new role and participa-
tion of local and regional authorities in the development
and implementation of territorial cohesion policy, based
on the creation of individual strategies that reflected the
specific needs and strengths of different territories. The
third stage — hyper-Lisbonisation — transformed territori-
al cohesion policy into a flexible and crisis-sensitive tool
for the transition from spatially oriented to sectoral allo-
cation of resources, which underwent regulatory adapta-
tions, allowing for the redistribution of more funds and the
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reorientation to strategic use to meet the EU’s urgent pri-
orities. Pursuant to F. Molica et al. (2025), periodisation of
EU cohesion policy indicates a crucial process of improving
the intergovernmental management of European integra-
tion development of territories through the identification
of three stages of assessing the parameters of current ac-
tions as a factor influencing the functioning and achieve-
ment of cohesion policy priorities at the intergovernmen-
tal, national and regional levels of EU government, and the
focus of attention on the use of financial instruments of
the EU structural funds to reduce uneven development of
territories and find a better territorial model of socio-eco-
nomic development of territories.

A. Pegan & M. Lovec (2025) pointed out the impor-
tance of creating communication platforms for the devel-
opment of territorial cohesion policy, paying attention to
the growth of political problems that have become more
complex, and emphasising the advantages of management
practices of creating networks and partnerships of mul-
ti-level governance over hierarchical control of strategic
development planning of territories. O. Marukhlenko &
D. Kuzmenko (2024) characterise the essential characteris-
tics of the EU cohesion policy as a regional, structural and
main investment policy of the EU, aimed at increasing the
economic and social well-being of EU regions and cities,
reducing regional economic, social and regional disparities
of European regions. The opinion of the authors of this ar-
ticle coincides with the conclusions of O. Marukhlenko &
D. Kuzmenko (2024), who note a fairly high level of regional
differentiation by level of development in Ukraine, and the
importance of identifying the priorities of the EU cohesion
policy as strategic imperatives of the regional development
of Ukraine with clearly defined goals, instruments, and
conditions for supporting local initiatives, based on the
consolidation of state resources and territorial communi-
ties, but at the same time, which still remain an undefined
mechanism for introducing methods of developing the EU
cohesion policy into the strategic planning of the regional
development of Ukraine, being an urgent challenge for the
European integration of Ukraine.

e CONCLUSIONS

The conducted research allowed drawing conclusions about
the functioning of the European integration mechanism of
public management of territorial development, which de-
scribes crucial components of the European Union’s terri-
torial cohesion policy, as the main investment and regional
policy of the European Union, the study of which is required
to strengthen the ability of representatives of local govern-
ments of Ukraine to participate in the financial programmes
of the European Union. The European integration mecha-
nism allows defining critical drivers for achieving balanced
and harmonious development of the European Union in
the context of modern transformations of the regional
policy management system and the transition to a new
territorial model of territorial development management
based on the development of functional types of territories
as new actors of regional development in the countries of
the European Union. An essential result of the implemen-
tation of European integration processes and the renewal
of regional policy in Ukraine is the creation of a new terri-
torial model for managing the funds of the European Union
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structural funds, which is founded on the development of
functional types of territories as new subjects of regional
policy in Ukraine, requiring a transition to experimental
management of regional development in Ukraine and lab-
oratory modelling of new socio-economic entities as sub-
jects of regional policy for which it is necessary to develop
special mechanisms and tools to support the development.

Given the analysis of the implementation of the state
strategy for regional development for 2023, the regional
development management system at the local and regional
levels is not ready to determine and plan the development
of functional types of territories, which complicates both
the European integration processes of Ukraine and the cre-
ation of a new territorial model for managing the funds of
the European Union structural funds with the participation
of communities and regions of Ukraine. The study proves
that a feature of the transition to a new model of spatial
development of territories, within the framework of the
identified European integration mechanism, is the direct
participation of scientists in the formation, together with
local politicians, of new strategies for the development of
various types of territories. The boundaries of the men-
tioned territories go beyond the boundaries of existing ad-
ministrative-territorial units. Hence, the new geography of
territories is shaped by establishing functional territorial
ties. These ties are used to create new databases, underpin-
ning strategic planning for the development of functional
types of territories and supporting the participation in EU
programmes as subjects of regional policy.

Discussion of scenarios for the development of func-
tional types of territories of the Kharkiv Region, namely:
the Kharkiv agglomeration, the Slobozhansk microregion
for the development of territorial cooperation, the Dergach
subregion, was proposed to be held within the framework
of the permanent section “School of Public Administration
and Project Management” of the International Scientific
and Practical Internet Conference “Public Administration:
Problems and Prospects” together with representatives of
communities, experts of the Association of European Bor-
der Regions. It possesses extensive experience, practices,
and examples of managing functional types of territories,
which are Euroregions, European groups of territorial co-
operation. Prospects for further research encompass devel-
oping the provisions of the concept of the development of
the Kharkiv Region as a functional region and the living
laboratory for the development of territories of Slobozhan-
shchyna. It relates to the framework of the modern Euro-
pean integration process of approximation and the use of
experience in devising a policy for the functioning of the
European territorial cooperation toolkit and the develop-
ment of functional types of territories, which are critical
components of the European integration mechanism of
public management of territorial development.
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OpraHiB MiCI[eBOTO CaMOBPSILIyBaHHSI BiATOBIZHO A0 3aBIaHb OHOBJIEHOI [ep)KaBHOi CTpaTerii perioHaJAbHOTO
PpO3BUTKY YKpaiHu. 3arIporIoHOBAHO, Y BiJIIOBiAHOCTI 10 KPaloro €éBPOIeichKOro JOCBiay 6aueHHs peTioHiB SIK KMBOI
ynaboparopii po3BUTKY TEPUTOPiaJIbHOTO CIiBPOOITHUIITBA, KPOKM IIOAO CTBOPEHHS JKMBOI JiabopaTopii pO3BUTKY
TepuTopiit rpoman ClIo60KAHIIMHY /IS PO3POOKM MeXaHi3My Ta iHCTPYMEHTIB MiATPUMKM (DYHKIIIOHAJIbHUX TUIIIB
TepuTopiii Ha piBHI M. XapkoBa Ta XapKiBCbKOi 06/1aCTi, a TaKOX MOJaJbIlli KPOKM IIOJO CTBOPEHHS XapKiBChKOI
arnmomepaiiii, C10605kaHCHKOTO MiKpOPETioHy TepUTOPiaJbHOTO CIiBPOOITHMUIITBA Ta [eprauiBcbkoro cybperiony, siki
Oyny OMPUITIONHEHI B paMKax IopiuHoi MiXkHapogHo1 HayKoBoi KoHbepeHIlii «EKOHOMIUHMIT PO3BUTOK i criafiyuHa
CemeHna KysHnens» y 2024 Ta 'y 2025 pokax
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