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INFRASTRUCTURE
RESILIENCE AMID
CRISES

Amid escalating global and regional crises —
such as wars, economic upheavals, climate disas-
ters, and pandemics — infrastructure resilience is
becoming increasingly vital for economic
stability, social security, and economic recovery.
The relevance of this research is determined by
the need to explain how different infrastructure
policy models affect a country’s ability to
withstand crises. Ukraine, amid a full-scale war,
faces severe challenges in the infrastructure
sector, while Portugal, despite political stability,
regularly deals with natural disasters, including
large-scale wildfires. The research is based on
the hypothesis that infrastructure resilience is
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IHOPACTPYKTYPHA
CTIMKICTb B YMOBAX
KPU30BUX ABULL

Ha muni 3acocmpenns enobanvhux i pecionans-
HUX KpU3 — MAaKkux 5K itiHU, eKOHOMIYHI NOMpsi-
CIHHS, KIIMAMUYHI Kamacmpogu ma nanoemii —
ingpacmpykmypra cmitikicms Habyeae éce Oinb-
w020 3HAUeHHs Ol eKOHOMIUHOI cmabitbHOCHi,
coyianvhol besneku U eKOHOMIYHO20 BIOHOG-
JAeHHs.  AKmyanvHicms  Yyb0o2o  OO0CHIONHCEHHS
3YMO6/IeHa HeOOXIOHICMIO NOACHUMU, AK Di3HI
MoOeni iHppacmpykmypHoi noaimuKy 6nausd-
10Mmb HA 30aMHICMb KPAiHU NPOMUCMOANYU KPU-
sam. Ykpainwa, nepebysarouu 8 yMo8ax NOGHO-
MAcwmaobHol GiliHU, CIMUKAEMbCA 13 CepUoHUMU
BUKTIUKAMU 8 THOPACMPYKIMYPHOMY CEKMOpi, Mook
sk Tlopmyeanis, nonpu noaimuyny cmabiib-
HICMb, DE2YIAPHO MAE CAPAgy 3i CMUXIUHUMU
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determined by the ability of critical infrastruc-
ture to function effectively, adapt, and recover
after emergencies through strengthening coordi-
nation among public, private, and international
institutions. To achieve the goal, a combination of
general scientific and special methods has been
applied. Methods of systematization and genera-
lization — to identify the key factors of infrastruc-
ture resilience in Portugal and Ukraine.
Comparative analysis — to assess the infrastruc-
ture environment of both countries. The tabular
method has been used to organize data regarding
the effectiveness of infrastructure functioning and
resilience policies. The infrastructure environ-
ment of Portugal and Ukraine was assessed
using the CMS Infrastructure Index data
for 2023. Portugal’s position reflects a mature
institutional system and stable public policy in
the field of infrastructure development. Ukraine,
despite significant difficulties, has the potential to
improve its position through international
support, structural reforms, and targeted
restoration of critical infrastructure. Despite the
different levels of infrastructure development,
both Portugal and Ukraine face common
challenges such as cyber threats, energy secu-
rity, water resource scarcity, and risks associated
with urban infrastructure operation. An integ-
rated approach is needed to overcome these
challenges, which includes coordination bet-
ween government structures, the private sector,
and international partners to enhance resilience
and effectively respond to modern threats.

Keywords: critical infrastructure, resilience,
institutional conditions, risks, crisis situation.

JEL Classification H54, .98, 018, Q54, R58, F52.

Introduction

JUXamMU, 30Kpema MACUmaOHuMu ico8uMU nodice-
orcamu. Jlocniodcentst IpyHmMyemvcsi Ha 2inomesi,
wo iHpPaAcmpyKmypra CMIuKicmy 8UHAYAEMbCSL
30amuicmio  KpumuyHoi iHgpacmpykmypu egex-
MUBHO  (DYHKYIOHY8amu, — a0anmyeamucs ma
GIOHOGIIOBAMUCS. NIC/IL HAO3BUHAUHUX CUMYAYill
3a80AKU 3MIYHEHHIO KOOPOUHAYIT MidiC Oeporcas-
HUMU, NPUBAIHUMU § MIDICHAPOOHUMU THCIMUIMYYISIMU.
s OocsieHenna memu 8UKOPUCMAHO KOMOIHA-
Yilo 3a2aTbHOHAYKOBUX | CHeYianbHUX Memoois.
Memoou cucmemamusayii ma y3aeanvHeHHs —
Ol BUAGNEHHs KIIOUOBUX (hakmopie IHgpa-
cmpykmypuoi  cmivuxocmi ¢ Ilopmyeanii i
Yrpaiui. Iopisuanvuuii aunaniz — 01 oyiHKU
inghpacmpykmypnozo cepedosuuya 060X Kpai.
Tabruunuii Memoo — 01 BNOPAOKYBAHHA OAHUX
wooo eghexmusHocmi yHKYioHy8aHHs THppa-
cmpykmypu ma noaimuxu cmitikocmi. Oyinka
ingpacmpykmypHoeo cepedosuwa Ilopmyeanii i
Yxpainu nposoounaca na ocuosi oanux CMS
Infrastructure Index 3a 2023 p. [lozuyis [lopmy-
eanii 8i0oopadxcae 3piny incmumyyiiuny cucmemy
ma cmabiibHy O0epicasHy Nommuky y ceepi
iHgpacmpykmyproeo po3sumky. Ykpaiua, Hessa-
Jcaroyu Ha 3HAUHT MPYOHOWi, Mae nomenyian oJisl
ni08UWeHHs CB0€ET NO3UYIT 3a60KU MIHCHAPOOHIL
niompumyi, cmpykmypHum pegopmam i yinbo-
80MY IOHOGIEHHIO KPUMUYHOI iH(Dpacmpykmypu.
Honpu pisnuti pieenv ingpacmpykmypHoeo po3-
eumky, ak Ilopmyeania, mak i Ykpaina cmuka-
H0MbCsL 31 CRUTbHUMU SUKTUKAMU KIOep3a2po3amu,
EHEep2eMUUHOI0  0e3NeKor, Oeiyumom B0OHUX
pecypcie [ pusuKkamu, nos siI3aHUMU 3 (DYHKYIO-
HYBaHHAM MicbKoi ingpacmpykmypu. s nodo-
JIGHHSL YUX GUKIUKIE HeOOXIOHuUl iHmesposaHull
nioxio, wo Micmums KOOPOUHAYIIO MIdiC 0epiHcas-
HUMU CIMPYKMYPAMY, NPUBAMHUM CEKMOPOM |
MIDICHAPOOHUMU NAPMHEPAMU 3005 NOCUTICHHS
cmitikocmi U e(heKmueHO20 peazy8anisi Ha CYyYacHi
3a2po3u.

Knwuoei crnosea: xputnyHa iHOpacTpyK-
Typa, CTIMKICTb, IHCTUTYIIHHI YMOBH, PH3UKH, KpH-
30Ba CHUTYaIisL.

In the context of an increasing number of global and regional crises —
including armed conflicts, economic shocks, climate disasters, and
pandemics — the issue of ensuring infrastructure resilience is becoming
particularly important. Modern infrastructure is a crucial factor not only
for the functioning of the economy but also for social stability, security,
and rapid post-crisis recovery. The experience of various countries in
strengthening infrastructure’s capacity to adapt and respond to challenges
makes it possible to develop effective approaches to building resilient systems.
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The relevance of this research is primarily driven by the need to understand
how different models of infrastructure policy management influence a country’s
ability to withstand crises. Ukraine, currently facing a full-scale war, is
encountering unprecedented challenges across its entire infrastructure system,
including energy, transport, and social sectors. At the same time, Portugal, despite
its political stability, has its own experience in dealing with natural disasters,
particularly regular large-scale wildfires. These not only cause significant
ecological damage but also destroy infrastructure assets such as roads, power
lines, housing, and communication systems. This requires the country to develop
effective mechanisms for prevention, response, and recovery.

A comparison of the two countries, with their different historical,
economic, and security contexts, enables a deeper understanding of the struc-
tural factors behind infrastructure resilience and helps identify the strengths
and weaknesses of management decisions. Furthermore, the research topic
aligns with the priority directions of modern European policy, particularly
the Green Deal, digital transformation, and strategic autonomy.

The issue of ensuring infrastructure resilience to external and internal
shocks has been widely discussed in academic circles. Theoretical research
and classification of existing approaches to understanding the infrastructure
resilience has been made by Liu et al. (2022). The conceptual framework to
assess the resilience of critical infrastructure by integrating existing best
practices in organizational governance, enabling cross-sector and cross-border
cooperation has been proposed by Cadete et al. (2017). Resilience curves in
infrastructure resilience have been assessed by Poulin and Kane (2021).
Methodology that assesses both technical and organizational resilience, using
statistical analysis for evaluating the resilience of critical infrastructure
elements has been proposed by Rehak et al. (2019).

Focus on improving the resilience of interconnected critical infrastruc-
tures in Europe, addressing systemic risks posed by natural hazards and
complex cyber-physical-human threats has been made by Giunta et al. (2025)
aiming to ensure the continuity of vital operations, reduce cascading disrup-
tions, and protect populations and the environment.

The resilience of Ukraine’s critical infrastructure examination in
the face of russia’s invasion, highlighting the impact on energy, transpor-
tation, and communication sectors, with insights on the role of legislation,
international aid, and domestic efforts in maintaining essential services
during conflict has been made by Aebi et al. (2024). The study of energy
security system of Ukraine and the policy to stimulate its development has
been made by Mazaraki and Melnyk (2024).

Research on the importance of human capital in ensuring national security,
that focuses on development of a multi-level national security and resilience
system for critical infrastructure has been made by Nikolaienko et al. (2024).

The financial aspects of infrastructure resilience have been explored
by Moghimi and Kashani (2025) who have proposed the framework for
financing resilience improvements by taxing sectors that benefit from reduced
losses due to improved infrastructure resilience.

6 ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2025. N2 5
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The connection between cybernetics and resilience has been explored
by Demmer et al. (2025) demonstrating how control theory can be used to
enhance infrastructure resilience.

The study of resilience-building dynamics in response to climate
variability has been made by Bizer et al. (2025). The findings suggest that
experiencing disruptions alone is not enough to drive transformative adap-
tation, and emphasize the importance of eliminating silos, fostering
networks, and reducing barriers to action to support climate resilience
in critical infrastructure.

The study of macroeconomic impacts of infrastructure investment
in Portugal from 1980 to 2019, underlining the importance in investing in
sectors such as airports, ports, health, highways, water and railroads was
made by Pereira and Rodrigues (2024).

The aim of the study is to characterize the factors and directions for
ensuring infrastructure resilience in the context of crises, using the cases of
Ukraine and Portugal.

The article’s hypothesis is that infrastructure resilience is determined
by the ability of critical infrastructure to function effectively, adapt, and
recover after emergencies through enhanced coordination among public,
private, and international institutions.

To achieve the aim of the research, a combination of general scientific
and specific methods was used: methods of systematization and genera-
lization were employed to identify the key determinants of infrastructure
resilience across various sectors, as well as the organizational and legal
frameworks governing resilience in Portugal and Ukraine. Comparative
analysis was used to assess the infrastructure environments of Portugal and
Ukraine. Tabular method was applied to organize and analyse data on the
infrastructure systems in both Portugal and Ukraine, including infrastructure
performance, historical disruptions, and existing resilience policies. This
method facilitated a clear comparison between the two countries.

The structure of the article is as follows: the determinants of
infrastructure resilience have been analysed in the first section; the
infrastructure environment of Portugal and Ukraine has been assessed in
the second section; the challenges and directions for ensuring infrastructure
resilience in Portugal and Ukraine have been identified in the third section.

1. Determinants of infrastructure resilience

Infrastructure represents a functional and territorial combination of
economic sectors that serve material production, the non-productive sphere,
and the population directly. Economically, infrastructure is an intersectoral
formation whose operation within the economy is aimed at meeting the
diverse service needs of various sectors and the population.

A well-developed infrastructure promotes proportionality, balance,
and efficiency in regional production, facilitates intersectoral linkages, and
supports the resolution of environmental and social issues. At the same time,
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it is a key factor in the development of industrial and social facilities, the state
of demographic potential, and the rationality of settlement systems. The main
task of infrastructure is to promote the further development of economic sectors,
the integration of industries, and the improvement of population welfare.

From a territorial perspective, infrastructure is divided into national,
regional, and local levels. National infrastructure in the framework of
national resilience includes sectors and services that support the functioning
of the economy as a whole such as unified transport systems, energy
networks, telecommunications etc. (Umantsiv & Shkuropadska, 2023).
Regional infrastructure includes facilities located within a specific territory
that provide services such as product transport and storage, information
transmission, mobility of people, and supply of material resources — such as
water, heat, gas, and electricity — to enterprises, organizations, and the local
population. Local infrastructure refers to services and facilities necessary for
the productive activities of enterprises and organizations that are too costly
for individual enterprises to develop independently and are thus provided by
the state (water and electricity supply, freight transport etc.

Considering the territorial aspect of infrastructure development,
infrastructure resilience can be understood as the ability of national, regional,
and local infrastructure elements to maintain essential operational and
developmental parameters under the influence of various factors at different
levels. In general, infrastructure resilience encompasses a system’s ability
to adapt, recover, and maintain functionality during and after crises.
As Liu et al. (2022) note: "A resilient infrastructure system is supposed to
minimize the probability of failure, possess redundant connectivity, shrink
the recovery time, and limit impact propagation, which corresponds to four
properties including robustness, redundancy, rapidity, and resourcefulness".

Infrastructure resilience is the result of the interaction of numerous
factors that determine a country’s ability to ensure the uninterrupted operation
of critical systems under extreme conditions, adapt quickly to change, and
recover from shocks. In the cases of Portugal and Ukraine, these determinants
differ significantly due to the specific geopolitical context, security situation,
economic models, and institutional development (Table 1).

Table 1
Determinants to ensure infrastructure resilience in Ukraine and Portugal
Determinants Ukraine Portugal
Security The main challenge to infrastruc- = The main security challenges are
environment ture resilience is the constant threat = natural disasters, primarily large-scale
of destruction of critical facilities = wildfires, which annually destroy signi-
due to military actions ficant infrastructure
Investment The country financially unstable | The country has a stable macroeco-
environment and depends on international aid, | nomic environment, access to EU funds,

but shows strong potential for deve- = and developed public-private partnership
loping partnership projects and is | mechanisms that ensure sustainable
committed to post-war reconstruc- | infrastructure investment

tion in line with European standards
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Determinants

Political stability
and institutional
capacity

The degree of
digitalization and
innovation

Private sector
involvement

Ukraine

Despite extraordinary conditions,
the country is implementing reforms,
building institutions, and forming
a new management architecture
for critical infrastructure

The country emphasizes digital
transformation, particularly in moni-
toring systems, online services, and
critical resource management

Institutional foundations are being
formed to engage business in
reconstruction projects, particularly
through PPP mechanisms and foreign
capital attraction

End of Table 1

Portugal

A high level of political stability and
effective governance supports long-
term infrastructure development planning

The country actively implements "smart"
solutions in transport, energy, and urban
infrastructure

Portugal has successful experience in
attracting private capital for the construc-
tion and management of highways,
hospitals, and energy facilities. The
private sector is actively investing in

renewable energy, especially solar
and wind power

Source: composed by the authors.

The security environment is a key characteristic of a state’s condition,
reflecting the level of threats, risks, and challenges to its national security.
Ukraine is facing one of the most severe security challenges in its history —
a full-scale armed aggression by russia. Accordingly, the main challenge to
infrastructure resilience is the constant threat of destruction of critical
facilities. This requires rapid response, the creation of backup capacities,
logistics diversification, and the implementation of dual-use solutions (civil-
military infrastructure).

Portugal, as an EU and NATO member state, enjoys a stable
geopolitical position, yet it faces growing climate-related challenges that
affect its internal security environment. Wildfires in the country pose
a serious ecological and socio-economic problem, regularly intensifying during
the summer months. Portugal is one of the European countries most affected
by forest fires. Hot, dry summers contribute to the ignition and spread of fires.
Eucalyptus and pine trees — highly flammable species — are widespread in
Portugal and accelerate the spread of fire, while frequent winds complicate
firefighting efforts. In September 2024, Portugal faced some of the largest
wildfires in recent decades (Copernicus report, 2024).

Despite climate-related challenges, Portugal has a stable and mature
investment environment supported by its participation in the EU and
Eurozone. As a result, the investment environments of Ukraine and Portugal
are at different stages of development. Portugal offers predictable conditions
for investors and actively encourages capital inflow, while Ukraine is
working to create new opportunities despite high risks. In the longer term,
Ukraine’s post-war reconstruction may become one of the largest investment
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projects of the 21st century, but this will require further strengthening of the
country’s institutional capacity and security guarantees for investors.

Overall, political stability and institutional capacity are key factors
that determine a state’s ability to function effectively, implement infrastruc-
ture policy, and ensure stable economic development. Portugal’s political
stability is rooted in its strong democratic traditions established after the
Carnation Revolution of 1974, which ended the dictatorship and launched
the country’s democratic transformation (UN News, 2024). Its institutional
capacity is supported by an effective judicial system, a stable civil service,
and EU membership, which drives continuous improvement in governance
standards. Notably, the Council of the EU adopted the Directive on the
Resilience of Critical Entities (effective as of January 16, 2023), which
provides a framework to support member states in ensuring that critical entities
can prevent, resist, absorb, and recover from disruptive incidents, including
those caused by natural disasters, terrorism, insider threats, sabotage, public
disorder, and public health emergencies.

In the case of Ukraine, the legal framework for critical infrastructure
and its protection includes the Constitution of Ukraine, the Law of Ukraine
"On Critical Infrastructure", the Cabinet of Ministers’ resolution "On the
Approval of the National Plan for the Protection, Security, and Resilience of
Critical Infrastructure", and relevant international treaties. Overall, Ukraine’s
National Critical Infrastructure Protection System largely depends on the
level of political stability in the country. Political stability ensures predictable
decision-making, coordination among government bodies, an effective
regulatory framework, and timely response to threats.

In Ukraine, political stability remains under constant pressure due to
external aggression and reform-related challenges. However, institutional
capacity has significantly improved since 2014 due to reforms in public
administration, anti-corruption policy, and the judiciary. Nevertheless, it
remains insufficient in many sectors.

Despite the ongoing war, Ukraine has demonstrated remarkable
achievements in digital development. Since the start of the full-scale invasion,
around 70 digital services have been launched, along with various tools under
the "Diia" platform, used by about 20 million Ukrainians. These tools
facilitate access to critical services, including (Diia Business, 2025):

« business registration and updating entrepreneur information;

« online vehicle re-registration;

« use of "resilience maps" showing shelters and resilience hubs;

« purchasing government bonds to support the economy;

« acquiring or upgrading digital skills, changing professions, and job
searching through "Diia. Education™ for those affected by the war;

« buying housing under preferential conditions for citizens who lost
homes due to military action.

10 ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2025. N2 5



STATE AND ECONOMY

A notable digital initiative supporting Ukraine during the war is the
fundraising platform United24, created for centralized donations from
anywhere in the world. It unites charitable organizations, international
partners, donors, and public figures. United24 ensures transparency in fund
usage and allows resources to be rapidly directed toward the most urgent
needs — defense, humanitarian aid, healthcare, and the restoration of critical
infrastructure (RISE, 2025).

Digital technologies not only optimize governance but also serve as
a foundation for post-war recovery in Ukraine. Portugal, in turn, demonstrates a
sustainable model of integrating digital and green solutions in infrastructure
development. The country actively implements smart energy grids, expands
the network of electric vehicle charging stations, and modernizes ports using
digital technologies for cargo flow management. The "Portugal Digital"
program promotes the digitalization of small and medium-sized enterprises,
while investments in green hydrogen and renewable energy enhance energy
independence and environmental resilience (Portugal Digital, n. d.). Thus, Portugal
aligns digital transformation with climate goals, ensuring long-term benefits
for the economy and society.

Development of modern infrastructure is also impossible without
active private sector involvement. Public-private cooperation mobilizes
additional resources, enables the implementation of innovative solutions, and
increases the efficiency of large-scale project execution. Private investment
in infrastructure is particularly relevant for countries undergoing moderni-
zation or post-crisis recovery, like Ukraine, and for countries seeking to
enhance their global competitiveness, like Portugal.

2. Assessment of the infrastructure environment

The assessment of the infrastructure environment is the process
of analysing and determining the level of development and efficiency of
a country’s infrastructure based on various criteria. For example, the interna-
tional law firm CMS Cameron McKenna Nabarro Olswang calculates
the Infrastructure Index (the CMS Infrastructure Index — further on), which
evaluates the attractiveness of 50 countries for infrastructure investment.
The goal of the CMS Infrastructure Index is to help investors understand
the environment they may encounter in different jurisdictions and to identify
potential advantages and opportunities for the successful implementation of
investment projects.

The CMS Infrastructure Index is measured on a scale from 0 to 100,
where 100 represents the best possible performance and 0 the worst. The data
from 50 jurisdictions using nine key criteria have been analysed in the index
in 2023:

« economic status (21%);

« political stability (15%);

« private participation (13%);

« infrastructure environment (10%);
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« protectionism (10%);

« ease of doing business (10%);

« market size (9%);

« sustainability and innovation (6%);
« tax environment (6%).

A country’s overall score is calculated by summing the scores for each
indicator, weighted according to its importance. In this way, the index
presents a comprehensive picture of a country’s attractiveness for infrastruc-
ture investment.

The CMS Infrastructure Index covers various regions of the world
(Europe, Asia, North and South America, Africa). The countries at different
levels of economic development are included — from highly developed
economies (such as Germany and the United Kingdom) to developing
countries (such as India and Brazil). In 2023, the CMS Infrastructure Index
also includes countries that are actively developing national infrastructure
strategies, implementing large-scale projects, and attracting foreign
investment (Table 2). For example, Ukraine is mentioned in the report due to
the urgent need to rebuild its infrastructure following the war aftermath.

Table 2
The CMS Infrastructure Index in 2023
Score | Rank Country
1 Germany 77.0 26 Hungary 56.3
2 Netherlands 75.8 27 Chile 56.2
8 United States 74.5 28 Kuwait 54.6
4 United Kingdom 74.4 29 Saudi Arabia 53.4
5 Singapore 73.6 30 Bulgaria 53.0
6 Finland 72.2 31 India 51.2
7 Japan 72.0 32 Malaysia 50.8
8 Australia 71.8 33 Romania 50.7
9 Canada 715 34 | Philippines 50.6
10 France 71.4 35 Indonesia 50.4
11 Sweden 69.8 36 Thailand 49.4
12 Austria 68.4 37 Oman 49.4
13 Czech Republic 68.4 38 Peru 48.0
14 Norway 67.3 39 Colombia 47.8
15 Hong Kong 67.1 40 Mexico 47.7
16 South Korea 65.9 41 South Africa 43.8
17 Belgium 64.9 42 Morocco 43.2
18 UAE 64.7 43 Brazil 42.2
19 Slovakia 63.7 44 Uzbekistan 41.2
20 China 62.3 45 | Turkey 38.8
21 Portugal 62.1 46 Ukraine 38.0
22 Spain 62.1 47 Kenya 37.0
23 Italy 61.3 48 Egypt 33.2
24 Poland 58.0 49 | Angola 28.3
25 Qatar 56.4 50 Mozambique 28.0

Source: CMS LEGAL (2023, November 7).
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Leaders in Infrastructure Development scored over 70 points. The top
of the ranking is dominated by advanced economies with robust infrastruc-
ture: Germany, the Netherlands, the United States, the United Kingdom,
Singapore, Finland, Japan, Australia, Canada, and France. These countries
demonstrate balanced development across all infrastructure sectors, inclu-
ding transport, energy, IT, and finance. Their high scores indicate insti-
tutional maturity, a favourable regulatory environment, and well-developed
public-private partnerships.

Countries with Stable Medium Attractiveness received between
60 and 69 points. These are mostly European nations and highly developed
Asian economies: Sweden, Austria, the Czech Republic, Norway, Hong
Kong, South Korea, Belgium, the UAE, Slovakia, China, Portugal, Spain,
and Italy. These countries have a solid level of infrastructure development
but may face regulatory and environmental challenges.

Countries with Growing Potential scored between 50 and 59 points:
Poland, Qatar, Hungary, Chile, Kuwait, Saudi Arabia, Bulgaria, India,
Malaysia, Romania, the Philippines, and Indonesia. Most of these countries
are experiencing dynamic growth and have developed government programs
for infrastructure modernization; however, they may need to improve
administrative transparency and financial resilience.

Countries with Developing Infrastructure scored between 40 and
49 points: Indonesia, Thailand, Oman, Peru, Colombia, Mexico, South Africa,
Morocco, Brazil, and Uzbekistan. These countries are gradually improving
their infrastructure by attracting foreign capital, but they still need to address
legal security and institutional effectiveness.

Countries Facing Infrastructure Challenges scored below 40 points.
These are mostly nations with limited resources or socio-political instability:
Turkey, Ukraine, Kenya, Egypt, Angola, and Mozambique. Their low levels
of infrastructure development are due to political instability, lack of funding,
corruption risks, or the consequences of armed conflicts. In particular,
Ukraine shows a significant decline due to the full-scale war and requires
large-scale reconstruction with the support of international partners.

An analysis of the Infrastructure Index for Portugal and Ukraine by
structural components is presented in Table 3. Comparing Ukraine with
Portugal is appropriate, as both countries are located on the geopolitical
periphery of Europe — one on the western coast, the other on the eastern
frontier. Both play strategic roles as transport and logistics hubs and as
"gateways" to broader regions: Portugal to the Atlantic, and Ukraine to the
Black Sea basin. Both also have relatively limited domestic markets, which
encourages them to focus on exports, attract foreign investment, and develop
infrastructure aimed at international integration.
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Table 3
The CMS Infrastructure Index for Portugal and Ukraine in 2023
| Portugal
Infrastructure Index Score Rank Score Rank
Overall 62.1 21 38.0 46
Economic status 68.5 23 9.3 50
Sustainability & innovation 64.6 24 55.7 27
Tax environment 271.7 47 76.9 6
Ease of doing business 73.8 19 41.2 45
Infrastructure environment 64.3 23 45.0 38
Private participation 70.1 12 51.6 37
Political stability 73.5 15 31.5 47
Protectionism 79.4 2 75.3 10
Market size 3.8 44 5.5 36

Source: CMS LEGAL (2023, November 7).

The CMS Infrastructure Index overall score for Portugal is 62.1
(ranked 21st), while Ukraine scores only 38.0 (ranked 46th). This clearly
reflects Portugal’s significant advantage in terms of overall infrastructure
development. Portugal is characterized by a stable economy with a well-
established governance system, developed transport, energy, and digital infrastruc-
ture, and a favorable environment for attracting private investment. Ukraine, by
contrast, is undergoing deep socio-economic transformations in the context
of a full-scale war, which explains its lag across most critical indicators.

One of the most striking contrasts is in the Economic Status indicator,
where Portugal scored 68.5 points (23rd place), while Ukraine scored only
9.3 points (50th place). This gap is explained by differences in GDP per capita,
the stability of macroeconomic policy, and the extent of financial support from
the state and external partners. Ukraine’s economy has suffered a significant
blow due to industrial and agricultural losses, internal displacement, and the
destruction of logistics infrastructure caused by russian military aggression.

Nonetheless, Ukraine shows a competitive position in the area of
sustainability and innovation, scoring 55.7 points compared to Portugal’s 64.6.
Ukraine’s performance reflects the preservation of its scientific and techno-
logical potential, the activation of the digital sector, and progress in energy
efficiency and environmental initiatives. Even during wartime, the Ukrainian
government is implementing policies to support innovative businesses, the IT
sector, and digital services.

Ukraine received its highest score in the tax environment — 76.9 points
(6th place), significantly outperforming Portugal’s 27.7 points (47th place). This
reflects Ukraine’s investor-friendly conditions, including a simplified tax system
for small and medium-sized enterprises, numerous tax incentives for relocated
businesses, and deregulatory efforts. Portugal’s tax system, despite its overall
stability, remains complex for small businesses and foreign companies.

In the Ease of Doing Business category, Portugal ranks 19th with
73.8 points, while Ukraine ranks 45th with 41.2 points. A challenging
regulatory environment, frequent legislative changes, unpredictability in
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government decisions, and corruption risks affect confidence in Ukraine’s
business climate. However, in recent years, Ukraine has actively reformed
permitting procedures, digitized public services, and launched initiatives
such as Diia City.

In terms of the infrastructure environment — which includes accessi-
bility of logistics routes, energy capacity, and utility services — Portugal
scores 64.3 points, while Ukraine scores 45.0. A significant portion of
Ukraine’s infrastructure has been destroyed or damaged due to hostilities,
and many regions face urgent needs to modernize rail connections, energy
systems, and communication networks.

Private participation in infrastructure projects is supported in both
countries, but Portugal scores significantly higher — 70.1 points (12th place)
versus Ukraine’s 51.6 (37th place). Despite martial law, Ukraine has seen
a rise in public-private partnerships, particularly in the energy, construction,
and IT infrastructure sectors.

Political stability remains a critical factor, where Portugal (73.5 points,
15th place) clearly outperforms Ukraine (31.5 points, 47th place). Security
risks, external aggression, martial law, and a lack of predictability in domestic
politics undermine investor confidence in Ukraine’s long-term projects.

On a positive note, both countries received high scores in openness
to foreign trade. Portugal ranks 2nd with 79.4 points, while Ukraine ranks
10th with 75.3. Both are actively integrating into international economic
structures, opening their markets to investment and technology. For Ukraine,
this is especially crucial in the context of post-war recovery.

The market size indicator remains relatively low for both countries:
Portugal scores 3.8 and Ukraine 5.5. This is due to limited domestic demand.
However, Ukraine’s market has higher potential owing to its larger
population and strategic location at the crossroads of key transport corridors.

In conclusion, Portugal currently demonstrates a well-balanced
infrastructure policy characterized by high stability, effective private sector
engagement, and a favorable business environment. Ukraine, despite severe
challenges, retains potential for recovery and growth — especially in
innovation, tax flexibility, and openness. To improve its position in global
infrastructure rankings, Ukraine should focus on enhancing political stability,
safeguarding investor rights, modernizing logistics, and actively attracting
private capital to support post-war reconstruction.

3. Challenges and directions for ensuring infrastructure resilience

Infrastructure resilience is a key factor in ensuring national security and
sustainable development. Portugal, as a country with diverse geographical
and economic characteristics, faces a number of challenges in this area. The
main challenges include climate change, seismic risks, energy dependence,
cyber threats, aging transport and urban infrastructure, and water supply
issues (Table 4).
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Table 4
Challenges and directions for ensuring infrastructure resilience in Portugal

Challenges Directions for Enhancing Resilience

Cyber threats and attacks on critical Expanding cybersecurity within the NIS2 framework,

infrastructure strengthening cooperation with ENISA

Climate change (wildfires, droughts, | Investing in sustainable energy infrastructure, developing

sea level rise) water-saving technologies, wildfire prevention programs

Seismic risks and tsunamis Strengthening building standards, developing early
warning systems, improving evacuation plans

Energy security (dependence on Developing renewable energy sources (wind and solar),

energy imports) creating strategic energy reserves

Water supply and scarcity Optimizing water supply systems, constructing desali-
nation plants, improving water conservation infrastructure

Urban infrastructure risks (aging Building renovation programs, "smart™ urban planning,

buildings, increasing urbanization) | development of Smart Cities concepts

Source: composed by the authors.

With the digitalization of society, cyber threats are becoming a serious
issue. There was a historic surge in cyberattacks, intensifying threats to critical
infrastructures around the globe in 2024. Portugal, too, was shaken by one of
the EU’s most severe ransomware incidents when cybercriminals breached the
Agéncia para a Modernizagdo Administrativa (AMA). This attack disrupted
essential platforms like Autenticagdo.gov and Gov ID — services integral to
Portuguese citizens and businesses for authenticating on government systems.
Their temporary shutdown stalled the delivery of vital public digital services,
underscoring the critical role these platforms play. Cybersecurity risks are not
limited to ransomware alone; state-sponsored groups, often linked to countries
like China and russia, also pose severe threats to critical infrastructures
(Vasconcellos, 2024). The response to these challenges includes strengthening
cybersecurity measures under the NIS2 directive, as well as cooperation with
the European Union Agency for Cybersecurity (ENISA).

Portugal is increasingly affected by extreme weather events, including
wildfires, droughts, and sea level rise. To mitigate these risks, the country is
investing in sustainable energy infrastructure, developing water-saving techno-
logies, and implementing wildfire prevention programs. As part of its wildfire
response strategy, Portugal established the Integrated Fire Management Agency
(AGIF), which brings together representatives from nature conservation, the
police, the military, and private forestry companies to optimize wildfire preven-
tion and suppression efforts. Portugal’s efforts to reform its fire management
system have attracted interest from other regions facing similar challenges,
including California, South Africa, and Australia (Gill, 2022, July 15).

Portugal lies near the boundary between the Eurasian and African
tectonic plates, making the region prone to seismic activity. High-risk areas
include the Azores and Madeira islands, as well as the southern part of
mainland Portugal, including the Algarve region. Both municipal and
national authorities are working to improve infrastructure and early warning
systems to minimize potential future losses. Key safety measures include
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strengthening building standards, developing early warning systems, and
enhancing population evacuation plans (The Lisboner, n. d.).

Due to its significant dependence on energy imports, Portugal is
actively expanding its use of renewable energy sources, particularly solar and
wind power, and is creating strategic reserves of energy resources. Portugal
has achieved a historical milestone in the production of renewable energy,
since it supplied 89% of consumption in 2024, while it supplied 61% of
electricity consumption in 2023. Portugal’s sources of renewable energy for
the first quarter of 2024 were composed of 47% from hydroelectric power,
31% from wind power, 6% from photovoltaic power, and 5% from biomass.
It is to be noted that, in 2024, Portugal ranks 6th EU country using the highest
share of renewable energy according to Eurostat. Portugal’s success story in
the renewable energy sector is such that the country’s energy sector is no
longer the main source of CO2 emissions, since the main source of carbon
emissions is now the transport sector (AICEP Portugal Global, 2024, April 3).

It is worth noting that within the framework of REPowerEU, EU
countries are updating their recovery and resilience plans with new measures
for energy saving and diversification of the EU’s energy supply.
Accordingly, reforms and investments in the plan of Portugal, approved by
the Council on 13.07.2021, help it become more sustainable, resilient and
better prepared for the challenges and opportunities of the green transition
and digital transition (European Commission, n. d. a).

Water quality plays a crucial role in public health and environmental
sustainability. In recent years, water quality in Portugal has attracted increa-
sing attention due to environmental issues, aging infrastructure, and growing
concerns about climate change. According to recent reports, approximately
98.5% of the population has access to safe drinking water that meets the
standards established by EU regulations. However, there are still some dispa-
rities in water quality between urban and rural areas. While cities like Lisbon
and Porto have well-developed water supply systems, some rural regions still
face issues with access and water quality. This disparity highlights the need
for continuous improvement of infrastructure and water treatment processes
to ensure that all communities in Portugal benefit from the same level of
water safety and cleanliness (lon Exchange, n. d.). The main measures include
the construction of desalination plants, optimization of water conservation
systems, and the development of water supply infrastructure.

It is worth noting that the European Regional Development Fund (ERDF)
supports projects aimed at improving water efficiency, digitalizing water
infrastructure, and mitigating the effects of desertification in accordance with
the "Urban Waste Water Treatment Directive". This emphasis on water
resource management acknowledges that future challenges cannot be overcome
without effective water infrastructure.

Housing also remains a key issue for many EU citizens — 23% of
respondents in the latest Eurobarometer survey identified the lack of affordable
housing as an urgent problem (European Commission, 2025, April 2).
Aging housing stock and increasing urbanization rates create additional
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challenges in Portugal. To address them, building renovation programs, smart
urban planning, and the development of the Smart Cities concept are being
implemented (European Commission, 2022, December 9). Urban renewal
involves the reconstruction of areas within the city, often to address urban decay
or meet new economic and social needs. Numerous urban renewal projects have
been implemented in Portugal, aimed at revitalizing cities, improving
infrastructure, and enhancing the quality of life for residents (Talkpal, n. d.).

It is worth noting that international partnerships, public programs, and
innovative technologies play a significant role in the process of ensuring
Portugal’s infrastructure resilience. In particular, industrial innovations
depend on greater investment in critical technologies — such as those identi-
fied through the Strategic Technologies for Europe Platform (STEP): clean
technologies, biotechnologies, and deep-tech innovations (European Com-
mission, n. d. b). Considering the central role of large enterprises in the
development of innovation and technology transfer, the European Commis-
sion offers them cohesion policy support in critical sectors such as defense,
strategic technologies, and decarbonization. This support helps businesses
build local supply chains and technological clusters, equipping the EU with
infrastructure and technological capacity to face future challenges.

Overall, the European Commission actively responds to the new
challenges faced by EU Member States in the context of dynamic geopolitical
changes — particularly the war of russia against Ukraine, climate change, and the
energy crisis. The adaptability and flexibility of EU policy means that Ukraine, in
forming its own national infrastructure policy, should take into account modern
European approaches and new priorities. The challenges and directions for
ensuring Ukraine’s infrastructure resilience are presented in Table 5.

Table 5
Challenges and directions for ensuring Ukraine’s infrastructure resilience
Challenges ‘ Directions for Ensuring Resilience
Military threats and shelling of critical | Development of protected infrastructure, restoration of
infrastructure facilities based on resilience standards, diversification
of energy supply
Cyber threats and attacks on critical | Strengthening cybersecurity of critical infrastructure,
infrastructure expanding cooperation with NATO and the EU, imple-

mentation of NIS2 standards
Energy security (dependence on external = Decentralization of energy grids, development of RES,
suppliers, attacks on the energy system)  integration into ENTSO-E, strengthening protection of
energy facilities
Destruction of transport infrastructure | Restoration of transport routes, modernization of rail
(roads, bridges, railways due to war) | transport, development of alternative logistics routes
Water supply and water shortage Construction of backup water intakes, modernization of
water supply systems, implementation of water-saving
technologies
Financial risks and lack of funds for | Expansion of international aid, attraction of investment,
urban recovery creation of funds for the recovery of cities and critical
infrastructure

Source: composed by the authors.
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One of the greatest challenges for Ukraine is military threats and the
destruction of critical infrastructure. russian aggression has caused signi-
ficant damage to energy, transport, communication, and housing infrast-
ructure. Their restoration requires the usage of modern resilience standards,
the creation of backup electricity and water supply systems, as well as
diversification of energy supplies and logistics routes. Currently, more than
100 cities and communities in Ukraine are restoring municipal infrastructure
under two European Investment Bank (EIB) recovery programs after the
Ukrainian government allocated EUR 161 million to local budgets. These
funds open the path to recovery, including: 155 projects under the "Ukraine
Recovery Programme" and 66 projects under the "Emergency Credit Programme
for the Recovery of Ukraine”. The projects focus on restoring social
infrastructure: hospitals, educational institutions, social housing, water supply
and sewage systems in de-occupied and frontline territories, particularly in
Kyiv, Odesa, Sumy, Kharkiv, Mykolaiv, and Zaporizhzhia regions.

Since the beginning of the full-scale invasion, the EIB has provided
Ukraine with EUR 2 billion in support for the urgent repair of infrastructure
damaged by russian bombings (European Investment Bank, 2024, March 8).
Through the "EU for Ukraine™ initiative and the "EU for Ukraine Fund",
the EIB is committed to scaling up its activities in Ukraine in close
cooperation with the European Commission, the European Parliament, EU
Member States, and international partners.

Countering cyber threats is now considered one of the top security
priorities and a key factor in ensuring infrastructure resilience. Massive
cyberattacks on critical infrastructure networks, telecommunications, and
financial institutions since the start of russia’s invasion have heightened
awareness of these threats. However, the implementation of best practices
into national cybersecurity legislation and information protection remains
fragmented, which also hampers the development of an overall cybersecurity
culture in both the private and public sectors. To strengthen cyber resilience,
it is necessary to implement international security standards, deepen coope-
ration with NATO, the EU, and ENISA, and increase investment in cyber-
security technologies and personnel training.

Energy security remains another strategic aspect, as attacks on Ukraine’s
energy system threaten the stability of electricity and heat supply. During the
Ukraine Recovery Conference in London, Ukraine’s "Energy Strategy
to 2050" was presented. It envisions the restoration of the sector using
cutting-edge technologies, enhancing the resilience of the system, and streng-
thening energy security for both Ukraine and Europe. A key objective is to
transform Ukraine into a European energy hub, enabling full independence
from russian fossil fuels through the replacement with clean energy generated
in Ukraine. The strategy highlights the existing capacity for expansion:
solar power — up to 94 GW; specialized storage — up to 38 GW; nuclear
power — up to 30 GW; thermal power and bioenergy — up to 18 GW,
hydropower — up to 9 GW. Intotal, the strategy estimates investment
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opportunities for new generation facilities at USD 383 billion. Simul-
taneously, the "Economic Strategy of Ukraine until 2030" also identifies
decarbonization and the development of renewable energy as major priorities
in line with the European Green Deal and efforts to improve energy
efficiency (YC Market, 2024, February 2).

In the transport infrastructure sector, the war has caused destruction of
bridges, roads, and railways, complicating logistics and export. More than
26 000 kilometers of roads have been damaged or destroyed, amounting to
losses of USD 28.3 hillion. Railway losses total USD 4.3 billion, port infras-
tructure — USD 0.85 billion, and the aviation sector — USD 2 billion. Direct
losses of private vehicles are estimated at USD 2.2 billion — with 260 000 cars
destroyed or damaged (Hromadske, 2025). To restore critical transport routes,
it is necessary to construct new infrastructure considering security risks,
expand alternative routes, and increase the role of multimodal transportation.
The World Bank Board of Directors has approved a support package
"Building Resilient Infrastructure in a Vulnerable Environment in Ukraine
(DRIVE)" worth USD 432 million (Burych, 2025, March 31).

The war has also severely impacted critical water infrastructure.
Currently, about 8.5 million Ukrainians face limited access to quality water
(Ministry of Environmental Protection and Natural Resources of Ukraine, 2025,
March 25). This crisis not only endangers public health but also has serious
environmental consequences. Addressing it requires building backup water
intakes, introducing modern water purification and conservation systems,
and using water recycling technologies.

International cooperation, technological innovation, and effective
resource management remain to be the key priorities in ensuring infrastruc-
ture resilience. An implementation of these measures will determine the future
stability and development of Ukraine as a whole.

Conclusions

The study of infrastructure resilience in the context of crisis pheno-
mena, based on the examples of Ukraine and Portugal, has shown that
ensuring the continuous functioning of critical infrastructure depends on a
number of factors. Among them, the security environment, investment
attractiveness, political stability, and institutional capacity of state authorities
play a decisive role. Equally important are the levels of digitalization and
innovation in infrastructure development, as well as the active involvement
of the private sector in processes aimed at ensuring infrastructure resilience.

In the cases of Portugal and Ukraine, the influence of these factors
differs significantly: for Ukraine, the main challenge remains ensuring
infrastructure resilience in the context of military aggression, while Portugal
is primarily focused on strengthening its infrastructure in the context of
natural disasters.

The assessment of the infrastructure environment in Portugal and
Ukraine was conducted through analysis of the CMS Infrastructure Index.
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Portugal’s position in 2023 reflects a mature institutional system and
consistent public policy in the field of infrastructure development. High
scores in indicators such as political stability, private sector involvement,
ease of doing business, and openness to international trade show the
country’s ability to effectively manage long-term investment processes.
However, relatively low scores in the tax environment and the small size of
the domestic market highlight the need to further improve conditions for
small and medium-sized enterprises and to work more actively on attracting
foreign capital. It is important for Portugal not only to maintain its current
achievements but also to focus on digitalization, environmental sustainabi-
lity, and adapting infrastructure to new global challenges.

Ukraine belongs to the group of countries facing infrastructure
difficulties and scored 48 out of 100 possible points. Despite the challenging
situation, Ukraine has the potential to improve its position through international
support, reforms, and targeted rebuilding of critical infrastructure. The CMS
Infrastructure Index analysis also indicates that Ukraine scores relatively
high in certain indicators — particularly in the tax environment, openness to
investment, and sustainable development — creating a unique "window of
opportunity" for the structural transformation of the country. If an adequate
level of security, political predictability, and an effective recovery strategy
are ensured, Ukraine has every chance to become an attractive center for
international infrastructure projects in Eastern Europe. This would require
not only the restoration of what has been destroyed, but also an innovative
approach to the development of a new, resilient, and competitive infrastruc-
ture that meets modern European standards.

Despite the differences in infrastructure development levels, both
countries face common challenges, including cyber threats and cyberattacks
on critical infrastructure, energy security, water supply and water scarcity,
and risks related to urban infrastructure functioning. Therefore, ensuring
infrastructure resilience in both countries requires an integrated approach that
involves coordination between government institutions, the private sector,
and international organizations to respond effectively to contemporary
threats and strengthen the capacity of infrastructure systems. Thus, the
findings confirm the research hypothesis.

In the context of future scientific inquiry, studying the adaptability of
urban infrastructure to multi-crisis situations, characterized by the simulta-
neous impact of military, energy, and climate threats, will be of particular
relevance.
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DIGITALISATION
AS A FACTOR OF INCREASING
ECONOMIC RESILIENCE
IN THE PUBLIC SECTOR

The increase in the frequency of crisis pheno-
mena caused by both internal and external shock
influences intensifies the need for the formation of a
resilient public sector of the national economy. The
digitalization of the public sector is considered as
one of the factors capable of enhancing adap-
tability, flexibility, and ability to recover in response
to shock influences. In this context, there is a need
for a deeper study of the role of digital technologies
in strengthening the functional efficiency of the
public sector. The research is based on the assump-
tion that digitalization positively affects the level of
public sector resilience, and that countries with a
higher level of digitalization are able to cope more
effectively with current shock impacts. To verify the
hypothesis, the countries of the European Union are
studied for comparative analysis, 27 EU countries
are grouped according to their level of digitali-
zation based on the E-Government Development
Index (EGDI). In addition, the research uses
correlation and regression analysis to determine the
relationship between the indicators of digitalization
and the public sector resilience. The obtained
results indicate that a positive relationship between
digitalization and the public sector resilience
indeed exists, however, its significance is small (for
countries with a low level of digitalization, the
relationship is even weaker). The research suggests
that the public sector digitalization can have a
greater impact on the resilience of the household
sector, which is confirmed by further results. Since
households are direct consumers of public services,
the digital transformation of the public sector has
an impact on their social and economic resilience,
particularly due to the increased adaptability to
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3pocmanns uacmomu Kpu308ux sA6UWY, CHPUYU-
HEeHUX AK GHYMPIWHIMU, MAK | 306HIUHIMU UOKO-
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2MbUO020 OOCHIONCEHHSL PO YUPDPOBUX MEXHO-
JI02I1 Y 3MiyHeHHT QYHKYIOHAIbHOL eghexmusHocmi
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sudden economic shock effects. The results of the
research can be used to improve digital trans-
formation strategies in the public sector, especially
in addressing issues related to digital inequality
(both age and geographical), social resi-lience, and
digital inclusion.

Keywords: economic resilience, resilience
of the public sector, digitalisation, digital transfor-
mation.

0epIHCABHO20 CEKMOPY MAE BNIUE HA IX COYIANbHY U
EKOHOMIYHY CMIUKICMb, 30KpemMa 8HACTIOOK 30i1b-
WieHHs A0ANMUBHOCMI 00 PANTOBUX eKOHOMIYHUX
wokogux  enaueie. Pezynomamu  0ocriodicenHs
MOdHCYmb OYmuU BUKOPUCMAHT 07151 800CKOHAICHHS
cmpamezii. yugposoi mpancopmayii depoicas-
HO20 CeKmopy, 0coonueo 8 pobomi HAO NUMAH-
HAMU, WO CIOCYIOMbCS YUPPOBOT HepieHOCmI (K
6iK060i, mak i eeoepaghiunoi), coyianbHoi cmili-
Kocmi ma yugpoeoi iHKo3ii.

Knwouosi croea: eKOHOMIYHA CTIHKICTD,
CTIMKICTh JIEpP)KaBHOTO CEKTOPY, LMQpoBi3aLlis,
mdpoBa TpaHchopmaris.

JEL Classification: 033, 052, C50.

Introduction

The resilience of the public sector, like organizational resilience, is
determined Dby its ability to absorb shocks (minimize disruptions to public
services), adapt (adjust the functioning of the entire apparatus to new
conditions), and recover (e nsure full functionality at the pre-shock level). In
fact, the public sector is capable of cross-sectoral resilience, as it must not
only adapt, but also guarantee the provision of quality services to the
household and business sectors, and develop policies for all sectors of
the economy affected by the shock (Profiroiu & Nastacd, 2021). Therefore,
the main challenges in ensuring public sector resilience are maintaining a
balance between flexibility and adaptability and stable, predictable
functioning of the sector (Leite & Hodgkinson, 2021; Duit, 2016).

The economic resilience of the public sector is determined by its level
of financial liabilities. It is widely believed that countries with lower
liabilities, such as a low debt-to-GDP ratio, a stable domestic budget, and low
external debt, will be able to regulate the economy and respond effectively
to economic shocks when they arise. At the same time, there is a wider list
of indicators of the economic sustainability of the public sector. In particular,
within the framework of the integrated approach, the following indicators are
distinguished:

» the level of GDP redistribution through the consolidated budget;

» the ratio of the deficit (surplus) of the state budget to GDP;

» coverage of the deficit of the consolidated budget by external
borrowing;

* the volume of transfers from the state budget;

» the share of the public sector in current revenues;

« the level of state and state-guaranteed external and internal debt;

» the adequacy ratio of international reserves to service external debt;

» the level of implementation of the plan for revenues of the
consolidated budget;

* the level of implementation of the consolidated budget expenditure
plan (Shkuropadska, 2017).
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However, ensuring economic sustainability requires not only control
over key macro indicators, but also the ability to flexibly respond to changes
in the economic environment (Geets et al., 2020). In this case, it is the use of
digital tools that helps to increase flexibility, ensuring more effective
management of public resources and better coordination of actions in
conditions of shock impact. Digitalization is already one of the key factors of
change at the macroeconomic level and at the level of individual economic
agents (Grytsenko & Burlay, 2020; Novikova & Azmuk, 2023).

The aim of the reseach is to identify the relationship between the level
of digitalization of the public sector and its resilience to shock impacts using
the example of the European Union countries. To achieve this aim, the
following tasks were set: to conduct a quantitative assessment of the level of
digitalization of the public sector of the EU countries using statistical and
mathematical methods; to conduct a correlation-regression analysis to
identify the relationship between digitalization indicators and the level of
resilience of the public sector; to formulate practical conclusions on the
possibilities of strengthening the resilience of the public sector through
digital transformation.

The research is based on the hypothesis that, firstly, the digitalization
of the public sector can positively affect its economic sustainability;
secondly, countries with a higher level of digitalization of the public sector
are able to demonstrate greater sustainability, unlike countries with a lower
level of digitalization. Mathematical and statistical research methods were
used to test the hypothesis.

The quantitative distribution of countries by their level of digital
development of the public sector was carried out on the basis of the quartile
distribution of the values of the Digital Governance Development Index (as
discussed in the first section of the main part of the article). The second
section presents the results of the study of the impact of digitalization on the
sustainability of the public sector of the EU countries, for which correlation
and regression analysis is used, in particular, the construction of a paired
linear model. The results of the research indicate that the relationship
between digitalization and the sustainability of the public sector exists, but
its significance is small, and economic factors still influence the
sustainability of the sector to a greater extent. It is assumed that
the digitalization of the public sector can have a greater impact on the
household sector; therefore the third section contains a deeper study using
the mathematical modeling method, the purpose of which is to establish the
impact of the use of digital public services on the readiness of the household
sector to sudden shocks.

1. Identification of digital development level of the public sector
in EU countries

When assessing the effects of the use of digital technologies in the
public sector, we can divide them into two categories: effects from practical
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activities and effects from normative activities. In the first case, the
digitalization of the government sector makes it possible to promote
the development of digital infrastructure (in turn, this affects the equal access
of all other sectors to digital technologies), implement digital technologies
(thereby reducing public sector costs and increasing productivity) and
digitize public services (which increases their efficiency and accessibility for
other sectors). As for the second, the legal competences of the public sector
provide the opportunity to disseminate the regulatory rules for the develop-
ment of digitalization, form a strategic vision and stimulate innovative
activity. We can determine the impact of digitalization on economic
sustainability by applying a pair correlation-regression model and analyzing
the development of digitalization of the public sector. Since statistical data
on the national economy are limited and do not sufficiently reflect the
manifestation of digitalization processes, we will consider EU countries to
test the hypothesis.

It is worth identifying EU countries with a high level of public sector
digitalization and those with a low level. One of the most convenient methods
to establish the level of each of the 27 European Union countries is to refer
to the already developed integrated indices. This has its advantages, since
such indices usually contain data on each country and create a rating system.
Currently, there are three global indices that measure the level of public
sector digitalization: the e-Government Development Index proposed by the
UN (World Bank Data, n. d.), the Digital Economy and Society Index
(DESI), developed by the European Commission (The Digital Economy and
Society Index, n. d.) — its purpose is not to directly assess the digitalization
of the public sector, but the index contains a separate component "Digital
Public Services" — the Digital Government Index (proposed by the OECD)
(2023 OECD Digital Government Index, 2024, January 30). As we can See,
only two of them specialize in assessing the public sector, but the OECD
Digital Government Index does not cover all EU countries (data is available
only for key ones — France, Germany, Spain, etc.). Given that using the
European Commission’s Digital Economy and Society Index will require
additional quantitative methods of processing and collecting statistical data,
we will use the e-Government Development Index. This Index contains
information on all EU countries, specializes in assessing the public sector,
and is updated every two years.

The index measures the level of development of digital governance by
assessing three components: the volume of electronic services provided and
their quality (Online Services Index); the state of telecommunications
infrastructure (Telecommunication Infrastructure Index); and human capital
(Human Capital Index). Table 1 presents the results of calculating the Index
for the 27 EU countries, from the worst to the best (which is close to 1).
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Table 1
Classification of EU countries based on the results of calculating their
e-Government development index, 2022 and 2024

Level of development of

Sl | governance digitalization

Romania 0.7619 0.7636

Bulgaria 0.7766 0.8145

Hungary 0.7827 0.8043 Low
Slovakia 0.8008 0.8021

Czech Republic 0.8088 0.8239

Croatia 0.8106 0.8818

Belgium 0.8269 0.8121

Portugal 0.8273 0.8415

Italy 0.8375 0.8356

Poland 0.8437 0.8648

Greece 0.8455 0.8674 Below average
Ireland 0.8567 0.9138

Latvia 0.8599 0.8852

Cyprus 0.866 0.8619

Luxembourg 0.8675 0.8466

Lithuania 0.8745 0.9110

Germany 0.877 0.9382

Slovenia 0.8781 0.8759

Austria 0.8801 0.9065 Above average
France 0.8832 0.8744

Spain 0.8842 0.9206

Malta 0.8943 0.8886

Netherlands 0.9384 0.9538

Estonia 0.9393 0.9727

Sweden 0.941 0.9326

Finland 0.9533 0.9575 High
Denmark 0.9717 0.9847

Source: compiled by the author based on (Regional e-Government development and the
performance of country groupings, September, 2024).

We can group countries by their level of digitalization, using quartiles
as a measure of location. First, we should determine the median, which will
divide the data set "in half". Since we have 27 observations in total, we can
assume that the median value is between 14 and 15. Accordingly, we have:

0.866 + 0.8675
2

Therefore, the level of all values less than 0.8667 is below the average.
However, in order to divide the countries into more equal groups, it is also

= 0.8667.
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worth defining quartiles 1 (Q1) and 3 (Q3) (with the median being quartile
2 (Q2). Accordingly, Q1 is the average value of the lower half of the data and
is equal to 0.8218 (the values of all countries less than 0.8218 belong to the
low level). Qs is the average value of the upper half of the data, which is
0.9096. As we can see, the countries with a low level of digitalization of
governance are Romania, Bulgaria, Hungary, Slovakia, the Czech Republic,
and Croatia. On the other hand, the group with a high level includes Estonia,
Sweden, Finland, and Denmark.

2. The correlation between digitalization and the level
of sustainability of the public sector

In order to determine the relationship between digitalization and the
economic sustainability of the public sector, we will use regression
mathematical modeling. When building the model, we will consider the
following form of the quation:

Y =a+ bX, (D

where: Y — is the dependent variable that reflects the economic sustainability of the
public sector (gross value added (GVA) indicator in the field of public
administration, defense, education, healthcare and social work);
X —is the independent variable that characterizes the level of digitalization of the
public sector (the percentage of people who used digital public services (website
or application) during the last 12 months);
a — is the expected value of Y at a zero value of X (regression constant);
bX — is the deterministic part of the model that reflects the change in Y
depending on X.

As a dependent variable expressing the economic sustainability of the
public sector, we will consider the indicator of gross value added (GVA) in
the sphere of public administration, defense, education, health care and social
work. As already noted, the most common indicators expressing the purely
economic sustainability of the public sector are public sector GDP (as a % of
total GDP), budget deficit/surplus, government spending, and employment level
in the public sector. However, unlike the indicated indicators, GVA in the sphere
of public administration is sensitive to changes in productivity in the public
sector, namely productivity — what is most affected by digitalization (for
example, automation of public services, optimization of management and costs).
In addition, attempts to determine the correlation-regression relationship
between budget deficit/surplus indicators, government spending and public
sector GDP (as a share of total GDP) and digitalization factors have revealed
that such mathematical models are not statistically significant, and therefore,
there is no relationship between the data.

As an independent variable, we will consider the percentage of people
who used digital government services (website or application) during the last
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12 months. The availability and use of digital government services is an
indicator that reflects the optimization of government processes, in particular,
reducing operating costs (for example, by replacing physical branches with
an online application/website), accelerating the provision of administrative
services and reducing the level of corruption. It would be quite logical to also
investigate the impact of the number of digital government services provided
(depending on the EU country), but currently there is no statistical
measurement of this indicator.

The proposed study also contains a number of limitations. In parti-
cular, the biggest drawback at the moment is the time period used.
Digitalization is a dynamic phenomenon, the development of which inten-
sifies over the years, so the logical choice is a medium-term time period
(57 years) or a long-term one (10-15 years). But, unfortunately, in addition
to dynamism as one of the main characteristics of the digitalization process,
it is also characterized by the complexity of its assessment and measurement
by specific indicators (which are due to the lack of a clear and stable system
for collecting statistics). Therefore, the study covers only a comparison of the
impact of the digitalization factor on the sustainability of the public sector in
2022 and 2023. The data that will be used in the future are given in Table 2.

Table 2
Input data for building a regression model of the impact
of the public sector digitalization factor on GDP in the field of public
administration in EU countries, 2022—2023

GDP*, % of | Share of users**, Share of Share of users ™,
=0 eIy total users**, %

Belgium 21.3 83.27 21.8 81.78
Bulgaria 15.2 26.38 16.1 29.72
Czech Republic 15.8 78.81 15.6 71.12
Denmark 18.7 96.98 19.4 97.68
Germany 19.6 51.24 194 58.07
Estonia 151 85.83 16.6 88.74
Ireland 8.7 80.83 9.9 85.56
Greece 18.2 67.64 17.6 68.69
Spain 17.7 79.75 17.4 79.68
France 21.9 82.64 21.2 85.17
Croatia 16.4 56.98 17.0 74.62
Italy 16.1 65.69 15.4 60.11
Cyprus 18.2 89.74 18.2 66.12
Latvia 18.2 70.98 18.7 73.18
Lithuania 14.9 73.49 155 71.82
Luxembourg 17.3 89.40 18.7 88.90
Hungary 16.6 72.68 15.9 75.63
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End of Table 2

EU country

Malta 15.6 76.41 14.8 81.34
Netherlands 20.5 92.50 20.5 94.78
Austria 17.9 73.88 18.1 75.60
Poland 14.6 55.38 15.3 58.54
Portugal 18.8 68.72 18.3 69.63
Romania 13.2 20.93 13.2 22.56
Slovenia 17.1 73.09 16.5 71.14
Slovakia 16.5 73.58 15.7 71.69
Finland 20.3 94.78 21.1 95.49
Sweden 20.1 93.07 20.5 94.58

* Gross value added in public administration, defense, education, health care, and social work;
" people who used digital public services (website or app) in the last 12 months.

Source: compiled by the author based on (Eurostat, n. d. a, Eurostat, n. d. b).

To determine the parameters of equation (1), we will use the method
of least squares. Let x_i and y_i be the corresponding values of the indepen-
dent (X) and dependent (Y) variables for the i-th observation (i=1, 2, ..., n).
In this case, the esti-mates of the parameters a and b are calculated using
formulas (2), (3).

_ Sy = (B x) - (B ) @
T nIL -G

ixl 3)

=1 i=1

[y
I
3=
‘S
:IH

Accordingly, the parameters for 2022 will be as follows:

_ (27 - 34500.75) — (1974.67 - 464.5)
B (27 - 153347.08) — 1974.67°

a = 0.0593,
4645 1974.67

—5 — 0.0593 —
b = 12.8692.
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We have the function Y="12.8692"+"0.0593" X, with the standard
error of the model (E) being 2.582, the coefficient of determination (R"2)
being 0.158, and the F-criterion being 4.702.

When constructing the primary regression model, a low coefficient of
determination (R? = 0.158) was found, which indicates a weak explanatory
power of the model. To check its stability, an analysis of residuals and
influential points was performed. In particular, several observations were
found that deviated significantly from the general trend. In order to increase
the adequacy of the model, these observations were excluded from further
analysis. In this case, the model parameters will be:

B (18 - 22763.451) — (1303.55 - 308.6)
(18 - 99487.09) — 1303.55>

a = 0.08157,

b= 308.6 1303.55

BTE 0815 3
b = 11.2365.

In order to increase the adequacy of the model, these observations were
excluded from further analysis. In this case, the model parameters will be:

Taking into account the updated sample, it was found that the
coefficient of determination increased to 0.568, and the standard error
of the model decreased to 1.2669, which indicates a significant improvement in
the accuracy and reliability of the regression model (Table 3).

>

Table 3

Parameters of the impact of digitalization on the GVA
of the public sector in EU countries, 2022

0.0815798 11.236484
0.0177681 1.3209532
0.5685082 1.2669922
21.080659 16

33.840135 25.684309

Source: calculation results generated using the LINEST function in Excel.

Therefore, the standard error of the model is 1.27, which in percentage
terms is 7.4% of the mean value of the dependent variable. This indicates
sufficient accuracy of the model, since the error value does not exceed 10%.
The F-test was used to check the statistical significance of the model.
With the number of observations n = 18 and the number of model parameters
k = 2, the degrees of freedom are: m;="1" and m,="16". The calculated value
of F is 21.04, which exceeds the tabular value F_table="4.49" at the
significance level a="0.05". Therefore, the model is considered statistically
reliable (Table 4).
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Parameters for the 2023 model:

_ (18-23157.963) — (1319.95 - 309.3)
(18 - 101613.106) — 1319.95>

a = 0.0989,
3093 1319.95

b

13 0.098 I3
b =9.9297.

b

Table 4
Parameters of the regression model of the impact of the digitalization factor of
the public sector of EU countries on its sustainability (2023)

0.09891675 9.92971344 | ay |
0.01567035 1.17738177
0.71349666 1.08798274
39.8457718 16

47.1656969 18.9393031

Source: calculation results generated by the author using the LINEST function in Excel.

The standard error of the model E = 1.09, which is 6.32% as a
percentage of the mean value of the dependent variable, indicates a fairly
high quality of the model. The value of the coefficient of determination R? is
0.7, which indicates that most of the variation in the dependent variable is
explained by changes in the independent variable (Figure). This is a
significant improvement compared to the model of the previous year. The
value of the Fisher test F = 39.85 exceeds the table value Fanie="4.49" so the
model is considered statistically adequate and significant.

25 ~

20 A %

15 | w00

10 ~

health care, and social work, %

Gross value added (GVA) in public
administration, defense, education

0 20 40 60 80 100 120
Percentage of people who used digital government services (website or app)
in the last 12 months, %

Correlation between digitalization and the sustainability
of the public sector in EU countries, 2023

Source: compiled by the author.
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We can draw the following conclusions:

« a higher level of digitalization does indeed strengthen the correlation
between the economic sustainability of the public sector (in this case directly
with the GVA of the sector), but this correlation is quite low;

« in countries with a low level of digitalization, the connection is even
weaker (virtually imperceptible);

« accordingly, digitalization may be one of the factors contributing to
the economic sustainability of the public sector, but we assume that economic
factors have a greater impact.

Thus, the economic sustainability of the public sector largely depends
on budget policy, the level of debt burden, tax revenues and external econo-
mic factors, while the digitalization of the sector should be considered as a
tool used to increase operational efficiency, increase the productivity of the
work of state bodies themselves and speed up decision-making processes.
All of the above digitalization processes are observed at the micro-level of
each state body separately, which significantly complicates quantitative
modeling and mathematical measurement of its impact on the economic
sustainability of the sector.

3. Impact of public sector digitalization on the sustainability of the
household sector

At the same time, the digitalization of the public sector is not limited to
internal management processes, but also encompasses the transformation of
mechanisms for providing public services, which has a broader macroeconomic
impact: in particular, its impact is indirectly manifested through ensuring the
sustainability of other sectors — the household sector and the business sector — as
a result of the implementation of digital public services. Moreover, if the public
sector thus performs administrative and regulatory functions in relation to the
business sector, we assume that the impact on the sustainability of the household
sector is greater. This can be explained by the fact that the digitalization of public
services directly affects the social and economic security and adaptability of
households, since they are the main consumers of such services. In addition to
faster access to medical services, social payments, and other administrative
services, the public sector, thanks to digitalization, is also able to ensure the social
sustainability of vulnerable segments of the population — such as people on the
verge of poverty, IDPs, people with disabilities, the elderly, or veterans. Unlike
the business sector, for which the digitalization of public services manifests itself
mainly in the form of simplification of permitting procedures, tax administration,
and registration processes, for households it is a factor of social resilience that
directly affects the quality of life, well-being, and the ability to adapt to economic
shocks.

In order to clarify the impact of the digitalization of public services on
the household sector, we can also use a linear correlation-regression model.

The dependent variable is the share of individuals who may face
unforeseen financial costs. The chosen indicator characterizes the ability of the
household sector to adapt during a shock, which is a characteristic feature of
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resilience. Under the independent variable, we will consider the share of indivi-
duals who used digital public services (website or application) during the last
12 months, i. e. those who performed the following actions: interacting with
government authorities, submitting tax returns online, submitting requests for
financial benefits or rights, obtaining information about services, benefits, rights
and laws. The model hypothesis is based on the assumption that all of the above
actions and online access to them can improve the adaptability of the household
sector: in the event of a shock, the use of digital public services allows for faster
receipt of financial assistance (benefits or other social support), provides access
to transparent and clear information, and reduces the time gap in communication
and interaction with government agencies. The statistical data that will be used
are given in Table 5.

Table 5

Statistical data for creating a regression model of the impact
of the digitalization factor of public services on the sustainability
of the household sector in EU countries, 2023

Share of persons, %

EU countr who may face unexpected who have used digital public services
y financial expenses (website or app) in the last 12 months

Belgium 78.6 81.78
Bulgaria 53.3 29.72
Czech Republic 80.3 71.12
Denmark 76.9 97.68
Germany 65.0 58.07
Estonia 69.6 88.74
Ireland 65.7 85.56
Greece 55.7 68.69
Spain 62.8 79.68
France 70.6 85.17
Croatia 58.6 74.62
Italy 71.2 60.11
Cyprus 62.4 66.12
Latvia 55.2 73.18
Lithuania 59.5 71.82
Luxembourg 75.9 88.90
Hungary 65.8 75.63
Malta 84.1 81.34
Netherlands 84.1 94.78
Austria 77.2 75.60
Poland 74.3 58.54
Portugal 69.5 69.63
Romania 53.6 22.56
Slovenia 77.3 71.14
Slovakia 70.7 71.69
Finland 74.0 95.49
Sweden 78.2 94.58

Source: (Eurostat, n. d. a; Eurostat, n. d. c).
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We will use the same pairwise linear regression model and the least
squares method as a way to calculate the coefficients. Assuming that outliers
are discarded, the results of the calculations are as follows:

_ (15 - 88588.558) — (1105.41 - 1007.7)

&= (15 - 88588.558) — (1105.41)?
a = 03016,

10077 030161105.41
15 ' 15

b = 44.954.

We have the function Y = 44.954 + 0.3016X. In order to determine
the quality of the model, we will pay attention to the value of its error (E). In
our case, it is equal to 4, which is 6% as a percentage of Y, therefore, the
constructed model is qualitative.

We will find the table value of F at a significance level of 0.95 and
degrees of freedom mi=1 and m>=13 to check the model for reliability.
F (40.02) > Franie(4.67), therefore, we can consider the model reliable.

The coefficient of determination of the model (R"2) is 0.75 (or 75%).
This indicates that 75% of the variation of the dependent variable is explained
by changes in the independent variable. This means that the constructed
model has high explanatory power and quite effectively describes the
relationship between digitalization and the economic sustainability of
the household sector.

As we can see, the hypothesis was partially confirmed: the digita-
lization of the public sector does have an impact on the sustainability of the
household sector and helps to improve its adaptability. Moreover, the impact
of digitalization on the household sector is greater than the direct impact on
the sustainability of the public sector itself (75% compared to 71%).
However, the impact is still not significant. It should be noted that the impact
of digitalization usually manifests itself with a certain delay, which creates a
lag effect. Therefore, even with a high level of digitalization of the public
sector, its real impact on the economic sustainability of households may only
manifest itself after a few years.

b

Conclusions

The research results showed a statistically significant relationship
between the level of digitalization of the public sector (quantitative
measurement — the percentage of people who used digital public services
(website or application) in the last 12 months) and its economic resilience in
the face of shocks. In particular, in European Union countries with high
indicators of digital transformation of public administration, a higher level of
adaptability and resilience is observed. At the same time, in countries with a
low level of digitalization of the public sector, such a relationship is weak.
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In addition to the direct impact of digitalization on the public sector,
it also has an indirect effect through ensuring digital inclusion of the
household sector. This indicates the systemic and intersectoral nature of
digital transformation as a tool for increasing overall economic resilience.

The scientific novelty of the research lies in the combination of cluster
analysis (through quartile grouping) with correlation-regression estimation
to determine the relationship between digitalization and economic
sustainability of the public sector based on a comparison of EU countries.
The proposed approach can be adapted to other sectors of the economy and
used to develop strategic directions for digital development in conditions of
shock impacts.

The practical significance of the results obtained lies in the possibility
of using the identified patterns to form recommendations for the digital
transformation of the national economy. Further research should be directed
at studying the role of digitalization in ensuring the sustainability of the
household sector: to analyze the possible digital vulnerabilities of the sector
(digital inequality, level of digital skills, cybersecurity), as well as its level of
digital transformation.
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Amid accelerating global shifts, geopo-
litical instability, demographic transitions,
technological disruption, and economic frag-
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ding social cohesion. Migration intensifies this
challenge, making immigrant empowerment
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cial autonomy, and civic participation, thereby
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immigrant empowerment and systemic resi-
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foster business formalisation, reduce welfare
dependency, and increase civic participation,
while adaptive innovations during COVID-19,
such as repayment moratoria and digital
lending, enhanced household stability and
sustained local demand. The findings confirm
the hypothesis across three levels: at the
micro-level, microfinance strengthens indivi-
dual entrepreneurship and resilience; at the

HITYPIKI E3pi
https://orcid.org/0009-0009-0761-5968

acmipaHT Kadeapu eKOHOMIKH
VYuisepcuter Meccinu
1’ayya [yneammi, 1, 98122, Meccina ME, Imanis

esri.nyituriki@studenti.unime.it

PO3LLUUPEHHA MNMPAB
| MOMJTUBOCTEN IMMITPAHTIB
TA IHKJTIO3MBHA COLIAJIbHA
KOHKYPEHTOCIPOMOXHICTb

Ha mni npuckopenns enobanvhux 3pyuiens, 2eono-
JHMUYHOT HeCmabiIbHOCMI, 0eMOopapiuHuX nepexoois,
TMEXHONIOIUHUX NOMPSCIHb Ma eKOHOMIYHOI (hpazmen-
mayii €6pona cMUKacmvCsl 3 HASATLHUM GUKTUKOM
NIOMPUMKU KOHKYPEHMOCHPOMONCHOCIE Ma 0OHOUAC-
HO20 3axucmy coyianbHoi 3eypmoearocmi. Migpayis
nocunioe  yeii GUKIUK 4Yepe3 pPO3MUPEeHHA npas i
MONCIUBOCIEL IMMISDAHMIE YEeHMPATbHUM DaKmo-
POM  00820CMPOK0BOi  cmitikocmi. Y yitl cmammi
00CTONCYEMBCSL. MIKPOQIHAHCYBAHHSL SIK CIMpameziy-
HULL BAXICITIL IHKTIO3UBHOT KOHKYDEHMOCHPOMONCHOCHI,
BUCYBAEMbCS 2iNomesa, wo 0ocmyn 00 QIHAHCOBUX
IHCmpyMenmig nioguujye NIONPUEMHUYbKULL HOMEH-
yian immieparnmis, (PiHaAHCOBY ABMOHOMIIO Ma ZpoMa-
OSIHCbKY y4acmv, MUM CAMUM 3MIYHIOIOYU  THCHIU-
myyitiny 008ipy ma CHpusoYu  a0anmusHiil
KOHKYPEHMOCHPOMOICHOCIE  €KOHOMIK ~ KpQiH, W0
nputimaromv. CucmeMamudHuL 02150 mepamypu nio
repisnuymeom PRISMA (2010-2025) y Scopus, Web of
Science ma Google Scholar sussue 973 pospooxu, 3
akux 31 peyensoséane 0ocCniodiceHHs BGiONOGIOAIO
Kpumepisim exmouents. bibriomempuune kapmyeanms
3a donomoeoio npocpamu VOSviewer eussuno mpu
MEMamuyHi Kiacmepu.: NiONPUEMHUYMEO, (DiHaHcoea
2pamomuicmes ma IHCmumyyiiHa 006ipa, wo noe s-
3VI0Mb  MIKDOQIHAHCYBAHHA 3 DOZWUPEHHAM Npas i
MOJICTIUBOCEN IMMISPAHMIE MA CUCMEMHOIO CMili-
xicno. [ani 3 Icnanii, Hivewuunu ma Ppanyii
NOKA3YI0NIb, WO NPOSPAMU MIKDODIHAHCY8AHHS CHpUSL-
1omb ghopmanizayii Oi3HECY, IMEHULYIOMb 3ANEHCHICb
6I0 coyiampHo2o 3a0e3neueHHs ma  NIOGULIOMb
SPOMAOSIHCHKY YUACcmb, MO0 K A0anmueHi iHHO-
eayii nio yac COVID-19, maxi sx mopamopii
Ha nozawenus Oopeie ma yugpose Kpeoumy-
BAHHS, NOCUTUTU CMADITLHICIb DOMO20CHO0APCNE
ma cmanuil  Mmicyeeuii nonum. Pesyremamu
00CIONCEHHS NIOMBEPONCYIOMb 2INOME3Y HA MPbOX
PDIBHAX: HA MIKPOPIGHI MIKPOIHAHCYBAHH 3MIYHIOE
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STATE AND ECONOMY

meso-level, it builds social networks and trust;
and at the macro-level, it contributes to
inclusive competitiveness and systemic stabi-
lity. The scientific novelty of this study lies in
bridging migration, finance, and competiti-
veness within a unified multi-level analytical
framework. Policy recommendations include
dismantling credit barriers, embedding finan-
cial literacy into microfinance schemes, and
expanding inclusive digital finance as integral
components of Europe 's competitiveness agenda.

Keywords: immigrant empowerment;
microfinance; social inclusion; competitive-
ness; resilience.

iHOUBIOyabHe NIONPUEMHUYMBO A CMILIKICIb, HA
Me3opieHi  Oy0ye coyianbHi Mepedxci ma  008ipy;
HA MAKPOPIBHT CNPUSAE THKIIO3UBHIT KOHKYPEHIMOCHPO-
ModicHoCmi ma cucmemHill cmabiteHocmi. Haykoea
HOBU3HA Yb020 OOCTIONCEHHS NONAAE 6 NOEOHAHHI
MiZpayii, (IHAHCIE MA KOHKYPEHMOCHPOMOICHOCHI 8
DAMKax €0uHoi bazamopieneol aHaMIMUyYHOI cuc-
memu. Pexomenoayii wooo nonimuxu 6KmoYaioms
JKGIoayito  KpeOumHux 0ap’epis,  6MpOBAONCEHHs
@inancosoi epamomuocmi 8 cxemu MiKpOQIHAHCY-
6aHHA MA  POWUPEHHS THKTIOUBHO20 YUPPOBO2O
Qinancysanms AK Hegi0 EMHUX KOMHOHEHMIB NOPAOKY
OeHHoeo €6ponu 1000 KOHKYPEHMOCHPOMONCHOCHII.

Knwouogi cnoea: po3HMUpeHHS IPaB 1 MOXIIM-
BOCTEH IMMIrpaHTiB; MiKpo(hiHAHCYBAaHHS; COITiaJIbHA
IHTErpAaIrlis; KOHKYPEHTOCTIPOMOYKHICTB; CTIHKICTb.

JEL Classification: F22; J15; G21; M13.

Introduction

Global disruption, climate change, demographic transitions, techno-
logical shifts, and geopolitical instability place pressure on Europe to sustain
competitiveness while maintaining cohesion. Scholars argue competitiveness
must now extend beyond GDP growth to embrace inclusiveness and resilience
(Rodrik, 2021; Aiginger & Guger, 2014). Migration intensifies this challenge,
reshaping labor markets and institutions (Castles et al., 2021; OECD, 2023).

Immigrants contribute to innovation and human capital development
(Nathan, 2014), yet exclusion from financial and entrepreneurial opportunities
risks entrenching marginalization and undermining long-term stability
(UNHCR, 2023). Addressing this tension requires mechanisms that simul-
taneously promote immigrant inclusion and reinforce Europe’s compe-
titiveness.

Financial inclusion and microfinance in particular, has emerged as one
such pathway. Initially developed as a poverty alleviation tool in the Global
South (Yunus & Jolis, 2003; Ledgerwood et al., 2013), microfinance is now
applied in Europe to empower marginalized groups, including immigrants.
Empirical studies demonstrate its benefits: in Spain, microfinance improved
entrepreneurial survival rates among migrant women (Alvarez & Ruiz, 2023);
in Germany, loans reduced welfare dependency and supported immigrant-led
enterprises (Bruder et al., 2011); and in France, targeted microfinance
expanded access to formal credit markets (Evers & Reifner, 1989).

Despite these insights, important gaps remain. Migration research
emphasizes cultural and legal integration, while financial inclusion studies
often treat immigrants as a secondary category within broader vulnerable
groups (Guérin et al., 2013). Few works explicitly link microfinance to
systemic outcomes such as competitiveness or institutional resilience. The
European Investment Bank’s (2022) FINCLUDE initiative is a rare exception,
yet most studies remain nationally bounded and fragmented.

The aim of this article is to synthesize global evidence on the role of
microfinance in fostering immigrant empowerment and inclusive social
competitiveness. Specifically, it aims to: (i) examine how microfinance
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enhances immigrants’ entrepreneurial capacity, financial literacy, and social
participation; (ii) evaluate its contribution to systemic outcomes such as trust
in institutions, cohesion, and resilience; (iii) situate these outcomes within
debates on Europe’s competitiveness under conditions of global disruption.

The central hypothesis is that microfinance strengthens immigrants’
entrepreneurial capacity, financial autonomy, and civic participation, thereby
reinforcing inclusive competitiveness in host economies. To test this
hypothesis, the research applies a PRISMA-guided systematic literature
review (2010-2025) across Scopus, Web of Science, and Google Scholar.
After rigorous screening, 31 peer-reviewed articles were retained for
analysis. Bibliometric mapping with VOSviewer identified thematic clusters
and conceptual gaps. While limited to English-language studies, the review’s
comparative scope across Europe and the Global South provides a unique
cross-contextual perspective.

The novelty of this paper lies in bridging migration, finance, and
competitiveness studies within a unified analytical framework.

The paper is structured as follows: Section 1 develops the conceptual
foundations linking microfinance, empowerment, and competitiveness.
Section 2 outlines the methodology. Section 3 presents and discusses the
findings across mechanisms such as access to capital, financial literacy, and
trust-building. The conclusion summarizes contributions, confirms the
hypothesis, and offers policy recommendations for embedding microfinance
into Europe’s competitiveness strategies.

1. Conceptual and theoretical foundations

This section develops the framework for analyzing how microfinance
contributes to immigrant empowerment and inclusive social competitiveness.
It situates microfinance as a financial innovation with transformative potential,
explores its role in shaping immigrant agency, and integrates these insights
into debates on Europe’s competitiveness under global disruption.

1.1. Microfinance as empowerment

Microfinance provides small-scale financial services to those excluded
from banks (Ledgerwood et al., 2013). Originating in the Global South as a
poverty alleviation tool (Yunus, 2003), it has evolved into an instrument
addressing financial exclusion, fostering entrepreneurship, and enhancing
participation. Its relevance in Europe has grown as immigrants face barriers
such as non-transferable credit histories, lack of collateral and restrictive
regulations (Guérin et al., 2013).

Evidence highlights its transformative effects. In Spain, programs
improved business survival rates and confidence among migrant women
(Alvarez & Ruiz, 2023). In Germany, loans reduced welfare dependency and
supported immigrant-led enterprises (Bruder et al., 2011). In France, targeted
initiatives expanded access to credit markets (Evers & Reifner, 1989). Beyond
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Europe, East African evidence shows microfinance groups foster trust and
resilience (Munene & Onyango, 2024), underlining global transferability.

1.2. Immigrant empowerment and agency

Empowerment is the expansion of capacity to make strategic life
choices (Kabeer, 1999). For immigrants, this means not only economic
independence but also agency in host-country institutions. Financial access
reduces dependency and fosters autonomy (D’Ignazio et al., 2024). Micro-
finance-supported entrepreneurs create jobs beyond ethnic networks, driving
inclusive growth (Matei & Sandu, 2022).

Yet empowerment is relational. Welfare regimes, labor markets, and
legal rights mediate opportunities (Castles et al., 2021). Fragmented gover-
nance often limits local initiatives (Scholten et al., 2017). Thus empowerment
must be understood at micro, meso, and macro levels.

1.3. Inclusive social competitiveness

Comepetitiveness is increasingly framed in terms of inclusiveness,
resilience, and cohesion (Aiginger & Guger, 2014). Inclusive institutions
strengthen societies’ ability to withstand disruption (Rodrik, 2020; Acemoglu &
Robinson, 2023). Empowered immigrants are active contributors to compe-
titiveness: diversity drives innovation and productivity (Nathan, 2014). Micro-
finance enables immigrant entrepreneurship to evolve from survival to systemic
competitiveness by linking individual agency with trust and cohesion.

This aligns with EU strategies. The Social Economy Action Plan
(European Commission, 2023) identifies microfinance as a growth driver,
while the Green Deal and Recovery Plan implicitly rely on immigrant labor
and entrepreneurship. Strengthening the EU’s social dimension is tied to
competitiveness and cohesion (Bilbao-Ubillos, 2022). At the same time, differ-
rent mechanisms illustrate how microfinance translates into systemic
competitiveness (Table 1).

Table 1

Pathways from microfinance to inclusive social competitiveness

Mechanism Micro-Level Impact Macro-Level Outcome

Access to capital Entrepreneurial start-ups, asset building = Increased business activity, job creation

. - Better budgeting, improved financial Stronger household and community
Financial literacy o
autonomy resilience
Trugt in Greate_r civic participation, reduced Reinforced democratic legitimacy
Institutions exclusion
Communlty Stronger networks between immigrants Enhanced social stability and cohesion
cohesion and locals

Source: compiled by the author based on (European Commission, 2023; Bilbao-Ubillos, 2022)
and related studies.
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1.4. Gaps and hypothesis

Despite promising evidence, research on microfinance and immigrant
integration remains fragmented. Migration studies emphasize cultural/legal
aspects (Triandafyllidou, 2018), while financial inclusion research seldom
addresses immigrant-specific barriers (Evers & Reifner, 1989). Few works
link microfinance to competitiveness or institutional resilience. The Euro-
pean Investment Bank’s (2022) FINCLUDE program is a rare exception.

2. Research methodology
2.1. Methodological rationale

This study employs a systematic literature review (SLR) to examine
the nexus between microfinance, immigrant empowerment, and inclusive
social competitiveness. The SLR method is appropriate for two main reasons.
First, the field is interdisciplinary, spanning development economics,
migration studies, entrepreneurship, and institutional theory.

Fragmentation across these domains necessitates synthesis to produce a
coherent and integrated understanding (Tranfield et al., 2003; Snyder, 2019).
Second, SLRs are widely recognized as rigorous approaches that enhance
transparency, replicability, and credibility when addressing complex social
challenges, making them highly relevant for evidence-based policymaking
(Booth et al., 2016; Xiao & Watson, 2017).

2.2. Research hypothesis and questions

The central hypothesis guiding this study is that microfinance
strengthens immigrant empowerment and, through mechanisms such as
capital access, financial literacy, trust-building, and community cohesion,
contributes to inclusive social competitiveness. This assumption builds on
prior work linking financial inclusion to entrepreneurship, resilience, and
long-term development outcomes (Kabeer, 2002; Ledgerwood et al., 2013;
Guérin et al., 2013).

To operationalize this hypothesis, three research questions were
formulated. The first (RQ1) asks how microfinance influences immigrants’
entrepreneurial, financial, and integration outcomes. The second (RQ2)
explores the mechanisms through which financial inclusion connects to
systemic outcomes such as competitiveness, resilience, and institutional trust.
The third (RQ3) addresses the gaps that remain in the current literature and
consider how future studies might resolve them.

2.3. PRISMA-Guided procedure

The review followed PRISMA 2020 guidelines (Page et al., 2021) to
ensure methodological rigor. Searches were conducted in Scopus, Web of
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Science, and Google Scholar between 2010 and 2025, using Boolean
combinations such as "microfinance AND immigrants”, "“financial inclusion
AND migration”, and "entrepreneurship AND refugees”. The initial search
produced 973 records. After duplicate removal and screening titles/abstracts,
216 remained. Applying strict inclusion criteria (peer-reviewed, English-
language, explicitly addressing immigrants and microfinance) and excluding
reports, dissertations, or purely descriptive policy notes resulted in 31 eligible
studies.

These studies were coded and analyzed using a three-level framework.
At the micro-level, the analysis focused on outcomes such as entrepre-
neurship, financial literacy, and household resilience. At the meso-level, it
examined community trust networks, civic participation, and institutional
engagement. Finally, at the macro-level, it considered broader systemic
outcomes including competitiveness, resilience, and social cohesion.

Bibliometric mapping with VOSviewer (Van Eck & Waltman, 2010)
revealed thematic clusters and citation networks that illustrate the intellectual
structure of the field (Figure 1).

c

% Records retrieved from Scopus, Web of Science, and Google Scholar using

2 Boolean keyword searches N=973

=

3 4

> After duplicate removal 757 excluded for non-peer

£ and review of titles/abstracts, ) reviewed sources (reports,

[y - - - - - - - -

2 inclusion criteria applied dissertations, policy notes);

g N=216 non-English

2 Full-text articles assessed for 185 excluded for: lack of

2 methodological soundness and | mmmmmm)| empirical grounding; focus on

= them atic relevance other groups; no link to
31(retained) + 185 excluded empowerment/competitiveness

E L 4

3

'S Final studies included systematic synthesis and bibliometric mapping N=31

Figure 1. Bibliometric mapping of thematic clusters and citation networks
Source: compiled by the author based on (Van Eck & Waltman, 2010).

2.4. Hypothesis testing and analytical strategy

Testing the hypothesis required a mechanism-based approach
(Hedstrom & Swedberg, 1998). Evidence from Spain, Germany, and France
was compared with multi-country initiatives such as the European Invest-
ment Bank’s FINCLUDE program (European Investment Bank, 2022).
Converging findings, such as enhanced immigrant entrepreneurship, reduced
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welfare dependency, and stronger business formalisation, were interpreted as
support for the hypothesis.

Diverging findings, by contrast, underscored the role of institutional
and contextual barriers, including rigid credit-scoring systems, legal uncer-
tainty, and cultural mismatches that constrain immigrants’ access to financial
services (Scholten et al., 2017; Bruder et al., 2011).

These mechanisms, capital access, financial literacy, trust in insti-
tutions, and community cohesion, emerged as the mediating channels
through which microfinance contributes to empowerment and, ultimately,
inclusive competitiveness.

2.5. Limitations

Three limitations must be noted. First, restricting the review to
English-language studies may underrepresent contexts such as Italy, Greece,
or Eastern Europe. Second, immigrant-specific data availability varies, with
Spain and Germany dominating due to stronger empirical documentation.
Third, while SLRs provide robust synthesis, they do not establish causal
inference; mechanisms remain indicative rather than definitive. These
challenges echo findings by Evers and Reifner (1998) and Munene and
Onyango (2024).

Nevertheless, the methodology ensures rigor, transparency, and repli-
cability, making the findings relevant for both scholarly debate and policy
design.

3. Findings and discussion

The review of 31 peer-reviewed studies reveals consistent but context-
dependent evidence that microfinance fosters immigrant empowerment and
contributes to inclusive social competitiveness. The discussion is organized
across three analytical levels: micro, meso, and macro.

3.1. Micro-Level: individual empowerment and resilience

At the micro level, microfinance enhances financial autonomy,
entrepreneurship, and self-reliance. In Spain, access to credit improved
entrepreneurial self-efficacy among migrant women (Alvarez & Ruiz, 2023).
In Germany, microloans enabled North African migrants to expand
enterprises and reduce welfare dependence (Bruder et al., 2011). Financial
literacy programs further strengthened household budgeting and resilience
(Guérin et al., 2013).

Despite these benefits, structural barriers remain. Legal status, lack of
credit history, and cultural or linguistic challenges often restrict access (Matei
& Sandu, 2022). These findings underscore that microfinance alone is
insufficient without complementary institutional support.
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3.2. Meso-Level: community cohesion and trust

At the meso level, microfinance fosters networks of trust and civic
engagement. Group lending and rotating savings associations mitigate risk
while promoting solidarity (Munene & Onyango, 2024). Participation also
increases immigrant involvement in community associations and civic bodies
(D’Ignazio et al., 2024). Yet, programs limited to ethnic enclaves risk
reinforcing insularity rather than integration (Scholten et al., 2017). Balan-
cing ethnic solidarity with cross-community networking is therefore critical.

3.3. Macro-Level: competitiveness and systemic resilience

At the macro level, microfinance contributes to competitiveness by
stimulating entrepreneurship, job creation, and institutional resilience. The
European Investment Bank’s (2022) FINCLUDE program shows that
microfinance fosters business creation and innovation while reducing
unemployment.

This resonates with Rodrik’s (2021) view that inclusive institutions
support adaptive growth and Acemoglu and Robinson’s (2023) argument that
broad access underpins resilience. However, cross-national divergence
persists: Spain and Germany demonstrate systemic impact by integrating
microfinance into inclusion strategies, while weaker policy frameworks
elsewhere limit outcomes (Bilbao-Ubillos, 2022). A synthesis of the multi-
level findings is presented in Table 2.

Table 2
Multi-level findings on microfinance, immigrant empowerment,
and competitiveness

Mechanisms
Identified

Key Impacts (Evidence) Limitations/Barriers

Entrepreneurship, self-sufficiency,

Access to capital, Legal restrictions, lack of

Micro | . N (F reduced welfare reliance (Alvarez & o o -
financial literacy Ruiz, 2023; Bruder et al., 2011) credit history, cultural barriers
Group Ie_ndlng,_ _Clvu_: engagement, social cohesion, Risk of reinforcing ethnic

Meso | community savings, | immigrant—host trust (Munene & enclaves (Scholten et al., 2017)
trust-building Onyango, 2024; D’Ignazio et al., 2024) ”

Job creation, innovation, systemic
resilience (European Investment Bank,
2022; Rodrik, 2021; Acemoglu &
Robinson, 2023)

Institutional
Macro | integration, inclusive
growth strategies

Uneven implementation
across EU states (Bilbao-
Ubillos, 2022)

Source: Compiled by the author based on (Alvarez & Ruiz, 2023; Bruder et al., 2011;
Munene & Onyango, 2024; D’Ignazio et al., 2024; European Investment Bank, 2022;
Rodrik, 2021; Acemoglu & Robinson, 2023; and Bilbao-Ubillos, 2022).

3.4. Cross-Cutting patterns and divergences

Three patterns emerge. First, microfinance consistently boosts entrepre-
neurship and resilience when paired with financial literacy (Guérin et al., 2022).
Second, community lending fosters trust and civic participation but risks
reinforcing enclaves if disconnected from mainstream institutions
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(Scholten et al., 2017). Third, systemic outcomes are strongest where
microfinance is integrated into national strategies, notably Spain and
Germany (Alvarez & Ruiz, 2023; Bruder et al., 2011).

Divergences reflect institutional contexts. France, constrained by rigid
credit systems, shows weaker results (OECD, 2023), while Spain’s flexible
credit models and municipal partnerships enable stronger outcomes (Evers &
Reifner, 2023). EU policy frameworks are increasingly promoting digital
tools for inclusion, creating space for digital microfinance, even if
implementation remains uneven (OECD/European Commission, 2023).

3.5. Synthesis and policy implications

Overall, microfinance emerges as both a direct empowerment tool and
an indirect driver of competitiveness. Its impact, however, depends critically
on institutional design, supportive regulation, and program integration. Three
main policy implications follow from the analysis.

First, the development of inclusive credit scoring systems at the EU
level is essential; as such mechanisms would recognize informal economic
activity and transnational financial histories, thereby reducing barriers for
immigrants who lack conventional collateral. Second, the integration of
financial literacy training and digital banking tools into microfinance
programs would help ensure that beneficiaries fully leverage available
services while avoiding debt-related risks. Third, aligning microfinance
initiatives with broader policies on labor, education, and housing is necessary
to prevent fragmentation and to maximize their contribution to systemic
competitiveness. Together, these strategies would allow microfinance to
evolve from a localized financial intervention into a cornerstone of Europe’s
competitiveness agenda, fostering resilience, diversity, and institutional trust.

Conclusions

This research confirmed that microfinance serves as a catalyst for
immigrant empowerment and inclusive social competitiveness in Europe.
A systematic review of 31 peer-reviewed studies demonstrated that micro-
finance enhances entrepreneurial capacity and autonomy at the micro-level,
strengthens social cohesion and institutional trust at the meso-level, and
contributes to competitiveness and resilience at the macro-level.

The central hypothesis was therefore confirmed. An additional, unanti-
cipated finding was that microfinance also fosters civic participation and
institutional trust, extending its role beyond entrepreneurship and financial access.

The novelty of this research lies in linking microfinance to a multi-
level model of competitiveness, bridging individual empowerment with
systemic performance. The paper contributes both theoretically, by
integrating fragmented literatures, and practically, by offering policymakers
guidance for embedding microfinance into Europe’s competitiveness agenda.

The practical value is clear: by incorporating microfinance into labor
market, financial inclusion, and social economy strategies, governments can
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empower immigrant communities while enhancing overall economic perfor-
mance. Future research should employ longitudinal and comparative methods to
trace causal pathways and clarify how institutional contexts mediate outcomes.

In conclusion, when embedded in inclusive institutional frameworks,
microfinance becomes a strategic lever for addressing the twin challenges of
immigrant integration and sustainable competitiveness in an era of global
shifts.
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BAHHS PECIOHANIbHOI KOHKYPEHMOCHPOMOICHOCIE 6
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besneku, cmanoeo po3eUMKY, THCHUMYYIHOL cnpo-
ModHcHOCH, yugposoi mpancghopmayii depaicasroco
VNpasninnA ma  OughepeHyitiosanozo  6paxy8aHHsl
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response, institutional mobilezation, and
mechanisms for stimulating innovation. A
conceptual model for aligning sustainable
development values with economic policy for
managing competitiveness at the regional level
is proposed. The results of the research made
it possible to develop new conceptual
approaches to assessing the effectiveness of
economic policy for stimulating regional
competitiveness and to justify directions for its
further improvement.

Keywords: economic policy, competiti-
veness, local governments, public administration,
region, territorial communities.

6 yMoeax GitiHu 6 YKpaiHi, 30kpema yugposy aoan-
mayiio, deMospapiuny pearyiio, IHCmumyyiiHy mMooi-
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3anponorosano KoHYenmyanbHy Mooeib y3200MCeHHs
YIHHOCMeEU CMAN020 PO3GUMKY 3 eKOHOMIUHONO NOJli-
TMUKOIO YNPABTIHHA KOHKYPEHIMOCHPOMOICHICHIIO HA
pezionanbromy pigHi. Pesynemamu docnioscenns oanu
3M02Y PO3POOUMU HOBI KOHYENnmyanbHi nioxoou 0o
OYiHKU eqheKMUEHOCHI eKOHOMIYHOI NOTIMUKU CIUM)-
JIOBAHHSL PEGIOHATLHOI KOHKYPEHIMOCHPOMOICHOCII 1

o0IpyHmy6éamuy  Hanpamu i ROOWILUO20  BOOCKO-
HANEHHS.
Knwouosi cnoea: exkoHOMIYHA TIOJITHKA,

KOHKYPEHTOCIPOMO>KHICTb, OpraHH MiCLIEBOIO Camo-
BpsLyBaHHsI, IyOJIiYHE yNpaBIIiHHS, PETiOH, TEPHTO-

piayibHI rpOMaIH.

JEL Classification: R11, R12, R58, 025, 038, H70.

Introduction

In the context of macroeconomic instability, the processes of territorial
asymmetry are intensifying, accompanied by increased competition between
regions for human, financial, material resources, technologies, investments, and
innovations. Ensuring the vector of sustainable regional development requires the
introduction of effective mechanisms to support small and medium-sized
businesses, implement investment projects, and develop cluster structures.
Transformational digital and environmental challenges necessitate a revision of
the conceptual framework of the policy of stimulating regional competitiveness.
Managing regional competitiveness requires a strategic focus of territorial
communities on human capital development, shaping a competitive environment,
and strengthening institutional capacity.

Among the latest scientific studies, an important place is occupied by
the scientific works of economists devoted to the development of conceptual
and methodological approaches to the formation of economic policy and
practical mechanisms for its implementation in conditions of macroeconomic
instability.

In the report "The future of European competitiveness Part B. In-depth
analysis and recommendations™ presented to the European Commission,
prepared by M. Draghi, the need to form a new institutional and innovative
base to increase the competitiveness of the EU, particularly at the regional
level, is emphasised. Given the fragmentation of the research and innovation
system and the need to consolidate the economic potential of all European
regions in this area, Draghi stresses that "The EU needs to set as one of its
key priorities the establishment of a Research and Innovation Union"
emphasising that" better coordination of public R&I expenditure across
Member States is crucial to enhance innovation in the EU", which involves
the consolidation of resources, the formation of common strategic directions
and the implementation of interregional projects to ensure competitive
advantages in the global market (Draghi, 2024).
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European scholars Dijkstra et al. (2020) have made a significant
contribution to the study of spatial imbalances, substantiating the
phenomenon of the "geography of discontent”, which manifests itself in the
growing social and economic polarisation between dynamic urban centres
and depressed peripheries. The researchers argued that regions that are losing
economic dynamics are characterised by an increase in protest moods among
the local population and growing distrust of government institutions. This
confirms the need to develop inclusive economic policies that take into
account territorial differences and minimise the risks of increasing regional
polarisation.

In their research, Gianelle et al. (2020) emphasise that the concept of
Smart Specialisation has become a key instrument of EU regional policy. The
researchers note that the concept of the Smart Specialisation strategy is aimed at
identifying and strengthening the unique competitive advantages of regions,
which allows for the formation of innovative clusters, stimulates scientific and
technological development, and increases the investment attractiveness of
territories.

Recent studies by Ukrainian economists highlight key areas of
economic, spatial and demographic development of regional competitiveness
in the context of global challenges and European integration.

Danylyshyn (2024) reveals the strategic priorities for the restoration and
development of communities and regions in Ukraine, emphasising the
consistent strengthening of the administrative capacity of local authorities, the
integration of European management practices, and the formation of a
systematic approach to spatial management, taking into account regional
disparities and mechanisms of international cooperation.

Varnalii et al. (2023) justify the system of assessing regional
disparities using a spatial p-convergence model, which reveals the slow
convergence and increasing divergence between regions, necessitating a
correction of regional policy objectives.

Mazaraki and Umantsiv (2025) explain the institutional vectors for
implementing economic policy in conditions of global instability, noting
the need to review state regulation tools, develop incentives to ensure the
stability of the national economy, and apply an institutionally oriented
approach to economic modernisation in the context of post-war recovery.

Shkuropadska, et al. (2024), having analysed the impact of demogra-
phic stability on economic development using the example of the macro-
regional association of the Visegrad Group countries, emphasise that
declining birth rates, increased mortality and depopulation processes create
structural risks for human capital and require comprehensive and effective
state policy.

In their research, Ukrainian experts in public management and
administration devote considerable attention to researching the problems
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and opportunities of regional development in conditions of war and post-war
reconstruction.

The authors of the collective monograph "“Economic Security in Restoring
Competitiveness of Ukraine" (Nadolenko et al., 2024) noted that Ukraine has
seen a significant increase in the effectiveness of economic management,
which ensures stability, competitiveness, and the development of entrep-
reneurial activity in the innovation space.

Zalizniuk and Lazebna (2024) indicate that the destruction of
infrastructure, reduced tax revenues, demographic losses, and dependence on
state transfers significantly limited the economic capacity of local communities.

Goncharenko, et al. (2023) define state regulation as a key instrument
for ensuring sustainable development, emphasising its importance for
infrastructure restoration, investment support and implementation of priority
projects, as well as the need for transparent legal mechanisms and public
participation.

Dynnyk (2024) analyses regional branding as an innovative tool for
shaping a positive image, increasing competitiveness and attracting
investment.

In addition, economic policies aimed at stimulating regional
competitiveness must take into account the problems of rural areas, which,
according to research by Levandivskyi, et al. (2025) are characterised by low
living standards due to weak economies and insufficient development of
social infrastructure.

The problem of developing strategies for restoring economic ties,
strengthening the adaptive capacity of regional economies to external shocks,
and forming new growth trajectories based on systemic approaches to
regional development has been the subject of research conducted by scholars
on the example of the Visegrad countries in the context of the impact of the
crisis caused by the COVID-19 pandemic.

The study by Mitze and Makkonen (2021) provides a comprehensive
analysis of research and innovation (R&I) financing as an economic policy
tool that ensures the recovery of regional economic growth after the COVID-19
crisis. The researchers have shown that such investments create the basis for
increasing productivity, revitalizing local enterprises, and generally strengthening
the long-term competitiveness of regions.

Lithuanian scientist Vilpisauskas (2024) emphasizes the value-based
approach of macro-regional European integration, which he considers a
foreign policy success and a tool for economic modernization, including the
regional dimension and integration into common EU policies, including
energy policy.

Particular attention should be paid to the study by Polish scientist
Kloska on the classification of Polish voivodeships by the level of socio-
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economic development using the Ward’s Method of clustering. The results
obtained allowed the researcher to identify groups of regions with similar
characteristics, which creates an analytical basis for the development of
differentiated regional development strategies, taking into account the
structural affinity of the territories (Kloska, 2023).

Some EU scholars have also studied the tools of regional incentive
policy in the form of GRW (Gemeinschaftsaufgabe Verbesserung der
regionalen Wirtschaftsstruktur) grants, which are used to support areas with
lower levels of socioeconomic development. Researchers have found that an
increase in the share of project funding stimulates investment growth and job
creation, especially in small businesses; in regions where grant support
decreased, employment growth slowed (Alecke & Mitze, 2023).

Recognizing the undeniable scientific and practical significance of the
research, we believe that the aspects of economic policy to stimulate regional
competitiveness remain insufficiently developed at both theoretical and
applied levels and require a separate in-depth study.

The aim of the research is to substantiate the conceptual foundations
of the economic policy of stimulating regional competitiveness in the context
of macroeconomic instability.

The authors hypothesise that an effective policy for enhancing
regional competitiveness is possible provided that the European development
vector is integrated with the values of security, sustainable development,
institutional capacity, digital transformation of public administration, and
differentiated consideration of spatial asymmetries between regions.

The algorithm for testing the hypothesis involves the theoretical
formalization of the conceptual foundations of competitiveness; analysis of
spatial differences between regions within the Lublin Triangle; checking
whether the empirical data correspond to the expected consequences; and
interpretation of the results obtained in the strategic context of post-war
recovery.

To realize this aim, the following tasks have been identified:

« to study conceptual approaches to the economic policy of regional
development;

« to analyze international experience in assessing regional compe-
titiveness;

« to assess the spatial asymmetry of competitiveness of the regions of
Poland, Lithuania, and Ukraine in the context of European integration;

« to identify the transformational factors of Ukraine’s regional policy in
the context of war and post-war recovery.

The methodological basis of the study consists of works by leading
scholars on regional economics, spatial development, and public admi-
nistration. The validity of the scientific results is based on the use of general
scientific and special methods of cognition: systemic (for a comprehensive
disclosure of the subject of research), institutional (for assessing the impact
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of institutional factors on regional policy), comparative (for comparing
indicators of different countries and regions), factorial (for identifying key
determinants of regional development), structural-logical (for constructing
analytical generalisations), statistical (for quantitative processing of indica-
tors), spatial (for analysing territorial differences based on NUTS), cluster
(grouping regions by level of development), and graph analytical (for
visualising results and identifying trends).

The empirical basis consists of data from the European Commission,
the OECD, the World Bank, the NUTS classification system, analytical
reviews by Deloitte and McKinsey, and indicators from the State Statistics
Service of Ukraine for the Regional Competitiveness Index (RCI) and the
Digital Transformation Index for the regions of Ukraine. The analytical part
of the study covers the period from 2010 to 2024. The spatial coverage
includes the countries of the Lublin Triangle at the macro level (national
economy), meso level ("Oblasti" in Ukraine, "Wojewddztwa" in Poland,
"Apskritys" in Lithuania) and micro level (territorial communities).

The limitations of the research are related to the incompleteness of
Ukraine’s statistical data on the temporarily occupied territories in
connection with the hybrid war of 2014 and the start of full-scale war on 24
February 2024. Statistical data sources in Ukraine and EU countries differ in
their methodologies for calculating indicators. The use of expert assessments
and analytical reviews expands the factual basis of the study but at the same
time limits the possibilities for quantitative comparisons. At the same time, a
multi-component methodology and a wide range of verified sources ensure
the robustness of the results obtained.

The structure of the article, which consists of three sections, focuses
on analyzing the challenges of regional development, assessing the
effectiveness of the current policy and the development of tools for its
improvement. The main part of the article is structured in the following areas:
conceptual understanding of the essence of the competitiveness promotion
policy; comparative assessment of the regional potential of Poland, Lithuania
and Ukraine; analytical study of the transformational vectors of Ukrainian
regional policy in the context of war and its impact on the institutional,
digital, demographic and innovative parameters of regional development.

1. Conceptual framework of the policy to stimulate regional
competitiveness

The formation of an effective policy to stimulate regional compe-
titiveness is based on an interdisciplinary approach that combines the
provisions of macroeconomic theory, institutional economics, spatial organi-
zation of the economy, and human capital theory. The change in the paradigm
of regional development from centralized financial redistribution to spatially
oriented strategies has necessitated a rethinking of the conceptual foun-
dations of economic policy.
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1.1. Macroeconomic approaches for stimulating regional
development

The formation of an effective policy to stimulate regional develop-
ment is impossible without understanding the evolution of macroeconomic
approaches that have defined the basic principles of government intervention
in the face of spatial asymmetry.

The origins of macroeconomic policy to stimulate regional develop-
ment can be found in the work of Keynes "The General Theory of
Employment, Interest and Money", where the key concept is the need for state
regulation of the economy in conditions of insufficient aggregate demand.
The scientist argues that private investment is not always able to provide full
employment, and therefore the state should compensate for the deficit of
effective demand by making budget expenditures that should have a
multiplier effect, activating employment, income, and domestic demand
(Keynes, 1936).

The Keynesian approach became the basis for a centralized policy of
supporting depressed areas (LFRS, Less-Favored Regions and Spaces),
which was implemented through subsidizing enterprises, infrastructure
investments, and social transfers. This concept was the basis for post-war
regional development strategies in Western Europe, focused on active state
involvement in spatial equalization.

Critically assessing the Keynesian approach to stimulating regional
development, Amin (1999) emphasizes its limitations in the implementation
of spatial mechanisms of economic policy, primarily due to the dominance
of centralized transfers and macroeconomic regulation that does not take into
account local institutional specifics. Instead, the scientist develops an
institutional approach, according to which the long-term competitiveness of
regions depends on deeply rooted social structures, norms of trust,
interaction, and the ability to learn and develop. In this perspective, incentive
policies should focus not only on economic incentives, but also on creating a
sustainable institutional environment that ensures effective interaction
between the state, business, and civil society.

The developer of the "national diamond" model of competitiveness,
Porter, argues that no country is able to dominate most industry markets, as
each country forms its own specific structure of competitive advantages.
Competitive advantages of macroeconomic systems are formed as a result of
localized processes caused by a combination of national values, resource
potential of territories, cultural factors, historical background, and
institutional environment. Therefore, the key determinants of the compete-
tiveness of the country and its regions are the development of highly
productive industries, rational use of production factors, formation of
competitive strategies of enterprises, availability of institutional support,
development and implementation of effective economic incentive policies
(Porter, 1990).
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According to M. Porter, economic policy instruments can significantly
transform the structure of sectoral competition, determining the conditions
for entering or exiting sectoral markets, which directly affects the dynamics
of regional competitiveness. The scientist emphasizes that economic policy
functions as an "exit barrier” or as an "entry barrier", and such restrictions
"include governmental entry bans or opposition to entry out of concern for
possible unemployment growth or regional economic effects: these are
particularly common outside the United States™ (Porter, 1998).

Thus, the modern macroeconomic policy of stimulating regional
development is the result of a theoretical evolution from centralized state
intervention to concepts that take into account local institutional
preconditions, competitive advantages and strategic interaction of actors.

1.2. Institutional vector of regional policy

Modern regional policy is formed in the context of global institutional
guidelines that define the principles of spatial development and compe-
titiveness of territories. A special role in this process is played by
international institutions such as the OECD, the World Bank, and the
European Commission, which form the analytical framework, methodo-
logical foundations, and regulatory standards for regional development
policy with a focus on institutional capacity, multi-level governance, and
public administration efficiency.

In the early 1990s, the Organization for Economic Cooperation and
Development (OECD) formulated the concept of "learning regions”,
defining human capital, training and skills development as strategic resources
for regional economic growth. According to this concept, a region is viewed
as a dynamic space of institutional development. Its logic is based on the
integration of knowledge development policies with the needs of regional
economies, providing for the formation of sustainable partnerships between
educational organizations, business, and government. However, despite its
theoretical attractiveness, the implementation of this model has been limited
due to a lack of coherence between educational programs and market
demands, insufficient development of multilevel institutional interaction, and
fragmented cross-sectoral cooperation (OECD, 2001).

The current paradigm of regional policy is characterized by a shift
to spatially oriented, place-based approaches that take into account the socio-
economic heterogeneity of territories and adapt policy instruments
to local challenges. According to OECD analytical findings, regional
competitiveness is assessed on the basis of a number of measurable
indicators, among which labor productivity, employment, innovation
dynamics, quality of human capital, and public administration efficiency are
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of key importance (OECD, 2019). This approach creates the basis for the
formation of a regional policy capable of activating the internal development
potential and ensuring the socio-economic sustainability of the territories. In
this regard, human capital, professional training, and the development of
professional competencies are recognized as key factors in regional
competitiveness.

The integration of economic, social and environmental vectors of the
policy of stimulating regional competitiveness is consistent with the Sustainable
Development Goals (SDGs). Since about 2/3 of the SDGs cannot be achieved
without the active participation of territorial communities and coordination of
local governments, the OECD has developed a localized indicator framework
that allows measuring progress in achieving the SDGs, identifying regional
disparities, and adapting strategic policy instruments to realize the internal
potential of territories, develop human capital, and modernize infrastructure to
stimulate innovation in accordance with the principles of social inclusion and
environmental sustainability (OECD, 2020).

The OECD Council Recommendation on Regional Development
Policy outlines a holistic concept of spatial development based on the follo-
wing basic principles: strategic planning, relevance to the territorial scale,
joint policy-making, sustainability, analytical framework, multi-level gover-
nance, institutional capacity, resource provision, integrity, and result
orientation. The proposed framework allows policy to be adapted to spatial
heterogeneity, ensuring its coherence, effectiveness and sustainability in
response to regional development challenges (OECD, 2023).

According to the analytical work of the OECD Competition Com-
mittee, the effective implementation of a spatially differentiated competiti-
veness policy requires the introduction of clear principles of competition
policy: market neutrality, removal of barriers to market access, and support
for fair competition. An important area of economic policy to stimulate
regional development is to ensure consistency between the institutional
regulatory mechanism and local economic characteristics, which allows
unlocking the potential of regions in the context of innovative renewal,
productivity growth, and increased efficiency of public administration
through competitively oriented solutions (OECD, 2024).

The OECD report "Place-Based Policies for the Future" states that the
effectiveness of regional policy depends on the following prerequisites:

« focus on mobilizing regional potential by clearly defining policy
objectives based on an in-depth analysis of market failures and institutional
barriers;

« ensuring policy coherence through effective management of
interactions between sectors, institutions and policy frameworks, in particu-
lar in relation to macroeconomic and structural strategies;
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« ensuring effective implementation through scalably relevant tools for
transparent resource allocation and implementation of feedback mechanisms;

« strengthening multi-level governance through the development of
coordination mechanisms for fiscal and institutional capacity, leadership, and
inclusive participation at the local level (OECD, 2025).

In the context of the modern paradigm of regional development, the
European Commission is actively implementing the concept of "Smart
Specialisation™, which is the methodological basis for strategic planning in the
EU. This approach involves identifying regional priorities based on existing
competitive advantages in order to further strengthen them through the
development of innovation potential and technological upgrading of the eco-
nomy. At the center of this concept is the idea of territorial innovation as a driver
of economic growth, quality of life and sustainable development at the national,
regional and local levels. The implementation of Smart Specialisation policies
is aimed at creating dynamic entrepreneurial ecosystems, supporting transfor-
mational innovations, and implementing strategies adapted to the specific needs
of individual territories. The concept is implemented in practice through the
Smart Specialisation Community of Practice network, which provides
methodological support, strategic advice, and a platform for the exchange
of experience between stakeholders. This promotes the implementation of
innovation-oriented approaches to spatial transformation, in particular in the
context of digital, environmental and social transitions. The concept is also
closely linked to the implementation of the Sustainable Development Goals
(SDGs) by integrating science and technology roadmaps into local research and
innovation policies. The transnational projection of this model is also important,
as Smart Specialisation mechanisms are gradually being implemented in the
EU’s neighborhood, which demonstrates the universality and adaptability of this
model to different institutional and socio-economic contexts (European
Commission, n. d.).

In the context of current challenges to regional development, the
World Bank emphasizes the need to transform competition strategies into a
systemic policy to stimulate regional competitiveness. The main directions
of such a policy are the implementation of institutional reforms, infrastruc-
ture modernization and support for small and medium-sized businesses as
key factors in enhancing regional growth; it is emphasized that insufficient
competition hinders productivity, innovative development and social
mobility, and therefore the formation of an effective competitive environ-
ment is considered a fundamental prerequisite for ensuring sustainable
economic development of regions (World Bank Live, 2024).

Therefore, the institutional direction of regional development policy
increasingly depends on the influence of international institutions, which is
manifested in the standardization of approaches, the transfer of public
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administration tools, and the integration of sustainable development goals
into strategic planning. Taking into account OECD practices, World Bank
recommendations, and European Commission directives ensures that
regional policy is more adaptable and effective in the face of spatial
asymmetry and growing global challenges.

1.3. Assessment of regional competitiveness in the geospatial
coordinate system of the European Union

The geospatial dimension of the competitiveness of EU regions
reflects the systemic asymmetry of social and economic development
between the western, northern and eastern territories, which forms a stable
geo-economic space of uneven growth. Spatial disparities are caused by
different levels of access to resources, variations in the institutional capacity
of the regions, the impact of agglomeration effects, structural inertia of
development, and unequal degree of integration of the regions into the EU
internal market.

The study by Duranton and Venables, commissioned by the World
Bank, proves that spatial disparities are a stable phenomenon of economic
development. Moreover, the elimination of regional development
asymmetries does not occur automatically, firstly, due to the limited mobility
of production factors such as land, labor, and capital, which hinders the
realization of competitive advantages, causes depopulation of territories, and
reduces investment; secondly, the tendency of economic activity to spatial
concentration due to agglomeration effects and the difficulty of launching
new centers of economic development. This increases inequality and creates
barriers for regions that are not integrated into the economic core. Under such
conditions, the expediency of economic policies to stimulate regional
development is explained not only by the need to eliminate market failures,
but also by the consequences of depopulation, social decline, and the risks of
growing territorial inequality, which threatens the stability of the
macroeconomic system (Duranton & Venables, 2018).

The parameters of regional competitiveness within the European
space are determined through the Regional Competitiveness Index (RCI),
developed by the European Commission as an analytical tool for assessing
the ability of regions to provide an attractive environment for doing business,
innovative development and social well-being of the population. The RCI
represents the spatial differentiation of the development of administrative-
territorial entities in the EU countries (Figure 1).

The methodology for assessing the competitiveness of EU regions is
based on the NUTS classification, the official system of territorial division
for statistics established by Regulation (EC) No 1059/2003 and updated by
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Regulation (EU) No 2016/2066. The use of NUTS 2 and NUTS 3 levels
provides a detailed analysis of the economic, social and institutional structure
of regions, and also allows identifying disparities between agglomerations
and peripheries (NUTS, 2016).

Figure 1. Regional competitiveness index
Source: based on the materials of the European Commission (Dijkstra et al., 2023).

The Regional Competitiveness Index, updated in version 2.0 in 2022,
contains 68 indicators grouped into sub-indices: "Basic Factors, Efficiency,
and Innovation. Based on the model of the World Economic Forum, RCI 2.0
allows comparing regions with each other, identifying leaders and identifying
areas that are lagging behind. The combination of NUTS and RCI 2.0
analysis forms an evidence-based basis for policies to promote regional
competitiveness (Dijkstra et al., 2023).

As shown in Figure 1, the regions of the Benelux, Northern Europe,
Austria, and Germany are characterized by a level of competitiveness that
exceeds the EU average. At the same time, most Eastern European regions,
with the exception of metropolitan areas, have lower values. A similar
situation is observed in the southern EU member states, except for such
regions as Catalonia, Madrid, Basque Country (Spain), Lombardy (Italy), and
the Lisbon metropolitan area (Portugal), which represent successful
competitiveness results. Ireland and France are characterized by a mixed
profile, with regions with different levels of competitiveness. In most EU
member states, metropolitan regions have the highest competitiveness scores,
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especially in Spain, France, Portugal, and Eastern Europe, which can
exacerbate imbalances between regions. At the same time, in Germany, Italy,
and the Netherlands, the highest results were recorded not in the capitals, but
in economically powerful regions: Utrecht (151% of the EU average) and
South Holland (142%) in the Netherlands, Lombardy (103%) in Italy, and
Oberbayern (130%) in Germany, which exceed the respective indicators of
Berlin, Rome and Amsterdam.

Thus, the global policy of stimulating regional competitiveness is
based on the principles of spatially oriented development, which involves
taking into account the importance of human capital, environmental respon-
sibility, inclusiveness, intellectualization of economic processes, moderni-
zation of regional infrastructure, support for small and medium-sized
businesses, strategic planning, and focus on achieving sustainable develop-
ment goals. At the same time, it envisages the introduction of multi-level
governance, strengthening the institutional capacity of the regions, develop-
ment of innovative ecosystems, and ensuring inter-sectoral cooperation.

2. Assessment of regional competitiveness in the architectonics of
the Lublin Triangle

The Lublin Triangle is an intergovernmental platform for economic,
political, security and regional cooperation between Poland, Lithuania and
Ukraine, launched during a meeting of foreign ministers in Poland, in Lublin on
28.07.2020. The format of the Lublin Triangle reflects the institutionalization of
a strategic partnership between Poland, Lithuania and Ukraine, based on a
common historical and cultural heritage and focused on deepening regional
integration. The focus of the partnership initiative is to coordinate cooperation
between European and Euro-Atlantic structures, support reforms, and
strengthen Ukraine’s European integration in the face of russia’s armed
aggression. In this context, the border regions of the three countries are seen as
key geospatial platforms for the implementation of common strategic priorities,
which involves strengthening their role in transforming the security architecture,
strengthening economic resilience, and developing the institutional capacity of
the territories (Lublin Triangle, 2025).

2.1. Competitiveness of Polish regions in the context of European
integration

European integration has become a catalyst for significant shifts in
Poland’s regional policy, causing a revision of approaches to territorial mana-
gement, stimulating economic growth and reducing interregional disparities.

Stugocki (2019) believes that the key factor in the development of
regional policy was Poland’s accession to the EU on May 01, 2004.
Accordingly, Poland gained access to financial resources and institutional
support through the European Cohesion Policy.
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Since EU membership has opened up new financial, institutional and
political opportunities for Poland, it is of particular importance to analyze
spatial differences, factors of regional competitiveness and the effectiveness
of implemented policies. Assessment of these parameters makes it possible
to identify structural features of socio-economic development of
voivodeships, to identify areas of growth and vulnerability, and to justify the
need for a differentiated approach to stimulating competitive advantages at
the territorial level.

According to Poniatowicz (2000), the regional competitiveness of the
economy is influenced by the following factors: the level of economic
development of the country; the level of interregional differentiation; legal
and economic status of the regions and the related territorial organization of
the state; the degree of openness of the regions and their integration with the
European space; location of the region; transport accessibility; availability of
research institutions; level of investment in research and development; level
of higher education; effective system of vocational education and training.

In her study, Chrobocinska conducts a comparative analysis of the
level of competitiveness of Polish regions based on the Regional
Competitiveness Index (RCI), which allows identifying spatial patterns of
development and assessing the effectiveness of the implemented regional
policy. The researcher emphasizes that the highest competitiveness indicators
are demonstrated by the Mazovian, Silesian, Greater Poland, and Lower
Silesian VVoivodeships. These regions are characterized by a stable economic
structure, established cluster formations, a high level of investment
attractiveness, significant scientific and educational potential, and developed
infrastructure, which indicates the presence of long-term competitive
advantages, in particular investment attractiveness and high productivity.
They are "growth engines"” because they have the highest concentration of
production, innovation, and human capital. On the other hand, the eastern
voivodeships (in particular Podlaskie, Lubelskie, and Swictokrzyskie) are
characterized by low values of the index, which indicates the need for
targeted support from regional policy (Chrobocinska, 2021).

In the context of the implementation of the sustainable development
vector, the results of the comparative cluster analysis of the regions of Poland
are presented in the form of a dendrogram (Figure 2).

The analysis of the dendrogram, built with the STATISTICA software
package using the Ward’s hierarchical agglomerative clustering method (Murtagh
& Legendre, 2014), allows us to distinguish two groups of Polish regions:

Higher level of competitiveness: Mazowieckie, Silesian, Lesser
Poland, Lower Silesian, Greater Poland, Pomeranian and Lodz voivodeships.
The closest in terms of characteristics were Lower Silesian, Greater Poland
and Silesian VVoivodeships, as well as Lodz and Pomeranian VVoivodeships.
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Lower level of competitiveness: West Pomeranian, Warminsko-
Mazurskie, Swiqtokrzyskie, Podlaskie, Podkarpackie, Opolskie, Lubuskie,
Lubelskie and Kujawsko-Pomeranian Voivodeships. Within this group,
smaller clusters were observed, in particular: Lubuskie and Opolskie;
Lubelskie and Podkarpackie; Podlaskie, Swigtokrzyskie and Podlaskie;
Kujawsko-Pomeranian and West Pomeranian.
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Wielkopalskie
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Mazowieckie
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Figure 2. Typology of competitiveness of Polish regions

Source: based on the materials of the research (Chrobocinska, 2021).

The empirical results obtained indicate a clear spatial polarization of
regional competitiveness in Poland, which is formed under the influence
of institutional, economic, educational, and innovative factors. Within the
framework of the European Cohesion Policy, Poland was able to mobilize
external resources to strengthen the potential of individual voivodeships, but
structural inequalities persist, especially between the western and eastern
regions. This necessitates further improvement of the mechanisms of
territorial equalization, development of cluster structures, support for human
capital, and formation of an institutional environment capable of ensuring
long-term competitiveness of the regions in the context of internal and
external challenges.

In this context, a new geo-economic factor is worthy of attention: the
impact of the war in Ukraine on the regional development of Poland. Russia’s
invasion of Ukraine and the massive inflow of human capital have led to
significant shifts in the demographic and economic structure of individual
Polish regions.
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Data from an analytical study commissioned by the UN Refugee
Agency and conducted by Deloitte show that the competitiveness of certain
regions of Poland has increased due to the integration of labor resources from
Ukraine, the restructuring of logistics chains, and the growth of entrepre-
neurial activity. In 2024, the economic contribution of Ukrainian Internally
Displaced Persons (IDPs) amounted to 2.7% of Poland’s GDP. The high level
of labor integration — 69% among people of working age — led to an increase
in employment, higher labor productivity, and expanded consumer demand,
without causing any negative effects on the labor market for the local
population (Deloitte, 2025).

The economic activity of military migrants in Poland has had a
multiplier effect: tax revenues, contributions to social and health insurance
systems, and overall consumption have increased. Thus, the Polish policy of
openness towards the integration of refugees from Ukraine contributed to the
growth of regional competitiveness and ensured sustainable economic
development of the Polish territories.

2.2. Assessment of regional competitiveness in the context of social
and demographic challenges in Lithuania

In the context of modern spatial transformations caused by the
demographic crisis, internal migration and external social and economic
challenges, in particular the war in Ukraine, the issue of assessing Lithuania’s
regional competitiveness is an important management problem. The state’s
regional policy should take into account not only traditional macroeconomic
indicators, but also the depth of social and demographic changes that
significantly affect the economic dynamics of the territories. In this context,
the Regional Competitiveness Index (RCI) acts as an integral tool capable of
identifying the strengths and weaknesses of individual regions and providing
a comparative assessment based on relevant indicators.

The analytical effectiveness of the regional competitiveness index is
substantiated in the works of Snieszka and Brunetskene (Snieska &
Bruneckiené, 2009). The empirical application of the index on the example
of Lithuanian regions shows its ability to identify key determinants of
competitiveness, in particular the demographic structure, level of economic
activity, development of institutional and educational infrastructure, degree
of clustering and intensity of interaction between science and business. At
the same time, there are a number of methodological limitations of the index:
its static nature, limited to quantifiable parameters, and insensitivity to
qualitative characteristics such as the quality of governance, social capital,
and cultural values. In this context, it would be appropriate to supplement the
RCI with qualitative indicators for correct interpretation of data in strategic
planning of regional development.

In the scientific work of Zhitkus (2015), regional competitiveness is
considered as a comprehensive analytical tool for the formation of regional
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development policy, which goes beyond the narrow economic paradigm.
According to the scientist, an effective policy should be focused not on the
formal equalization of interregional disparities, but on the activation of
internal drivers of economic growth. These factors include the development
of human capital, modernization of the infrastructure base, strengthening of
inter-institutional cooperation, and the ability of regions to adapt to structural
and technological transformations. The author emphasizes the need to
reorient Lithuania’s regional policy from the passive distribution of financial
resources to the strategic positioning of regions in accordance with their
unique competitive advantages. Such an approach allows creating precon-
ditions for the growth of economic efficiency and long-term social sustaina-
bility of regional systems.

In the context of Lithuania’s regional development, the study of key
macroeconomic indicators at the level of territorial units by NUTS 3 allows for a
comparative analysis of regional competitiveness. Lithuania, as an EU member
state with a relatively recent institutional involvement in pan-European integra-
tion processes, demonstrates high rates of macroeconomic growth. At the same
time, there is a threatening structural polarization between urbanized centers and
demographically vulnerable peripheries (Table 1).

Table 1
Competitiveness indicators of Lithuanian regions

per head Productivity

per head Avg % per person REEL Population
(PPS) productivity
EU27_100 Change on employed) grOWth grOWth
2021 year, 2021
2011-2020

Vilnius county 126 4.27 89 0.71 3.60
Alytus county 53 3.80 56 2.54 -17.36
Kaunas county 89 5.02 94 4.06 -5.88
Klaipéda county 81 2.93 83 2.78 -3.70
Marijampolé 54 4.02 61 2.96
county —18.55
Panevézys 65 4.73 71 3.71
county I
Siauliai county 67 4.76 78 3.89 -13.89
Tauragé county 48 4.93 52 3.43 —20.65
Telsiai county 60 2.86 61 0.32 -16.60
Utena county 52 2.90 62 2.35 -20.73
European Union 100 0.59 100 0.25 -
Lithuania 88 4.49 82 2.48 -8.80

Source: based on the reports of the (European Commission, n. d.).
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The analysis of the above data demonstrates a significant socio-
economic polarization between the capital region (Vilnius) and other
Lithuanian territories. Vilnius County significantly exceeds both the national
and EU averages in terms of GDP per capita (126% of the EU average) and
labor productivity (89%). Moreover, this region demonstrates positive
demographic dynamics: population growth of +3.6% and positive migration
of +4.4%. It is the only region with a systematic population growth, which
indicates its attractiveness in the socio-economic dimension.

In contrast, peripheral regions such as Tauragé, Utena, and Marijampolé
demonstrate extremely low GDP per capita (48% to 54% of the EU average)
and low labor productivity (52% to 62%). Despite relatively high GDP growth
rates (about 4-5% per year), these regions are experiencing an intense
demographic decline: population growth ranges from —18% to —21%, which
indicates that economic growth in these regions does not compensate for the
structural outflow of human capital. Other large urbanized regions, such as
Kaunas and Klaipéda, are doing much better: their productivity levels are above
the national average, and their growth rates (4.06% in Kaunas) are the highest
among all regions. However, even in these regions, the demographic situation
remains negative.

Thus, the regional economic dynamics of Lithuania demonstrates the
concentration of growth in urbanized destinations, primarily in Vilnius, while
the periphery faces systemic challenges of demographic depletion and
insufficient labor productivity. This situation calls for a revision of spatial
development policy with a focus on stimulating human capital, increasing
regional attractiveness, and supporting decentralized economic growth.

In the context of the policy of stimulating regional competitiveness, it
is important to take into account the consequences of migration flows caused
by the war in Ukraine. Russia’s full-scale invasion of Ukraine has resulted in
a significant inflow of labor to EU countries, in particular to Lithuania, where
more than half of the Ukrainians of working age who arrived in the country
are employed. Despite the rapid integration of some migrants, the overall
situation on the labor market was ambiguous: the unemployment rate among
unskilled workers in Lithuania increased from 14.9% in Q1 2022 to 15.5%
in Q4, which was significantly higher than the EU average (6.5%) (European
Commission, n. d.).

These trends point to problems of labor market sustainability and the need
for an adaptive policy of public administration in the regions. In particular, an
effective regional policy should not only facilitate the integration of internally
displaced persons, but also ensure a balance between the demand for skilled labor
and the employment structure. Supporting vocational training, stimulating small
businesses, and developing local employment infrastructure are key areas for
reducing regional inequality and strengthening the competitiveness of territories
in the face of socio-economic turbulence.
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An assessment of Lithuania’s regional competitiveness through the
prism of socio-demographic transformations revealed a significant
polarization between urbanized centers and peripheries, indicating a systemic
imbalance in the development of territories. The high economic performance
of the Vilnius region contrasts with the demographic decline of most other
administrative units. This necessitates a rethinking of the country’s spatial
development strategy with a focus on supporting human capital, integrating
internal and external migrants into the local socio-economic environment,
developing the institutional capacity of the regions, and ensuring social
sustainability as a basis for building competitive potential in the long term.

2.3. Transformational policy vectors to stimulate regional
competitiveness in the context of war and post-war recovery of Ukraine

Russia’s full-scale armed aggression against Ukraine has become a
determining factor in the profound transformations of regional socio-
economic systems. The war caused not only the loss of infrastructure,
production and human potential, but also exacerbated the asymmetries of
regional development, making it necessary to rethink strategies for managing
the competitiveness of territories. In such circumstances, regional
competitiveness policy becomes critical as a tool for adapting to crisis
challenges, mobilizing domestic resources, and providing the basis for post-
war recovery and economic sustainability.

2.3.1. Geospatial transformation of the competitive positions of
regions under martial law in Ukraine

The policy of stimulating regional competitiveness is a key factor in
Ukraine’s economic recovery. The war, which russia started in a hybrid
format in 2014 with the annexation of the Autonomous Republic of Crimea
and transformed into a full-scale invasion on February 24, 2022, caused
significant losses of national wealth, large-scale destruction of infrastructure,
displacement of logistics hubs, and deepening asymmetries in regional
development.

According to the World Bank, Ukraine’s real GDP declined by 28.8%
in 2022, while in 2023 it grew by 5,3% (World Bank, 2025). According to
the State Statistics Service of Ukraine, in 2024, Ukraine’s real GDP grew by
only 2.9% compared to the previous period. The slowdown in its growth rate
was caused by the consequences of the war and attacks on system-forming
enterprises and regional infrastructure facilities (State Statistics Service of
Ukraine, 2025, March 31).

It is clear that the economic growth of GDP in the year following
russia’s full-scale invasion of Ukraine was made possible by the processes of
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adaptation of regional socio-economic systems to martial law, which was
manifested through the intensification of business activity in the western and
central regions, the relocation of production facilities from the war zones,
and the support of international partners. These processes demonstrate the
ability of the regions to adapt and structurally transform their economic
activities in the face of limited access to resources and growing security risks.

The war has devastated the economy of Ukraine and exacerbated
regional disparities: frontline regions have lost their industrial and manufac-
turing potential, while western regions have gained new opportunities for
development thanks to business relocation, changes in trade routes and a
stronger role in European economic integration. The primary and secondary
sectors have suffered the greatest losses, while the social services and trade
sectors remained relatively stable even in frontline territories. Recovery
requires taking into account regional specifics and forming competitive
advantages. The key challenge is to create an investment climate:
international assistance remains crucial in the initial stage, while in the long
term, it is necessary to attract private and, in particular, foreign capital,
develop entrepreneurship, and stimulate exports and investments (Lyvch &
Diakiv, 2025).

The asymmetry of social and economic development necessitates the
formation of an economic policy to stimulate regional competitiveness aimed
at eliminating structural imbalances, restoring the potential of the territories
liberated from russian occupation and strengthening their economic capacity.
Some regions are now acting as internal donors of economic stabilization
through the formation of new production clusters, intensification of housing
construction, development of trade and services, and job creation. The exis-
tence of regional imbalances requires a systematic approach to the develop-
ment of economic policy aimed at restoring the production base, mobilizing
internal resources and increasing the competitiveness of the territories.

2.3.2. Sustainable development values in regional competitiveness
management

In the scientific discourse, there is an ambiguous interpretation of the
concept of sustainable development in the context of its application in
the management of regional competitiveness.

Ecological integrity, economic well-being, and social justice are a
triad of values, each of which is a necessary but not sufficient condition for
sustainable development (Our Common Future, 1987).

In the context of macroeconomic instability, the challenges of war,
post-war recovery, resource depletion, climate change, and social disparities,
the concept of sustainable development is seen as a methodological basis for
strategic management of regional competitiveness. In this context, the values
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of sustainable development serve as a methodological basis for the forma-
tion of management decisions, ensuring the integration of economic, social,
environmental, and institutional dimensions into a holistic system of regional
economic policy.

Taking into account the methodological approach (Dmytruk &
Humeniuk, 2022), the values of sustainable development acquire the status
of objectively verifiable and measurable characteristics that reflect the ability
of the regional socio-economic system to respond adaptively to external and
internal challenges. If values are integrated into the management decision-
making system (if values are real, not abstract declarations), they serve as
integral indicators that synthesize the results of strategic and tactical
management actions. In this context, values express the level of coherence of
economic, social, environmental, and institutional components within the
sustainable life cycle of a region’s development, transforming into a means
of analytical assessment of the effectiveness of economic policies to improve
competitiveness.

Therefore, it is appropriate to interpret them as the result of
synchronization of strategic and operational management decisions in the
context of a sustainable life cycle of generating relevant values. To formalize
this approach, we will use the function of the integral value of sustainable
development of the region:

VR(Y)=0) rR(D)+02) s(1)+@3) £() + @) (1) +(as) p(1), (1)

where: VR(t) — the integral function of the value of sustainable development of the
region at time t;
R(t) — the resource potential, which includes balanced use;
S(t) — social integration, which reflects equitable access to opportunities and
inclusion of vulnerable groups in the development of the region;
E(t) — environmental quality, which takes into account ecosystem
sustainability, resource recovery, and pollution control;
I(t) — institutional capacity, which includes governance effectiveness,
adaptability of regional institutions, and strategic coherence;
D(t) — management actions that accumulate the results of policy
coordination, goal setting, and response to external challenges;
o), a2, o3, os, os — Weighting coefficients that determine the relative
importance of each component in accordance with the priorities of regional
development.

The conceptual model under consideration is consistent with the
"Matrix of Sustainable Development Values in the Regional Competitiveness
Management Coordinate System", where each value is specified through
economic, social, environmental, and institutional dimensions (Figure 2).
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Source: compiled by the authors.

The above conceptual model forms the information and methodological
basis for substantiating the policy of stimulating competitiveness, as it allows
assessing the values of sustainable development of territories, ensuring a balance
of economic, social, environmental, and institutional mechanisms.

2.3.3. Digital transformation as a factor of regional sustainability

Digital transformation shapes the structure of modern regional policy,
defining new governance principles, mechanisms of interaction, and
competitive advantages of territories. In the context of war and post-war
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recovery, digital solutions play not only a technological but also a strategic
role as a catalyst for adaptation, institutional stability, and economic activity
at the regional level. The importance of studying this problem is outlined in
the following vectors:

« in the current economic environment, regions compete not only at the
national but also at the cross-border and international levels, which neces-
sitates the development of effective competitiveness management strategies
taking into account trends in the international sectoral concentration of
business entities and economic specialisation of territories;

« globalization processes and the rapid development of digital
technologies are radically changing traditional models of regional gover-
nance, putting forward new requirements for flexibility, innovation, and
digital integration of regional systems in the face of increasing macroeco-
nomic instability;

« the digital transformation of sectoral markets increases the respon-
sibility of local authorities in ensuring the economic sustainability of regions,
the integration of digital technologies into public administration practices, the
modernization of local government mechanisms, and the strengthening of
the institutional capacity of territorial communities.

In the context of the implementation of the EU’s macro-regional
strategy (Sytnyk at al., 2020), the key factors in these processes are the
development of human capital, the development of modern digital infrastruc-
ture, ensuring inclusive digital accessibility, and the integration of digital
solutions into the practice of managing regional competitiveness.

Today, sectoral digital transformation determines the institutional
sustainability and competitiveness of regions. According to the report
"Digital Transformation Index of Ukrainian Regions. Results of 2024", the
Sectoral Digital Transformation sub-index reflects the level of integration of
digital technologies in the areas of cybersecurity, healthcare, civil protection,
and e-democracy. The assessment covers the implementation of information
security measures, modernization of alert systems, and the introduction of
digital tools for the participation of local communities in regional develop-
ment decision-making. Due to security restrictions in the context of martial
law in Ukraine, no data on cybersecurity and civil protection are detailed,
instead the focus is on the development of e-democracy (Index of Digital
Transformation of the Regions of Ukraine, 2024).

The results of the analysis of the sectoral digital transformation of
Ukraine’s regions show significant territorial disparities. The highest values of the
Sectoral Digital Transformation sub-index were recorded in Lviv (0.964),
Ternopil (0.792), Poltava (0.694), Volyn (0.664), Vinnytsia (0.652), and
Dnipro (0.650) regions. At the same time, Zaporizhzhia (0.243), Mykolaiv
(0.292), and lvano-Frankivsk (0.357) regions have lower scores (Index of
Digital Transformation of the Regions of Ukraine, 2024).
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The overall range of values of the Sectoral Digital Transformation sub-
index (from 0.243 to 0.964) indicates the presence of digital asymmetry in the
development of territorial communities. In such circumstances, the priority of
regional policy should be to stimulate digital modernization and develop effective
mechanisms for managing regional competitiveness in the digital environment. In
this context, sectoral digital transformation serves as a public management and
administration tool that ensures the integration of digital technologies into the
strategic planning processes of territorial communities.

The problem of managing regional competitiveness in the context of
sectoral digital transformation is particularly acute in Ukraine, where, as a result
of large-scale armed aggression, certain territories have been temporarily
occupied, critical infrastructure destroyed, production potential lost, and
economic activity reduced. Targeted attacks on energy infrastructure facilities
(power plants, substations, distribution networks) have complicated the func-
tioning of business entities in sectoral markets, destabilized the transport and
logistics infrastructure, and worsened the socioeconomic conditions of the
population in certain territorial communities.

Under such conditions, the management of the competitiveness of regional
socio-economic systems is determined not only by the ability to create a favorable
environment for doing business, attracting investment and rational use of
resources, but also by the ability to restore critical infrastructure, reintegrate the
affected territories, and guarantee the vector of sustainable development of
territories in the period of post-crisis transformations.

Thus, digital transformation in Ukraine is gradually moving from the
status of an auxiliary tool to the plane of methodological principles of public
management of regional competitiveness. Its level already correlates with
economic sustainability, business activity, investment attractiveness, and
social inclusion, and in the medium term will be crucial for the country’s
post-war recovery and European integration.

2.3.4. Stimulating the innovative competitiveness of regions in the
perspective of post-war economic recovery

The innovative competitiveness of a region is formed as a result of the
active implementation of innovative solutions in the economic activities of
enterprises and the development of an institutional environment that ensures
sustainable growth of the region’s economy. Innovations play a key role in
improving the efficiency of business entities, creating new or improving
existing products, services and technologies, as well as in the ability to adapt
to dynamic changes in the market environment.

Effective management of the region’s innovation competitiveness
involves a set of economic policy measures aimed at creating favorable
conditions for the development of innovation. In particular, financial
incentives in the form of subsidies, tax breaks, and grants significantly reduce
barriers to the introduction of new technologies. This allows companies to
overcome the risks associated with innovation activities faster and increases
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the investment attractiveness of relevant projects. An example of such an
impact is the growing number of renewable energy projects under the
influence of government subsidies, which reduce the financial burden and
create an impetus for the region’s innovative competitiveness.

A special role in stimulating the innovation activity of enterprises is
played by the innovation rent, which is an economic incentive for business
and the development of territorial communities. The innovation rent allows
enterprises that introduce new technologies and developments to receive
excessive profits due to a temporary monopoly on unique innovations.

The innovation rent of industry segments of the regional economy is one
of the key indicators characterizing the economic effect of implementing
innovative solutions within certain sectors of the region. It is formed in the form
of additional cash flow generated by the growth of added value and increased
competitiveness. Given that this effect is realized over a certain period of time, for
its adequate assessment it is necessary to apply discounting of future income,
which allows to determine the present value of the innovation rent:

RI = Y[AEVAjt/(1 + ik)"t], )

where: Rl —the innovation rent of industry segments of the regional economy;
AEVAjt — increase in economic value added in the j industry segment of the
regional economy in year t due to the innovation component;
ik — discount rate, expressed as a decimal as the weighted average cost of
capital directed to the development of innovations;
t — year number of the innovation life cycle.

Thus, the management of the region’s innovation competitiveness
involves an integrated system of measures that combines financial support,
regulatory policy, and the development of innovation infrastructure. Creating
conditions for obtaining innovation rents serves as an important motivational
factor for business, contributing to the economic dynamics and social well-being
of the region.

The analysis of the transformational vectors of Ukraine’s regional
competitiveness policy in the context of the war and post-war recovery shows
significant changes in the priorities, mechanisms, and institutional approaches
to regional development. The spatial challenges caused by the war have
actualized the need for an adaptive and differentiated management solution
that take into account the asymmetry of the social and economic situation of the
regions, their resource base, and infrastructure potential.

Conclusions

This research has established an interdisciplinary theoretical and
analytical basis for rethinking policies to stimulate regional competitiveness
in conditions of spatial asymmetry, structural transformations, and security
threats. The results confirmed the hypothesis that effective policies to stimulate
regional competitiveness are possible provided that the European development
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vector is integrated with the values of security, sustainable development, insti-
tutional capacity, digital transformation of public administration, and differen-
tiated consideration of spatial asymmetries between regions.

A comprehensive study of theoretical approaches, indicator asses-
sment, and empirical analysis of Poland, Lithuania, and Ukraine in the coor-
dinate system of the Lublin Triangle has shown that modern economic policy
of regional development requires a transition from unified models to
adaptive, spatially differentiated strategies based on the principles of
sustainable development, digital transformation, and innovation dynamics.

It is substantiated that the determinants of regional competitiveness
are not only productivity, investment attractiveness and human capital, but
also the ability of territories to adapt to demographic pressure, security risks,
infrastructure losses and challenges of digital inequality.

An approach to an integrated assessment of the effectiveness of strategic
management of regional development through the prism of sustainable develop-
ment values is proposed. Such a model allows synthesizing economic, social,
environmental and institutional factors within a single analytical framework
suitable for monitoring the competitive potential of territories in the dynamics.

The research is limited by incomplete statistics on temporarily
occupied territories and differences in the methodologies used to calculate
indicators in Ukraine and the EU. The use of expert assessments and
analytical reviews broadens the factual basis but complicates quantitative
comparisons. However, the multi-component research methodology and the
reliability of sources ensure the robustness of the results.

The scientific novelty lies in the interdisciplinary generalization of
approaches to measuring the competitiveness of regions, covering social,
institutional and digital factors, as well as in the development of functional
models that ensure the formalization of strategic decisions.

The practical significance of the results lies in the possibility of their
use in the development of regional development policies in conditions of
limited resources, increased turbulence and asymmetry of post-war recovery.

Further research should focus on economic and mathematical modelling
of the stability of regional systems, taking into account demographic and security
factors, as well as on developing scenarios for the adaptation of regions to external
shocks during wartime and post-war periods.
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and the increase in liquefied natural gas (LNG)
imports from the United States and Norway. The
share of russian gas imports has decreased from
45% in 2021 to just 15% in 2023, while
renewable energy production has reached record
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Esponeticokuti Coo3 nNpomsicoM MpUsanozo
4acy CmuKaemucs 3i SHAUHUMU UKIUKAMU Y cqhepi
enepeemuyHoi 6e3neKu yepe3 GUCOKY 3aNeMHCHICb
6i0 imnopmy eukonnoeo named. Lli epazmusocmi
NOCUNUNIA  POCIIICbKO-YKPAIHCLKA BIlIHA, CNOHYKA-
F0uU  MEPMIHO80 3MIHUMU NOJMUKY 6 HANpAMI
oueepcugixayii enepeemuxu, 8IOHOGIOBAHUX OJice-
el eHepaii ma OibU020 eHEP2eMUYHO20 CY8EPeHi-
memy. Bucynymo cinomesy, wjo, Xo4a HAYiOHAIbHI
iHmepecu  ICMOPUYHO —NEPEUKOONCANU  NOGHIL
inmezpayii enepeemuunoi nonimuxu €C, Kpusa
cmana Kamanizamopom mpascgopmMayitiHux noi-
MUYHUX 3MiH, CNPAMOBAHUX HA NOCUNEHHS eHepae-
MuyHOl Oe3neKu ma NPUCKOPEHHs nepexody 00
cmiikux Odicepen ewnepeii. /i nepesipku  yiei
2inomesu Mpo6edeHo SKICHULL KOHMEHM-aHAN3
3akoHooasuux akmie €C, nonimuunux cmpamezii
Ma HAYKOBUX OOCTIOMNCEHb, A MAKOIC NOPIGHLIbHULL
AHATI3 NONEPEOHIX T CYUACHUX eHEPLeMUYHUX KPU3.
Pesynomamu niomsepoicyioms (hyHOAMEHMANIbHI
sminu 6 enepeemuynii noaimuyi €C, 30Kkpema
SHUDICEHHSI 3ANEHCHOCTHI IO POCILICbKO2O BUKON-
HO20 Nanued, 30iIbueHHs IMNopmy CKpanieHo2o
npupoonoeo eazy (CIII) 3i CIIIA ma Hopsecii.
Yacmxa pociticbkozeo 2azy 6 imnopmi €C ckopo-
munacs i3 45% y 2021 p. 0o muwe 15% y 2023 p.,
mooi 5K BUPOOHUYMEO GIOHOBTIOBAHOL  eHepeil
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ENERGY SECURITY

levels — in 2023, wind energy surpassed the
volume of electricity generation on natural gas
for the first time. The growing role of renewable
energy sources, supply diversification, and the
challenges related to national policy fragmentation
has been emphasized. Despite significant prog-
ress, further efforts are needed to align energy
sovereignty with sustainable development goals
and long-term economic stability. Promising
directions for further research include the deve-
lopment of hydrogen energy, energy storage
technologies, and regulatory mechanisms to
strengthen the energy resilience of the EU.

Keywords: EU energy security, depen-

docazno pexopouux pieHie — y 2023 p. eimposa
eHepeemuKa enepule nepesuula 00csaeU 8Upoo-
HUYMBA eNeKmpoeHepeii Ha NPUPOOHOMY  2d3i.
AKyeHmosarno yeazy Ha 3p0CMaioyili poji 6I0HO6-
JII0BAHUX Odfcepent eHepeii, dusepcugbixayii nocma-
YaHHS Ma MPYOHOWAX, NO8 SI3aHux i3 ¢hpacmen-
mayielo HayionaneHux noximuk. Ilonpu 3naunui
npozgpec, HeoOXIOHI noOanbwi 3yCUL O Y320-
OJ#CEeHHsT eHeP2eMUYHO20 CY8epeHimemy 3 Yinaimu
CMano2o po3eUMKYy ma 00820CMPOKOBOI eKOHO-
MiuHoi cmabinvhocmi. IlepcnexmusHumuy Hanps-
MaMU ROOATBUUX OOCTIOMNCEHb € PO3GUMOK B00-
HeBoi eHepaemuKy, MexHON02ill 30epieants enepeii
ma pezyismoOpHUX MeXaHi3Mi6 OJisi  3MIYHEHHs.
enepeemuunoi cmitikocmi €C.

Knwouoei cnosa: eHepretnuHa Oe3meka

dence on fossil fuel, transition to renewable
sources, energy supply diversification, policy
integration, geopolitical challenges.

€C, 3aNeXHICTh BiJl BUKOITHOTO TTaJIMBa, IEPeXia
Ha BiJHOBIIIOBaHI JDKepela, TUBepcUQiKarlis
€HeprorocTavanHs, iHTerparis TIOJTITHKY,
TEOOJIITHYHI BUKIIUKH.

JEL Classification Q48, Q42, Q41, H56, F52.

Introduction

Ensuring energy security has long been a strategic priority for
the European Union (EU), given its high dependency on external fossil fuel
supplies and the geopolitical risks associated with energy trade. The russian-
Ukrainian war has further underscored the fragility of the EU’s energy
system, accelerating the need for diversification, policy coordination, and
a shift towards sustainable energy sources. The crisis has not only exposed
the vulnerabilities of existing energy infrastructures but has also tested the
resilience of EU energy governance, revealing the persistent challenge of
balancing national interests with collective security objectives.

Recent scholarly works have explored various dimensions of this issue.
LaBelle (2024) and Misik and Nosko (2023) highlight the shift from energy
interdependence to energy sovereignty and solidarity, arguing that the EU’s
response to the crisis has led to a reassessment of traditional energy security
paradigms. Prisecaru (2022) examine the challenges of supply diversifi-
cation, particularly regarding the feasibility of reducing dependence on
russian gas through alternative sources such as liquefied natural gas (LNG).
Meanwhile, Banas and Melnyk (2024) and Streimikiene et al. (2023) analyse
the acceleration of the green transition as an essential component of long-
term energy security. Additionally, Nicoli et al. (2023) provide insights into
public perceptions of energy cooperation, demonstrating that while public
support for an integrated energy strategy is strong, political constraints
remain a significant barrier.

Given the breadth and significance of existing research, an extensive
systematic overview of the literature is presented in a dedicated section of
this article, where the key scholarly contributions are analysed and
synthesised in detail.
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This article identifies the main stages in the evolution of the EU energy
security policy and outlines the key legislative and strategic instruments that
have determined its current framework.

The research hypothesises that, while national interests have histori-
cally hindered the full integration of EU energy policy, the ongoing crisis has
catalysed significant policy changes aimed at enhancing energy security and
promoting a transition toward renewable sources. This dual hypothesis will
be tested through qualitative content analysis of EU legislative documents,
policy papers, scholarly articles, and expert assessments, complemented by
a comparative analysis of past and present energy crises.

Methodologically, the study applies qualitative content analysis to EU
legislative documents, strategic communications, and academic literature in
order to identify key policy shifts and trends. This is complemented by
a comparative analysis of EU responses to past and present energy crises to
assess policy continuity and change.

The article is organised into three main sections. It begins by exploring
the historical context and evolution of EU energy security policies, estab-
lishing a foundation for understanding how earlier developments have
influenced current strategies. The second section presents a systematic review
of scholarly contributions on the topic, highlighting significant themes and
insights related to recent challenges and responses. Finally, the article exami-
nes the legislative frameworks and key initiatives that have emerged, assessing
their effectiveness and the implications for EU energy security amidst
ongoing geopolitical shifts.

By addressing these aspects, this study provides a comprehensive
understanding of the EU’s energy security framework and evaluates its
effectiveness in achieving long-term resilience and stability goals. The
findings will contribute to the broader discourse on European energy
governance and inform future policy directions.

1. EU energy security: historical background and policy shifts

The importance of the European energy security strategy was first
recognised during the oil crisis of the 1970s. In November 1974,
the International Energy Agency (IEA) was established to ensure global oil
supply security (IEA, 2022). The EU’s efforts to develop a common energy
policy began in the early 2000s, with the European Commission’s Green
Paper highlighting the increasing external energy dependence of the EU
(European Commission, 2000, November 29).

Following this initiative, public debates on EU energy security were
reflected in the Final Report on the Green Paper (European Commission, 2002,
June 26), which highlighted demand management and energy efficiency as
strategic priorities. This shift in focus underscored the need for a coordinated
European approach to energy policy, particularly as individual member states
faced growing external vulnerabilities.
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The necessity for a unified external energy policy became increasingly
evident after the 2006 russia-Ukraine gas dispute, which exposed the EU’s
dependence on russian energy supplies and the political risks associated with
it (European Parliament Committee on Foreign Affairs, 2007). In response,
the European Commission’s 2007 energy strategy identified three core
principles for European energy security policy: sustainability, security of
supply, and competitiveness (European Commission, 2007, November 20).
However, as Closson (2008) noted, despite these advancements, many EU
member states remained reluctant to cede sovereignty over energy policy to
Brussels, posing a significant challenge to deeper integration.

The 2009 russia-Ukraine gas crisis further reinforced the urgency of
revising the EU’s energy security framework. In response, the EU adopted
the Regulation on Security of Gas Supply (2010), which introduced
mandatory risk assessments, emergency preparedness plans, and reverse flow
capabilities to mitigate supply disruptions (European Parliament & Council
of the European Union, 2010). Additionally, the Treaty of Lisbon (2007)
formally enshrined energy policy as a shared competence within EU primary
law, with Article 194 of the Treaty on the Functioning of the European
Union (TFEU) outlining key objectives such as energy market integration,
supply security, efficiency, and renewable energy development (Treaty of
Lisbon, 2007; Huhta, 2021).

By 2014, the EU took further steps to reduce its dependence on russian
energy imports. The European Energy Security Strategy prioritised supply
diversification and energy infrastructure development, aiming to strengthen
energy resilience across the bloc (European Commission, 2014). These
efforts were reinforced by the Energy Union Strategy, which expanded focus
beyond energy security to include market integration, decarbonisation, and
innovation (European Commission, 2015). Recognising the strategic impor-
tance of natural gas and oil, the EU introduced the Gas Supply Regulation,
which enhanced regional cooperation and crisis response mechanisms
(European Parliament & Council of the European Union, 2017).

Additionally, the EU established the Trans-European Networks for
Energy (TEN-E) policy, which defined nine priority corridors and three
thematic areas to improve cross-border energy integration and efficiency
(Ciucci, 2021). Meanwhile, energy efficiency was increasingly viewed as
a key energy security measure, with studies emphasising its role in reducing
the EU’s dependence on external suppliers (Ghantous, 2022, March 8).

russia’s invasion of Ukraine in February 2022 prompted urgent and
specific actions from the European Union (EU) to reduce its dependency on
russian energy sources. Some academicians and economists have referred to
the economic situation resulting from the Ukrainian-russian conflict as either
an asymmetric shock (Redeker, 2022) or stagflation (Canuto, 2022).

The European Commission, in its Communication, aims to make
Europe independent from russian fossil fuels well before 2030 (European
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Commission, 2022). This plan outlines measures to mitigate retail prices,
support companies, and ensure sufficient gas storage as preparations for the
coming winter. The RePowerEU initiative seeks to diversify gas supplies,
accelerate the rollout of renewable gases, and replace gas usage in heating
and power generation through ten key actions, including increasing biogas
production, enhancing energy efficiency, and boosting solar energy capacity
(European Commission, 2022, March 8).

In March 2022, the International Energy Agency published a plan to
reduce the EU’s imports of russian natural gas by more than one-third within
a year, aligning with the objectives of the European Green Deal to support
both energy security and affordability (IEA, 2022, March 3). On March 14,
2022, High Representative/Vice President Josep Borrell stated in his blog
that "EU leaders agreed... to bolster European economic resilience, radically
reduce our energy imports from russia and move ahead with a serious
strengthening of European defence" (Borrell, 2022, March 14).

Furthermore, on March 25, 2022, the President of the European
Commission emphasised the support of the United States in "strengthening
Europe’s energy security and independence from russian fossil fuels”. This
initiative aims to eliminate dependency on russian energy supplies through
investments in renewables and additional gas supplies from trustworthy and
reliable suppliers. The United States also committed to providing the EU with
an additional 15 billion cubic meters of liquefied natural gas (LNG) in 2022
(European Commission, 2022, March 25).

2. Systematic review of scholarly contributions on the topic

The evolving landscape of EU energy security has been widely examined
in recent scholarship, with researchers analysing the geopolitical, economic, and
policy dimensions of the crisis. This section provides a structured review of key
contributions, highlighting major themes such as the end of energy
interdependence, diversification efforts, the acceleration of the green transition,
and policy effectiveness in securing long-term energy resilience.

2.1. End of energy interdependence and the rise of sovereignty
and solidarity

Before the war, EU-russia energy relations were built on interde-
pendence, where natural gas and oil flows were integral to both economic
and geopolitical stability (Tichy & Dubsky, 2024). However, as Yakoviyk
and Tsvelikh (2023) emphasise, russia weaponised its energy exports by
demanding payments in roubles, reducing Nord Stream gas supplies, and
leveraging its energy dominance for political influence. The resulting energy
crisis forced the EU to rethink its strategic approach, prompting a shift from
interdependence to energy sovereignty and solidarity (LaBelle, 2024).

While solidarity mechanisms such as joint gas purchases and collec-
tive energy security measures have been proposed, Misik and Nosko (2023)
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highlight the paradox of EU energy security: although greater integration
would enhance resilience, individual member states resist collective decision-
making, prioritising short-term national energy security interests. This
reluctance was evident in negotiations over gas-sharing agreements, where
some states hesitated to reduce consumption to support more affected regions.
Nonetheless, as Nicoli et al. (2023) demonstrate through an extensive cross-
national survey, public support for a unified Energy Union is high,
particularly in Western European countries, indicating political feasibility for
deeper cooperation in the future.

In this context, Zubko (2023) provides an important perspective on
how international cooperation, particularly with the EU, has shaped the
resilience of Ukraine’s energy sector. The analysis emphasises that EU
assistance and the integration of Ukraine’s energy system into the ENTSO-T
network played a pivotal role in stabilising energy governance during the
war. This reinforces the broader argument that energy solidarity and
interconnectivity are vital not only within the EU but also with neighbouring
partners seeking alignment with EU energy frameworks.

2.2. Energy diversification: LNG, alternative suppliers, and hydrogen
solutions

The war also intensified efforts to diversify energy sources, reducing
reliance on russian fossil fuels. Prisecaru (2022) outlines the challenges of
energy diversification, noting that while the EU imposed sanctions on russian
energy, finding alternative suppliers for LNG, coal, and oil remains difficult
due to global supply constraints.

Beyond LNG, the Middle East has emerged as a potential alternative
energy partner. Al-Saidi (2023) questions whether the region will become
a "white knight" in EU energy security or merely another supplier within a
broader diversification strategy. Meanwhile, Liu et al. (2023) propose
hydrogen infrastructure as a long-term replacement for fossil fuels, arguing
that by 2060, hydrogen-based energy systems could fully substitute russian
imports, except for oil. These solutions, however, require massive
infrastructure investments and regulatory adjustments.

2.3. Acceleration of the green transition and energy security measures

While immediate energy security concerns dominated EU policy-
making in 2022, the crisis also accelerated the green transition. Banas and
Melnyk (2024) analyse how the REPowerEU plan has redefined the EU’s
energy landscape, emphasising renewable energy integration, infrastructure
modernisation, and regulatory frameworks to reduce fossil fuel dependence.
Similarly, Streimikiene et al. (2023) propose a comparative framework to
measure energy security across EU regions, identifying that while some
states (e.g., Scandinavia) already demonstrate high energy security, Eastern
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and Southern European nations remain vulnerable due to lower diversi-
fication levels.

Osi¢ka and Cernoch (2022) highlight the paradigm shift in European
energy policy, where natural gas—previously considered reliable—is now seen
as expensive and politically volatile, further reinforcing the urgency of
transitioning towards renewables. However, as they caution, a poorly
coordinated transition could trigger economic instability, particularly in
industrial sectors reliant on traditional energy sources.

Mazaraki and Melnyk (2024) offer a complementary view, examining
the broader implications of the fourth global energy transition for national
and regional security frameworks. They argue that managing energy security
under the pressures of war, climate change, and economic crises demands a
conceptual recalibration of policy. Their work emphasises the role of
systematisation and scenario planning in neutralising new threats during the
green transition, thereby supporting the case for more adaptive and multi-
layered policy mechanisms in the EU and its neighbourhood.

2.4. Assessing EU Energy Security: Policy Effectiveness, Governance
Challenges, and Future Integration

To assess the effectiveness of EU policy responses, multiple studies
have examined quantitative indicators of energy security. Brodny and
Tutak (2023) employ a multi-criteria decision-making (MCDM) model to
rank the energy security levels of EU-27 countries, revealing significant
regional disparities. Their analysis confirms that Scandinavian countries
exhibit the highest levels of resilience, while Eastern European nations face
greater risks due to infrastructural and economic limitations.

Similarly, Sadowska (2022) assesses the EU’s policy adjustments
following the russian invasion, evaluating measures taken to secure gas
supplies and suggesting additional steps for enhancing energy resilience. Her
findings align with Prisecaru’s (2022) argument that while sanctions
effectively reduced russian imports, the EU still struggles to fully replace
these energy flows without price volatility and supply disruptions.

Finally, the war has reshaped discussions on EU energy governance.
Nicoli etal. (2023) provide empirical evidence that European citizens support
stronger institutional mechanisms for energy security, favouring policies that
include joint procurement, centralised governance, and enhanced regulatory
coordination. However, as Misik (2022) and MiSik and Nosko (2023) argue,
achieving consensus among member states remains a major obstacle, given
the persistent fragmentation of national energy policies.

Moreover, Yakoviyk and Tsvelikh (2023) stress that energy security
is now deeply intertwined with geopolitical stability, as rising transportation
costs and inflation have broader implications for EU economic and political
dynamics. In this regard, Atamanenko and Piddubnyi (2023) argue that while
the EU has successfully reduced hydrocarbon imports from russia, this

86 ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2025. N2 5



ENERGY SECURITY

diversification process has introduced new risks, including price instability
and supply chain vulnerabilities.

To summarise, the russian-Ukrainian war has reshaped the EU’s
energy security, driving a shift towards resilience, diversification, and
sovereignty. Studies highlight that the future of EU energy security will
depend on balancing diversification, sustainability, and economic stability,
with further research needed on the role of hydrogen, nuclear, and advanced
renewables in ensuring long-term resilience.

3. EU energy dependency: trends, challenges, and policy shifts

The European Union (EU) has long been dependent on energy
imports, with its energy import dependency rate steadily increasing over the
past few decades. As early as 1990, the EU imported approximately 50% of
its total energy needs, a figure that continued to rise due to declining domestic
production and growing demand (Eurostat, n.d.a). By 2022, energy
dependency reached 62.5%, underscoring the EU’s structural reliance on
external energy sources, particularly crude oil (97.7%) and natural gas
(97.6%) (Eurostat, n. d. b).

Natural gas imports more than doubled between 1990 and 2022, with
russia historically serving as the EU’s primary supplier. The trend was further
exacerbated by the progressive decline in domestic fossil fuel production,
especially natural gas (-64.9%) and coal (—38.7%) over the past decade
(Eurostat, n. d. b). Although the EU had begun investing in renewables, fossil
fuels remained dominant in its energy mix well into the early 2020s, leaving
the bloc vulnerable to geopolitical disruptions and supply shocks.

3.1. Impact of the russian invasion and the decline of fossil fuel imports

The russian invasion of Ukraine in 2022 served as a turning point in
the EU’s energy strategy, prompting an urgent reassessment of energy
security. In response, the EU implemented gas-saving measures, diversified
its energy imports, and significantly ramped up renewable energy production.
As a result, gross available energy in the EU decreased by 4.5% in 2022,
while natural gas consumption dropped by 13.3% compared to 2021
(Eurostat, n. d. a).

Natural gas, once the backbone of the EU’s energy system, saw
a 14.6% decline in net imports in 2023, marking the continuation of a
downward trend. Inland gas consumption also fell by 7.4% from 2022 and
19.4% from 2021, reflecting a strategic shift away from russian supplies.
russia’s share of EU gas imports plummeted from 45% in 2021 to just 15%
in 2023, as the EU increasingly turned to Norway, the United States, and
Qatar for liquefied natural gas (LNG) (Eurostat, n. d. b).

Coal and oil imports also followed a downward trajectory. After a
temporary rise in 2021 and 2022 due to post-pandemic energy demand, coal
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consumption fell to record lows in 2023, with lignite use declining by 24.2%
and hard coal by 25.8%. Similarly, oil dependency declined, with refinery
demand for crude oil dropping by 1.7% in 2023, reinforcing the EU’s long-
term strategy to reduce fossil fuel reliance (Eurostat, n. d. a).

3.2. Role of renewables in reducing energy dependency

A key driver of the EU’s decreasing reliance on fossil fuel imports is the
rapid expansion of renewable energy. In 2023, for the first time, electricity
generated from wind exceeded that from natural gas, marking a major milestone
in the energy transition. Renewables accounted for 44.7% of total electricity
production, surpassing fossil fuels (32.5%) (Eurostat, n. d. b). This transition
aligns with the REPowerEU plan, which prioritizes energy diversification,
efficiency, and clean energy technologies such as hydrogen and solar power.

Despite these achievements, the EU remains highly dependent on
energy imports, particularly natural gas, with 88% of its gas supply in 2023
still coming from external sources. The long-term success of the EU’s energy
strategy will hinge on further investments in renewable energy infrastructure,
energy storage capacity, and alternative fuel development (Eurostat, n. d. a).

3.3. EU energy policy shifts amid geopolitical crisis

According to Birol and von der Leyen (2024), Europe has significantly
reduced its dependence on russian energy, with the share of russian fossil
fuels in the EU’s total energy supply dropping from 45% before the war to
just 5% in 2023. The rapid expansion of alternative suppliers, such as
Norway, the United States, and Qatar, has been a key driver of this shift.
At the same time, the EU’s transition towards renewable energy reached
a major milestone in 2023 when, for the first time, electricity generated from
wind exceeded that from natural gas.

Before russia’s invasion of Ukraine, 20% of the EU’s energy came
from russian fossil fuels, whereas today, that figure has dropped to just 5%.
Additionally, russian gas imports have plummeted from 45% before the war
to 15% in 2023. The shift has been supported by an increase in LNG imports
from the United States and Qatar, with global LNG supply expected to rise
by 50% in the second half of the decade. While this may lead to lower gas
prices, the EU remains committed to its decarbonisation goals, aiming for
near-zero methane emissions and further scaling up renewable energy, clean
hydrogen, and energy efficiency (Birol & von der Leyen, 2024).

Despite its progress, Europe faces new challenges, including balan-
cing energy security with affordability and sustainability. While LNG has
become the EU’s baseload gas supply, policymakers stress that cheaper gas
should not slow the transition to a net-zero economy. Future efforts will focus
on clean energy technologies and industry cooperation, as demonstrated by
the Clean Transition Dialogues initiated by the European Commission. The
EU’s ability to navigate energy crises and restructure its market demonstrates
a long-term commitment to energy sovereignty, sustainability, and economic
resilience (Birol & von der Leyen, 2024).
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Conclusions

The russian invasion of Ukraine in 2022 marked a profound and
transformative moment in the energy landscape of the European Union (EU),
catalysing a shift away from dependency on russian fossil fuels and fostering
a renewed emphasis on energy sovereignty, diversification, and sustainability.
Scholarly analyses underscore the multifaceted nature of this transformation,
encompassing the dismantling of traditional energy interdependence with
russia, the emergence of alternative energy suppliers, the expedited transition
towards greener energy sources, and the complexities of policy coordination
among member states.

The findings affirm the dual hypothesis that the ongoing crisis has
catalyzed significant policy changes aimed at enhancing energy security
while simultaneously exposing the hindrances posed by national interests to
the full integration of EU energy policy. Key results reveal a drastic reduction
in natural gas imports from russia, accompanied by a notable increase in LNG
imports from alternative suppliers. Investment in renewable energy sources
and hydrogen technology has accelerated, with historic milestones achieved,
such as wind energy production surpassing that of natural gas for the first
time. These results underscore the success of the EU’s efforts to transition
toward a more resilient energy framework.

This study thoroughly examines the evolution of EU energy security
policy against the backdrop of geopolitical shifts stemming from the russian-
Ukrainian war. While it confirms that national interests continue to present
challenges in achieving a unified energy security framework, it also high-
lights a strong public support for deeper cooperation and integration within
the EU. Despite this support, member states frequently prioritize their short-
term energy security needs over collective goals, underscoring the need for
further efforts to navigate the complexities of national interests in pursuit of
a cohesive energy strategy.

The research contributes to the existing literature by providing
a comprehensive analysis of the systemic shifts in energy policy following
the crisis. Notably, it identifies a significant move away from energy interde-
pendence towards energy sovereignty and solidarity among EU member
states. This transition highlights the necessity for a coordinated approach to
energy security that balances national priorities with collective resilience.
Additionally, the findings point to the enhanced emphasis on diversifying
energy sources and the accelerated push for renewable energy, which are
crucial for long-term sustainability.

Further, the study reveals additional, unplanned outcomes such as the
relative decline of russian fossil fuel imports, which decreased dramatically
from 45% to 15% within a span of two years. This surprising trend under-
scores the EU’s ability to adapt amidst crises, with a notable shift towards
energy sources from the United States, Norway, and other reliable partners.
The role of public sentiment, as evidenced by various surveys, indicates
a growing consensus on the need for a unified Energy Union, despite
the political fragmentation that currently inhibits this process.
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Looking ahead, the research highlights several practical implications for
policymakers. Investing in renewable energy infrastructure and developing new
regulatory frameworks will be critical for ensuring energy security while
transitioning towards a low-carbon economy. Future research should focus on
exploring the potential of hydrogen and advanced renewable technologies in
strengthening energy resilience, alongside further investigations into the
economic impacts of energy policy shifts on EU member states.

In conclusion, this study not only sheds light on the present dynamics
of EU energy security but also emphasises the need for ongoing evaluation
and adjustments in policy frameworks to adapt to an evolving geopolitical
landscape. The pursuit of energy sovereignty must be harmonised with
sustainability efforts to achieve long-term energy security and stability
within the EU.
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The research methodology is based on a
combination of comparative analysis, expert
assessments, a cost-element approach to energy
pricing, and indicative ranking of biofuel
alternatives using techno-economic criteria:
cost, calorific value, profitability, and payback
period. Using the Polissia region as a case
study, the paper evaluates the potential of wood-
based, agricultural, and peat biomass. The
findings reveal that baled straw and wood chips
are the most balanced heat sources in terms of
cost-effectiveness, availability, and supply stabi-
lity. A technical and economic comparison of
various energy sources is provided, and key
barriers to scaling bioenergy solutions are
identified. Particular attention is paid to limi-
tations in the current tariff policy and investment
incentives. The research results are relevant for
shaping regional energy transition strategies,
supporting investment initiatives in the rene-
wable energy sector, and advancing national
decarbonization goals. Bioenergy is therefore
positioned as a critical component of Ukraine ’s
pathway toward energy autonomy and sustai-
nable economic development in the context of
global energy price fluctuations.

Keywords: bioenergy, price volatility, bio-
mass, thermal energy, investment feasibility,
energy policy.

JEL Classification: E30, F29, Q42.

Introduction

Micyesux OlioeHepeemuYHUX NPOEKMIE 3a YMO8
HasAHOCMI cmabibHOT pecypcHol basu ma nomip-
HO20 pieHA iHeecmuyii. Memodonoeia Oocni-
OdtCeHHsT OA3YEMbCA HA NOEOHAHHI NOPIBHATLHOO
AHATI3Y, eKCNEPMHO20 OYIHIOBAHHS, IHOUKAMUBHO2O
PAHIICYBAHHA AIbMEPHATNUBHUX 0Jiceper Mena 3d
Kpumepiamu cobieapmocmi, meniomeopHoi 30am-
HOCMI, THEECTUYILIHUX SUmMpAm, MEPMIHY OKyn-
Hocmi ma penmabenvHocmi. Y X00i 00CHONCEHHs.
npoananizosano cumyayito Ilonicokozco peciony,
30Kkpema  JKumomupcobkoi  obnacmi, saKa  mae
CHpUAMIUG yMogu Osi GUKOpucmanis biomacu
0epesHozo, aspapHozo ma mopg aHo20  noxo-
Oxcenna. Ha ocHosi y3acanvHeHHs pe3yibmamie
00CTIONHCEHHS. BCIAHOBTIEHO, WO MIOKOBAHA CONIOMA
ma OepesHa mpicka € HAOIbW 30ANIAHCOBAHUMU
Odxrcepenamu 3 No2isaody egekmusHocmi, O0ocmyn-
HOCMi Ul MApU@HOI  KOHKYPEHMOCHPOMONCHOCIL.
Boorouac sussnero incmumyyiiini bap epu, 30kpema
HEOOCKOHANICb  MAPUGHO20  Pe2yToBants,  siKi
CMPUMYIOMb BNPOBAOINCEHHSI BIONOGIOHUX NPOEKMIB.
Pesynvmamu docniostcenHs Moocymo 6ymu 6UKOpUc-
maui npu  QOPMYBAHHI PECIOHATIHUX CIMPAMeziti
eHepeemuyHOl  MpaHchopmayii, 3anydeHHi iHeec-
MUYl y 8IOHOGIOBANY eHePeemUKY Ma NiOmpumyi
yineti OekapOoHizayii ekoHoMIKU YKpaiHu.

Kniouoegi cnoesa: 6ioeHepreTHKa, KOTUBAHHSI
IiH, OioMaca, TeIUioBa €HEprisd, IHBECTHIiIHA
JIOIUTBHICTh, CHEPTETIHYHA TIOJIITHKA.

Global energy markets are experiencing periods of increasing instability,

accompanied by high price volatility, which affects international energy trade and
the energy security of states, creating new challenges for countries with a high
level of import dependence. In conditions of external instability, especially during
russia’s military aggression against Ukraine and the partial destruction of its
energy infrastructure, there is an objective need to adopt adaptive local solutions
aimed at strengthening energy self-sufficiency. One such solution is a
reorientation to renewable energy sources, in particular to biomass, which can
become a real tool for increasing the energy sustainability of regions.

The relevance of the research is due to the need for a systematic
analysis of the relationship between global fluctuations in energy prices and
the adoption of economically sound decisions in the field of bioenergy.
Despite numerous initiatives to develop renewable energy, most of the
existing solutions in Ukraine remain reactive, do not rely on a deep economic
assessment of the efficiency of biomass use and do not take into account the
broader global context. While in the European Union countries bioenergy is
actively integrated into energy policy, thanks to predictable targets and stable
incentives, in Ukraine fragmented regional projects dominate, requiring
strategic rethinking in the face of global price pressure.
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The scientific basis for analyzing the potential of bioenergy and its
role in the energy transition is the subject of active research in a number of
scientific works; in particular Scarlat et al. (2015) consider bioenergy as a
central component of the EU energy transformation through an interdiscip-
linary approach. In the domestic discourse, important developments are the
studies of Geletukha et al. (2023), as well as Oliynyk (2024), who carried out
a thorough analysis of the potential of biomass, barriers to its use, and the
economics of biofuels. At the same time, the issue of adapting local energy
strategies under the influence of global price fluctuations, taking into
accounts the technical and economic characteristics and investment
attractiveness of alternative energy sources, remains insufficiently covered.

The aim of the research is to substantiate bioenergy solutions in the
context of global fluctuations in world energy prices. The research focuses
on analyzing the impact of international price volatility on local technical and
economic decisions regarding the use of biomass as a source of thermal
energy. Special emphasis is placed on substantiating the conditions and
prospects for implementing bioenergy projects in regions of Ukraine with an
existing raw material base, in particular on the example of Polissia.

The hypothesis of the research is the assumption that fluctuations in
world prices for traditional energy carriers create the prerequisites for
increasing the attractiveness of bioenergy solutions at the local level,
especially in the presence of a stable resource base and moderate investment
costs for equipment installation.

The methodological basis of the research is analytical and comparative
methods, the expert assessment method, an elemental approach to calculating
the cost of energy, as well as an indicative ranking of solutions according to
the criteria of cost, efficiency, payback period and profitability. The
information base was made up of statistical data from the State Statistics
Service of Ukraine, official tariffs of the National Commission for
the Regulation of Energy and Utilities of Ukraine, analytical reports of the
Bioenergy Association of Ukraine, scientific publications from the interna-
tional Scopus database and technical and economic parameters of imple-
mented projects in the Zhytomyr region. The limitations of the research
are due to the instability of the energy market, the lack of systematic
accounting of agricultural waste at the local level, and the complexity of
predicting changes in the regulatory and tariff environment.

The article consists of three main sections. The first section examines
the dynamics of global wood and natural gas markets and their impact on
local solutions. The second section analyzes the resource potential of biomass
in Ukraine using the example of the Polissia region, taking into account
technical capabilities, raw material base and operating enterprises. In the
third section, a technical and economic comparison of thermal energy sources
(wood chips, straw, pellets, natural gas, and electricity) is carried out with an
assessment of investment feasibility, tariff efficiency and payback periods.
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At the final stage, the results are summarized and recommendations are
proposed for the formation of local policies to support bioenergy projects in
the context of global energy pressure.

1. Global price fluctuations in the energy market

The global energy market over the past decade has been characterized
by increased volatility, due to the influence of a wide range of geopolitical,
economic, climatic and technological factors. The process of forming the
price environment is influenced by the complex interaction of supply and
demand, existing infrastructure constraints, as well as the regulatory policy
of leading market participants. Additional determinants of price fluctuations
have been the global crises of recent years, in particular the COVID-19
pandemic, the energy shock caused by the full-scale military aggression
of the russian federation against Ukraine, as well as the sanctions policy of
the EU and the USA, which significantly affected the transformation of the
current pricing mechanisms. In these conditions, the analysis of the dynamics
of world prices for key energy carriers, namely: natural gas, coal and oil,
acquires particular importance. Identification of key price trends makes it
possible to identify critical factors influencing local energy strategies, taking
into account decisions on the development of renewable energy, including
the use of biomass as an alternative source of thermal energy.

1.1. Dynamics of world prices in the natural gas market

In view of the holistic diagnosis of the price situation on the global
energy market, it is important to analyze the situation and quotation trends
on the natural gas market, which remains a key element of the global thermal
energy architecture. In order to ensure the purposefulness, comprehen-
siveness and systematicity of the assessment, information and analytical data
from leading exchange platforms that perform the function of global
indicators of the price for natural gas were used. The main representatives of
the exchange infrastructure that form guidelines for price positioning for gas
include:

» gas hub Title Transfer Facility (hereinafter referred to as TTF);

« London Stock Exchange ICE (Intercontinental Exchange);

*New York Mercantile Exchange NYMEX (New York Mercantile
Exchange).

Each of the above market infrastructure entities trades in its own
currency and specific units of measurement of natural gas (Ministry of
Finance, p. 11).

One of the largest gas hubs, the TTF, located in the Netherlands, is a
key European trading center where prices are set in a freely convertible
currency and are considered an indicator of the formation of free market
prices for gas in Europe, measured in euros per megawatt hour (MWh). The
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correspondence between energy and volume indicators is: 1 MWh =95.31 m? of
natural gas, or 1000 m* = 10.49 MWh. The London ICE exchange as a
regulatory quotation platform, where the exchange price level is set in the
national currency of Great Britain (GB p/thm), is 1/100 of a pound sterling
per Therm, which approximately corresponds to 2.7933 m? of natural gas, or
1000 m® = 358 Therms. The NYMEX futures market is an indicator of gas
prices in the Western Hemisphere, where natural gas is traded in US dollars
per Henry Hub, a benchmark gas grade in MMBtu = 1 million Btu =
1.000.000 Btu =27.933 m®. A Btu is a British thermal unit (BTU), which is
252 cal, or 1.055 J. A BTU is the amount of heat required to raise the
temperature of 1 pound of water (a mass of water equal to 0.45359 kg)
by 1° Fahrenheit (Department of Finance, 2025).

The price situation in the natural gas market demonstrates similar
trends among the three main exchange platforms that form global quotes
(Figure 1).
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Figure 1. Dynamics of world prices for natural gas, USD per ton

Note: units of measurement: Netherlands (Gas Hub) — EUR/MWh; London Stock Exchange —
pence/Therm; New York Mercantile Exchange — USD/million BTU.

Source: compiled by the authors based on (Ministry of Finance, n. d.).

The highest price level was recorded in March—May 2022.
Subsequently, a gradual decline was observed, reaching a minimum level in
July 2023. From the second half of 2023, prices began to increase again,
reaching a new maximum in early 2025. Price volatility emphasizes the need
to diversify energy sources and intensify the transition to more sustainable
and renewable energy solutions, in particular based on the use of biomass as
a strategic direction of energy security.
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1.2. Dynamics of global prices on the coal market

Coal, as a traditional energy source, plays a significant role in the
global energy balance, especially in the context of providing electricity and
heat in economic activity. Despite the gradual transition to low-carbon
technologies and international obligations to reduce greenhouse gas
emissions, demand for coal remains, in particular in countries with energy-
intensive economies.

The price situation on the global coal market is determined by leading
exchanges that provide futures quotes based on market expectations and
contractual agreements. World coal prices are set in USD per ton on such
platforms as the aforementioned New York Mercantile Exchange NYMEX
and the Intercontinental Exchange (ICE), as well as at the Newcastle Coal
Terminal in Australia. Prices take into account both over-the-counter
transactions and contracts for difference (CFDs). The results of coal trading
on international commodity exchanges are shown in Figure 2.
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Figure 2. Dynamics of world coal prices, USD per ton
Source: compiled by the authors based on (Ministry of Finance, n. d.).

To ensure the comparison of the research results, the same time period
of observation was used as in the case of the analysis of the natural gas
market. Therefore, the dynamics of world coal prices demonstrate similar
trends and phases of fluctuations. The highest price values were observed in
March—June 2022, which coincides with the period of geopolitical tension
and energy instability. Subsequently, a gradual decrease was noted, with a
temporary sharp decline in May—June 2023 and reaching a minimum level in
March 2025. Such price fluctuations indicate a high sensitivity of the coal
market to global economic and political factors, which necessitates the
diversification of energy sources.
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1.3. Dynamics of world prices on the oil market

The world oil market demonstrates exceptional sensitivity to global
economic, political and environmental changes. In particular, as a key source
of energy, oil determines the pace of development of national economies,
affects the structure of the balance of payments of exporting countries and
forms a significant part of the cost component for importing countries. Its
pricing is based not only on the ratio of demand and supply, but also on the
qualitative characteristics of the resource, the geography of deposits, supply
logistics, as well as on geopolitical stability in the regions of production.

The establishment of world market prices for oil, in particular for its
individual types, which differ in the content of heavy hydrocarbons, sulfur,
alkanes and other impurities, as well as the location of the deposit, is carried
out according to three main reference grades: American WTI (West Texas
Intermediate) — mainly for the American market; European Brent (Brent
Crude) — as a reference for Europe and OPEC countries; russian Urals is the
benchmark grade for russian oil. Monitoring of world prices recorded on
the above international commodity exchanges is presented in Figure 3.
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Figure 3. Dynamics of world oil prices, USD per barrel
Source: compiled by the authors based on (Ministry of Finance, 2025).

Monitoring of world oil prices reveals trends that are largely
correlated with trends in the natural gas market. The highest level was
recorded in May—June 2022, which is directly related to the beginning of
russia’s full-scale invasion of Ukraine and the introduction of sanctions
against the aggressor country. However, the re-election of the US president
and changes in the foreign policy of this state led to the fact that after Trump’s
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inauguration in February—March 2025, prices for russian Urals oil did not
show significant volatility, as in 2022-2023.

Therefore, price trends in the world market for natural gas, coal and
oil are interconnected and have similar vectors of change. The current stabili-
zation of world prices for major thermal energy resources is seen as a positive
factor that contributes to reducing uncertainty in energy markets, providing
more predictable conditions for the formation of national energy strategies
and investment decisions in the bioenergy sector.

1.4. Dynamics of world prices on the timber market

Price monitoring and assessment of the timber market situation is a
rather complex task given the diversity of the product range, its grades,
quality characteristics and final destination. In industry classification, experts
distinguish two main types of wood: industrial and energy. Industry
differentiation makes it possible to carry out an accurate analysis of demand,
supply and pricing, since each of the segments has its own specific market
price dynamics and influence factors.

According to experts from the Association of Woodworking Enterprises
of Ukraine, "the global lumber market has been demonstrating a steady
downward trend over the past two years. There is a decrease in demand for
coniferous lumber in key regions, which is due to a number of interrelated
factors, in particular, a decrease in housing construction, a decrease in the scale
of repair work and a general decrease in the level of consumption of goods"
(Association of Woodworking Enterprises of Ukraine, 2025). Based on
information and analytical data provided by experts, the main global trends in
the wood market have been systematized (Table 1).

Table 1
Characteristics of the global timber market by major regions
China and the
Middle East and
North Africa Region
China’s lumber
imports fell 7% year-

on-year in the first
ten months of 2024.

Market

Northern and
Central Europe

Characteristics ‘ North America

Wood prices in
Scandinavian

countries reach
highest level in a

Colombia is facing a
timber shortage, high
production costs and other
issues that are reducing

Condition decade production. In 2024, In the Middle East
production was less than and North Africa,
half of what it was a imports fell 4%
decade ago in the first nine
months of 2024.
Rising raw material Roundwood prices in the Uneven demand and
prices are putting US South have fallen to pricing across regions
pressure on sawmills | their lowest level in 30
Price as the increase in raw | years, a trend that could

100

material costs
outpaces lumber
prices, reducing their
profitability

potentially spur new

investment in the region’s

sawmills
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End of Table 1

China and the
North America Middle East and
North Africa Region
Low roundwood prices in | Trends will affect

Market Northern and

Characteristics Central Europe

Forecast In Northern Europe,

controlling the US South could make | businesses differently
production costs the region attractive to in different regions.
becomes critical due investors in 2025 and The decline of the

to rising raw material = beyond sawmill sector in
prices British Columbia is an

example of how
changing demand,
regulation and global
competition can
transform the industry

Source: compiled by the authors based on (Association of Woodworking Enterprises of
Ukraine, 2025, January 8).

Therefore, the analysis of the current situation on the world timber
market reveals significant regional differences in the market situation, price
dynamics and forecast indicators, which necessitates a differentiated
approach to strategic planning. In particular, in Northern and Central Europe,
a steady trend of increasing timber prices to record levels over the past decade
Is recorded, which negatively affects the profitability of sawmills due to
the outstripping growth in the cost of raw materials. This fact emphasizes the
critical importance of optimizing production costs to ensure competitiveness.

Meanwhile, in North America, despite a shortage of wood and high
production costs that have led to a significant decline in production volumes
(less than 50% of the level of a decade ago), the decline in roundwood prices
in the southern USA states to a 30-year low creates the potential to attract
new investments in the sawmill industry starting in 2025. In the regions of
China, the Middle East and North Africa, a decrease in sawn wood imports
Is observed (by 7% and 4%, respectively, in 2024), which is accompanied by
uneven demand and pricing due to regional specific market conditions and
increased sensitivity to global economic changes.

Thus, for international companies operating in the timber market,
regional differences in roundwood prices highlight the strategic value of
geographical diversification as a mechanism to reduce the impact of market
volatility. In addition, the growth of European sawn wood exports to the US
can be seen as a new opportunity to expand supply in foreign markets. In
general, the industry demonstrates sensitivity to changes in demand,
regulatory frameworks and global competition, which requires constant
adaptation and flexibility of business models.

Analyzing the prices of the region closest to us — Western Europe — it
was found that the average European prices for wood, mainly industrial,
fluctuate between 75-115 euros per cubic meter (Table 2).
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Table 2
Prices for spruce and pine saw logs in selected European countries in 2024,
euros per cubic meter (excluding VAT)

Austria 75 115
Latvia 85 100
Germany 103 115
Finland 79.96 90

Source: compiled based on data (Association of Woodworking Enterprises of Ukraine,
2025, March 28).

The results of monitoring the global timber market indicate a steady
trend towards an increase in prices for industrial timber, even in conditions
of declining demand. In particular, according to 2024 data, despite a decrease
in overall demand, the average price for timber increased by 7%. Price
dynamics in this segment are largely due to the development of the
construction industry, the growth in demand for repair and construction
services, as well as the level of solvency of the population.

At the same time, prices for low-quality energy wood are forecast to
stabilize or even decrease due to an excess of existing stocks. This objective
factor complicates the sale of wood chips and other waste from the forestry
industry. As of today, real stocks of firewood exceed their consumption.
Demand for them has decreased due to the high level of prices for the
population and state regulation of natural gas tariffs. Sales volumes of wood
chips remain low, and the price situation in this market segment is stable
without signs of significant growth.

Thus, the global timber market situation demonstrates differentiated
price dynamics depending on the quality and purpose of the resources. At the
same time, it remains an important factor influencing the adoption of
economically sound decisions at the local level, in particular regarding the
diversification of energy sources, forest resource management and stimu-
lation of biomass use.

2. The impact of global trends on local decisions

Local decisions are shaped by external macroeconomic trends,
including fluctuations in global energy prices and increasing environmental
requirements. The above-mentioned factors necessitate adaptation of local
strategic decisions in the energy, forestry and agricultural sectors. The search
for sustainable and affordable energy sources is becoming increasingly
relevant, with biomass playing a significant role as an energy resource,
especially in the context of the need to rethink energy consumption models
and national energy security priorities.
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2.1. The potential of biomass as an energy resource in Ukraine

Biomass is one of the most promising renewable energy sources for
Ukraine, given the existing agricultural potential, the volume of forestry
waste and the high level of dependence on imported fossil fuels. For the
production of thermal and electrical energy in Ukraine, it is planned to attract
biomass of forest, wood, agricultural, agricultural and other relevant origin.
Three main groups of resources are most often used as solid fuel at thermal
power plants (TPP) and combined heat and power plants (CHPP): peat
biomass; plant biomass (including energy crops and agricultural residues);
wood (Figure 4).

*pellets « sunflower husks « firewood
* peat chunks * buckwheat husks » wood chips
+milled peat * rice husks  wood shavings
- peat briquettes + corn husks, + sawdust
* straw, chaff * pellets
» miscanthus « granules
* switchgrass « energy willow
* sedge

Figure 4. Main types of solid fuel from renewable energy sources
used to produce heat and electricity

Source: constructed by the authors.

This diversification of the raw material base for energy purposes
provides flexibility, allowing for consideration of regional characteristics,
seasonality, logistical costs, and the level of infrastructure development. At
the same time, the effective use of biomass as an energy source requires a
detailed analysis of the available volumes and the features of its spatial
distribution.

2.2. Resource potential of biomass for energy purposes in the Polissia
region: the example of Zhytomyr region

The Polissia region of Ukraine, in particular the Zhytomyr region, has
significant potential for the development of bioenergy due to the presence of
a wide biomass resource base, which is due to natural and climatic conditions
and the structure of land use, especially in the forest and agricultural sectors.
One of the determining factors of the biomass energy potential in the region
iIs the significant forest cover of the territory. The area of Zhytomyr region is
about 29.8 thousand km? and has a forest cover level of 35.2%, which
provides it with the fourth place among all regions of Ukraine in this
indicator. The total area of the forest fund of the region is 1094.4 thousand
hectares. Such a level of forest cover creates a stable raw material base for
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obtaining wood biomass, in particular firewood, wood chips, wood chips,
sawdust, wood granules, pellets, etc. In addition, the region has significant
areas of peatlands, which can serve as an additional source of peat biomass.

Along with forest resources, agricultural waste is a significant source
of biomass in the region. According to the State Statistics Service of Ukraine,
in 2023, Zhytomyr region produced 2.418 million tons of grain and
leguminous crops, 934 thousand tons of sugar beets, 361 thousand tons of
sunflower seeds, 1.902 million tons of potatoes and 400 thousand tons of
open ground vegetables (Statistical Yearbook of Ukraine for 2023, 2024).
Accordingly, the by-products of these productions, in particular straw, husks,
stalks, husks and other agricultural waste, form a significant potential for the
production of solid biofuels in the form of briquettes, pellets or for direct
combustion in appropriate boiler rooms.

An important element of realizing the biomass potential in the
Zhytomyr region is the presence of three generation facilities that are already
operating on the basis of bioenergy technologies. For example, LLC "Poliska
TPP" (Ovruch city), which operates a thermal power plant on solid biofuel,
the main types of wood residues from the woodworking industry and energy
willow. Two more power plants operate on biogas: LLC "LNK", which
combines seven biogas plants, and LLC "Dionys Biogas Energy". The
activities of these enterprises indicate the practical feasibility and economic
viability of using biomass for energy needs within the Polissia region. This
gives grounds to assert that favorable conditions have been formed in the
Zhytomyr region for the large-scale use of biomass for energy purposes. The
combination of wood, peat, and agricultural biomass sources creates a
powerful resource base for the implementation of regional strategies for the
development of renewable energy, which will become an important
component of energy security, decarbonization of the economy, and
sustainable development of territories.

3. Technical and economic comparison of heat energy sources

To make strategically sound decisions on the effective use of the
available resource potential for energy purposes, a technical and economic
assessment of alternative sources of thermal energy is important. Therefore,
the study carried out a comparative analysis of technical and technological
parameters and economic efficiency of thermal energy production from
various types of solid biofuels and natural gas in the conditions of Ukraine.

As of the beginning of 2025, in accordance with current legislation in
Ukraine, differentiated prices for natural gas have been established
depending on the categories of consumers, which significantly affects their
energy consumption and competitiveness (Law of Ukraine "On Natural Gas
Markets", 2015). The lowest price is for households and is UAH 7.96 per m?.
At the same time, the cost of gas for budgetary institutions is 2.1 times higher,
which creates an additional financial burden on social infrastructure
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facilities. For industrial enterprises, the price of gas exceeds the tariff for the
population by 2.5 times, which significantly reduces the competitiveness of
domestic products, taking into account the constant growth of the energy
component in the cost structure (Table 3).

Table 3
Technical characteristics and assessment of thermal energy production
from solid fuels (2025)

Average

. . Units of Cost of
: cost with Units of Heat .
Technical data . measurem | energy unit,
transport | measurement | capacity - UAH
and VAT
Natural_gas for the 7960 238
population
Natural gas for the
budget sector 16554 i UA:d/ . 335 MJ/m? 494
Natural gas for industry 20250 ousa 604
Natural gas imported by 31000 925
Ukrtransgaz
Electrlc_lty for the 1211
population

Electricity for the
population consumed

through a heat pump with 4.36 449
CoP=27

Electricity for households

consumed through a heat UAH/kWh - 346
pump with COP =3.5

Electricity for non- 2778
household consumers

Electricity for non- 10

household consumers 1029
consumed through a heat

pump with COP =2.7

Wood chips 2500 10.5 238
Wood pellets 9000 17 529
Husk pellets 7000 UAH/ 17.5 MJ/kg 400
Bale of straw or corn 2000 146 137
stalks

Source: compiled by the authors based on (Oliinyk, 2024).

The price level of natural gas under import contracts, supplied through
the operations of JSC Ukrtransgaz, is particularly indicative. Its cost is
UAH 31 per m? which is 3.89 times higher than the tariff for household
consumers, 1.87 times higher than the tariff for budget institutions, and appro-
ximately 1.5 times higher than the tariff for industry (Ministry of Energy of
Ukraine, 2024). Such price disparities need to be taken into account when deve-
loping an energy policy aimed at expanding the use of alternative, economically

L cop (a coefficient of performance) is an indicator of the energy efficiency of equipment that works on heat, for example,
heat pumps or air conditioners. It shows the ratio of the thermal power produced by the device to the electricity consumed.
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viable heat sources, in particular biomass. Electricity as a source for generating
heat energy in Ukraine is regulated differently for two main groups of
consumers: household and non-household. According to the Ministry of Energy
of Ukraine, as of the beginning of 2025, the tariff for household consumers with
value added tax is UAH 4.32 per kWh, including in cases of using electricity
for heat pumps with a coefficient of performance (COP) of 2.7 or 3.5.
However, for non-household consumers, i.e. business entities, the cost
reaches UAH 10 per kWh, which is 2.3 times higher than the tariff for the
population (National Commission for State Regulation in the Spheres of
Energy and Utilities, n. d.). Such price differentiation significantly affects the
competitiveness of products of national producers, as the energy component
continues to grow, increasing the total cost of goods and services.

To justify the choice of the optimal source of thermal energy in the
conditions of Ukraine, a comparative characteristic of four main types of
solid biofuels presented on the Ukrainian market was carried out:

» wood chips, wood chips, which are used (for example) in LLC "Clear
Energy-Zhytomyr", but belong to the low-price category (approximate
price — UAH 2500 per t);

» wood pellets, pellets — the most expensive solid fuel (9000 UAH per t);

« sunflower husk pellets — belong to the higher-than-average price
category (UAH 7000 per t);

* baled straw or corn stalks, the cheapest solid fuel (2000 UAH per t).

After converting the specified types of biofuels into the corresponding
calorific equivalents, it is advisable to analyze the cost of thermal energy
produced from them.

According to calculations by Yevhen Oliinyk, an expert at the Public
Union "Bioenergy Association of Ukraine", the cost of thermal energy from
various types of solid biofuels (in UAH/MJ) is: wood pellets — UAH 529/MJ
(the most expensive option), sunflower husk pellets — UAH 400/MJ, wood
chips — UAH 238/MJ, baled straw and corn stalks — UAH 137/MJ (the
cheapest option). This indicates that wood chips, which are actively used in
Clear Energy projects for energy production, combine a relatively high
calorific value with an affordable market price, making it one of the most
effective and economically feasible renewable energy sources for heat
generation (Clear Energy, n. d.).

Separate studies conducted by specialists in the heat and power sector,
including expert Yevhen Oliinyk, also took into account the economic
efficiency and return on investment in the implementation of bioenergy
technologies. The most expensive type of biofuel in terms of purchase price
remains wood pellets from waste from the logging and woodworking
industries — UAH 6.500/t, while the cost of biofuel from wood chips, wood
chips (non-marketable crushed wood) and baled straw is practically the
same — UAH 1.700/t and UAH 1.667/t, respectively (Table 4).
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Table 4
Investment efficiency in the production of thermal energy
from various types of solid fuel

Technical data LT O] W(.JOd Baled straw Pellets
measurement chips

Thermal capacity of biofuel

. kw 1000
boilers
Calorific value of biofuel MJ/kg 8.4 14.2 17.2
Produc_tlon of thermal energy thousand Geal 3.45
from biofuel
Consumption of fuel raw thousand tons 2.0 1.18 0.98
materials
Prices and tariffs
Electricity without VAT UAH/KWh 6.5
Chemically treated water 3
without VAT UAH/m 15
Maintenance, repairs, materials UAH/Gcal 32
Biofuel with delivery,
excluding VAT UAH/t 1700 1667 6500
Thermal energy tariff
(population), excluding VAT UAH/Gcal 1500 2500
Investment activity expenses UAH million 5.4 8.1 2.7
Operating activity expenses UAH million 5.1 34 8.7
Investment efficiency
Internal rate of return % 13 28 54
Net present value UAH million 3.0 12.9 9.5
Payback period Years 6.4 4.2 2.8

Source: compiled by the authors based on (Oliinyk, 2024).

Due to the systematic damage to Ukraine’s energy infrastructure as a
result of russia’s armed aggression, there is an objective need to diversify
energy sources and strengthen the role of local initiatives. In this context, it
Is advisable to consolidate the efforts of the Zhytomyr City Council, the
Zhytomyrteplokomunenergo municipal enterprise, as well as to attract
the experience, material and technical base, and high professionalism of
specialists from Clear Energy-Zhytomyr LLC and its parent company Clear
Energy to implement a new promising project for the production of electricity
from renewable sources, which will increase the energy sustainability of
the region, reduce dependence on imported energy carriers, and contribute to
the development of a low-carbon economy in the region (Zhytomyr City
Council, p. 1).

Tariffs for thermal energy for the population, including VAT, vary
depending on the type of biofuel used. In particular, for cheaper sources such
as wood chips and baled straw, the cost is about UAH 1.500/Gcal, while for
heat produced from wood pellets, it reaches UAH 2.500/Gcal. According to
the above calculations, the highest costs were for the implementation of
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investment projects involving the use of wood pellets as an energy source
(UAH 8.7 million). The capital costs for projects using baled straw are
somewhat lower (UAH 8.1 million), and the lowest costs are typical for
projects based on wood chips (UAH 5.4 million).

At the same time, the operating costs for the installation and operation
of equipment demonstrate an inverse relationship: for wood chips they are the
largest — 5.1 million UAH, for baled straw — UAH 3.4 million, and the project
using wood pellets requires the least costs — UAH 2.7 million. The highest level
of profitability from the point of view of economic efficiency is demonstrated by
the project based on wood pellets — 54%, with a payback period of 2.8 years and
an average income of UAH 9.5 million. The most attractive in terms of overall
financial results is the investment project based on baled straw, since the net
present value is UAH 12.9 million, the payback period is 4.2 years, and the level
of profitability is 28%. Accordingly, the above indicators indicate the high
potential of the project for generating profit and a quick return on invested funds.
Taking into account the above financial indicators, the project based on baled
straw deserves attention as a promising long-term investment. Its implementation
can be ensured through combined financing, which includes state support,
attracting international grants and using own funds of enterprises in the thermal
energy sector. This approach will allow diversifying sources of financing and
reducing the risks associated with the implementation of the project.

The generalized results of the technical and economic comparison of
thermal energy sources confirm that the use of biomass is an economically
feasible alternative to traditional energy carriers in the conditions of Ukraine.
Among the studied types of biofuels, the highest profitability is demonstrated by
projects based on wood pellets; however, they require the highest investment
costs. At the same time, the highest net present value is the project on the use of
baled straw, which indicates its high investment attractiveness in the medium
term. Wood chips, as a resource with moderate cost and stable operational
characteristics, provide an optimal balance between efficiency, availability and
cost level. Overall, the results of the analysis confirm the need to form differen-
tiated approaches to the implementation of bioenergy solutions at the local level,
taking into account the resource base, economic parameters, and technical
capabilities.

Conclusions

In the context of global price fluctuations in energy markets and the
need to strengthen energy security, Ukraine is faced with the urgent task of
diversifying energy sources. The analysis confirms that bioenergy solutions
can become an effective tool for increasing the energy autonomy of regions,
in particular Polissia, by combining forest, agricultural and peat resources.
Zhytomyr region has an appropriate resource base and implemented
examples of effective use of biomass in energy.

The feasibility study of various types of fuel allowed us to identify
economically profitable areas for potential investments. In particular, baled
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straw and wood chips turned out to be the most balanced in terms of cost,
efficiency and availability. Provided that the state, municipalities and
international donors support, biomass-based thermal energy production
projects have a high potential for implementation. Thus, the development of
bioenergy is an important component of the national energy transformation
and a key direction in the country's sustainable development strategy.

The results of the research confirm the hypothesis that global fluctua-
tions in prices for traditional energy carriers create the prerequisites for
increasing the economic feasibility of implementing local bioenergy projects,
especially in the presence of a stable resource base and a moderate level of
investment support. The conducted feasibility study of various biofuel
options (wood chips, baled straw, pellets) confirmed their competitiveness
compared to natural gas and electricity, which indicates the significant
potential of such solutions in the conditions of the modern energy market.
Thus, the hypothesis of the study has been empirically confirmed.

The methodological platform for further research is the development
of models for integrating bioenergy solutions into regional energy strategies,
which will allow increasing the energy sustainability of territories, mini-
mizing dependence on imported energy carriers and ensuring the achie-
vement of the goals of decarbonization of the Ukrainian economy.
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ESG AIK APAVBEP
KOHKYPEHTOCIIPOMOXHOCTI
TA BIBHEC-LIIHHOCTI

Inmezpayia exonociunux, coyianvHux ma ynpas-
qincvkux (ESG) ¢pakmopie y kopnopamusui cmpa-
mezii Habynia cmamycy Kuo4yooi memu OOCi-
Odicendv y eanysi ynpaegiinma, Qhinancie ma oyxean-
mepcyvko2o 001iky. Boonouac naykosa nimepamypa
wooo "smayumocmi ona eapmocmi” posxpumms
ingopmayii npo ESG ma it 63aem036 5130K 3 pe3yitb-
mamamu  OBLILHOCMI  MA  OYIHKOIO — 8apmMocmi
3AIUMAEMBCSE PPASMEHMAPHOIO, 3 PO30IICHUMU
meopisamu ma pesyiemamaviu. Kapmyeanna yiei
2anysi € HeoOXIOHUM O cUCMeMamu3ayii Koxyen-
MYQIbHUX OCHOB, BUOKDEMIEHHS HPOBIOHUX HANpSi-
Mi6 Q0CTONCEHb MA  BUABNEHHA NPOSAIUH, WO
dopmyroms  ouckycito npo ESG sk wunHuxa
CMEOpeHHs. Kopnopamuenoi eapmocmi. Memoro
OOCTIONCEHHS € BUBHEHHSL eBOMOYIl AKAOEMIUHUX
docnioxncernv 3 numanv ESG, poskpumms ingop-
Mayii, eghekmusHoCmi ma OYIHKU 3 AKYEHMOM HA
momy, wo ESG 6yrno wxonyenmyanizogamno sk
haxmop KOHKYPEHMOCHPOMOICHOCMI MA  CMBO-
Ppentsi 00820cmpoKosoi eapmocmi. Iinomesa, wjo
JIeXHCUMB 8 OCHOBI OOCTIONHCEHHS, NOA2AE 8 MOMY,
wo penesanmuicmov ESG y ¢hopmyeanni punkosoi
eapmocmi  3pocia  nicis  ceimoeoi  (IHAHCOBOT
Kpusu, a OOCHOHUYbKULL QOKYC NOCmynogo
IMICMUBCSA B0 ONUCOBUX NIOX00I8 00 AHATIMUYHUX
ma 3acHo8aHux Ha epexmusHocmi oyinok. Omoice,
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VOSviewer, the study maps co-citation networks,
co-occurrence of keywords, and semantic cluste-
ring to identify main theoretical streams,
influential journals, authors, and emerging
topics in the ESG-value relevance debate.
Findings reveal distinct research clusters sho-
wing that ESG integration enhances reputation
and market valuation, especially when suppo-
rted by strong governance and incentives. Key
themes include double materiality, impact inves-
ting, and executive compensation tied to ESG
metrics, with evidence that ESG-linked pay
fosters measurable improvements in sustai-
nability outcomes, though short-term financial
effects remain mixed. ESG strategies, steadily
evolving from a voluntary practice aimed a
legitimation of the firm to a determinant of
competitiveness and business value. Such evolu-
tion is reshaping academic inquiry and corpo-
rate valuation models while enhancing long-
term value creation philosophy.

Keywords: ESG, competitiveness, market
value, business valuation, sustainability repor-
ting, corporate governance, EU regulation.

JEL Classification: C55, M14, M41, G32, Q56.

Introduction

gaxmopu ESG npusepmaroms dedani binvue yéazu
6 eanysi oyinku OisHecy. Memodonoeis Oocni-
OHCeHHs1 6a3yeEmMbCsi HA OLOIOMEMPUYHOMY AHANIZI,
NPOBEOEHOMY 3 GUKOPUCTAHHAM HAYKOMEMPUYHOT
niameopmu Web of Science. 3a o0onomoeorwo
npoepamnozo 3abezneuenns VOSviewer y docni-
OHCEHHI BI00OPAINCEHO MEPEICE CRIIbHUX YUNTYBAHD,
CNilbHY NO0AGY KMOYOBUX CIE MA CEMAHMUYHE
KIacmepu3y8anHs O 8UABNEHHS OCHOBHUX meope-
MUYHUX HANPAMIE, 6NJIUE0UX JiCYPHANE, A6MOPIE
ma Hosux mem y debamax 1000 3uauywocmi ESG
ona eapmocmi. Pe3ynomamu 00CHiOd#CeHHs noKa-
3yromo, wio inmezpayis ESG nokpawgye penymayiio
Ma puHKO8y OYIHKY, 0COOIUB0 3a YMOBU NIOMPUMKU
CUTLHO20 YNPasninHA ma cmumynie. Kmouosi memu
BKIIOUAIOMb NOOGIUHY CYMMEGICMY, HeeCuyii 3
COYIANbHUM 6NIUBOM MA BUHA2OPOOY KEPIGHUKIE,
nog’sizamy 3 noxkasuuxamu ESG, 3 dokazamu moeo,
wo eunazopoda, nos’sizana 3 ESG, cnpuse nomim-
HOMY NOJUNUIEHHIO pe3yilbmamis y cghepi cmanoeo
PO3BUMKY, OOHAK KOPOMKOCMPOKOSI (PiHaHCOGI
eghexmu 3anuuaomsca HeoOHosHauHumu. Cmpa-
meeii ESG nocmynoso esontoyionyroms 6i0 000po-
BLILHOI NPAKMUKY, CHPAMOBAHOI HA Ne2iMUMi3ayiro
KOMNAHIL, 00 8UBHAUAIbHOLO YUHHUKA KOHKYDEHMO-
cnpomooicHocmi ma bisnec-yinnocmi. Taxa egomo-
Yisi 3MIHIOE aKademiuHi OOCTIONCEHH ma MoOei
KopnopamueHoi OYiHKU, OOHOYACHO MNOCUTIONOHU
@inocogiio cmeopentss 00620cmpoKo6oi YiHHOCI.

Knwuosi cnosa: ESG, koHKypeHTOCTIPO-
MOJKHICTB, PHHKOBa BapTiCTh, OLIHKa Oi3HECY,
3BITHICTH MPO CTAJIMH PO3BUTOK, KOPIOPATHBHE
yIpasiiHHS, peryntoBanus €C.

The pursuit of sustainable development capable of meeting present

needs without compromising the ability of future generations to satisfy their
own has progressively reshaped business, finance, and accounting systems
worldwide. Climate change, social inequalities, and corporate governance
failures have heightened the urgency to embed sustainability principles into
corporate strategies and valuation models (United Nations, 2015a, 2015b;
European Commission, 2018). The European Green Deal, the EU Taxonomy,
and the Corporate Sustainability Reporting Directive (CSRD) represent
milestones in this process, positioning Environmental, Social, and
Governance (ESG) disclosure as a key tool for market transparency, capital
allocation, and competitiveness (European Commission, 2022).

The concept of ESG, originally introduced in the report Who Cares
Wins (Compact, 2004), has evolved from voluntary corporate practices into
a framework shaping investor decisions, regulatory requirements, and
academic inquiry. Firms with strong ESG performance benefit from repute-
tional advantages, enhanced stakeholder trust, and lower capital constraints
(Cheng et al., 2014; Fatemi et al., 2018; Eliwa et al., 2021). Moreover, ESG
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disclosure reduces information asymmetry, strengthens governance mecha-
nisms, and supports more accurate valuation practices (Suhartati et al., 2024).
However, the relationship between ESG and firm performance remains
contested, with studies reporting positive (Friede et al., 2015; Albuquerque
et al., 2020), negative (Di Giuli & Kostovetsky, 2014; Busru, 2021), or
insignificant effects (Chauhan & Kumar, 2018; Kartal et al., 2024). More
recently, Bruna et al. (2022) highlighted that the relationship is not linear but
curvilinear (U-shaped), showing a marginal effect: while in the initial stages
ESG investments may negatively affect financial performance due to the
costs of non-financial objectives, beyond a certain turning point these efforts
translate into improved performance.

Controversial results emerged over time has fostered an expanding
body of literature aimed at clarifying the "value relevance"” of ESG
disclosure, defined as the extent to which sustainability information explains
variations in firm valuation (Francis & Schipper, 1999; Natale, 2015). In this
context, bibliometric approaches have proven particularly effective in
mapping the intellectual development of ESG research, identifying leading
authors, journals, and theoretical clusters (Jain & Tripathi, 2023; Senadheera
etal., 2022; Wan et al., 2023; Zeng et al., 2024).

Recent reviews highlight four dominant streams: ESG investing, ESG
disclosure and integrated reporting, ESG performance and firm value, and
corporate governance and ESG (Jain & Tripathi, 2023; Galletta et al., 2022).
The COVID-19 pandemic has further intensified interest, with ESG funds
outperforming conventional funds in times of crisis (Nofsinger & Varma, 2014;
Takahashi & Yamada, 2021). Emerging themes include double materiality,
ESG-linked executive compensation, assurance of non-financial information,
and the role of ESG standards in reducing greenwashing risks (Galletta
et al., 2022; Zeng et al., 2024).

Against this backdrop, the present study contributes by systematically
mapping the academic debate on ESG, disclosure, performance, and
valuation through bibliometric analysis of Web of Science publications. The
objective is to provide a comprehensive understanding of how ESG has been
conceptualized as a driver of competitiveness and long-term value creation,
while highlighting areas where theory and evidence remain fragmented.

Based on this aim, the following research questions guide the study:

RQ1: What is the intellectual development and knowledge structure of
the ESG literature concerning disclosure, performance, and valuation?

RQ2: How have research streams on ESG and corporate value evolved
over time, and what dominant clusters can be identified?

RQ3: Which authors, journals, and institutions have most influenced
the debate on ESG as a determinant of competitiveness and business value?

RQ4: What are the main gaps and unresolved controversies in the
literature regarding the value relevance of ESG disclosure?

RQ5: Which future research directions emerge from the bibliometric
analysis of ESG-related studies in management, accounting, and finance?
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The research rests on the hypothesis that the relevance of ESG in
business valuation has significantly expanded after the global financial crisis.
To test this hypothesis, a bibliometric methodology was employed using data
retrieved from Web of Science. VOSviewer was used to map co-citation
networks, keyword co-occurrences, and thematic clusters, while performance
analysis identified influential authors, journals, and countries. The dataset
covers peer-reviewed journal articles, excluding grey literature, with the time
frame spanning from 1999 to 2025. Limitations concern the restriction to two
databases and the reliance on bibliometric indicators, which may not fully
capture qualitative contributions or practitioner insights.

The paper is structured as follows: Section 1 presents the data
collection procedures and methodology; Section 2 provides the bibliometric
results and cluster analysis; Section 3 discusses the main findings in light of
existing literature; and Section 4 concludes by outlining implications,
limitations, and directions for future research.

1. Research design
1.1. Data sources and sample characteristic

To explore the academic debate on ESG, disclosure, performance, and
corporate valuation, this study employs a bibliometric analysis. The data were
collected from one of the most comprehensive and internationally recognized
bibliographic databases, Web of Science (WoS). This platform was chosen for his
extensive coverage of peer-reviewed journals in management, finance, account-
ting, and sustainability, and their reliability in providing citation and co-citation
information (Baas et al., 2020; Donthu et al., 2021).

The search strategy was designed to capture publications that
explicitly address the intersection of ESG with corporate performance and
value creation. Keywords included variations of "ESG", "environmental,
social and governance™, "sustainability disclosure", "firm value", "corporate
valuation”, and "performance". The search was applied to the title, abstract,
and author keywords fields to ensure relevance. Only journal articles and
reviews were considered, while grey literature such as conference papers,
book chapters, and editorials was excluded to guarantee the academic
robustness of the dataset (Wan et al., 2023; Senadheera et al., 2022).

The time frame spans from 1999 to 2025. The retrieval was conducted
in 2025, yielding an initial sample of 982 records. After a screening process
to exclude irrelevant subject areas, and non-English publications, the final
dataset consisted of 796 records.

The bibliometric dataset was subsequently processed using VOSvie-
wer to generate co-citation maps, keyword co-occurrence networks, and
cluster visualizations (Aria & Cuccurullo, 2017; van Eck & Waltman, 2010).
These tools allow the identification of intellectual structures, dominant
research streams, and emerging topics in the ESG-value relevance debate.
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Table 1 summarizes the rationale, objective, eligibility criteria, and

scope of the selected dataset.
Table 1
Sample criteria and data collection strategy

Indicator Description

The paper analyses the evolution of academic research on ESG disclosure,
performance, and corporate valuation, investigating its role as a driver of
competitiveness and long-term value creation. The aim is to investigate

Rational and how ESG has been conceptualized as a driver of competitiveness and long-

objective term value creation, highlighting its role in shaping corporate strategies
and financial performance. Particular attention is devoted to the evolution
of the literature, the identification of dominant research streams, and the
gaps that persist in linking ESG disclosure to firm value

The study applies a bibliometric analysis to systematically review and map
the literature on ESG, disclosure, performance, and corporate valuation.
The process relies on rigorous selection criteria and quantitative science-
mapping techniques to ensure objectivity and reproducibility

Only peer-reviewed journal articles and reviews written in English were
included to ensure academic rigor. Grey literature such as conference
proceedings, book chapters, editorials, and non-scholarly documents was
excluded. The search was restricted to publications indexed in Web of
Science, covering the period 1999-2025, and focused on the intersection of
ESG, disclosure, performance, and corporate valuation

Study design

Eligibility criteria

Publication time

frame

Language English
We selected the following codes to be searched in the source database:
TS = ("ESG" AND "value relevance")

Search strategy TS = ("Environment*" AND "value relevance™)

TS = ("Governance*" AND "value relevance")

TS = ("Social" AND "value relevance")

Results found: 796

Sum of the Times Cited: 39919

Average Citations per Item: 50.15

H-index: 86

All years

Sample

Source: compiled by the authors.
1.2. Methodology

This research employs a bibliometric analysis to systematize the
literature on ESG, disclosure, performance, and corporate valuation, following
established approaches in recent research (Paltrinieri et al., 2019; Bahoo
et al., 2020a; Ahmad & Naz, 2021; Soeryanto Soegoto et al., 2022). As argued
by Bahoo et al. (2020b), bibliometric methods present several advantages
compared to traditional systematic reviews: (i) they reduce sample selection bias
through rigorous and transparent data collection; (ii) they combine quantitative
mapping with qualitative interpretation; and (iii) they allow researchers to
handle large datasets and detect emerging topics objectively (Naciti et al., 2022).
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For the analysis and visualization, we relied on VOSviewer (van Eck &
Waltman, 2010), which enables the construction of co-citation, co-
authorship, and keyword co-occurrence networks. The clustering of biblio-
metric networks was based on the "unified approach"” proposed by Waltman
et al. (2010), which groups items according to both distance and the strength
of their connections. In this framework, the prominence of a keyword is
determined by the number of publications in which it appears, while the
strength of the link between two keywords is measured by their frequency of
co-occurrence across titles, abstracts, and author keywords.

To capture the intellectual development of the field, we performed:

Keyword analysis, aimed at identifying the most frequent terms and
their temporal evolution. A chronological distribution was computed using
the weighted average year of occurrence for each keyword, in order to trace
how academic interest has shifted over time.

Co-citation analysis, which clustered references cited together in the
sampled publications, thus revealing the theoretical foundations under-
pinning the ESG-value relevance debate.

Network visualization, where nodes represent items (keywords,
authors, or journals) and edges represent the strength of their relationships,
enabling the detection of dominant research streams and emerging themes.

Country analysis, conducted to map the geographical distribution of
publications and the collaboration networks across nations.

Finally, to complement the mapping, we examined the most frequently
cited articles and journals in the dataset (Figure 1). These results were
combined with cluster analysis to uncover the main conceptual pillars of ESG
research and to assess how disclosure and performance have been linked to
firm value and competitiveness.
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Figure 1. Distribution of document types in ESG-related publications (2001-2025)

Source: authors’ elaboration from Web of Science.

116 ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2025. N2 5



ENTREPRENEURSHIP

Publications

2. Results
2.1. Descriptive analysis

Early access papers constitute a smaller but growing share, showing
the dynamism of current research activity, while conference proceedings and
book chapters remain marginal. This indicates that the debate on ESG
disclosure, performance, and valuation is largely anchored in high-quality
journal outlets.

Figure 2 shows the annual number of publications and citations from
1999 to 2025. The trend confirms a progressive growth of interest, with an
initial phase of sporadic contributions until the early 2000s, a first
acceleration after the global financial crisis of 2008, and a significant surge
after 2015, coinciding with the UN 2030 Agenda and the Paris Agreement.

The peak in 2020 reflects the impact of the COVID-19 pandemic,
when ESG was increasingly explored as a resilience factor.

Citations also grew steadily, confirming the consolidation of ESG as
a mainstream research field in accounting, finance, and management.
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Figure 2. Annual number of publications on ESG, disclosure, performance,
and corporate valuation (1999-2025)

Source: authors’ elaboration from Web of Science.
2.2. Country analysis

Figure 3 shows the geographical distribution of publications. The
United States dominates, followed by England, Australia, Italy, and China,
confirming the centrality of Anglo-Saxon and European contexts. Countries
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such as Canada, New Zealand, and South Korea also contribute actively,
while emerging economies (India, Indonesia, South Africa) remain underrep-
resented, despite facing significant sustainability challenges.

Overall, the distribution highlights a globalization of ESG research,
but with persistent geographical imbalances in scholarly production.

Figure 3. Geographical distribution of ESG-related publications by country

Source: authors’ elaboration from Web of Science.

2.3. Journal analysis

Table 2 reports the most active journals in the field. The analysis
shows a concentration of publications in a limited number of academic
outlets, with leading contributions from Journal of Financial Reporting and
Accounting (3.2%), Business Strategy and the Environment (2.3%), Journal
of Accounting and Public Policy (2.2%), Corporate Social Responsibility and
Environmental Management (2.1%), and Journal of Applied Accounting
Research (2.0%).

These journals represent the core platforms where ESG-related studies
are most frequently disseminated. Specialized outlets such as Journal of
Business Ethics, Journal of Cleaner Production, and Corporate Governance:
An International Review also play a pivotal role in shaping the debate, while
broader accounting, finance, and management journals (e.g., Accounting
Review, International Journal of Accounting, Journal of Business Finance &
Accounting) provide significant complementary contributions.

The wide range of journals highlights the multidisciplinary nature of
ESG research, which spans across accounting, finance, business ethics, and
management studies.

118 ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2025. N2 5



ENTREPRENEURSHIP

Table 2
Top journals of ESG-related publications in the dataset
Journal | Record count | % of 796
Journal of Financial Reporting and Accounting 26 3.2
Business Strategy and the Environment 19 2.3
Journal of Accounting and Public Policy 18 2.2
Corporate Social Responsibility and Environmental Management 17 2.1
Journal of Applied Accounting Research 16 2.0
Accounting Review 16 2.0
International Journal of Accounting 15 1.8
Journal of Business Finance Accounting 15 18
Contemporary Accounting Research 15 1.8
Journal of Business Ethics 14 1.7

Source: compiled by the authors.
2.4. Keyword and cluster analysis

Figure 4 presents the keyword co-occurrence network. "Value relevance"
Is the most central concept, strongly linked to corporate social responsibility,
financial reporting quality, earnings management, and climate change.

Other clusters emphasize governance issues (e.g., audit committees,
board diversity, agency problems), social dimensions (e.g., trust, social
media, customer satisfaction), and environmental themes (e.g., greenhouse
gas emissions, pollution).
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Figure 4. Network visualization of keyword co-occurrence

Source: authors’ elaboration from VVOSviewer.
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Figure 5 shows the overlay visualization by year, confirming the
evolution of the debate. Early contributions focused on accounting and finan-
cial constructs (e.g., earnings quality, conditional conservatism, analyst cove-
rage), while recent studies emphasize double materiality, stakeholder enga-
gement, greenwashing, and social trust. This reflects the progressive integ-
ration of ESG into corporate valuation models and the shift from descriptive
to performance-based approaches.
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Figure 5. Overlay visualization of keyword co-occurrence
by year (2016-2024)

Source: authors’ elaboration from VVOSviewer.

2.5. Most cited documents

Table 3 presents the top five most cited documents in the dataset. The
most influential is Healy & Palepu (2001) on information asymmetry and
disclosure, with over 3 600 citations. Other seminal works include Dechow
et al. (2010) on earnings quality, Ball et al. (2000) on institutional factors in
earnings properties, Larcker & Rusticus (2010) on instrumental variables in
accounting research, and Barth et al. (2008) on international accounting
standards. These results confirm that the ESG-value relevance debate builds
on the foundations of financial reporting and disclosure research, which
provide the conceptual framework for subsequent ESG-oriented studies.
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Table 3
Top five most cited publications on ESG, disclosure, performance, and valuation

Total Avg. per

Rank Reference Journal Year ..
citation year

Healy, P. M., & Palepu, K. G.
(2001). Information asymmetry,

corporate disclosure, and the capital JAOCUJQS:]SL
1 markets: A review of the empirical & 9 2001 3.677 147.08
disclosure literature. Journal of Economics
accounting and economics, 31(1-3),
405-440
Dechow, P., Ge, W., & Schrand, C.
(2010). Understanding earnings
que}lity: A re_view of the pr_oxies, ‘]Aocucrgjrl]gr]g
2 their determinants and their & 2010 1.839 114.94
consequences. Journal of Economics

accounting and economics, 50(2-3),
344-401.

Ball, R., Kothari, S. P., & Robin, A.
(2000). The effect of international Journal of
institutional factors on properties of = Accounting

8 accounting earnings. Journal of & 2t Lz 61.04
accounting and economics, 29(1), Economics
1-51.
Larcker, D. F., & Rusticus, T. O.
(2010). On the use of instrumental JAOSJSSL'SI]
4 variables in accounting & 9 2010 1.505 68.72
research. Journal of accounting and .
economics, 49(3), 186—205. Economics
Barth, M. E., Landsman, W. R., &
Lang, M. H. (2008). International
; Journal of
accounting standards and X
. accounting quality. Journal of éggg;r;tr:ng 20 128 Ll

accounting research, 46(3),
467-498.

Source: compiled by the authors.
3. Discussion

The bibliometric results provide several insights into the evolution of
the ESG-value relevance debate. First, the descriptive analysis confirms the
exponential growth of academic interest in ESG disclosure and performance
after the global financial crisis and, more prominently, after the adoption of
the UN 2030 Agenda and the Paris Agreement. This pattern is consistent with
prior studies that documented the shift of sustainability from a voluntary
practice to a mainstream determinant of competitiveness and firm value
(Friede et al., 2015; Wan et al., 2023). The surge observed during the
COVID-19 pandemic also corroborates findings that ESG-oriented firms and
funds exhibit greater resilience in times of crisis (Nofsinger & Varma, 2014;
Takahashi & Yamada, 2021).
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The country-level analysis highlights the dominance of Anglo-Saxon
and European contexts, with the United States, England, and Italy among the
leading contributors. This distribution mirrors both the strong regulatory
emphasis of the European Union (European Commission, 2022) and
the investor-driven dynamics in the US (Cheng et al., 2014). However, the
underrepresentation of emerging economies indicates a structural gap in
the literature, despite the fact that sustainability challenges are often more
acute in those contexts. Similar concerns have been raised by previous
bibliometric studies (Galletta et al., 2022; Zeng et al., 2024), suggesting the
need for broader internationalization of ESG research.

The journal analysis confirms that ESG scholarship is concentrated in a
limited set of outlets, such as Journal of Business Ethics, Journal of Cleaner
Production, and Business Strategy and the Environment. These journals bridge
management, accounting, and sustainability, reinforcing the multidisciplinary
nature of the debate (Jain & Tripathi, 2023; Senadheera et al., 2022). The strong
role of publishers such as Emerald, Elsevier, and Wiley reflects their capacity to
act as hubs for the consolidation of this field, while the presence of smaller
publishers indicates fragmentation and the coexistence of diverse perspectives.

Keyword and cluster analysis reveal that "value relevance" and
"corporate social responsibility" represent the core conceptual anchors,
surrounded by streams focusing on governance mechanisms, financial
reporting quality, and climate-related risks. These findings resonate with
prior evidence that ESG performance and disclosure are closely tied to
reputation, stakeholder trust, and access to finance (Fatemi et al., 2018; Eliwa
et al., 2021). At the same time, the overlay visualization suggests a
progressive thematic shift: early studies focused on accounting constructs
such as earnings quality and conservatism, while recent contributions engage
with double materiality, stakeholder engagement, and greenwashing
(Suhartati et al., 2024). This transition indicates that ESG has become a key
factor shaping corporate legitimacy and long-term competitiveness.

Finally, the analysis of the most cited works demonstrates that ESG
research is deeply rooted in the traditional accounting and disclosure literature,
particularly the seminal works on information asymmetry (Healy &
Palepu, 2001), earnings quality (Dechow et al., 2010), and international
accounting standards (Barth et al., 2008). This confirms that the debate on
ESG value relevance cannot be detached from the broader evolution of
financial reporting research (Francis & Schipper, 1999). By building upon
these conceptual foundations, the ESG literature has expanded the scope of
accounting inquiry, integrating environmental, social, and governance
dimensions into firm valuation models.

Recent developments of research open to a diverse way to interpret
the relationship between financial performance and ESG performance. In this
regard, Bruna et al. (2022) emphasize that mandatory disclosure regimes and
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institutional support are crucial in transforming ESG from a cost into a source
of financial value, especially for smaller firms. Their findings suggest that
regulation can play a decisive role in ensuring that sustainability commit-
ments translate into tangible economic outcomes.

Taken together, these findings suggest that ESG disclosure has
evolved from a marginal and voluntary initiative to a central determinant of
competitiveness and corporate value creation. However, the fragmentation
across countries, journals, and methodological approaches still limits the
consolidation of a unified theoretical framework, leaving room for future
contributions that bridge existing gaps.

Conclusions

This research explored the evolution of ESG-related research with a
focus on disclosure, performance, and corporate valuation. By applying
bibliometric methods to a dataset of 796 publications indexed in Web of
Science, the analysis revealed the intellectual foundations, thematic clusters,
and emerging trends that characterize the debate on the value relevance of
ESG. The findings confirm that ESG has evolved from a voluntary practice
to a mainstream determinant of competitiveness and long-term value
creation, with research activity intensifying after the global financial crisis,
the Paris Agreement, and the COVID-19 pandemic.

Implications

The results highlight the multidisciplinary nature of ESG research,
spanning accounting, finance, and management. The centrality of "value
relevance" and "corporate social responsibility" underscores the integration
of traditional accounting constructs with broader sustainability concerns,
encouraging scholars to further investigate the link between disclosure
quality, governance, and corporate value.

For companies, the growing body of evidence suggests that ESG
disclosure is increasingly scrutinized by investors and regulators, affecting
market valuation and access to capital. Firms that integrate ESG into their
strategies can strengthen their reputation, mitigate risks, and attract
sustainable investment.

The dominance of European and US contributions reflects the role of
regulatory frameworks such as the CSRD. Policymakers should continue to
promote harmonization of standards and comparability of non-financial
information to reduce greenwashing and enhance the reliability of ESG data.

Limitations

Despite its contributions, this study is not without limitations. First,
the dataset is limited to the Web of Science database, excluding potentially
relevant publications indexed in Scopus or other repositories. Second, the
analysis considered only English-language publications, which may bias the
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geographical scope. Third, bibliometric methods focus on quantitative
mapping and citation analysis, without fully capturing the qualitative depth
and theoretical nuance of individual studies.

Future research

Future studies could address these limitations by integrating multiple
databases and including non-English literature to capture a more global
perspective. Moreover, sector-specific analyses (e.g., banking, energy,
technology) could provide insights into how ESG value relevance differs
across industries. Methodologically, combining bibliometric mapping with
systematic reviews or meta-analyses could yield a more comprehensive
understanding of ESG-performance linkages. Finally, greater attention
should be given to emerging markets, investor perspectives, and the impact
of evolving regulations on the adoption and effectiveness of ESG disclosure.
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CTPATEFII 3ENEHOI
NOTICTUKNA

Jloeeoeno cmpameeiune 3HaueHHs 3eneHOl
JAOICIUKU 6 YNPAGIIHHI TAHYIO2AMU NOCAYAHHA,
Wo npu3600UmMb 00 3MEHUIEHHS] He2AMUBHO20
8NIUBY OIATLHOCMI NIONPUEMCME HA OOBKIIA MA
3abe3neyye OANAHC MIdHC eKOHOMIYHOIW eheKmug-
HICMIO, eKOJIO2IMHOI0 0e3NeKo0 U COYIANbHUM
epexmom. Cehopmynvosaro zinomesy npo Hase-
HICMb CUHEp2ii MIdIC 3eeHUM MAPKeMUHeOM |
3€IeHOI0 JI02ICMUKOI0 01 (POPMYBAHHSA eKON02IU-
HOi' cgioomocmi, peanizayii 3enenux iHiyiamus
i 3abe3neuenHs cmano2o po3gUMKyY NiONPUEMCME
mopeieni. Busnaueno nanpamu peanizayii cmpa-
meeili 3eeHol 102iCmUKY, 30Kpema onmumisayis
MPAHCNOPMHUX ~ MAPULPYMIB,  BNPOBAONCEHHS
eHepeoehexmUGHUX  TMEXHONIORIN,  3aCMOCYBaANHs
QILIMEPHAMUBHUX ~ Odicepell  eHepell, YNpasiHHs
8I0X00aMU MA NOBMOPHE BUKOPUCMAHHS NAK)-
sanbHux mamepianie. Ocobnuso aKyeHmosaHo Ha
opmysanHi  eKonoiuHOI C8I0OMOCIE  YUACHUKIB
JAHYI02I8 NOCMAYAHHS Yepe3 CUHEPSeMmUUHY
83aEMO0TI0 3eNICHUX KOMYHIKAYILL Ma J0SICIMUYHUX
3€NeHUX Pilietb, WO CNPUSE NIOBULYEHHIO CINILIKUX
CROCUBHUX NPehepeHyiil, NOCUNEHHIO 00I3HAHOCMI
napmuepie ma CMuMyII08aHHIO BIONOGIOAILHOT
noeedinku. Posensinymo ymoeu egpexmuenoi peai-
3ayii cmpameziti 3e1eHOi 102ICMUKY, 8KII0YAIOqU
DO3DOONICHHS. €OUHUX CMAHOAPMIE OYIHIOBAHHS,
opmy6arHs YHIIKOBAHUX NOKAZHUKIE, MOHIMO-
PUHZ HENPAMUX eKOJIO2IYHUX 6NIU6I6 ma IHmespa-
Yit0 EeKOHOMIYHUX, eKOJIOIYHUX, COYIAIbHUX [
MEeXHONI02IYHUX KpUmepiis y cucmemy YnpaeiHHs
JIGHYIO2aMU NOCMAYAHHA. 3anponoHO8aHUl NIOXiO
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ENTREPRENEURSHIP

companies to minimise environmental risks,
improve the efficiency of logistics processes, streng-
then competitive positions, and create additional
value for all participants in the supply chain.

Keywords: strategy, green logistics, supply
chains, logistics systems, supply chain adap-
tation, green distribution, environmental aware-
ness, sustainable development.

0036071UMb  NIONPUEMCINGAM MOPSIGLE MIHIMIZY-
6amu eKONO2IYHI PUsUKU, NIOGUWUMU epexmue-
HICMb JI02ICMUYHUX NPOYECIs, 3MIYHUMU KOHKY-
PpeHmHi nosuyii ma cmeopumu 000amKo8y YiH-
HICMb 01 8CIX YHACHUKIB NAHYI02A NOCMAYAHHS.

Knwouosi crnoea: crtparerii, 3eneHa JoTic-
THKA, JIAHIFOTH [TOCTaYaHHs, JIOTICTHYHI CHCTEMH,
aianTarlist JaHIIOTIB OCTa4YaHHsl, 3eJIeHa JUCTPH-
Oy1isl, €KOJIOTIYHA CBIIOMICTB, CTAINI PO3BHTOK.

JEL Classification: D21, D62, L81.

Introduction

In the context of globalization of trade, environmental safety plays a
key role in the development and implementation of green logistics strategies
in supply chains. These processes are particularly significant within the
framework of the European Green Deal, which guides countries and
enterprises towards achieving climate neutrality and developing a sustainable
economy. The effectiveness of their implementation determines the
possibilities for improving the environmental condition through energy
consumption, emissions of harmful gases, waste generation, and other
environmentally significant aspects. Therefore, green logistics strategies in
trade enterprises, aimed at integrating environmental principles into the
planning, organization, execution, and control of logistics operations, are
highly relevant.

The issues of selecting, unifying, and developing an integrated system
of evaluation indicators, as well as ways to increase the efficiency of green
logistics, are particularly important for the formation of effective logistics
systems, the construction of optimal logistics chains, ensuring the
competitiveness of trading enterprises in the long term, and achieving their
strategic target goals. In view of the growing global environmental
challenges, such areas of green logistics as optimization of transportation
flows to reduce emissions, efficient distribution and recycling of waste,
environmentally safe disposal of materials, the use of renewable energy
sources, and rational consumption of natural resources are gaining significant
importance. Moreover, the integration of environmental standards into
logistics processes leads not only to a reduction of negative environmental
impact but also to an increase in the resilience of logistics systems.

The effectiveness of green logistics encompasses a set of indicators
that characterize the level of greenhouse gas emission reductions, the rational
use of energy and material resources, the reduction of the negative impact of
logistics processes on the environment, as well as the improvement of
companies’ environmental responsibility. In other words, it is an integral
indicator of the performance of logistics systems, combining economic,
environmental, and social aspects of the functioning of their elements within
supply chains.
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The issues of green logistics, its ecological, economic, and organi-
zational components, as well as the processes of assessing efficiency in all
areas of society’s functioning, are actively studied by both foreign and
Ukrainian researchers. The article (Bondarenko et al., 2024) notes that
environmental problems, the socially responsible orientation of the world’s
population, and the promotion of a healthy lifestyle necessitate the imple-
mentation of the concept of "green smart cities”, within which green
marketing and green logistics play a key role. Indeed, today the intercom-
nection between green marketing and green logistics creates an integrated
impact on the strategic development of both cities and enterprises. Scholar
Salo (2023) notes that the achievement of logistical activity goals is ensured
through the synthesis of economic, social, and environmental components,
which form the framework of "green logistics" and provide the unity of
interaction of resource-saving technologies. Researchers Reznik and
Marynina (2024) also emphasize that the combination of these components
contributes to achieving both quantitative and qualitative goals of logistical
activity, enhancing the impact of green logistics on sustainable development.

On her part, Kalycheva (2023) focuses on the interrelation between
the concept of ’green logistics’ and the concept of sustainable development,
and also argues that the effective implementation of green logistics principles
should be based on technical, organizational, and environmental factors.
According to Dorosh (2024), the future of green logistics is directly linked to
the automation of the supply chain, while the critical role in achieving its
objectives and overcoming barriers to implementing green logistics lies in
cooperation between companies, the government, and society. The empirical
results of research by Sarkis and Zhu (2024) justify that regulatory pressure
(economic, consumer pressure, and government support) is the strongest
driver for the adoption of green logistics practices, emphasizing the
importance of complying with environmental regulations and standards.
Seuring and Miiller (2025) analyze the evolution and current state of research
in the field of Green Logistics Management (GLM). They pay particular
attention to the integration of environmental aspects into supply chains,
sustainability measurement, reverse logistics, waste management, and
recycling. The research findings indicate that GLM is strategically important
for achieving ecological stability and sustainable development in logistics
operations.

Research conducted by scientists on the example of about five
hundred manufacturing companies in Indonesia (Rizki et al., 2022) allowed
them to conclude that green procurement, green marketing, green manu-
facturing, and green design as key elements of Green Supply Chain
Management (GSCM), together with environmental awareness, are decisive
in the performance indicators of sustainable enterprise development. At the
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same time, eco-design, internal environmental management, environmental
education, cooperation with customers, and green information systems do not
affect sustainable development indicators. Meanwhile, Fransoo and
Winkenbach (2024) reveal the specifics of the impact of digital technologies
on the sustainable development of global supply chains through the prism of
green logistics management. They analyze how the use of big data, the
Internet of Things (IoT), and artificial intelligence contributes to reducing
CO: emissions, optimizing routes, and improving waste management. The
authors also emphasize the importance of integrating environmental criteria
into digital platforms to achieve sustainable development in supply chains.

Visualization of scientific connections between publications (Figure 1)
using Connected Papers (n. d.) allows us to establish that:

« green logistics is rapidly developing as a scientific field (the number
of publications has significantly increased in 2023-2025);

» the central research cluster integrates various directions (ecological
transport, sustainable supply chains, green technologies, green strategies,
green initiatives, environmental awareness);

« the visualized network presents both foreign and domestic authors,
indicating the inclusion of national research in the global discourse;

« some articles are devoted to general concepts of logistics, while others
focus on specialized issues of supply chains;

- the most cited works are scientific studies related to the integration
of ESG approaches into green logistics.

Despite the active development of scientific research in the field of
green logistics, for trading enterprises the problem of determining the
components for evaluating the effectiveness of implementing "green"
practices in supply chains and strategic enterprise development remains
unresolved. The efforts of theorists and practitioners are focused on studying
conceptual models or mechanisms for implementing green logistics. There is
no unified system of indicators for evaluation that would allow for a
comprehensive consideration of: environmental outcomes (emission reduc-
tion, energy efficiency, waste disposal); economic feasibility (costs and
benefits for the business); social impacts (working conditions, community
influence); managerial responsibility (compliance with ESG approaches,
transparency and strategic decision-making); and the possibilities of digital
technologies (to enhance supply chain efficiency). This complicates the
development of practical recommendations for integrating green logistics
into sustainable supply chain development.

The purpose of the article is to justify the mechanism for implemen-
ting a green logistics strategy in supply chains and to reveal its role in ensu-
ring economic efficiency, environmental safety, and the social impact of
trade enterprises’ operations.
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Figure 1. A fragment of the visualization of scientific connections between
publications of foreign and domestic researchers

Source: compiled by the authors based on (Connected Papers, n. d.).

A hypothesis has been proposed regarding the presence of synergy
between green marketing and green logistics for the formation of
environmental awareness, the implementation of green initiatives, and the
provision of sustainable development for trade enterprises.

The research methodology is based on the use of systemic and
interdisciplinary approaches, which allow for the integration of the principles
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of sustainable development, the concept of green marketing, and green
logistics. Methods of theoretical generalization, comparative, and structural-
logical analysis were also applied for the author’s interpretation of the
interrelationship between marketing and logistics green solutions.

The three sections of the main part of the article examine the essence
and role of green logistics in trade enterprises, outline the key aspects of
green logistics, and the environmental initiatives and strategies used by trade
enterprises to enhance consumer loyalty. It is proved that green logistics is a
concept of strategic development that ensures a balance between economic
performance, environmental safety in supply chains, and social impact. The
article analyzes the green initiatives of trade enterprises and substantiates the
operational and strategic aspects of green logistics. The conditions for the
effective implementation of green logistics strategies in supply chains are
defined, and their impact on the economic, environmental, and social
components of supply chains is studied. Special attention is paid to the
methods and directions of forming environmental awareness in supply chains
and the synergistic effect ensured by the interaction of green communications
and green logistics, which is manifested in the formation of sustainable
consumer preferences, increased environmental awareness of partners, and
the stimulation of responsible behavior among supply chain participants.

1. The essence and role of green logistics in trade enterprises

For trading enterprises, green logistics has special strategic signi-
ficance. Effective green logistics strategies not only enhance the efficiency
of supply chain operations but also help shape a positive company image,
strengthen consumer trust in the brand, and meet modern sustainable
development requirements.

Ukrainian researchers, in particular Zharska (2022), establish a con-
nection between the concept of green logistics and the concept of sustainable
development, emphasizing the expediency of implementing green practices
in enterprises such as green warehousing, green transporttation, green
packaging, and green management. The authors Skupeiko et al. (2022) note
that green logistics is a kind of tool for combining the economy and ecology,
which ensures increased efficiency of business activities and meeting
consumer needs without harming the environment, with the main objects
being material, informational, and financial flows. Researcher Salo (2023)
identifies three goals of green logistics: reducing traffic, limiting pollutant
gas emissions, and minimizing waste. The authors Dorosh et al. (2024) reveal
the advantages of green logistics for the company, its suppliers and partners,
clients, and society.

Foreign researchers Nagy and Szentesi (2024) note that companies
prioritizing green logistics can significantly enhance brand reputation and meet
consumer expectations. At the same time, the regular support of the government
and environmental organizations in implementing green logistics is important.

132 ISSN 2786-7978; elSSN 2786-7986. SCIENTIA FRUCTUOSA. 2025. N2 5



ENTREPRENEURSHIP

The results of Khayyat’s (2024) research have demonstrated that environmental
awareness, organizational culture, technological readiness, government
regulation, and financial support significantly influence the implementation of
green logistics practices in enterprises. In turn, Kim (2024), using mathematical
modeling methods, proves that the implementation of green logistics strategies
ensures a combination of environmental principles and profitability, as well as
coordination between the private and public sectors.

Research by scientists allows for the identification of the following
common features in the implementation of green logistics tasks: minimizing
the negative impact of logistics operations on the environment (reducing
greenhouse gas emissions, energy efficiency, use of alternative energy
sources, and waste management); optimizing supply chains (aimed at impro-
ving the efficiency of all stages of the supply chain (from raw material
procurement to delivery to the end consumer), route optimization, ware-
housing, and packaging in accordance with environmental standards);
integrating economic and social aspects (green logistics simultaneously
performs economic, environmental, and social functions); forming a positive
company image and consumer trust; and having a connection with the
concept of sustainable development and ESG.

The distinctive features in the works of researchers on the imple-
mentation of green logistics strategy are: emphasis on different levels of
application (focusing on the entrepreneurial and national levels, paying
attention to global and systemic approaches; concentrating on the integration
of green logistics into international supply chains and the use of innovative
technologies); detailing of tools and technologies (describing specific tech-
nologies in detail, such as carbon-free transport, electric vehicles, Al logistics
optimization models, or focusing on general principles, standards, and
management approaches, not always resorting to specific technological
solutions); different levels of emphasis on the social component (highlighting
social responsibility, image, and consumer trust, or focusing on economic
and environmental efficiency, with the social aspect mentioned less in detail,
except for the general principles of ESG); defining the role of the circular
economy and closed loops (closing resource and circular economy cycles or
limiting it to waste management and material reuse, without a broad analysis
of the circular economy).

The analysis results prove that green logistics in supply chains is a
comprehensive concept of flow process management that ensures the integ-
ration of economic, environmental, and social principles at all stages of the
movement of goods and services, starting from procurement planning and
transportation and ending with the disposal or reuse of products and packa-
ging. For trading enterprises, green logistics acquires specific characteristics
dictated by the particular nature of their activities. First of all, this involves
the use of environmentally safe packaging materials and the minimization of
packaging waste; optimization of transport routes and implementation
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of energy-efficient types of transport; application of “green" technologies in
warehouses and retail spaces; introduction of energy-saving measures and
reduction of carbon emissions; development of reverse logistics, which inclu-
des collection, return, reuse, and recycling of products and containers; the
need to combine economic benefits, environmental responsibility, and social
priorities, which allows achieving long-term competitive advantages. Opera-
tional and strategic levels of green logistics are presented in Table 1.

Table 1

Operational and strategic levels of green logistics

Analysis Green logistics as:
criterion operational approach strategic development concept

Purpose of Reduction of operational Formation of long-term resilience
implementation costs and optimization of of logistics systems and competitive
current logistics processes advantages
Planning level Short-term and medium- Long-term planning
term planning
Focus Transport, storage, Integration of economic, environmental,
packaging, energy saving and social goals into business strategies
Tools and Energy-saving technologies, | Eco-supply strategies, investments in
technologies route optimization, waste renewable energy, "green" partnerships,
reduction socially responsible policy
Function Performs an auxiliary Is a key element of strategic development
for enterprises function in daily processes and positioning
Implementation Resource savings and Improving corporate reputation, attracting
results improved operational investors and loyal consumers, sustainable
efficiency development of logistics systems

Source: developed by the authors.

Thus, green logistics in trade enterprises serves not only as a direction of
operational management but also as a strategic development concept that
ensures a balance between economic efficiency, environmental safety in supply
chains, and social impact, which is manifested in improving consumers’ quality
of life, promoting responsible consumption, and strengthening reputation. It
involves a set of measures and actions aimed at minimizing negative environ-
mental impact. It encompasses logistics solutions in the areas of reducing CO:
emissions through the use of environmentally friendly transportation, optimi-
zing delivery routes to reduce mileage and fuel costs, implementing energy-
efficient warehouse solutions, transition to biodegradable and recyclable packa-
ging, and digitalizing processes to enhance transparency and control at all stages
of the supply chain.

Rational use of natural resources and the preservation of biodiversity
in supply chains are key guidelines of green logistics strategy. This involves
using environmentally safe materials, optimizing packaging, minimizing
energy consumption, and implementing sustainable sourcing principles,
which contribute to maintaining ecological balance and long-term environ-
mental sustainability of commercial activities. These areas have found
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practical implementation in the green initiatives of retail networks, which
include measures for energy efficiency, resource reuse, waste recycling, and
the development of environmentally responsible supply chains (Figure 2).

LLC "EPICENTER K"

o Use of energy-saving technologies (installation of solar
power plants and providing up to 30% of shopping centers’
needs with "green” energy).

o Implementation of charging stations for electric vehicles
(development of its own network of EV charging hubs).

o Recycling of waste paper (collection and sending of
cardboard and paper packaging for recycling).

o Recycling of used batteries (installation of battery
collection containers).

o Reduction of plastic packaging and containers
consumption (implementation of large-scale projects
(#BagForYou and #BreakingUpWithPlastic))

LLC "ATB-Market"

o Implementation of a comprehensive eco-strategy aimed at
reducing plastic use and promoting a culture of responsible
consumption.

o Encouraging consumers to use biodegradable bags and
offering plastic bags for sale.

o Collection and recycling of used batteries.

o Greening and forest restoration (within the framework of
social and environmental projects, 30 hectares of forest
were donated to six regions of the country and over

LLC "SILPO-FOOD""

o Operation of the "ReCycling" supermarket (equipped with
solar panels, heat pumps for heating and cooling,
refrigeration equipment running on CO:).

» Implementation of the Silpo Recycling project “Silpo"
(includes a network of collection stations for recyclables,
where consumers receive eco-points on their loyalty card
for returning paper, plastic, metal, glass).

o Eco-friendly delivery (order delivery using electric
scooters, eco-packaging for orders).

o Organic product support program (joining the international
initiative Organic September).

o Reusable packaging programs

LLC ""NOVUS Ukraine*

Launch of its own "green" logistics center in Kyiv (the
logistics center built according to BREEAM eco-building
principles)

Use of biodegradable bags (made from corn and potato
starch and decomposing within three years).

Installation of solar panels and solar stations.

o Sorting and recycling of waste (installation of sorting
locations in the network, special containers for glass,
paper, plastic, and other waste, recycling of waste and
expansion of the range of recyclable items)

180,000 seedlings were planted).

o Use of reusable eco-boxes (introduction of eco-packaging
technologies and the appearance of “shopping boxes"
made of durable cardboard).

Figure 2. Green initiatives of trade enterprises

Source: developed by the authors.

For domestic trade enterprises, green logistics is becoming increa-
singly important. Its tools reduce the negative impact on the environment
while also serving as factors that enhance the efficiency of logistics proces-
ses. Its implementation in trade enterprises is based on the principles of
efficient resource use, waste minimization, transition to renewable energy
sources, and the application of innovative technologies. In particular, green
transportation logistics ensures a reduction in energy consumption and
operational costs through route optimization, improved quality of transpor-
tation, and decreased losses during the transportation and storage of products.
Green warehouse logistics involves energy-efficient lighting and heating of
warehouses, the use of automated inventory management systems to
minimize losses and optimize space; environmentally responsible packaging
using biodegradable and recyclable materials, as well as minimizing packa-
ging to reduce waste; a sustainable supply chain that includes selecting
suppliers with environmental certifications, reducing transportation, and
prioritizing local producers to lower the carbon footprint; as well as green
information logistics, which includes the digitization of processes, electronic
document management, and tracking environmental indicators in supply
chains to increase transparency and control of environmental impact.
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2. Conditions for ensuring the effective implementation of a green
logistics strategy in supply chains

The implementation of green logistics strategies in trade enterprises is
an important task that will create a solid foundation for the development of
environmentally conscious brands, support consumer trust, and sustain
ecological reputation. The strategic objectives of green logistics are aimed at
ensuring sustainable development by integrating environmental initiatives
into all stages of logistics processes. One of the priority areas is the reduction
of greenhouse gas emissions (CO2, CHa, N20), which is achieved through the
optimization of transportation routes, the implementation of energy-efficient
technologies, and the transition to the use of alternative energy sources.
Decarbonization of logistics operations helps reduce the impact on global
warming, which is a key factor in maintaining climate stability. In addition
to reducing the carbon footprint, green logistics aims to decrease environ-
mental pollution, particularly of the air, water resources, and soil. This is
achieved through the implementation of cleaner technologies, emission
control, and efficient management of harmful waste generated during the
storage, packaging, and transportation of goods.

The goal of developing and implementing a green logistics strategy is
to ensure the development of logistics systems by harmoniously combining
economic feasibility, environmental sustainability, and social responsibility.
While traditional logistics often prioritizes cost and speed, green logistics
pays significant attention to environmental preservation and social respon-
sibility. An important component of green logistics in the trade sector is also
reducing waste through recycling and reuse systems for packaging materials,
which helps minimize waste generation, reduce the need for primary
resources, and lessen the environmental impact on landfills. This is achieved
through phased planning based on the selection of environmentally respon-
sible suppliers and procurement optimization, the implementation of energy-
saving and "green" technologies in transportation and warehouses, the
organization of reverse logistics and product recycling, the development of
environmental awareness among employees and consumers, as well as
monitoring and evaluating the effectiveness of strategy implementation.

Despite the fact that each trade enterprise chooses its own approach to
implementing green logistics strategies, a number of directions can be
highlighted that define its unique opportunities, including: the use of electric
and hybrid vehicles; optimization of delivery routes based on modern logis-
tics software and real-time traffic data, taking into account road conditions,
weather, and customer time windows; lean inventory management; creation
of energy-efficient warehouses and heating and cooling methods; use of
biodegradable, compostable, or recyclable packaging materials; development
of waste reduction policies and responsible waste management practices;
implementation of ethical standards and building environmentally responsible
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supply chains with the harmonious functioning of all participants; and the use
of reverse logistics technologies.

Let’s consider the main conditions that contribute to the effective
implementation of green logistics strategies in the supply chains of trade
enterprises.

Taking into account the requirements of international certification
standards (Bondarenko & Siazin, 2024). The application of internationally
recognized certification standards (ISO 14001, Fair Trade Certified,
Rainforest Alliance, GOTS and PEFC) ensures the credibility of companies’
environmental statements and their adherence to greening principles. The
use of these standards provides a systematic approach to controlling the
environmental aspects of operations, optimizing resources, reducing
negative environmental impact, and increasing corporate environmental
responsibility. ISO 14001 certification promotes the formalization of envi-
ronmental management systems, allowing companies to integrate sustai-
nable development principles into logistics processes, including optimi-
zation of delivery routes, warehouse energy efficiency, and management of
transport flows to reduce emissions and resource consumption. The Fair
Trade Certified standard provides support for corporate social responsibility
and ethical trade, enabling commercial enterprises to build responsible
supply chains and reduce social risks. Rainforest Alliance certification
focuses on biodiversity conservation and the implementation of sustainable
agricultural practices, allowing companies to choose environmentally
certified suppliers and minimize the negative impact of logistics operations
on natural ecosystems. The GOTS standard ensures the use of organic
materials and compliance with social standards in textile production,
enabling the integration of environmentally friendly products into a
company’s logistics flows, supporting the concept of a closed loop and waste
minimization. PEFC certification ensures the legality and sustainability of
forest management, allowing responsible use of timber and packaging mate-
rials, optimizing resource conservation, and maintaining environmental
standards in supply chains. Thus, the implementation of these standards not
only increases the level of environmental responsibility of trading enter-
prises but also provides practical realization of the key components of green
logistics: resource optimization, emission reduction, waste management, and
the creation of sustainable supply chains.

Transparency of environmental processes in supply chains. Ensuring
the transparency of environmental reporting involves systematic and regular
informing of supply chain participants, partners, and end consumers about
the company’s environmental performance indicators and environmental
initiatives. The information in the reports should reflect key environmental
indicators, including: rational use of water, energy, and fuel; waste volumes
and greenhouse gas emissions and their dynamics; expenditures on environ-
mental protection measures and the results of their implementation; payment
of environmental taxes and rent for subsoil use; renewal of fixed assets
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considering their impact on energy efficiency and reduction of environ-
mental load; and expenses for implementing environmental initiatives. This
approach allows for increasing the transparency of logistics processes,
strengthening the brand’s reputation as a socially and environmentally
responsible business entity, and also encourages partners and suppliers to
adhere to the principles of green logistics.

Access to independent sources of control and audit. Ensuring access to
independent sources of control and auditing is an important tool for implementing
green logistics strategies in supply chains. This approach involves the introduc-
tion of external and internal systems for checking environmental practices, which
allows for the assessment of the compliance of a company’s actual activities
with established standards and certification requirements. This area includes
external audits, internal control and monitoring, transparency of audit results, and
analytical use of audit report data.

The activation of the use of digital technologies by enterprises. This
concerns the following areas:

« optimization of transportation routes: the use of Big Data and
Acrtificial Intelligence (Al) allows for demand forecasting and selecting
optimal delivery routes. This reduces vehicle mileage, lowers fuel costs, and
cuts COz emissions;

« ensuring intelligent warehouse and inventory management (ware-
house management systems (WMS) with analytics help to plan inventory
volumes more accurately and avoid excessive transportation. This will
reduce the frequency of transportation and unnecessary cargo movements,
which will lower energy consumption and greenhouse gas emissions;

» the integration of 10T (Internet of Things) and sensors allows real-time
tracking of vehicle conditions, loading, and cargo temperature. As a result, it
ensures more accurate planning, reduces losses and product returns, which
decreases additional transportation and emissions;

« promoting "green™ solutions in supply: digital platforms enable
consideration of environmental criteria when selecting suppliers and trans-
port operators. For example, by choosing a supplier with a lower carbon
footprint or vehicles with low emissions, companies directly reduce the
overall emissions of the supply chain.

* reverse logistics and recycling: digital technologies enable the
efficient organization of reverse flows of goods and waste. This increases
recycling rates, reduces the need for new materials, and lowers emissions
associated with production and disposal.

Resource optimization and waste management. The rational use of mate-
rials, energy, and water resources, along with the implementation of policies for
waste reduction, reuse, and recycling, ensures the minimization of environ-
mental impact based on the creation of energy-efficient warehouses, optimi-
zation of packaging, sorting, and reuse of materials.

Partnership with environmentally responsible supply chain partici-
pants. Cooperation with participants who adhere to principles of sustainable
development and ethical standards allows for the formation of a more
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resilient supply chain. Assessing environmental practices and integrating
environmental criteria into operations ensures that all stages of the logistics
process are aligned with the principles of green logistics.

Increasing the environmental awareness of participants in supply
chains. In this aspect, the participants include not only the enterprise’s
external contractors but also the employees of the enterprise, since their
actions and decisions directly affect the effectiveness of implementing green
logistics strategies. Regular training of personnel on the principles of
green logistics, environmental standards, and ethical resource management
practices contributes to the formation of a socially responsible corporate
culture. This ensures the effective implementation of environmental initia-
tives in daily operational activities and supports the enterprise’s strategic
goals in the field of green logistics.

Thus, the effectiveness of green logistics strategies in commercial
enterprises lies in their ability to integrate economic benefits, environmental
feasibility, and social priorities, forming the foundation for long-term sustai-
nable development.

3. Environmental awareness in supply chains

Environmental awareness in supply chains encompasses a range of
aspects. In particular, it involves assessing environmental indicators,
applying international certification standards to optimization of transport-
tation flows, enhancing warehouse energy efficiency, managing waste, and
implementing digital technologies for controlling and monitoring logistics
processes. It ensures not only compliance with environmental regulations but
also enhances brand reputation, strengthens consumer and partner trust, and
creates preconditions for the economic, environmental, and social sustain-
nability of the enterprise.

According to the Deloitte report (2025), environmental issues continue
to shape the behavior of Generation Z and Millennials. The environment is a
constant source of concern for these generations: about two-thirds of Generation
Z (65%) and Millennials (63%) reported feeling worried or anxious about
environmental issues over the past month. These concerns directly influence
their consumer choices: for instance, nearly two-thirds of respondents indicate
a willingness to pay more for environmentally sustainnable products
and services. Environmental considerations also affect career decisions —around
23% of Generation Z and 22% of Millennials report that they research a
company’s environmental impact or policies before accepting a job offer.

An important role in this process is played by green marketing, which
encourages consumers to choose environmentally friendly products and
services, as well as raises business partners’ awareness of the need to comply
with environmental standards. On the other hand, green logistics ensures the
effective management of material and product flows taking into account
environmental criteria, such as minimizing CO. emissions, optimizing
transportation routes, and reducing waste. The integration of green supply
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chain management (GSCM) practices and environmental consciousness
significantly improves the sustainable performance of enterprises, particu-
larly through the influence of green marketing and environmentally oriented
processes (Rizki et al., 2022). At the same time, green logistics practices
positively affect the operational and financial efficiency of companies while
promoting the development of corporate environmental awareness (Sarkis &
Zhu, 2024).

Therefore, the main areas for implementing effective green logistics
strategies in supply chains are:

Organization of environmental activities. Organizing training sessions
and seminars for employees and partners on green logistics practices,
including energy-efficient transportation, route optimization, and waste and
resource management. This will help align green logistics strategies with
consumer expectations and the capabilities of companies to meet them.

Sponsorship and participation in environmental initiatives. This area
concerns the support of environmental programs and partner projects. It
promotes the development of sustainable environmental practices throughout
the supply chain and is ensured through participation in environmental
initiatives and the exchange of best green practices. The success of its
implementation affects the enhancement of brand reputation by demonstra-
ting its environmental responsibility.

Green distribution and transport. This area involves planning optimal
delivery routes taking into account environmental criteria to reduce CO-
emissions and fuel costs, using energy-efficient or alternative transport
(electric vehicles, hybrid trucks, biofuels), using appropriate transport
management systems to monitor and control the environmental performance
of transportations; implementing reverse logistics and packaging manage-
ment for recycling and reuse of resources.

Green procurement and production. Key actions include the rational
selection of suppliers with certified environmental standards and low
emissions, the use of materials with minimal environmental impact and
energy-efficient equipment in production, and the implementation of Lean
Green Logistics policies to reduce waste and optimize the resource use.

Digital monitoring and analytics. To track emissions, optimize logistics
flows, and control energy consumption, it is reasonable to use 10T, big data, and
analytical platforms. Monitoring the environmental indicators of supply chain
participants is the foundation for ensuring compliance with corporate sustain-
nability standards and supporting transparent communication.

Green marketing and communications. They foresee systematic
informing of supply chain participants and end consumers about the
environmental characteristics and benefits of products, including compo-
nents of green logistics such as "green delivery", carbon footprint reduction,
and rational use of resources. Effective implementation of green marketing
strategies is aimed at stimulating demand for environmentally safe products,
increasing consumer environmental awareness, and forming a positive
perception of the brand as socially responsible and environmentally oriented.
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For this, it is necessary to use comprehensive marketing measures, including
green campaigns, educational programs, digital and social communication
platforms, as well as transparent messages about the environmental initiate-
ves of enterprises. In particular, green marketing initiatives and communi-
cation strategies that emphasize the environmental characteristics of products
and the transparency of company actions motivate businesses to implement
more efficient and environmentally safe logistics processes. This approach
not only helps to enhance consumer loyalty but also strengthens brand
reputation, ensuring its competitiveness in a market where environmental
responsibility is becoming an important factor in consumer choice.

Green branding is becoming particularly significant as a key factor in
ensuring sustainable business development and achieving leadership
positions in the trade sector. In the context of growing consumer expectations
and strengthened regulatory requirements for environmental processes,
companies that integrate the principles of green branding into their activities
are competitive. Brands that implement ecological values not only in their
communication messages but also in their corporate culture are capable of
ensuring high competitiveness and achieving successful development.

Clear formulation of a brand’s green communications involves
presenting the environmental characteristics of products and logistics practices
in a straightforward and accessible manner in marketing messages, which helps
build trust among consumers and partners and strengthens the image of a
responsible brand. Green marketing communications convey the values of
sustainable development to consumers and promote the practical implement-
tation of eco-friendly logistics solutions in supply chains, while increasing
environmental awareness among all participants in these processes becomes the
foundation for their effective and responsible interaction.

Thus, under conditions of long-term strategic development, it is
environmental awareness that will determine the level of competitiveness of
enterprises, as consumers increasingly prefer brands with transparent and
sustainable logistical practices. Furthermore, eco-consciousness contributes
to the harmonization of economic, social, and environmental interests,
ensuring balanced business development and the preservation of the
environment.

Conclusions

The implementation of green logistics strategies in supply chains is an
important task for trade enterprises that aim to build long-term relationships
with consumers, create a positive customer experience, and ensure sustain-
nable development. Applying the principles of green logistics and optimizing
logistics operations will help reduce the negative impact of trade activities on
the environment and decrease pollution of air, water, and soil. Effective waste
management systems at the stages of storage, packaging, and transportation
of goods allow for the reduction of harmful waste and ensure the efficient
use of resources. Implementing practices for recycling and reusing packaging
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materials reduces the need for primary resources and lessens the environ-
mental burden on landfills.

Green logistics strategies should provide for the integration of environ-
mental initiatives at all stages of the supply chain. One of the priority areas is the
reduction of greenhouse gas emissions (COz, CHa4, N20), which can be achieved
through the optimization of transportation routes, the implementation of energy-
efficient technologies, and the transition to the use of alternative energy sources.

The formation of ecological awareness among participants in supply
chains requires the coordination of green marketing initiatives with logistical
solutions. The hypothesis of a synergistic effect from the interaction of green
communications and green logistical solutions has been proven, manifesting
in the development of sustainable consumer preferences, increased ecolo-
gical awareness among partners, and the stimulation of responsible behavior
among supply chain participants.

The implementation of green logistics strategies in trading enterprises
requires the development of unified standards and methods for evaluating
environmental indicators; the formation of a standardized system of indicators
for an objective comparison of results between enterprises and types of
economic activity; the assessment of indirect environmental impacts and the
contribution of individual stages of the logistics chain to overall environmental
performance; ensuring reliable information, systematic accumulation, monito-
ring, and reporting; and the integration of economic, environmental, social, and
technological criteria into the overall supply chain management system.

The implementation of these measures will enable trading enterprises
to reduce environmental risks, increase the efficiency of logistics processes,
strengthen competitive positions, and create additional value for each
participant in the supply chain.
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PYLLIAHI CUJTN EKOJNOTIYHOI
EOEKTUBHOCTI HOBOIO
MPOAYKTY B YMOBAX
HEBU3HAYEHOCTI

Jlocniooiceno naus 0oxodis disnecy, innosa-
yiti ma MiCcbK020 HACENEHHS HA eKOJOCIYHI
NOKA3HUKU HO8UX npodykmis. Ilpu yvomy neeus-
HauyeHicmb eKOHOMIYHOI NOMIMUKU [ 306HIWMHI
wioku na kumanm COVID-19 spaxosyiombcs sk
noOM SKULY8anbHi (hakmopu OJist OYiHKU MO20, YU
NOPYULYIOMb 308HIWHI WOKU CMATULL PO3GUMOK
Hosux npodykmig. Ilpoananizogano nanenvbHi
Oani 30 xumaticokux nposinyii 3a 2013-2024 pp.
3a 00NOMO2010 080emanuoi cucmemu pezpecii
GMM (GMM - y3azanvrenuii Memoo momenmis
y cmamucmuyi 1 ekonomempuyi). Pezyromamu
ananizy ceiouamv npo He2amuBHUll BNIAUE O0X0-
0i8 OCHOBHO20 0Oi3HeCy Mma MICbKO20 HACEeNeHHS
HA eKONO2TYHI NOKA3HUKU HOBUX NPOOYKMIE,
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indicators of new products, while innovations
exhibit a positive influence. In addition, EPU
(EPU — Economic Policy Uncertainty) plays a
positive moderating role, but at the same time
demonstrates a negative impact on the relation-
ship between innovations and the environmental
indicators of new products. It has been found
that the moderating influence of COVID-19 is
significantly positive. Considering the political
implications, businesses should ensure that
profitability does not come at the expense of
sustainability. There should be a balance bet-
ween financial goals and environmental issues.
Additionally, the government should tackle
uncertainty in economic policy, as stable policy
can stimulate the development of green products.

Keywords: environmental indicators, urban
population, innovations, economic policy uncer-
tainty, two-step GMM system.

mooi 5K IHHOBAYIT 8I0OUBAIOMbC NO3UMUBHO.
Kpim mozo, EPU (EPU — nesusnauenicmo exono-
MIYHOT NOMIMUKU) 6I0icpae NO3UMUGHy NOM sK-
WYBATIbHY POTb, ale 600OHOUAC OEMOHCIPYE He2a-
MUBHULL BNIUB HA 368 130K IHHOBAYI 3 eKON0IYHUMU
NOKA3HUKAMU HOBUX NPOOyKmie. Bcmanoeanero, ujo
nom axkuwysaneruil  enae COVID-19 € dosgoni
no3umueHuM. 3 02180y Ha NOMMuYHI HACTIOKU,
nionpueMcmeam Cnio nepeKoHamucs, wo o0ocse-
HeHHsL NpubYymKosocmi He 8i00Y8aembcsa uepes
cmanuii pozsumok. Mae 6ymu 6ananc mixic Qinan-
COBUMU YISIMU TA 30X00aMU 3 BUDIUUEHHS €KOI0-
eiunux npobnem. Kpim moeo, ypso mae noodoramu
HeBU3HAUEHICIb 8 eKOHOMIUHIL NOTTMUYI, OCKLIbKU
cmabinbHa  NONIMUKA — MOJICe  CIMUMYIIO8AMU
PO36UMOK eKOI0IUHUX NPOOYKIMIS.

Knwuwoei cnoea. eKOJOTYHI ITOKA3HHUKH,
MICBKE HACeJIEHHs, IHHOBAIlli, HEBHU3HAYEHICTDH
€KOHOMIYHOI ITOJIITHKH, ABoeTanHa cucrema GMM.

JEL Classification: C12, D80, 047, Q21.

Introduction

Adopting environmentally sustainable methods in the products
development has become paramount in today’s business landscape. The
growing concerns about climate change and environmental degradation have
forced the businesses to adopt eco-friendly production (Fernando & Wah, 2017;
Warner et al., 2009). Environmental performance of new products (EPNP)
relates to the capability of newly developed products to influence the level of
environmental sustainability at all stages of the product life cycle (Zhang
et al., 2022; Xie et al., 2019). Achieving high EPNP is crucial from a
compliance perspective to reduce environmental and respond to customers’
increasing demand for sustainable products. The adoption of an environ-
mental sustainability approach could therefore, be appealing to businesses
who wish to introduce their new products in the market under the eco-friendly
"green" label (D. Wang et al., 2023; Deng et al., 2022; Ranjbari et al., 2021).
Businesses cannot make informed decisions regarding the environmental
performance of new products without a reliable, cutting edge and advanced
life cycle assessment (Xie et al., 2019). Otherwise, this could lead to financial
burden for businesses, ambiguity for customers, and a potentially missed
opportunity to endorse genuinely green products that uphold environmental
integrity (Popp et al., 2011). Main business income (MBI) refers to measu-
rements of revenues and profitability that determine the likelihood of
businesses to finance sustainable initiatives and develop environmentally
friendly product designs (Fernando & Wah, 2017; Guoyou et al., 2013).
Liu et al. (2009, January) have pointed out that the EPNP is improved when
environmental considerations are integrated into the product life cycle, and
profitable businesses possess the resources and strategic direction necessary
to do so. Previous studies argued that businesses with strong financial
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positions have better environmental performance because these businesses
can afford investments in green technologies and meet environmental
standards (Deng et al., 2022; Farza et al., 2021).

Likewise, industrial innovations (INO) contribute to the improved
efficiency and production of new products that have lesser ecological impacts
(Blichfeldt & Faullant, 2021). The effective number of innovation patents
and high R&D expenditures are the firm’s long-term sustainable strategies
for production and remaining market competitiveness. The literature
highlights technological developments as critical to attaining better environ-
mental performance because innovative businesses efficiently adopt eco-
friendly technology and processes (Horbach et al., 2012; Cainelli et al., 2015).
Similarly, the increase in population density in urban areas has both
beneficial and deleterious effects on the EPNP. Urbanization is often linked
with higher levels of product consumption and this may lead to environ-
mental degradation if not appropriately managed. But there is also a positive
side, as the urban areas are the sources of the ideas and practices related to
sustainable product development (Stark et al., 2017). Therefore, these urban
areas drive the economy of scale in sustainable production and distribution
systems, which boosts the EPNP. Also, consumers in urban areas are more
conscious and raise concerns about environmental causes, which in turn
creates pressure on businesses to adopt sustainable practices (He et al., 2023,
Gao et al., 2023; Hussain et al., 2020).

Economic policy uncertainty (EPU) can harm the management of
businesses in the formulation of environmental strategies related to green
innovations thereby, dissuading businesses from investing in sustainability
programs. Because of unpredictability in policy changes, businesses may
prioritize immediate financial stability rather than environmental objective
(Latan et al., 2018). On the other hand, the COVID-19 pandemic increased
awareness of global risks, which spurred businesses to make more concrete
environmental pledges (Rume & Islam, 2020; Ranjbari et al., 2021).
Therefore, CSR theory insists that businesses have a responsibility to benefit
society and the environment beyond profit maximization. It proposes that
businesses must incorporate social and environmental responsibilities into
their management and production processes. Businesses with high financial
performance should invest more capital in the research and development of
green products that can prove their CSR commitment (Bhardwaj, 2016).
Furthermore, according to real options theory, product innovations can be
seen as the real options for the businesses. These innovations create the
chances of responding to shifts in potential environmental regulations and
consumer preferences. Consequently, the businesses with increased levels of
innovative competence are likely to have the capability to create eco-friendly
products, which in turn can be considered as the exercise of the real options.

We have selected China for empirical investigation because its social
objectives (environmental and climatic conditions) were negatively impacted
by its massive production-oriented focus during the early globalization phase.
China’s environmental crisis, which has been caused by several decades of
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industrialization, does not only endanger people’s lives and health in this country
but also the global fight against climate change (Gao et al., 2023). The Chinese
government is very active in encouraging innovation and production of new
products, as evident in the "Made in China 2025" policy (Wiibbeke et al., 2016;
Zenglein & Holzmann, 2019). With the growing concerns over the effects of
products on the environment, China has formulated sound environmental policies
and measures to improve the environmental attributes of new products and
services (Zhang et al., 2021; Liu et al., 2021) through its renowned slogans
"Harmonious Society" and "Greener GDP". Chinese businesses are also increa-
sing their investments towards research and development to create and introduce
better innovative and sustainable products in the global markets (Hussain
etal., 2025; Xu et al., 2020). However, China has started some actions that would
help reduce emissions and halt further degradation of the environment like the
ratification of the Paris Agreement on Climate Change 2015.

Thus, in this study, we examine the data of Chinese provinces to assess
the outcomes of main business income, share of the urban population, and
industrial innovations on the environmental performance of new products.
Besides this, we innovatively introduced a unique concept by introducing
EPU and COVID-19 as moderating factors.

Therefore, the purpose of our study is to determine whether EPU and
COVID-19 can modify the above-mentioned relationships.

For our analysis, we methodologically relied on two-stage systematic
GMM regression due to the panel nature of the data set of this study and to
address the endogeneity problem. The results of this study will help
enterprises formulate appropriate policies to improve the environmental
performance of their new products.

In the current business research, the relationship between business
income and environmental performance has gained significant attention.
Implementing green production processes in new product development bring
value and enhance business productivity. Eco-friendly innovation signify-
cantly improves the environmental performance of new products. Therefore,
financially stable businesses inclined to invest more in green innovations
(Deng et al., 2022). According to Fernando and Wah (2017), businesses with
strong financial performance are better equipped to integrate green practices
and technologies. This integration enables them to pursue environment
strategies in product development. Guoyou et al. (2013) conducted a study
on Chinese businesses and found that financially sound businesses often
invest in R&D to manufacture products that meet environmental standards.
Empirical studies suggest that businesses benefit from higher returns and
improved reputation because of eco-friendly initiatives. Hence, according to
Farza et al. (2021), businesses that engage in green practices in their
operations enjoy increased customer loyalty and a better market image. It
ultimately leads to increased sale of new products and profitability. Based on
the following discussion, we hypothesize that:

H1. Main business income positively influences the environmental
performance of new product.
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The industrial innovations are instrumental in the development of
products that are environmentally friendly. The green technologies and eco-
innovations emphasize the integration of environmental aspects into R&D
activities. These integrations make new green innovations highly effective in the
reduction of the environmental impact of new products. Horbach et al. (2012)
discussed that through their R&D activities, businesses possess the capability to
produce lesser ecological harmful products. Also, Cainelli et al. (2015) found that
businesses with strong R&D ingenuities and investments develop products
that have high ecological efficiency R&D enables these businesses to set up new
technologies and practices and manufacture products that have lower effects on
the environment. Similarly, the firm’s ability to innovations and commitment to
environmental sustainability is assessed by the effective number of its invention
parents. Green patents are especially essential because they highlight the firm’s
efforts for innovations to tackle ecological challenges (Popp et al., 2011).
Oyebanji et al. (2022) focused on the Spanish industries and stated that if the
businesses have innovation patent, they better perform environmentally. These
green innovation patents have a very direct implications towards the environ-
mental sustainability of the new products. These patents also include efficient
energy utilization and the use of environmentally friendly resources. Based on
the following discussion, we hypothesize that:

H2. Industrial innovations positively influence the environmental
performance of new products.

Population density in urban areas causes an upsurge of resource utilization
and the production of waste that puts pressure on the environment. He et al. (2023)
revealed that environmental performance generally worsened since urbanization
increases transport and industrial activities which, result in an increase in
greenhouse gas emissions. Rapid urbanization accelerates the pressure and
exploitation of natural resources and causes the environmental pollution. Cheng
and Hu (2023) conducted a study on China and found that urban areas cause CO>
emissions, especially developed and resource-based cities. But urbanization is
also capable to diminish the negative impacts on ecology by promoting green
innovations. Gao et al. (2023) experienced China’s Innovation Pilot City (IPC)
project and revealed that innovative city construction enhances environmental
performance through stimulating technological advancements and restructuring
industrial processes. Further, Pera (2020) investigated 153 published articles on
the environmental sustainability performance of urban systems and revealed that
green innovation initiatives in urban areas enhance environmental sustainability.
The findings further indicate that urban growth, backed by strict ecological
policies, can help to reduce the negative effects of urbanization on the
environment. Based on the following discussion, we hypothesize that:

H3. Urban population positively influences the environmental
performance of new products.

Economic policy uncertainty can impact businesses’ operations and mana-
gement, especially regarding environmental sustainability. High EPU may incline
the businesses to focus more on short-term financial gains rather than long-term
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sustainability projects. This situation also reduces efforts towards embracing
sustainable green practices, hence developing products that could be a nuisance
to the environment (Qureshi et al., 2023). Similarly, Jiang et al. (2019) concluded
that when faced with EPU, businesses are willing to give up on projects for
industrial innovations that would enhance environmental performance because of
being directed to utilize such resources to manage uncertainty. He et al. (2020)
noted that businesses cut their environmental investments during high EPU in
order to concentrate their efforts on crucial business operations. Moreover,
Demir and Ersan (2017) observed the BRIC countries and found that businesses
hold more cash to shield against uncertainty hence leaving limited funds for
environmental projects. Based on the following discussion, we hypothesize that:

H4. The moderating role of economic policy uncertainty is significant.

The ethical position adopted during the pandemic enables the businesses
to perform better on the environmental front because stakeholders expect the
businesses to be more environmentally responsible during crises (Al Amosh &
Khatib, 2023; Obrenovic et al., 2020). Urban areas, because of dense population
and resource utilization on a large scale have majorly impacted during COVID-
19 pandemic. This has prompted the urban areas to adopt sustainable
environmental policies. According to Gong et al. (2020), urban areas that have
competent governance have done well economically and ecologically in the
COVID-19 pandemic. In addition, during the pandemic, Rehman and Yaqub
(2021) discovered that businesses increased their innovative abilities with the
application of modern technologies, thereby helping to enhance environmental
performance. Furthermore, Thomas et al. (2022) revealed that businesses that
have adopted sustainable green innovations to manage their operations have been
able to satisfy regulatory requirements and foster stakeholders ’expectations.
Based on the following discussion, we hypothesize that:

H5. The moderating role of COVID-19 is significant (Figure 1).

Economic
Policy Uncertainty

|

. H4
Main M1
Business Income Environmental
l Performance of New
Industrial ) o Product
Innovations f -
H5
|
Urban Population — H3
COVID-19

Figure 1. Conceptual Framework

Source: developed by the authors.
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Research Methodology. To examine the nexus between the main
business income, industrial innovations and urban population and new
products’ environmental performance, we have selected Chinese data over
the years 2013 to 2024. The sample involves using panel data from 30
provinces, and data has been collected from China’s Statistical Yearbook,
High-tech Statistical Yearbook, and Energy Statistical Yearbook databases.
The environmental performance of new products is an independent variable
in this study, calculated as dividing the data of new product sales by total
energy consumption. Further, the main business income, industrial
innovations and urban population are the independent variables.

We included economic policy uncertainty and COVID-19 as
moderator variables. The data of EPU was extracted from a news-based EPU
index developed by Baker et al. (2016) based on the South China Morning
Post. EPU is a national level variable. However, we have used it as panel data
at the provincial level. We replicated the EPU values for each province by
adhering to the method suggested by Adil et al. (2025). COVID-19 is
included as a binary variable to gauge the impact of the COVID-19 pandemic
on the environmental performance of new products. Table 1 provides the
further description of study variables along with their acronyms.

Econometric Model. By scrutinising the impact of main business
income, industrial innovations and urban population on the environmental
performance of new products, we used the following baseline regression
models with year and region effects.

EPNP,; = o + B;(MBI;;) + B,(INO;,) + B3(UP,) + B4(EPU;,) +
Bs(COVID — 19;,) + & (1)

EPNP = a+ B;(MBI;,) + B,(INO;.) + B3(UP,) +
B+(EPU;,)+Bs(COVID — 19;,) + B¢(MBI - EPU;) + B,(INO -
EPU;.) + Bg(UP - EPU;,) + & (2)

EPNP, = a+ B;(MBI;) + B,(INO;,) + B3(UP,) +
B,(EPU; ) +Bs(COVID — 19;,) + Bs(MBI - COVID — 19;,) +
B,(INO - COVID — 19;,) + Bg(UP - COVID — 19;,) + &,. (3)

Equation 1 highlights the impact of main business income, industrial
innovations, urban population, economic policy uncertainty and COVID-19
on the environmental performance of new products. While equations 2 and 3
present the separate interaction terms of EPU and COVID-19 to gauge the
moderating influence of economic policy uncertainty and COVID-19 on the
relationship of main business income, industrial innovations, and urban
population with environmental performance of new products. The main study
model has been given in Table 1.
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Table 1

Variables elucidation

Variable Acronym Description

The primary revenue generated by enterprises within
a province from their core business activities
Advancements in technology and industrial processes

Main business income MBI

Industrial innovations INO based on R&D expenditures and effective number of
innovation patents
Urban population UP The proportion of population residing in urban areas
Environmental The environmental efficiency of all newly developed
Performance of new EPNP products in industries, calculated as new product
products sales divided by total energy consumption
Economic bolic Measures the level of uncertainty in economic policy
Nic policy EPU based on South China Morning Post newspaper
uncertainty .
articles
COVID-19 pandemic COVID-19 Binary vgrlable indicating 1 during the pandemic and
0 otherwise

Source: developed by the authors.

The first section of the main part of the article presents the descriptive
statistics used in the study; the second section presents their interpretation taking
into account pairwise correlation and variance inflation factor; and the third
section presents the main empirical results of the two-stage GMM regression.

Results
1. Descriptive statistics
Table 2 provides the descriptive statistics of all the variables being

studied, including the number of observations, mean, median, standard
deviation, and ranges of values (minimum and maximum).

Table 2
Descriptive statistics
Variable Obs Mean Std.Dev Min Max
EPNP 360 0.087 0.732 0.000 11.960
MBI 360 7.207 1.703 2.708 10.823
INO 360 7.222 2.073 0 12.510
upP 360 57.048 12.773 29.89 89.6
EPU 360 178.712 102.282 92.114 390.388
COVID-19 360 0.166 0.373 0 1

Source: calculated by the authors based on the study data.

The balanced dataset consists of 360 observations from 30 provinces
of China between the years 2013 to 2024. According to our analysis, the
mean value of EPNP is 0.087, indicating the low environmental performance
of new products because of insufficient focus on environmental factors
during product development. The MBI has mean value of 7.207, suggesting
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that businesses in all sampled provinces of China are generating a moderate
level of revenue, which is a sign of sound profitability. The INO also has a
moderate level mean value of 7.222, indicating a strong focus on innovations,
which may be due to competitive pressure and technological progressions.
Further, our findings show that the mean value of UP is 57.048, with
a standard deviation of 12.773. The mean value of EPU is 178.712, indicating
the strong influence of economic policy uncertainty on the strategic planning
of the businesses due to unpredictability and instability of policy changes.
Meanwhile, the mean value of COVID-19 is 0.166, showing a relatively low
influence of the COVID-19 pandemic.

2. Pairwise correlation and variance inflation factor

Figure 2 reports the regression results of pairwise correlation analysis,
showing the strength and direction of the linear relationship between study
variables. Also, high correlation values between variables with large coeffi-
cients indicated the presence of multicollinearity. Tackling and managing
high correlation between variables is crucial in order to obtain precise results
and might involve omitting variables that exhibit high correlation.

EPNP

4.06

MBI =072

- H0.58
INO

- 044

up 1.24

sl 0.3

EPU 42 F 016

0.02
4.05

- . -0.12
EPNP MBI INO up EPU  COVID-19

COVID-19

Figure 2. Pairwise correlation and VIF results from authors’ computations

However, in our case, the correlation values between the study
variables are within permissible limits, and there is no such issue of multico-
llinearity. In addition to our inspection of pairwise correlations, we also
undertaken the VIF test to validate our apprehension about multicollinearity.
Based on Studenmund (2014), a variable may face multicollinearity
problems if its VIF value exceeds 10. The findings from our VIF test are
encouraging, as the average VIF value for all variables is below 10. This
result indicates that multicollinearity is not an issue in our model.
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Further, Table 3 notifies the outcomes of unit root analysis.
Table 3

Findings of unit roots tests

Im-Pesaran-Shin Harris-Tzavalis

Level First Difference Level First Difference

EPNP —3.4740* —8.3729* 0.2622* —0.5020*
MBI —3.5060* —3.3868* 0.8362 0.2914*
INO 15.9795 —4.9827* 1.0870 0.4553*
UP 9.6746 —5.0645* 0.9981 —0.1282*
EPU 14.8911 —-3.9339* 1.1018 0.5844*
COVID-19 7.3720 —7.1267* 0.9000 -0.1111*

Source: authors’ own computations. Asterisk (*) denotes significance at the 1% level.

The findings confirm that all variables are stationary at first difference
with significant p-values at 1%.

3. Main empirical results of two-step gmm regression

Table 4 reports the findings of the two-step system GMM regression.
In Model 1, the MBI has been found to be negatively impacted the
environmental performance of new products as indicated by coefficient
(Bvei = —0.2417%).

Table 4
Findings of two-step sys

. ] Model 1 \
variable Coefficient p-value
L.EPNP? -0.1086* 0.000
MBI —0.2417* 0.000
INO 0.0473* 0.000
uP -0.0022* 0.000
EPU -0.0192* 0.000
COVID-19 0.0240* 0.000
Instruments 72
Sargan test 29.284 0.819
AR (1) 0.057
AR (2) 0.381

Source: authors’ own computations. Asterisk (*) denotes significance at the 1% level.

Ambec and Lanoie (2008) argued that the focus of high revenue in
traditional business lines sometimes result in insufficient concentration in the
development of eco-friendly products. Also, businesses choose cheaper and
less environmentally friendly options in product design and manufacturing.
It results in the introduction of products into the market that cause ecological

L"L" of the dependent variable in GMM regression typically refers to its lagged value.
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problems during their lifecycle (Trumpp & Guenther, 2017). Upon this finding,
we reject the initial hypothesis H1, which suggests a positive link. Moreover,
industrial innovations have been found to be positive and significant impact on
EPNP in the results, as indicated by the coefficient value (Bino = 0.0473%).
Innovations contribute positively by forming the basis of green technologies and
processes that help to manufacture eco-friendly products. For instance, Horbach
et al. (2012) and Oyebaniji et al. (2022) found that a rise in R&D expenses could
lead to the attainment of energy-efficient manufacturing methods and the
production of energy-efficient products. These findings also support our
hypothesis H2 which implies positive correlation between INO and EPNP.
Further, the findings indicated the adverse impact of the urban population on the
EPNP with a coefficient (Bup=-0.0022*). York et al. (2003) found that the higher
resource consumption and waste generation urban areas cause environmental
problems and also hinder eco-innovations. In a similar vein, Grimm et al. (2008)
pointed out that the high demand pressures diminished the efficiency of
sustainable product development. Based on this finding, we reject our hypothesis
H3 which suggests a positive association between UP and EPNP.
Table 5 reports the findings of interaction terms with EPU as a
moderator.
table 5
findings of two-step system GMM with interaction of EPU

Model 2

Coefficient p-value

L.EPNP -0.1308* 0.000
MBI 0.0097 0.381
INO -0.4797* 0.000
UpP 0.0238* 0.000
EPU —0.1494** 0.032
COVID-19 -0.0079* 0.000
MBI - EPU -0.0539* 0.000
INO - EPU 0.1098* 0.000
UP - EPU -0.0053* 0.000
Instruments 75

Sargan test 23.431 0.781
AR (1) 0.090

AR (2) 0.201

Source: authors’ own computations. Asterisk (*) denotes significance at the 1% level.

Our analysis discovered that EPU negatively moderates the
relationship between MBI and EPNP, as indicated by the coefficient
(Bmar - epu = 0.0539%). The findings show that the upsurge in EPU caused
businesses to reduce their use of eco-friendly practices in product
development. He et al. (2020) noted that businesses cut their environmental
investments during high EPU in order to concentrate their efforts on crucial
business operations. Moreover, Demir and Ersan (2017) observed the BRIC
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countries and found that businesses hold more cash to shield against
uncertainty hence leaving limited funds for environmental projects.
However, we found the positive moderating role of EPU in the association
between INO and EPNP, as indicated by the coefficient (Bivo - epu = 0.1098%).
Aghion et al. (2016) argued that during uncertain situations, businesses
pursue eco-innovations to mitigate risks and gain a competitive edge in the
market. Similarly, Lee et al. (2014) confirmed that businesses invest in
sustainable product innovations to differentiate themselves and comply with
evolving standards in times of EPU. While, we discovered that EPU has a
negative moderating effect on the association between UP and EPNP, as
demonstrated by the coefficient (Bup - eru = —0.0053*). According to Baker
et al. (2016) EPU triggers decreases in R&D spending within environ-
mentally sensitive sectors thus urban areas usually known for innovation
show inferior environmental outcomes in times of policy unpredictability.
Based on these above findings of EPU as a moderator, we accept our
hypothesis H4 that EPU’s moderating role is significant.

Furthermore, Table 6 reports the findings of interaction terms with
COVID-19 as a moderator. Our analysis discovered that COVID-19
positively moderates the associations of MBI and INO with EPNP, as
indicated by the coefficients (Bmsi - covip-19 = 0.0911*) and (Bivo - covip-19 =
1.5206%*), respectively.

Table 6

Findings of two-step system GMM with interaction of COVID-19

. Model 3
variable Coefficient p-value
L.EPNP -0.1235* 0.000
MBI —-0.2308* 0.000
INO 0.0284* 0.000
UP 0.0009 0.899
EPU -0.0084* 0.000
COVID-19 -0.7163* 0.000
MBI - COVID-19 0.0911* 0.000
INO - COVID-19 1.5206* 0.000
UP - COVID-19 0.0013** 0.024
Instruments 75
Sargan test 19.35 0.336
AR (1) 0.020
AR (2) 0.151

Source: authors” own computations. Asterisks indicate significance at 5% (**) and 1% (*),
respectively.

Obrenovic et al. (2020) highlighted that COVID-19 pandemic
heightened global awareness about the ecological challenges, and consumers
became more conscious and demanded sustainability. This situation has put
pressure on businesses to integrate eco-friendly processes in their operations
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and manufacture green products that are less harmful to the environment.
Similarly, Rehman and Yaqub (2021) indicated that the pandemic calamity
has pushed the businesses to incorporate eco-friendly strategies into their
operations to meet customers’ expectations about sustainability and
regulatory requirements. Therefore, businesses changed their business
models and moved towards the adoption of green practices in their
operations, which ultimately enhanced the environmental performance of
new products (Amosh & Khatib, 2023; J. Wang et al., 2023). In the same
way, we also revealed that COVID-19 positively moderates the association
of UP with EPNP, as indicated by the coefficient (Bur = 0.0013**). Previous
research supports our finding that environmental consciousness together with
green innovation attained rapid growth during crises such as COVID-19
(Adil et al., 2024; Obrenovic et al., 2020). According to Sarkis et al. (2020),
the pandemic functions as a trigger to provoke new perspectives on how
sustainability should be applied in urban and industrial systems. Based on
these above findings of COVID-19 as a moderator, we accept our hypothesis
H5 that COVID-19’s moderating role is significant.

Conclusions

We have investigated the impact of main business income, industrial
innovations and urban population on the environmental performance of new
product. Further, we incorporated economic policy uncertainty and COVID-19
as moderating factors. To investigate the associations between the above-
mentioned variables, we relied on the panel data of 30 Chinese provinces
from 2013 to 2024. In our examination, we discovered a significant negative
influence of main business income and urban population on the environmental
performance of new product, while the impact of industrial innovations was
significantly positive. In the moderation case of economic policy uncertainty,
the results confirmed a significant positive moderating effect on the associations
of main business income and urban population with environmental perfor-
mance of new product. In contrast, a significant negative was found between
industrial innovations and environmental performance of new product.
Moreover, we also found that COVID-19 has a significant positive moderating
role in the associations of main business income, industrial innovations, and
urban population with environmental performance of new product.

The adverse impact of main business income on environmental
performance of new product suggests that sometimes businesses focus on
quick gains in the form of monetary profit instead of implementing eco-
friendly measures. This situation leads to the creation of products that
adversely influence environmental sustainability. Moreover, the positive
association between urban population and environmental performance of
new product revealed that consumers in such urban regions are more
educated and better understand environmental concerns. They are willing to
use products that have minimal adverse environmental impact. Besides, cities
have the strongest environmental standards, forcing businesses to enhance
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product quality. These reasons could result in the positive impact of urban
population on the environmental performance of new product. Additionally,
the positive link between industrial innovations and environmental perfor-
mance of new product emphasizes that innovations serve as the foundation for
green technologies and processes through which various environmentally friendly
products can be created. In addition, the negative moderating role of economic
policy uncertainty suggests that businesses prioritize immediate financial gains
because of uncertainty and unpredictability in a business environment. Businesses
also hold more cash to shield against uncertainty, hence leaving limited funds for
environmental initiatives in product manufacturing. However, in the case of
industrial innovations, the moderating role of economic policy uncertainty is
surprisingly positive, which highlights that during uncertain situations, businesses
pursue eco-innovations to mitigate risks and gain a competitive edge in the
market. Enterprises invest in sustainable product innovations to differentiate
themselves in the market and comply with evolving standards in time of economic
policy uncertainty. While, the significant positive moderating role of COVID-19
indicates that the pandemic heightened global awareness about ecological
challenges. Thus, consumers became more aware and demanded eco-friendly
products. Pandemic calamity has pushed the businesses to incorporate eco-
friendly strategies into their operations to meet customers’ expectations about
sustainability and regulatory requirements. Therefore, businesses changed
their business models and moved towards the adoption of green practices in their
operations. These initiatives enhanced the environmental performance of new
products.

The findings of current study suggest several recommendations for
policymakers. First, businesses should make sure that profitability does not
come at the expense of environmental sustainability. Business managers
should maintain a symmetry between financial pursuits and measures of
environmental concerns. Second, policymakers should encourage a condu-
cive environment for industrial innovations. It is because these innovations
are crucial for developing green products with improved environmental
performance. Third, sustainable urban planning should be indorsed to dimi-
nish ecological strain in urban regions. Beside this, government should
enforce stricter eco-design regulations for products development and consu-
mption. The government should also promote such policies that encourage
the reuse and recycling of materials used in new product development. In
addition, a stable and transparent economic policy environment is crucial for
businesses to pursue green initiatives in product development. Therefore, the
government should tackle down the ambiguity surrounding economic poli-
cies. Policymakers must come up with economic policies that are favorable
for businesses and explicitly supportive of green business practices.

Despite a detailed examination, the research has certain limitations
that could serve as a future research direction. Only one country is involved
in the study, and it does not adequately represent other regions. Secondly,
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since the research relies solely on provincial-level data, it imposes a
generalization constraint on different regions. Further studies can extend the
analysis to other areas in order to gain a more in-depth understanding. In
addition, future research can also proceed beyond the provincial level
analysis to a firm level. In this scenario, the utilization of case studies of those
firms in China that have successfully integrated environmental performance
of new product procedures may be advantageous. The role consumer
awareness and demand for environmentally friendly new products should
also be incorporated into the future studies.
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the Technology-Organization-Environment (TOE)
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KOHLUENUIA TOE
Y BMPOBAKEHHI LUI:
AKICHAWN AHANI3
CALUMINCbKNX MAJTUX TA
CEPEAHIX MIANMPUEMCTB

Lle Oocnioscenns awnanizye gaxmopu, wo
CNpUAIOMb MA NEPeUKOOHCAIOMb BNPOBAOIHCEH-
Ho wmyynoeo inmenekmy (L) ceped manux
ma cepeonix nionpuemcms (MCII) na Cuyunii,
BUCBIMIIOIOUU 83AEMOOII0 TMEXHONIO2IYHUX, Opea-
HI3AYIUHUX MA eKONO2IYHUX ¢haxkmopie y nepu-
Qepitinomy pecionanvHomy konmexcmi. Buxopuc-
MogyroUU AKICHUL OU3aiil, 0Y10 NPOBEOeHO Bicim
HAnigCMpyKmypo8anux 2iubOUHHUX I[HmMeps 1o
3 MeHeOdcepamu Yu@dposux ma mpaouyiiHux
MCII. Jlani 6ynu npoananizosaui 3a 00NOM02010
mooeni "Texnonoeis-Opeanizayis-Cepedosuwye”
(TOE). Pe3ynvmamu 00CHioNCceHHs1 GUABTAIOMb
Ackpaso eupaxceny piznuyro: yugposi MCII
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divide: digital SMEs treat Al as a strategic asset
already embedded in daily workflows (e.g., code
analysis, marketing, administrative support),
reporting productivity gains and a shift toward
higher value-added tasks; while traditional
SMEs view Al as distant or overly complex,
citing low awareness and unclear use cases.
Organizational culture and leadership are
pivotal-entrepreneurial, experimentation-friendly
settings (often with dedicated "creative techno-
logist” roles) accelerate adoption, whereas
resistance among incumbent staff and weak
change communication hinder progress. Envi-
ronmental constraints specific to Sicily-frag-
mented incentives, uneven digital infrastructure,
and limited knowledge networks-further dampen
uptake, creating a risk of widening digital
divides. The research offers actionable implica-
tions: staged, use-case-driven pilots with clear
governance; leadership development and inter-
nal champions; continuous, modular training;
and ecosystem interventions (innovation hubs,
cluster initiatives, targeted vouchers/grants).
Theoretically, we advance a socio-technical
view of Al consolidation that links micro-organi-
zational dynamics with territorially embedded
conditions. Overall, the research contributes
context-sensitive  evidence and practical
guidance to foster inclusive Al-enabled trans-
formation in SMEs.

Keywords: Artificial Intelligence, SMEs,
TOE-framework, digital transformation, quali-
tative research, regional innovation.

JEL Classification: 033, 126, M15.

Introduction

posenaoarome LI ax cmpameziunuti akmus, aKuil
J1Ce IHMEPOBAHULl ) NOBCAKOEHHI poboYi npoyecu
(Hanpuxiao, amaniz Kooy, MapKemuHe, aoMiHicm-
PamueHa niOmpumKa), NOSIOOMISIOYU NPO  NIO6U-
WeHHs. NPOOYKMUBHOCME Ma nepexio 00 3a80aHb 3
BULYOI0 O00AHOIO BapMICMIo, MOOL SIK MPAOUYIIHI
MCII ssasicaroms LI 6iddanenum abo Haomo
CKAAOHUM, NOCUNAIOYUCH HA HUBLKY ODI3HAHICIb A
Heuimki 8unaoku euxopucmanna. OpeaHizayitina
Kyibmypa ma  J1ioepcmeo  Maiomb  6UpiuiaibHe
3HaUeHHsl — NIONPUEMHUYbKE cepedosuwye, Cnpusm-
mee Olld eKCnepuMeHmie (yacmo 3 GUOieHUMU
porsmu "KpeamueHux mexronozis"") npuckoproome
81NpoBaddiceHHs, mooi AK onip ceped  OOYUX
CnigpobIMHUKI6 ma CclabKka KOMYHIKAyisi 3MIH
eanvmyiomsv npozpec. ObmedicenHs, XapaKxmepHi 0
Cuyunii — (hpaemenmosari cmumyiu, HePIBHOMIPHA
yughposa ingpacmpykmypa ma 0OMeiCceHi Mepexci
3HAHb, — wje Ollblue 2anbMyIOmb 6NPOBAOICEHHS,
CMEOPIoIOYU PUSUK NOTUONEHHA YUPPOBO2O PO3PUBY.
Jlocniooicennss npononye NpakmuyHi peKoMeHOayii:
noemanui NIOMHI  NPOEKMU, OPIEHMOBAHI  HA
KOHKpemHi GUNAOKU GUKOPUCIANHS, 3 YIMKUM YNnpas-
JIHHAM,; PO3BUMOK JIIOEPCHKUX AKOCMelL | GHYMPIULHIX
ni0epig,; besnepepere MOOYIbHE HABYAHHS, A MAKONC
6MpyuanHs 8 exocucmemy (iIHHOBAYIlHI Xabu, Kiac-
mepHi iHiyiamusy, Yinbosi éayuepu/epanmu). Teope-
MUYHO A6MOpPU NPOCY6arOmy COYIANbHO-MEXHIYHUL
noenad Ha xKowconioayiro LI, sxuii nog’si3ye mikpo-
OpeaHizayitiny OUHAMIKY 3 MEPUMOPIaTbHO 860Y006a-
HumMu ymoeamu. B yinomy, oOocnmidoicenms Haoac
KOHMEKCMHO-3aNedHCHi 00Ka3u ma npakmuyHi pexko-
MeHOayii 0715 CHPUSHHSA IHKTIO3UBHILL IMparcgopmayii’
Manux i cepeoHix nionpuemcms 3a 0onomozoio LI

Knwouosi cnosa: mryunuit inrenext (ILI),
MaJii Ta CepenHi mianpueMcTBa, ctpykrypa TOE,
uudposa TpaHchopmallis, AKICHE JTOCITIIHKSHHS,
perioHabHI IHHOBAIII.

In the actual digital world, Artificial Intelligence (Al) is escalating in

interest (Ho et al., 2022), often regarded as the Fourth Industrial Revolution
(Zhang et al., 2021). Academic work (Khalid, 2020; Dwivedi et al., 2021)
portrays Al as a domain that merges computer science with extensive data,
enhancing corporate decision-making. Dwivedi et al. (2021) state that Al
replicates human cognitive processes using advanced tools like machine and
deep learning. Scholarship (Awan et al., 2021; Sestino and De Mauro, 2022)
confirms its synergy with Big Data analytics to convert raw data into
actionable insights.

Al implementation yields multiple benefits: lower costs, greater
accuracy (Agarwal et al., 2021), higher productivity (Acemoglu and Rest-
repo, 2018), enhanced product development (Babina et al., 2024), and
accelerated business growth (Bag et al., 2021). Consequently, organizations are
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increasingly deploying Al to bolster performance (Mikalef & Gupta, 2021),
despite considerable obstacles (Yu et al., 2020). The strategic ramifications
of Al are a vital research area (Sun & Medaglia, 2019), as its integration
influences both financial and non-financial outcomes for Small and Medium-
sized Enterprises-SMEs — (Baabdullah et al., 2021; Badghish & Soomro, 2024).

SMEs are principal drivers of economic growth (Gherghina et al., 2020)
and are known for their agility and adaptability to technological shifts
(Baeshen et al., 2021). They are increasingly using transformative techno-
logies to scale operations (Rawashdeh et al., 2023). Despite these advantages,
SMEs encounter barriers, including internal resistance, complexity, financial
limitations (Venkateswarlu et al., 2022; Bakhtiari et al., 2020), and localized
factors (Schwaeke et al., 2024).

This research focuses specifically on SMEs in Sicily, a region with a
unique socio-economic context. Our purpose is to evaluate Al adoption by
examining the awareness and requirements of local entrepreneurs. In parti-
cular, the objective of this research is to investigate the awareness, percep-
tions, and needs of entrepreneurs from Sicilian SMEs in relation to Al tech-
nologies and to identify the technological, organizational, and environmental
factors that affect their readiness to adopt Al solutions.

We employ the Technology-Organization-Environment (TOE)
(Baker, 2011) framework to propose a conceptual model that explains firm
readiness for Al and its impact on performance within this specific setting.

1. Methodology

A qualitative approach was adopted, based on eight in-depth
interviews with managers from both digital and traditional SMEs operating
in Sicily. Data were analyzed using the Technology-Organization-Environ-
ment (TOE) framework to identify adoption drivers and barriers.

1.1. Research design and context

A qualitative design was adopted to generate an in-depth, contextually
grounded understanding of enablers and barriers to Al adoption among small
and medium-sized enterprises (SMEs) operating in Sicily. We conducted
eight semi-structured, in-depth interviews with managers from both digital
(e.g., software/IT services) and traditional sectors (e.g., construction
equipment, manufacturing). The Technology-Organization-Environment
(TOE) framework guided both data collection and analysis.

1.2. Research design and context

We used purposive, maximum-variation sampling to capture hetero-
geneity across sectors, firm sizes, and roles relevant to Al-related decision
making. Inclusion criteria were: (i) SME status per EU definition; (ii) primary
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operations in Sicily; (iii) managerial responsibility for technology, operations,
or strategy; and (iv) at least nascent exposure to Al concepts or tools.

Participants were recruited via industry associations, professional
networks, and snowball referrals. Initial invitations were sent by email with
an information sheet; follow-ups were conducted by phone to confirm
eligibility and schedule interviews. Recruitment continued until thematic
sufficiency was indicated.

Participants provided informed consent prior to data collection and
were reminded of their right to withdraw at any time. Data were anonymized,;
identifiers (name of the interviewed, and firm names) were replaced with
codes. Only the research team had access to audio files and transcripts.

1.3. Data collection

Interviews were conducted between May and July 2025, either on-site
at company premises or via secure video-conferencing (e.g., Microsoft
Teams or Google Meet), according to participant preference. Conversations
followed a semi-structured guide organized around four domains: company
profile, digital maturity, current Al usage and perceptions, and perceived
barriers/facilitators to adoption (aligned to TOE dimensions).

Interviews lasted approximately 60-90 minutes. With written
informed consent, interviews were audio-recorded and supplemented with
field notes on context, emergent topics, and nonverbal cues (for in-person
sessions). Recordings were professionally transcribed verbatim in the
original language (ltalian). Where excerpts are reported in English, they were
translated by a bilingual researcher to preserve meaning and tone.

Thematic saturation was assessed iteratively; by the eighth interview,
no substantively new codes emerged within TOE dimensions and subsequent
analysis showed increasing redundancy across cases, indicating adequacy of
the sample for the study aims.

1.4. Data collection

We employed an abductive, framework-informed thematic analysis.
First, an initial codebook was developed deductively from the TOE
framework (technology, organization, environment) with provisional
subcodes (e.g., perceived usefulness, compatibility, data readiness; leader-
ship, culture, skills; regulatory pressure, ecosystem support), while allowing
inductive codes to capture unanticipated themes (e.g., territorial embed-
dedness, vendor dependency).

Two researchers independently coded the same subset of transcripts
in ATLAS.ti, discussed discrepancies, and refined code definitions to
enhance coherence and transparency. The remaining transcripts were coded
with the stabilized codebook, with periodic peer debriefs to interrogate
emerging interpretations. The final themes are reported along TOE
dimensions, distinguishing adoption drivers and barriers and illustrating
mechanisms with anonymized quotations.
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2. Results

The findings from the eight in-depth interviews revealed a clear divide
between digitally oriented and traditional SMEs regarding the adoption and
perception of Al. Among the more innovation-driven companies, Al tools
were not only well known but actively integrated into daily business
operations across various functions, from software development and
marketing to creative production and internal administration. Participants
from these firms described Al not as a threat or a tool for future use, but as a
strategic asset already enhancing their productivity, accelerating workflows,
and enabling a more meaningful engagement with complex creative and
analytical tasks. One entrepreneur observed, *We use it in various contexts —
for code analysis, client quote evaluations, document summarization"
(Interviewee 6), highlighting the practical, day-to-day utility of these
technologies.

Another emphasized the transformative role of Al in their work
routines, stating, "It speeds things up enormously... we spend less time on
stupid tasks and more on what really matters™ (Interviewee 3), underscoring
the shift toward a more value-added work model. In stark contrast,
interviewees from more traditional SMEs reported a significantly lower level
of technological awareness and application. For these companies, Al was
often perceived as a distant or overly complex innovation, disconnected from
their immediate operational needs and day-to-day challenges. A respondent
openly admitted, "I am aware of my lack of knowledge... I wouldn’t even
know how to apply it in my daily work" (Interviewee 8), reflecting a
widespread uncertainty and reluctance to engage with Al technologies. This
sentiment reveals a profound knowledge gap that goes beyond simple lack of
access, suggesting a fundamental disconnect between the perceived benefits
of Al and the practical needs of these enterprises.

Organizational culture emerged as a critical determinant in the adoption
process. In digital firms, an entrepreneurial and forward-thinking leadership
style fostered a proactive attitude toward experimentation. These leaders not
only encouraged the use of new tools but also created dedicated roles, such as a
"Creative Technologist”, to guide and evangelize Al integration within the
company. This approach promoted a culture of continuous learning and
adaptation. Conversely, more conventional businesses faced significant internal
resistance, particularly from older staff members who were skeptical of change.
As one interviewee noted, "Some colleagues are just afraid of change. They
think Al will make things more complicated, not easier” (Interviewee 1). This
resistance highlights the human element of digital transformation, where fear of
the unknown and inertia can be as formidable an obstacle as technological or
financial limitations.
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Even among the more advanced firms, the fast pace of technological
evolution presented challenges. One participant reflected, "We need weekly
updates... the tools evolve faster than our ability to adapt™ (Interviewee 4),
demonstrating that even those who embrace Al must constantly invest in
skills and training to keep pace.

Finally, the environmental context — especially the regional charac-
teristics of Sicily — proved highly influential. Several respondents cited the lack
of public incentives, weak infrastructure, and limited access to knowledge
networks as major obstacles to innovation. These external factors create a
difficult landscape for SMEs trying to embrace new technologies. As one
entrepreneur remarked, "Here in Sicily, we can’t wait for the system to help —
we must adapt ourselves” (Interviewee 7), a quote that captures the spirit of
resilience born from a lack of institutional support. The combined effect of these
external constraints and internal challenges has led to a fragmented adoption
landscape, where only the most forward-thinking SMEs appear equipped to
harness the full potential of Al. One participant aptly captured this sentiment,
warning of a coming divide: "This revolution is enormous and definitive. Either
you keep up, or you disappear" (Interviewee 3).

These insights underscore the importance of viewing Al adoption not
solely through a technological lens, but as a multifaceted process shaped by
organizational culture and regional context. The variability in readiness and
usage patterns among Sicilian SMEs reveals the need for tailored
interventions, including targeted training, leadership development, and
supportive policy frameworks, in order to ensure a broader and more
inclusive integration of Al technologies.

The following Table 1 distills qualitative insights from eight in-depth
interviews with managers of Sicilian SMEs, contrasting digitally oriented
and traditional firms across the Technology-Organization-Environment
(TOE) dimensions. For each theme, it reports observed evidence by firm
type, representative quotations that exemplify recurrent patterns, and
actionable implications. The table highlights a marked divide in Al
awareness, use, and strategic framing; the role of leadership, culture, and
skills in shaping adoption trajectories; and the influence of environmental
factors such as infrastructure, incentives, and knowledge networks. Together,
these findings depict an uneven adoption landscape in which digitally mature
SMEs leverage Al to streamline workflows and elevate value-added tasks,
while more traditional firms face knowledge gaps, resistance to change, and
limited ecosystem support. The implications column translates these insights
into targeted interventions — ranging from awareness-building and change
management to training, governance, and policy measures — intended to
broaden and accelerate Al uptake in resource-constrained contexts.
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Theme (TOE)

Al Awareness &
Current Usage
(Technology)

Perceived Value &
Productivity
(Technology)

Organizational
Culture &
Leadership
(Organization)

Skills, Training &
Pace of Change
(Organization/
Technology)

Internal
Resistance &
Human Factors
(Organization)

Infrastructure,
Incentives &
Policy
(Environment)

Ecosystem &
Knowledge
Networks
(Environment)
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Al Adoption in Sicilian SMEs (TOE-Aligned)

Digital SMEs —

Evidence
High awareness;
Al integrated
across functions
(code review,
marketing,
creative, admin).
Al framed as
strategic asset
already in use

Al accelerates
processes, reduces
rote tasks, frees
time for higher-
value work

Entrepreneurial
leadership;
experimentation
encouraged;
dedicated roles
(e.g., "Creative
Technologist")

Continuous
upskilling needed;
struggle to keep
pace with fast-
evolving tools

Lower resistance
due to culture of
experimentation;
clearer narratives
on value

Operate despite
weak external
support; rely on
internal initiative

Better connected
to communities,
vendors, and
learning resources

Traditional

SMEs — Evidence

Low awareness;
Al perceived as
distant/complex;
unclear practical
applications

Benefits remain
abstract; fear of
inefficiency or
added
complexity

Conservative
culture; change
skepticism,
especially among
older staff

Foundational
digital/Al literacy
gaps; limited
training routines

High
resistance/inertia;
fear of the
unknown and job
disruption

More affected by
lack of incentives,
weak
infrastructure,
limited access to
knowledge
networks

Sparse networks;
isolation from best
practices and peer
learning

Representative
Quotes

"We use it in
various contexts—
for code analysis,
client quote
evaluations,
document
summarization"
(Int. 6); "I
wouldn’t even
know how to
apply it in my
daily work"
(Int. 8)
"It speeds things
up enormously...
we spend less time
on stupid tasks
and more on what
really matters"
(Int. 3)
"Some colleagues
are just afraid of
change... They
think Al will make
things more
complicated"”
(Int. 1)

"We need weekly
updates... the
tools evolve faster
than our ability to
adapt” (Int. 4)

"Some colleagues
are just afraid of
change" (Int. 1)

"Here in Sicily,
we can’t wait for
the system

to help — we must
adapt ourselves"”
(Int. 7)

Implicit across
interviews (limited
networks reported
by several
respondents)

Table 1

Actionable

Implications
Targeted
awareness-
building; sector-
specific use cases
and demos to
translate abstract
benefits into
concrete
workflows

Show ROI through
pilots; start with
quick wins that
automate low-
value tasks

Leadership
development for
digital
transformation;
internal
champions;
change
management and
communication
plans

Modular training
curricula;
microlearning;
vendor-supported
enablement; time-
bounded learning
sprints

Address anxieties;
participatory
design; involve
skeptics early;
emphasize
augmentation, not
replacement
Policy support for
SME Al adoption;
local innovation
hubs;
grants/vouchers;
improved digital
infrastructure
Broker
connections;
cluster initiatives;
peer cohorts;
partnerships with
universities and
providers
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Digital SMEs —

Theme (TOE)

Traditional

Representative

End of Table 1

Actionable

Evidence SMEs — Evidence Quotes Implications
Adoption Poised to harness Risk of falling "This revolution is | Segmented
Landscape & Al’s potential; behind; enormous and interventions;
Digital Divide see Al as non- fragmented definitive. Either prioritize lagging
(Cross-cutting) optional for readiness and you keep up, or sectors with
competitiveness uptake you disappear" tailored roadmaps

(Int. 3)
"Al... a strategic

and support

Strategic Framing | Clear strategic Lack of strategic Use-case portfolio

& Use-Case framing; Al framing; unclear asset already design; start small,
Selection mapped to value- entry points; enhancing scale fast;
(Organization/Tec | adding tasks and overwhelm from productivity" governance for
hnology) roles tool variety (synthesis from tool selection and

multiple interviews) | data readiness

Source: authors’ elaboration.

3. Discussion and conclusion

This research provides a detailed account of how Al adoption unfolds
within SMEs in a distinctive regional context like Sicily, offering valuable
insights that reach far beyond local specifics. The main contribution is to
demonstrate that the integration of Al is not a uniform or linear process but
is profoundly influenced by regional socio-economic dynamics, the internal
organizational culture of the firm, and its specific sectoral characteristics.

The application of the Technology-Organization-Environment (TOE)
framework revealed that a firm’s digital maturity and its managers’ attitudes
are decisive factors. For digitally advanced firms, these elements act as
powerful enablers, allowing them to effectively translate Al opportunities
into practical, day-to-day applications. Conversely, for more traditional
enterprises, these same factors serve as significant barriers, creating
substantial hurdles to adoption. From a theoretical perspective, this study
emphasizes the critical importance of situating digital transformation
research within specific territorial ecosystems.

The findings strongly suggest that regional conditions, such as the
availability of training resources, the presence of supportive networks, and
entrenched sectoral inertia, play a crucial and often underestimated role in
shaping a company’s readiness to adopt new technologies. In this sense, the
research refines the TOE framework by highlighting the considerable
influence of local embeddedness on technology adoption pathways.

On a practical level, the findings indicate that managerial interventions
and public policies aimed at fostering Al adoption cannot be based on a "one-
size-fits-all" approach. The observed heterogeneity among Sicilian SMEs
necessitates the development of differentiated strategies. While digitally
advanced enterprises may require sophisticated and structured training programs
and ethical guidelines for responsible Al use, traditional sectors need more
foundational initiatives. These should focus on raising basic awareness,
demystifying Al, and reducing the ingrained resistance to change.
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Innovation hubs and training institutions should, therefore, design
multi-layered support systems that align with the varying degrees of digital
maturity across the Sicilian SME population. The broader implication is that
for SMEs, Al adoption is not just a matter of technological availability but
also a process of profound cultural adaptation and organizational learning.
Companies that successfully combine an openness to experimentation with
deliberate investments in human capital will be better positioned to leverage
Al for enduring innovation and enhanced competitiveness. Conversely,
ignoring these crucial socio-organizational dimensions risks irrevocably
widening the digital gap between advanced and lagging firms.

4. Implications and future research directions

This study contributes to the literature on digital transformation in
SMEs and offers actionable guidance for managers, policymakers,
innovation hubs, and training institutions. The findings underscore that the
core challenge for SMEs is not merely adopting Al tools but embedding them
into organizational routines in ways that enhance collective capabilities and
elevate the value of work. The Technology-Organization-Environment
(TOE) lens reveals a pronounced divide between digitally oriented and
traditional firms: the former treat Al as a strategic asset already integrated
into daily workflows, while the latter perceive it as distant, complex, and
difficult to operationalize. This asymmetry is amplified by organizational
culture and leadership — entrepreneurial, experimentation-friendly environ-
ments accelerate uptake — alongside environmental constraints specific to
Sicily, including weak incentives, patchy infrastructure, and limited
knowledge networks.

Managerially, the results point to a staged, use-case — driven approach.
Firms should begin with "quick wins" that automate low-value tasks and
demonstrate tangible ROI, then scale to more complex applications under
explicit governance for tool selection and data readiness. Leadership
development is pivotal: appoint internal champions (e.g., "creative techno-
logists"), invest in change management and transparent communication, and
frame Al as augmentation rather than replacement to reduce resistance—
especially among older staff. Given the rapid progress of technological
change, continuous capability-building is essential; modular curricula,
micro-learning formats, and vendor-supported enablement can help teams
keep pace without disrupting operations.

For the support ecosystem, implications are equally concrete.
Innovation centers and business associations can broker access to sector-
specific exemplars and peer cohorts, reducing isolation and shortening
learning curves for traditional SMEs. Policy actors can mitigate environ-
mental frictions through targeted instruments — SME vouchers or grants for
pilot projects, tax credits tied to training outcomes, and investments in digital
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infrastructure. Regionally rooted initiatives (local hubs, university — industry
partnerships, cluster programs) can thicken knowledge networks and provide
durable scaffolding for adoption, moving beyond one-off workshops toward
sustained communities of practice.

Overall, theoretically, the study advances an integrated view of Al
adoption as a socio-technical process shaped by the interaction of techno-
logical affordances, organizational culture and leadership, and territorially
embedded conditions. Practically, it translates this view into a portfolio of
tailored interventions: awareness-building with concrete use cases; leader-
ship and change-management development; iterative pilots with clear
governance; continuous, stackable training; and ecosystem-level supports
that lower coordination and capability gaps.

Future research could extend these insights through longitudinal and
cross-regional comparisons, examining how combinations of managerial
practices and ecosystem supports enable durable consolidation of Al in
diverse socio-economic environments.

Moreover, to extend and triangulate these qualitative insights, future
research could incorporate a complementary quantitative phase using a survey
administered to a probability sample of Sicilian SMEs drawn from the AIDA
database (Analisi Informatizzata delle Aziende) — a comprehensive commercial
information platform covering Italian firms. The sampling frame would consist
of limited liability companies headquartered in Sicily that meet the EU definition
of an SME (i.e., < 250 employees and either < EUR 50 million in annual turnover
or <EUR 43 million in total assets). Recruitment could proceed via verified email
and phone contacts listed in AIDA, with multi-wave reminders and mixed-mode
administration to reduce nonresponse.

The survey grounded in the TOE framework and refined from the
interview themes — would measure perceived Al utility, readiness (skills,
data, governance), leadership and culture, environmental pressures/supports,
and adoption outcomes; established multi-item scales would be adapted and
pretested, followed by translation/back-translation and cognitive probing to
ensure content validity. This design would offer a robust quantitative
complement to the depth achieved qualitatively.
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The research analyses the process of adapting
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tation. The mentioned process was presented
from the perspective of the development of
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ENTREPRENEURSHIP

Industry 4.0. The research presents an overview
of the conditions for the implementation of
artificial intelligence in the financial sector. It
does not pretend to be a study that would
exhaustively present the research problem under-
taken. Each of the partial issues presented in the
following paragraphs requires development
based on more in-depth research. The aim of the
research is to show the process of adapting
artificial intelligence in the financial sector and
to highlight the mechanisms of its implemen-
tation. Instead of hypotheses, the following
research questions will be formulated in this
study: What is the importance of Al in the
development of digital economy? What is the role
of Al in the development of financial sector? What
are the experiences with implementing Al in the
financial sector of different countries? What are
the lessons learned from using Al and ML in the
financial sector so far? The study is based on
the analysis and evaluation of literature and
sectoral reports presenting the issues of digital
transformation of the economy, highlighting the
importance and possibilities of using artificial
intelligence and related modern technologies. The
above-mentioned analysis was complemented by
the use of deductive and inductive reasoning.
The use of artificial intelligence is an integral
element of the process of digitization of the
economy. The financial sector has widely adopted
solutions based on the use of artificial intelligence
and machine learning. They have become an
important factor in increasing the efficiency of this
sector and the financial system and its elements, the
quality of services provided by financial institutions
and, consequently, their competitiveness on the
market. The development of the digital economy has
created new opportunities for financial institutions
to use artificial intelligence and information tech-
nologies related to it. This applies to the use of
technologies such as autonomous robots, Big Data,
cloud computing, system integration, additive pro-
duction, Industrial Internet of Things, augmented
reality, simulations, and technologies supporting
cybersecurity. These technologies create new oppor-
tunities for financial institutions to improve their
efficiency and the quality of the products they offer.

Keywords: artificial intelligence, financial
sector, Industry 4.0, digital transformation.

JEL Classification: G2, 03.

Introduction

Posenankymo ymosu enpoeaodsicenus wimyuHo2o
inmenexmy y hinancosomy cexmopi. Ilpome
B0HO He NpemeHOYE HA GUYEPNHE GUCBITNICHHS
docnioxcyeanoi npobremu. Kooicne 3 numany,
npeoCcmasnenux y cmammi, nompeoye po3pooxu Ha
0CHOGI Db 2nubokux docriodicens. Mema docii-
ODICEHHsL — NOKA3AMUL NPOYeC adanmayii wnyyHo2o
iHmenekmy y QPiHaHCOBOMY CEKMOpi Ma GUZHAYUMU
MeXaHizmu 1020 NpoeaddceHHs. Y mexcax ybo2o
00CTI0AHCEHHS CPOPMYTLOBAHO MAKI OOCTIOHUYLKIE
numanus (be3 sucyHenHs cinomes): ke 3HaueHHs
mae LI y pozsumxy yughposoi exonomixu? Aka
poaw LI y possumky ghinancogozo cexmopy? Axuii
0ocsio enposadcenns LI y pinarncoeomy cekmopi
Matomy pizHi Kpainu? Hxi ypoxu euxopucmanHs
LI ma MH y ginancoeomy cexmopi 8uneceHi Ha
Cb020OHIWHIT OeHb? JlocniodcenHs: 6a3yempcst Ha
ananizi ma oyiHyi HAYKO8OI jimepamypu ma
2any3eeux 36imi6, WO 6UCEIMIIOI0Mb NUMAHHS
yugpoeoi mpancpopmayii  exonomiku, nioKpec-
JIOKOYU  BANCTIUBICIG A MONCIUBOCHT BUKOPUC-
MAHHA WIMYYHO20 THMENeKmy ma no8 S3aHuX 3 HUM
cyuacnux mexnonoeiil. Buweszasuayenuii ananiz oye
OONOBHEHUl 3ACMOCYBAHHAM O0eOYKMUBHO20 Md
IHOYKmMueHo20 MipKyeanus. Buxopucmanns wmyuy-
HO20 [HMeNneKmy € Hegi0 EMHUM eleMeHmOoM
npoyecy yugposizayii exonomixu. Dinancosul
CEKMOp WUPOKO 3ACMOCOBYE PilleHHs, 3ACHOBAHI HA
BUKOPUCMAHHI WMYYHO20 THMENeKmy ma MauuH-
HO20 HaguanHs. Bonwu cmanu eadxciusum gaxmo-
POM NIOBUWEHHSL eqheKMUBHOCH YbO2O CEKMOpY
ma inancosoi cucmemu i il enemenmis, sKOCMI
noCye, Wo HA0armsvCs QIHAHCOBUMU YCIMAHOBAMU
I, AK HACMIOOK, IX KOHKYPEHMOCHPOMONCHOCMI HA
puHKy. Posgumox yugpoeoi exonomixu cmeopus
HOBI  MOXMCIUBOCMI Ol (DIHAHCOBUX ~YCMAHOB
BUKOPUCIMOBYBAMU  WIMYYHULL  [HMeleKm  ma
nog’szami 3 HuM iHgopmayitni mexuonozii. Lle
CMOCYEMbCA 3ACMOCYBAHHA MAKUX MEXHON02IH, K
ABMOHOMHI poOOMU, GenuUKi OaHi, XMApHi obuucC-
JIeHHs, cucmemHa iHmezpayis, aoumueHe 6upoo-
HUymeo, npomucnosuii Inmepnem peueil, 0onos-
HEeHa peanbHICMmb, CUMYIAYIL Ma MexHOoN02ll, wo
niompumyroms xibepoesnexy. Lli mexnonozii cmeo-
PIOOmMb  HOBI  MOJMCIUBOCHI O (DIHAHCOBUX
VCMAaHo8 w000 NioBUEeHHs CB0€ET ehekmuerHocmi
ma sKkocmi nPoOyKmie, siKi 60HU NPONOHYIOMb.

Knro4oBi cioBa: mITy4HUI iHTENEKT, (DiHAH-
coBuii cextop, lHmycTpis 4.0, mudposa TpaHc-
dbopmartis.

The free flow of economic resources, the development of digital
technologies and the growing importance of intangible assets as components
of enterprise resources have become the driving forces for the emergence of
the fourth industrial revolution. Its symbol is Industry 4.0, focused on the
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digitization and mechatronization of production, and indicating a new app-
roach to managing the efficiency of enterprises. The digital transformation
taking place in the global economy is a factor stimulating the automation of
business operations based on the use of artificial intelligence (Al). Al is the
theory and practice of creating intelligent computer systems capable of
supporting or replacing human mental work, as well as enabling a deeper
understanding of human reasoning. This enables the processing of large
amounts of data, which makes Al an important factor in increasing the
efficiency of the financial sector and the financial system and its components.

This paper discusses the impact of the rapid adoption of artificial
intelligence and machine learning (ML) in the financial sector. It highlights
the benefits these technologies bring in terms of financial deepening and
efficiency, while raising concerns about its potential in widening the digital
divide between advanced and developing economies. The paper advances the
discussion on the impact of this technology by distilling and categorizing
the unique risks that it could pose to the integrity and stability of the financial
system, policy challenges, and potential regulatory approaches. The evolving
nature of this technology and its application in finance means that the full
extent of its strengths and weaknesses is yet to be fully understood. Given
the risk of unexpected pitfalls, countries will need to strengthen prudential
oversight.

Therefore, the aim of the research is to show the process of adapting
artificial intelligence in the financial sector and to highlight the mechanisms
of its implementation. The implementation of this aim will be related to the
exposure of the following partial research problems:

« artificial intelligence and the development of the digital economy;

« development and adaptation of artificial intelligence in the financial
sector;

« good practices of the artificial intelligence implementation — perspec-
tives of selected countries;

« analysis and evaluation of the artificial intelligence and machine
learning in financial services.

1. Artificial intelligence and the development of the digital economy

The concept of the digital economy is intrinsically linked to the
process of digital transformation of the economy (digitization of the eco-
nomy) associated with the fourth industrial revolution exemplified by the
concept known as Industry 4.0. This term originated in the German economy,
where it is associated with the Federal Government’s search for opportunities
to mitigate the effects of the global financial crisis initiated in 2008 with the
bankruptcy of Lehman Brothers. In 2011, the German government used
the term Industrie 4.0 for the first time in a document indicating the high-tech
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strategy formulated as part of the national development strategy for the
German economy (Lucks, 2022). Industry 4.0 is oriented towards the digita-
lization and mechatronization of production and indicating a new approach
to business performance management with the blurring of boundaries
between the physical, digital and biological spheres of manufacturing
processes (Maczynska, & Okon-Chorodynska, 2020; Jasko et al., 2022). The
digital transformation taking place in the global economy is driving the auto-
mation of the manufacturing environment as well as the creation of digital
value chains that enable multi-directional communication within the enterprise
and between the enterprise and its environment (Slusarczyk, 2019). The
development and dissemination of the Industry 4.0 concept has also recently led
to the demand for its transformation into the Industry 5.0 concept, which is
dictated mainly by the need to reveal the human role in cyber-physical
systems (Saniuk et al., 2022).

The possibility of emergence of the digital economy as a result of
revolutionary changes in the functioning of economies and in the mana-
gement mechanisms of organizations was preceded by significant transfor-
mations that, over the last decades (since the 1980s), have become the driving
forces of the fourth industrial revolution. Among these transformations, the
following have been of key importance:

« the processes of globalization and economic, political and social
integration stimulating the facilitation of economic resource flows and access
to new markets, but at the same time increasing competition and demands of
consumers and investors in regional and local markets;

« the growing importance of intangible resources as components of an
enterprise’s potential, creating new opportunities for the creation and use of
unique economic resources and increase in the company’s effectiveness and
competitiveness on the market. As a result, intellectual capital has become a
key driver of effectiveness-oriented changes in an enterprise (Bugar¢i¢ &
Slavkovi¢, 2023);

o the rapid development of information technologies, especially the
spread of the Internet from the point of view of its accessibility and
multidimensional use.

Although the process of digital transformation is the result of the
coincidental impact of the aforementioned revolutionary transformations,
the emergence and spread of Internet use in the private and business spheres
is of key importance here. This is because it has contributed to the following
fundamental changes in the functioning of not only enterprises, but also other
market actors:

« radical changes in terms of access to information and the speed of its
flow, which has contributed, among other things, to an increase in the
importance of information as an economic resource and market product and
the emergence of information management as a business management
concept;
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« changes in the sphere of broadly understood communication — including
the possibility to communicate online in real time using voice and video and using
communication platforms such as Zoom, MS Teams and others;

« the use of the Internet as a channel for an enterprise to connect with
its customers and distribute its products, in conjunction with both traditional
business models and the creation of enterprises based solely on online sales
of their products, resulting in new business models for enterprises based on
the virtualization of their business;

o the use of the Internet in the field of education, enabling distance
learning based on the use of real-time online communication platforms and
professional learning platforms (e.g. Moodle);

«the emergence of technological solutions enabling digital
authorization of documents through the use of an electronic signature, which
has made it possible not only to facilitate the creation and transmission of
formal and legal documentation, but also the provision of administrative
services by public entities in the online system (e-governance);

« the emergence and spread of the use of information technologies in
the medical services sector for issuing e-prescriptions and giving the
physician online access to the patient’s medical record and results of ordered
tests, which has become an important factor stimulating the development of
e-medicine with regard to the range of medical services that can be provided
without the need for physical contact between the physician and the patient;

« the emergence of new ways of increasing the effectiveness of an
enterprise and the quality of the products it offers and consequently
increasing its competitiveness by reducing operating costs and the possibility
of integrating dispersed economic resources with their sharing;

« the emergence and spread of hybrid products which, based on similar
technological solutions, perform functions that were previously the domain
of separate, unrelated products manufactured by separate economic entities,
offered on separate markets and having their own, unrelated value chains —
the hybridization of economic activity.

The emergence and implementation of technologies such as
autonomous robots, Big Data, cloud computing, system integration, additive
production, Industrial Internet of Things, augmented reality, simulations, and
technologies supporting cybersecurity are associated with the development
of the digital economy (Grabowska & Saniuk, 2022). In recent years, new
areas for the use of artificial intelligence have been closely linked to the process
of digitalization of the economy. The term “artificial intelligence” (Al)
dates back as far as the mid-1950s, when it was defined by J. McCarthy and
identified with the branch of computer science dealing with the construction
of machines and algorithms, the operation of which has the hallmarks of
intelligence (Winston, 1992). The connection of Al with the digital
transformation of the economy, however, refers to its increasing imple-
mentation for business, economics, finance and management purposes. From
the perspective of organization’s operations, the utility of Al relates to the
following three potential levels of its application (Korzynski et al., 2023):
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strategic level — decision-making by managers based on the use of
recommendations relating to specific decision-making problems, using of the
organization’s information resources for knowledge management purposes;

functional level — using for customer service, use for Human Resource
Management;

administrative level — using to generate standard business documents
and to automate and assist with various administrative tasks, such as
scheduling appointments, booking travel arrangements, and managing
calendars.

An important sector of the economy where technological solutions
related to the use of Al have been used for many years is the financial sector.
Research conducted in this area demonstrates not only the significant benefits
generated from its use, but above all the very high potential relating to the
future development of its applications for the growth of the activities of
financial institutions. The financial sector is ranked third in the economy in
this respect (after the information, communication and manufacturing
sectors) (Fintech Poland, 2022). This is a natural consequence of the fact that
this sector has been very quick to implement the achievements of digital
transformation, the first stages of which were the provision of remote access
to banking services for customers, followed by the creation of online banks
based almost exclusively on the use of the Internet for the purpose of
interacting with customers and their use of the services offered by the bank.

The research carried out demonstrates the feasibility and relevance of
implementing Al-based technologies in the following areas of financial
institutions’ operations (Fintech Poland, 2022):

« functioning of the front office using machine learning, robotics,
chatbots, biometrics and unique identity;

« functioning of the back office using text analytics tools, machine
learning, robotics and chatbots;

« personalization of financial services using robotics and chatbots;

« risk management and compliance using text analytics tools, machine
learning, biometrics and unique identity.

In the context presented, it becomes reasonable to present and
exemplify the mechanisms for implementing Al in the financial sector,
highlighting the determinants of its development and adaptation, presenting
good practices applied in this field in different countries and carrying out an
analysis and evaluation of the use of Al in the financial sector to date.

2. Development and adaptation of artificial intelligence in the
financial sector

Artificial intelligence is the theory and practice of creating intelligent
computer systems capable of supporting or replacing human mental work and
enabling a deeper understanding of human reasoning. Machine learning, on
the other hand, is the analysis of learning processes and the creation of
systems that improve their performance based on past experience — through
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the use of self-optimizing algorithms that stimulate the process of learning.
In addition to their many practical applications, these technologies are
increasingly used in the financial system. They are transforming the way
financial market players make decisions on, among other things, transactions,
capital allocation and lending. Therefore, there are many applications using
artificial intelligence and machine learning technologies in the financial
system. This is due to both supply-side factors (such as technological
developments and the availability of data and infrastructure in the financial
system) and demand-side factors (which may include issues of profitability,
competition with other market players and regulatory requirements). These
technologies are being used to assess the credit quality of business partners,
price and sell insurance contracts, automate customer interactions, optimize
capital utilization and commercial transactions as well as for risk manage-
ment and fraud prevention, data quality assessment, regulatory compliance,
among others.

With Al, machine learning and growing computing power, artificial
intelligence is an increasingly effective mechanism to counter fraud.
Financial institutions are using these solutions to detect payment fraud, credit
fraud as well as social engineering fraud (phishing). Detection of inconsis-
tencies or inaccuracies in payment, loan and application data is achieved
through predictive analytics across multiple banking channels. By analyzing
the data with a pre-trained algorithm, a transaction can be effectively assessed
for fraud risk. Such a system can be extended to notify any deviations from
the normal pattern by informing of different types of banking fraud
vulnerability. Large-scale transaction verification is then performed in a
matter of milliseconds, which reduces the risk of fraud in modern omni-
channel banking.

The dynamic progress of artificial intelligence is fundamentally
affecting the existing patterns operating in the financial sector. In the area of
banking and insurance, Al is being used to automate processes, analyze
complex data sets, detect fraud, personalize offers and create intelligent so-
called robo-advisors. With Al, it becomes possible to gain a deeper
understanding of customer preferences, enabling the delivery of better
tailored products and services. Stock trading and investment are other areas
where Al is playing an increasingly important role. Al-based models are able
to analyze enormous amounts of data, predict trends in financial markets to
aid investment decision-making. Al algorithms are also used for automated
trading and identifying attractive investment opportunities. In the insurance
sector, Al supports risk assessment, damage estimation, insurance portfolio
management and the creation of personalized offers. Al-based chatbots are
used for customer service and rapid response to queries.

The impetus for the use of Al and machine learning solutions in the
automation of financial processes and in the replacement of human labor with
algorithms was the deeply humanistic belief that human time, abilities and
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intelligence can be used much more efficiently. It should also not be forgotten
that Al systems do not get tired and therefore do not make potentially costly
mistakes. Therefore, one can venture to say that full process automation
would be the optimal solution for the financial sector. However, we will have
to wait for such a scenario, mainly for legal reasons, although technology
also imposes certain conditions in this case — such as that the automated
process must be well defined and described.

At this point, it is worth mentioning that the financial sector and especially
the financial markets have always been quick to adapt technological develop-
ments to their needs. This is no different with artificial intelligence solutions,
especially with regard to deep learning. This type of data processing in the typical
applications of financial institutions is far superior to other process automation
methods. Al solutions are used, for example, in the preparation of stock market
forecasts, in credit risk assessment or in the asset valuation process. However, it
Is worth remembering that the prospects opened up by the use of artificial
intelligence in the financial sector are more promising. These include, among
other things:

 automation of such complex processes as the planning and
implementation of personalized and targeted marketing campaigns or
complete strategies for both specific financial and banking products as well
as entire brands;

* increasing transaction security, implemented while maintaining the
flexibility of financial services and without compromising the usability of
online tools or the quality of service in branch offices;

* preparation of complex demographic analyses in real time, without
distracting customers from the financial operation being performed;

« analysis of customer behavior and the emotions they feel, based on
their behavior in social networks;

e accurate real property valuation and optimized search for new
locations for banking outlets.

These are just a few of the many new and not-so-obvious possibilities
offered to financial institutions by artificial intelligence (Report, 2020).

Intelligent solutions can therefore be used in the financial sector in
many aspects and areas of business. Robotization and automation of
operational processes, mainly in the back-office area, are already an
increasingly popular way to reduce costs and improve efficiency. Al is doing
well in the case of handling large amounts of data, in automatic decision-
making, where we are able to program a solution with the help of an
algorithm. However, there are tasks where humans have the advantage.
Decision-making there requires a comprehensive view of the problem, such
as in the case of investment appraisal, which often requires talking to experts
and drawing logical conclusions based on the data provided. However, the
true potential will only become apparent when Al e starts to support human
capabilities and cooperate with humans. A contemporary example here is
Morgan Stanley which has supported the work of its 16 000 financial
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advisers with Al agents. An intelligent algorithm analyses customer data and
supports advisers in finding investment options. The role of the adviser, who
remains in contact with the customer, is to make an offer at the right time.
With such a large number of customers and such a comprehensive portfolio
of banks, it would not be physically possible for financial advisers to keep
track of investment options for each individual customer. Through machine-
human cooperation, additional possibilities have therefore been unlocked
(Reworking the Revolution, 2019).

The aforementioned processes, however, require significant data sets
that are subject to machine analysis. Of course, data has been collected by
companies for years, but as a rule it was an unstructured collection, often in
analogue form, collected unsystematically and without a clear purpose. Now,
thanks to powerful computers and machine learning, systems are better able
to read data sets and see regularities in them. Operations that currently take
seconds would require several years of work by analysts. Big data therefore
makes it possible to better advise customers on financial products, better
manage risk and carry out a variety of projects that were not possible
previously. It is no wonder that so many banks have created central credit
registers for each customer and Data Science departments. Financial
institutions know what their customers spend their money on, their habits and
their needs. They can make predictions about future spending and create
segmentations and personalized offers.

Current research on Al also focuses on reinforcement learning. This
IS a machine learning technique in which an Al model learns to make
decisions by interacting with the environment and receiving feedback
(reward or punishment) depending on the actions taken. Such Al model takes
actions in a given environment and learns to improve its decisions based on
the feedback it receives. In parallel, the development of large language
models and learning from human interaction is noticeable. Nevertheless,
there are still many obstacles in the way of Al freely "learning” and
increasing its similarity to humans.

Taking all the aforementioned content into account, it is important to
realize that artificial intelligence is no longer a distant future. It is being used
today, often even without our knowledge. Sometimes we are confronted with
the effects of Al without realizing that somewhere in the process concerning
us an element of intelligent algorithm has been used. Various bots and
algorithms are already assisting employees in the banking or insurance
sector. Therefore, the financial sector should not be asking itself "should we
implement?". The most important question now is "how to implement?", so
as to catch up with competitors and not fall behind in the race of the digital
revolution. The increasingly fierce competition caused by the low barrier to
entry will make the progress of artificial intelligence solutions ever faster.
Companies in the financial sector that underestimate the importance of Al
will experience losses and their position on the market will be challenged.
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For many companies in the financial sector, it is important that the
implementation of Al involves a change in strategic approach or business model.
Al is not only profitable if the aim is to cut costs. Al is a benefit on many levels
at the same time (e.g. reducing costs or increasing customer and employee
satisfaction). This is why it is important to take a holistic view of the
implementation of solutions, also taking into account the impact on the organi-
zation and its customers. It is for this reason that any implementation should be
preceded by idea testing. Already at this stage, it is necessary to measure success
and potential profit and to determine whether the solution will bring the expected
business value. It is also at this point that an organization should select the
available technology options. How the implementation of artificial intelligence
and the changes brought about by it are managed is also not without influence.
This process should take into account the ethical approach to Al development
and the organization’s values.

In summary, to maximize the benefits of Al implementation,
organizations in the financial sector should (Fintech Poland, 2022):

1. Move beyond simple automation, serving mainly to increase
efficiency or reduce costs.

2. Focus on real, holistic growth.

3. Redefine the boundaries of the ecosystem in which the organization
and its customers exist.

4. Propose and verify ideas (proof-of-concept) for Al that provide real,
measurable business value and define a basic framework for building Al
(e.g. it is important to identify activators, i. e. factors that will facilitate the
development of Al in the organization).

5. Define the Al governance framework.

As for the specific benefits arising directly from the various
applications of Al, these can be divided into the following categories:

Efficiency. Performing routine tasks thanks to well-defined rules,
procedures and criteria.

Knowledge. Supporting the decision-making process will be facili-
tated by enhanced analytical capabilities.

Effectiveness. Activities performed by a personal assistant or agent
will enhance human capabilities.

Innovation. Increasing creativity by identifying alternative possibi-
lities and advising on optimal decisions.

The financial sector is therefore one of the key beneficiaries of
advances in Al, which also translates into increased effectiveness, better
customer service and more purposeful decision-making. However, the
introduction of Al in the financial industry brings challenges such as liability,
data security and regulatory issues. Therefore, it is important to maintain a
balance between innovation and the protection of customer interests and the
stability of the financial system.
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It is natural that new technologies raise certain concerns. However, it
is worth remembering that innovation has always helped to develop our
skills. Calculators have not made us unable to count, but have made the
process of calculation easier. Automated spell-checking has not replaced our
ability to write, but aids its correctness. Al and automation aim to make work
easier and more efficient and to extend our capabilities, not to replace
humans. Nowadays, artificial intelligence that supports automation is
becoming an important element influencing the ways in which both physical
and mental work is done. The development of Al technology allows
machines to take over routine and repetitive tasks, which initiates changes in
the nature of work and reduces the direct involvement of humans in the stages
of work that they have always complained about.

What aspects should the financial sector consider when preparing for
Al implementation? First of all, Al should not be expected to replace
employees. Artificial intelligence should be gradually improved, extended to
then lead to automation. Over time, the proportion and nature of employee
roles will change and there will be an increase in new roles related to Al
training, explaining and maintaining Al-based solutions. It is also important
to focus on identifying the areas of Al implementation that will have the most
positive impact on driving business growth and increasing operational
efficiency. It will be particularly important here to understand that the effect
of Al implementation is the opportunities that will develop between human
and machine. It is therefore important to give this a chance, rather than
replacing humans with machines, as this will not deliver the expected
benefits. From an organization-building perspective, it may be necessary to
create an operational model that ensures ethical governance from the ground
up as well as to acquire Al skills within the entire organization. Ethical and
regulatory compliant governance must be integral to Al development. Also,
cooperation with regulators, including by signaling loopholes or phenomena
that require the creation of missing regulations, will ensure the success of Al
implementation in the financial sector (Boost Tour AlQ, 2018).

In conclusion, it is worth noting that technological advances have
helped to accelerate the integration of artificial intelligence and machine
learning models with a growing number of processes in the financial sector.
Today, financial institutions that do not exploit the potential of Al risk falling
behind competitors who make strategic decisions using analytical systems.
Intelligent algorithms learn from examples derived from historical data and
are then used to discover patterns that are difficult for humans to identify.
The use of machine learning in the financial sector is not new. In practice,
this technology has been used for decades by banks and institutions offering
financial services. It involves basic statistical methods and techniques, such
as linear and logistic regression or rule-based modelling. Such traditional
methods are relatively simple, easy to understand, explain and interpret.
However, the price of their use tends to be lower efficiency compared to the
possibilities offered by more advanced machine learning techniques.
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With the increase in computing power of computers in recent years,
analytical methods such as neural networks, decision tree-based algorithms
and others have become increasingly popular. These methods tend to have
higher efficiency compared to classical statistical methods, but the way they
work is more complex and the influence of individual input variables on the
final result is more difficult to interpret.

3. Good practices of the artificial intelligence implementation —
perspectives of selected countries

Acrtificial intelligence may be one of the driving forces Polish
economy. But in order for that to happen, we have to be right for it prepared
now. The effective implementation of artificial intelligence is a challenge not
only for entrepreneurs, but also for the broadly understood state.

A challenge not only of a strategic, technical or business nature, but
also ethical and legal. Al solutions must be created because carefully,
responsibly and ethically both at the level of the legal framework and
processes in each organization using this technology. That is why in our
paper we have devoted special attention to ethics in Al. We also reviewed
national strategies in the field of Al so that the strategy finally implemented
by Poland turns out to be effective. Entering the era of artificial intelligence
must be an act not only conscious for all parties involved, but also systemic,
because it is supported by an appropriate state strategy.

Polish financial institutions thanks to their technological advancement
and the potential to use the huge amounts of data at their disposal, may be a
critical part of the Polish artificial intelligence sector. At the same time,
financial institutions have a special responsibility due to the scope of data
they have and process and their role as an institution of public trust. It is
estimated that the banks that will invest in Al and related solutions, may
increase theirs in 2020—-2025 revenue by more than 37%. And in the opinion
of bankers, Al technology will be the one that will have the greatest impact
on banking in the next couple of years.

The global race for position leader in the field of artificial intelligence
is not limited only to leading companies. More and more countries are
starting recognize the role of Al in development (Fintech Poland, 2022).

Governments are realizing how many changes driving their economy can
be brought about by artificial intelligence. The Tech Vision trend report,
prepared periodically by Accenture based on the opinions of key managers
managing global companies, has been systematically showing for several years
that that artificial intelligence is of interest to the most important players.

Those who do not adapt to the new conditions may pay a high price.
That is why more and more countries recognize this and decide to create their
own national Al strategy. The first such coherent and comprehensive strategy
was presented by Canada in 2017. Also, in the international space,
arrangements for cooperation between entities, countries, regions and
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metropolises are being prepared. An example of the latter can be London,
which in its strategy positions itself as a hub for the development of artificial
intelligence. Also, in Poland, the dynamic development of innovative
products based on Al was noticed, and the Ministry of Digital Affairs
published assumptions for the Al strategy.

Such great interest from government, regional and local entities
indicates the importance of artificial intelligence. They began to realize that
maximizing the benefits of Al will only take place if we manage to strengthen
cooperation between business, education and the public sector.

This ecosystem must have access to data and appropriate legal
regulations must be ensured. Therefore, it is worth analyzing the approach of
leaders to the subject of artificial intelligence. The UK, US, China, France
and the EU are already in the midst of this transition.

Each strategy addresses issues such as:

« research and development;
« education;

« access to the data;

« financing;

« ethics and law;

« infrastructure.

These strategies also adjust the above issues to local realities. An
interesting case is also the strategy of India, which — in addition to economic
growth — is to take into account social problems.

There are some countries which have presented and already published
a national strategy on Al: USA, Canada, Mexico, Tunisia, Kenya, United
Arab Emirates, India, China, Taiwan, Japan, Australia, Great Britain, Italy,
France, Denmark, Sweden, Finland, Lithuania, Germany. International
strategies are also visible for the European Union, for Nordic-Baltic
countries, for some countries of the UN, and a special agreement between
United Arab Emirates and India (Fintech Poland, 2022).

The institutions of the European Union have been actively dealing
with the subject of Al since 2016. In April 2018, the European Commission
published a Communication Artificial Intelligence for Europe. This
document describes the main goal for Europe: to become a global leader,
providing state-of-the-art, ethical and safe human-centric Al solutions. The
entire document emphasizes the anthropocentrism of the approach
(Communication Artificial Intelligence for Europe, 2018).

The human being is to be at the center of the solution, despite the fact
that development is associated with the development of artificial intelligence,
i. e. algorithms, innovations and machines. This positions artificial
intelligence and its role as ancillary to humans and its surroundings.

The European Union has the potential to develop artificial intelligence
and recognizes the challenges it brings. The advantage of the European Union
is undoubtedly its academic background in the form of scientists, research
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and laboratories. Many Al startups are thriving in the EU and new ones are
still being created.

Acrtificial intelligence solutions are already working well in many
countries. For example, in Denmark there is a system that helps emergency
services diagnose heart attacks based on the caller’s voice. In Austria, on the
other hand, X-ray images are analyzed to detect tumors by instantaneous
comparison of medical data with X-ray images.

The great advantage of the Union is the Digital Single Market. This
market is characterized by common rules, e.g. regarding data protection and
flow, as well as security. The uniformity of these rules makes it easier for
business and cooperation between entrepreneurs who, operating in other
Member States, are subject to the same guidelines and regulations.

The European Union already has access to huge amounts of data on
various industrial sectors, including the public sector. Access to this data and
its processing may turn out to be crucial in the development of artificial
intelligence.

The European Commission proposes a three-pronged approach to the
development of artificial intelligence. Success is guaranteed here:

« increasing investment in Al in both the public and private sectors;
« preparation for socio-economic changes caused by Al;
« providing an ethical and legal framework.

The EU approach — in addition to investments — also analyzes changes
in the human environment. Al causes and can cause further socio-economic
changes that should be paid attention to. Not only the disappearance of entire
professions, but also profound changes in the way they are performed can
cause social tensions. They can only be mitigated by the coordinated policies
of the Member States. For example, the introduction of the Uber application
brought a wave of protests by taxi drivers. This will probably also be the case
when fully driverless taxis are launched. That is why it is so important to
introduce legal solutions on an ongoing basis that leave no room for doubt
and over-interpretation. However, it will certainly be difficult, as most of the
innovations introduced by enterprises are ahead of legal regulations.

In addition, the European Commission, together with the Member
States, prepared and published in December 2018 a coordinated plan for Al
(European Coordinated Plan on Artificial Intelligence, 2018, December 7).
The plan provides for a number of actions to support the development and
use of Al in Europe, including by:

« maximizing investment through public-private partnerships, increased
funding for Al start-ups and small and medium-sized enterprises;

« creating and connecting digital innovation hubs that can help in the
application of Al in small and medium-sized enterprises;

« adaptation of training programs and systems;

« creating European data spaces regulated by the GDPR (General Data
Protection Regulation);

« ensuring that Al solutions are ethical and trustworthy.
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The European Union’s policy on artificial intelligence is also
supported by a budget prepared for these purposes. The European
Commission has so far planned significant sums of investment in Al in
2014-2020, including under two dedicated programs: Horizon and Digital
Europe.

« Approximately EUR 1.1 billion is the budget allocated in 2014-2017
to areas related to artificial intelligence (robotics, big data, health, transport,
new technologies) under the Horizon programme.

« As much as EUR 2.3 billion has been allocated — through the
Structural Funds — to the development of digital skills (http://ec.europa.eu/
newsroom/dae/document.cfm?doc_id=51610).

« Investments planned for the period 2018-2020 amount to EUR 1.5
billion for research and innovation.

« After 2020, as much as EUR 1 billion of expenditure per year was
planned from the Horizon and Digital Europe programmes.

These amounts illustrate the importance of spending related to
artificial intelligence in the Community budget.

On April 10, 2018, 24 member states, together with Norway, signed a
declaration on cooperation in the field of artificial intelligence. This
declaration aims to create a unified European approach to Al. As part of the
declaration, all Member States committed themselves to develop their own
national strategies by mid-2019, defining the approach to Al and the level of
investment (European Comission, 2018, December 7).

The EU plans to monitor the implementation of the strategy in
individual countries, introducing indicators necessary to analyze and evaluate
the implementation of this initiative. Monitoring information will be
published on the Al Watch portal (A hub for the JRC’s scientific research on
Acrtificial Intelligence).

Despite the anticipated benefits, Al also poses many risks. Therefore,
the European Union places great emphasis on making Al solutions credible
and ethical. The key here is to create an ethical and legal framework in which
the EU’s position as a leader in the implementation of innovative solutions
in the field of artificial intelligence should be built. For this purpose, the
European Commission’s group of experts developed the Ethics Guidelines
for Trustworthy Al?. The document was published on 2019, April 8. and is a
set of guidelines for building and implementing Al systems. The addressees
of these guidelines are enterprises, organizations, public administration
bodies, academia, individuals or other entities involved in the creation,
implementation and use of Al in practice.

2 Within the advisory bodies of the European Commission, a group of 52 high-level experts on
artificial intelligence in the European Commission was established, consisting of academics,
lawyers, politicians and business practitioners (High-level expert group on artificial intelligence)
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As part of the "trustworthy AI" concept, the EC emphasizes that
artificial intelligence should be used in compliance with applicable
regulations and basic principles and values, and should be technically
reliable. Reliable Al is defined by three determinants:

« should comply with applicable regulations;

« should respect basic ethical principles and values;

« it should be reliable — technically reliable while taking into account
the social environment, so that it cannot cause even unintentional damage.

The guidelines are organized according to three levels of abstraction,
from the most abstract (providing ethical Al) to the most practical (Assessing
the Al’s credibility). The document contains guidelines divided into 3 groups:

« ensuring ethical Al;
« iImplementing reliable Al;
« Al credibility assessment.

The first part is about ensuring the ethical purpose of Al by
establishing the fundamental rights, principles and values necessary for Al
solutions. The implementation, development and use of artificial intelligence
systems should comply with ethical principles such as: respect for human
autonomy, harmlessness, justice and responsibility.

Based on ethical principles, the second part outlines the seven
principles necessary to achieve trustworthy Al (both in terms of ethical
purpose and technical integrity):

Human leadership and oversight — supporting the development of a
democratic and just society by strengthening human leadership and
supporting fundamental rights.

Stability and security — creating safe and technically reliable solutions,
resistant and preventing potential damage.

Privacy and data protection — providing citizens with access and
appropriate control over their own data. The data used should be checked for
appropriate quality and integrity.

Transparency — ensuring the traceability of Al systems.

Diversity, non-discrimination and fairness — ensuring diversity and
equal and fair treatment.

Social and environmental well-being — enhancing positive social
change, supporting sustainable development and ecological responsibility.

Accountability — ensuring accountability mechanisms for artificial
intelligence systems and their results.

Artificial intelligence solutions are constantly changing, evolving in a
dynamic environment, therefore they require appropriate assessment
methods that can be used at every stage of their life cycle. The very process
of their assessment should be a continuous process. In order to assess and
verify the implementation of ethical Al requirements, methods were
proposed and divided into technical and non-technical (Figure 1).
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Methods

Technical Non-technical

« Al architecture designed from scratch « Regulations

« according to Al credibility requirements « Code of Conduct
« Ethics and compliance by design « Standardization
« Methods of explanation and transparency of « Certification
action « Responsible management
« Testing and verification « Education and awareness in support
« Service quality indicators « ethical approach

« Stakeholder participation and social dialogue
« Diverse and inclusive project teams

Figure 1. Al evaluation methods
Source: ethics guidelines for trustworthy Al (2019).

The proposed set of methods resembles project methodologies,
probably known to many managers.

The third part focuses on verifying each of the key Al credibility
requirements using a checklist. This list should be flexible and tailored to specific
cases. this summer it is planned to launch a pilot phase aimed at collecting
opinions on the prepared checklist®. After taking into account the collected
comments, an updated checklist was proposed at the beginning of 2020.

The last part of the report presents examples of beneficial uses and
risks associated with artificial intelligence. Many countries are already using
practical solutions that support socially important areas, e.g. health or
education. Positive examples are presented in Figure 2.

» Access to a large amount of data allows you to create

Actions a more efficient energy infrastructure and reduce
. energy consumption by detecting energy needs more
for the climate accurately.

and sustainable infrastructure . Reducing the number of fatalities in car accidents
thanks to faster response time

« Supporting prevention, treatment and more effective
detection of diseases.

Health « Al can study and detect repetitive patterns, leading to
earlier diagnosis of diseases and the development of
more effective drugs

+ Supporting the detection of jobs that will be affected
by technology development.
Education « Identify potential new occupations and required skills.

and digital transformation + A tool to combat educational inequalities and create
educational programs tailored to the individual needs
and capabilities of people using them

Figure 2. Practical solutions that support socially important areas
Source: ethics guidelines for trustworthy Al (2019).

31t is also planned to expand the EU’s cooperation with other countries, such as Japan, Canada and
Singapore, and to participate in international discussions and initiatives, including under the G-7 and G-20.
The pilot phase will also cover companies from other countries and international organizations.
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The document of the European Commission also indicates many areas
that require discussion, and often legal regulations. Trust in artificial intelligence
may be synonymous with the need to give up the rights of a citizen. It is very
important to decide which values are more important, e.g. whether it is possible
to limit a citizen’s freedom while increasing his security.

The risks are listed in Figure 3, presented below.

» Automatic identification of persons (e.g. using face or voice recognition

systems) can be used to unlawfully track citizens, thus violating their
freedom

Identification and
tracking of citizens

« There is no information about cooperation with the artificial intelligence

Hidden Al systems system in a given procedure or process

Evaluation of citizens in « The lack of transparent procedures and methodologies using scoring
violation of their systems can result in discrimination and unfair evaluation of citizens,
fundamental rights customers, etc.

* The use of automatic defense systems, in which the factor of human
Deadly defense systems decision is eliminated, raises ethical questions and may lead to an
uncontrolled arms race.

Figure 3. Risks and limits for a citizen’s freedom

Source: ethics guidelines for trustworthy Al (2019).

In May 2018, the General Data Protection Regulation (GDPR) entered
into force, which has a significant impact on the development of artificial
intelligence (driven by, among others, data sets). Their processing provides
huge amounts of information and can have an impact on Al solutions. It is
necessary to apply the provisions of the GDPR already in the design phase,
when building and implementing Al elements. Experts are already asking
questions about whether the GDPR will not limit the technological revolution
and raise doubts related to the interpretation of the current regulations.

Some initial information on the case studies strategies for selected
countries are presented in Table 1.

Table 1
Al implementing experiences — case studies for selected countries

Country Key actions connecting the Al implementation

The France Intelligence Artificially report was published, and the introduction of both documents was
intensively promoted as the #FranceAl initiative

Report "For a meaningful artificial intelligence. Towards a French and European strategy" analyzes the
current situation in France and describes in detail what development directions to take to become a leader in
the field of Al

To achieve the leading position, the French government planned to invest EUR 1.5 billion in the development
of artificial intelligence by 2022. Of this amount, 700 million will be allocated to research. Investments in
Al are expected to double the number of students working in this area

France France emphasizes the possibilities offered by Al in terms of ecological impact on the environment, e.g. by
understanding ecosystem dynamics and optimizing resource management (including energy). Artificial
intelligence can help reduce energy consumption. It can be used in environmental protection (e.g. using
drones for afforestation or mapping living species using image recognition technology). In a green economy
powered by Al, access to data is essential. It is crucial to ensure access to open data sets, e.g. on weather,
agriculture, transport, energy consumption, climate

The report proposes the creation of an Al ethics committee, responsible for the public debate, which will
deal with topics related to the ethics of artificial intelligence. Another proposal is to automate administrative
procedures so that citizens better understand administrative rules and how they affect them
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End of Table 1

Country ‘ Key actions connecting the Al implementation

The UK published its Artificial Intelligence Action Plan in April 2018 (Industrial Strategy. Artificial Intelligence Sector
Deal). The advantage of Great Britain is its academic background (including universities in Oxford, Cambridge and
Leeds)

The UK strategy itself is coherent, full of specific assumptions supported by specific numbers. It is based on 5 pillars
(see Ideas, People, Infrastructure, Business environment, Places): I. Ideas/concepts

The main objective of the strategy is to make the UK the most innovative economy in the world. This will be made
possible by investments and increased spending in the area of research and development (R&D). Expenses are expected
to increase to 2.4% of GDP by 2027

Education ecosystem is conducive to development in the field of science and technology. Cooperation with universities
Great is to be a base that will provide a highly qualified staff of scientists and employees in the field of Al

Britain Infrastructure support is provided primarily in the area of data. It is not only about improving the current data
infrastructure, but also increasing the amount and availability of high-quality public data

The UK has ambitions to become the best economic ecosystem to start and develop an Al-based business. The
ecosystem also means access to capital, which is why the British Business Bank has created a fund for targeted
investments with capital of GBP 2.5 billion (the activities of the fund, together with the private sector, will enable
financing projects at the level of GBP 7.5 billion)

The creation of a national strategy is to mobilize regions to create their own Al strategies (which will use local assets).
Particularly important is the issue of transport between regions and cities, which will be incubators for the business of
the future. Therefore, it is assumed that the new fund (called the Transforming Cities Fund) will provide GBP 1.7 billion
to finance projects to improve transport connections in metropolitan regions

The USA is one of the world leaders in the field of artificial intelligence. It is here that the biggest players —- GAFAM
(Google, Amazon, Facebook, Apple, Microsoft) have their headquarters. These companies are undoubtedly associated
with technological innovations, access to data and extensive infrastructure. They are an inspiration for many startups
and create a massive ecosystem, because according to data, 40% of all global Al startups start their operations in the
USA

The US ecosystem also includes strong research regions (San Francisco Bay Area, New York, Boston) and academic
units at the highest level (including MIT, Stanford). Qualified staff is about 850.000 specialists in the field of artificial
intelligence. Research and investments in Al are supported by an appropriate funding system

October 2016, the Executive Office of the President of the United States issued a report, preparing for the Future of
Artificial Intelligence, describing actions that the government should take to increase the economic and social
USA benefits of Al

A separate plan was created, covering only issues related to R&D and the provision of qualified staff (National Artificial
Intelligence Research and Development Strategic Plan). The plan was issued by the Networking and Information
Technology Research and Development Subcommittee (NITRD)

The US sees the role of public policy in providing education and training and the appropriate transformation of workers,
which is necessary to develop relevant skills and, if necessary, re-industry workers. Al solutions should be governable,
transparent and understandable to be able to effectively cooperate with humans. Attention is also drawn to the ethical
dimension for practitioners, students, researchers and decision-makers responsible for artificial intelligence

The US is meticulous about ethics, it has included priorities in its strategy that are considered ethically controversial.
For example, the US government aims to develop Al in weapons systems. There is an international discussion about
the potential of Al-controlled weapons

China’s plan assumes that by 2030 it will become the world leader in Al, and the Chinese business based on artificial
intelligence will be worth USD 150 billion. International players such as Baidu, Alibaba, Tencent and Xiaomi (BATX
for short) are already active in the Asian region — well-known enterprises originating from China. These companies
have their own huge research facilities and dynamically implement artificial intelligence in their services

Artificial intelligence was already one of the 10 strategic sectors/areas of development listed (the others include new
information technologies, aviation equipment, modem ships, energy saving, agricultural machinery, new materials,
medical devices). China wants to stop copying technological solutions and start creating them based on its own
innovations

The detailed Al strategy was announced on July 20, 2017 in the Next Generation Artificial Intelligence
Development Plan published by The State Council of China. So, the goal is to become the world leader in
artificial intelligence — is implemented in 3 stages:

Stage I: 2017-2020. The goal is to equalize technological levels. By 2020, China wants to catch up with Al
pioneers, such as the US. They estimate that their market will then reach USD 23 billion.

Stage 11: 2020-2025. The second stage is to lead China to specialization and leadership in selected fields of
artificial intelligence in 2025. These fields are primarily medicine, agriculture, national defense and smart
cities.

Stage I11: 2025-2030. The goal of the third stage, scheduled for 2030, is for China to become the world leader in
Al. It is advanced research and implementation in business and society that will make China number one

China

Source: authors’ elaboration based on (European Judicial Systems — CEPEJ Evaluation
Report, 2024).

ISSN 2786-7978; eISSN 2786-7986. SCIENTIA FRUCTUOSA. 2025. N2 5 191



ENTREPRENEURSHIP

4. Analysis and evaluation of the artificial intelligence and
machine learning in financial services

Acrtificial intelligence and machine learning are being rapidly adopted
for a range of applications in the financial services industry. As such, it is
important to begin considering the financial stability implications of such
uses. Because uses of this technology in finance are in a nascent and rapidly
evolving phase, and data on usage are largely unavailable, any analysis must
be necessarily preliminary, and developments in this area should be
monitored closely.

Many applications, or "use cases"”, of Al and machine learning already
exist. The adoption of these use cases has been driven by both supply factors,
such as technological advances and the availability of financial sector data
and infrastructure, and by demand factors, such as profitability needs,
competition with other firms, and the demands of financial regulation. Some
of the current and potential use cases of Al and machine learning include:

« Financial institutions and vendors are using Al and machine learning
methods to assess credit quality, to price and market insurance contracts, and
to automate client interaction.

« Institutions are optimizing scarce capital with Al and machine
learning techniques, as well as back-testing models and analyzing the market
impact of trading large positions.

» Hedge funds, broker-dealers, and other firms are using Al and
machine learning to find signals for higher (and uncorrelated) returns
and optimize trading execution.

« Both public and private sector institutions may use these technologies
for regulatory compliance, surveillance, data quality assessment, and fraud
detection.

In order to be able to analyze and evaluate the use of Al and machine
learning in financial services, several important hypotheses must be
articulated:

» The more efficient processing of information, for example in credit
decisions, financial markets, insurance contracts, and customer interaction,
may contribute to a more efficient financial system. Applications of Al and
machine learning can help improve regulatory compliance and increase
supervisory effectiveness.

« At the same time, network effects and scalability of new technologies
may in the future give rise to third-party dependencies. This could in turn
lead to the emergence of new systemically important players that could fall
outside the regulatory perimeter.

« Applications of Al and machine learning could result in new and
unexpected forms of interconnectedness between financial markets and insti-
tutions, for instance based on the use by various institutions of previously
unrelated data sources.

» The lack of interpretability or "auditability" of Al and machine
learning methods could become a macro-level risk. Similarly, a widespread
use of opaque models may result in unintended consequences.
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« As with any new product or service, there are important issues around
appropriate risk management and oversight. It will be important to assess uses
of Al and machine learning in view of their risks, including adherence to
relevant protocols on data privacy, conduct risks, and cybersecurity. Adequate
testing and "training™ of tools with unbiased data and feedback mechanisms is
important to ensure applications do what they are intended to do.

Overall, Al and machine learning applications show substantial
promise if their specific risks are properly managed.

This paper defines Al as the theory and development of computer
systems able to perform tasks that traditionally have required human
intelligence. Al is a broad field, of which "machine learning” is a sub-
category*. Machine learning may be defined as a method of designing a
sequence of actions to solve a problem, known as algorithms, which optimize
automatically through experience and with limited or no human intervene-
tion®. These techniques can be used to find patterns in large amounts of data
(big data analytics) from increasingly diverse and innovative sources.

Many machine learning tools build on statistical methods that are
familiar to most researchers. These include extending linear regression
models to deal with potentially millions of inputs, or using statistical
techniques to summarize a large dataset for easy visualization. Yet
machine learning frameworks are inherently more flexible; patterns
detected by machine learning algorithms are not constrained to the linear
relationships that tend to dominate economic and financial analysis. In
general, machine learning deals with (automated) optimization, predi-
ction, and categorization, not with causal inference®. In other words,
classifying whether the debt of a company will be investment grade or
high yield one year from now could be done with machine learning.
However, determining what factors have driven the level of bond yields
would likely not be done using machine learning.

A variety of factors that have spurred adoption of Al and machine
learning in financial services. On the supply side, financial market
participants have benefitted from the availability of Al and machine learning
tools developed for applications in other fields. These include availability of
computing power owing to faster processor speeds, lower hardware costs,
and better access to computing power via cloud services.

As more firms adopt these tools, the financial incentives to access new
or additional data and to develop faster and more accurate Al and machine

4 Examples of Al applications that are not machine learning include the computer science fields of
ontology management, or the formal naming and defining of terms and relationships by computers,
as well as inductive and deductive logic and knowledge representation. In this paper, for
completeness, we often refer to Al and machine learning”, with the understanding that many of the
important recent advances are in the machine learning space.

5> An algorithm may be defined as a set of steps to be performed or rules to be followed to solve a
mathematical problem. More recently, the term has been adopted to refer to a process to be followed,
often by a computer. See: Samuel (1959), Mitchell (1997), Jordan & Mitchell (2015).

® Here, prediction is understood as identifying something as likely before the event based on
experience. Causal inference and forecasting are done from a scientific perspective on the basis of
analysis of the past.
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learning tools may increase. In turn, such adoption and development of tools
may affect incentives for yet other firms.

A variety of technological developments in the financial sector have
contributed to the creation of infrastructure and data sets. The proliferation
of electronic trading platforms has been accompanied by an increase in the
availability of high-quality market data in structured formats. In some
countries, such as the United States, market regulators allow publicly traded
firms to use social media for public announcements. In addition to making
digitized financial data available for machine learning, the computerization
of markets has made it possible for Al algorithms to interact directly with
markets, putting in real-time complex buy and sell orders based on
sophisticated decision-making, in many cases with minimal human inter-
venetion. Meanwhile, retail credit scoring systems have become more
common since the 1980s, and news has become machine readable since the
1990s. With the growth of data in financial markets as well as datasets — such
as online search trends, viewership patterns and social media that contain
financial information about markets and consumers — there are even more
data sources that can be explored and mined in the financial sector.

On the demand side, financial institutions have incentives to use Al and
machine learning for business needs. Opportunities for cost reduction, risk
management gains, and productivity improvements have encouraged adoption, as
they all can contribute to greater profitability. In a recent study, industry sources
described priorities for using Al and machine learning as follows: optimizing
processes on behalf of clients; working to create interactions between systems and
staff applying Al to enhance decision-making; and developing new products and
services to offer to clients. In many cases these factors may also drive "arms races"
in which market participants increasingly find it necessary to keep up with their
competitors’ adoption of Al and machine learning, including for reputational

reasons (Figure 4).

@
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_Improvem_e nts Availability of Potential for "Arms race" Pruden_tlal

in computing . . . regulations,
ower. data infrastructure cost reduct!on, vylth o_ther data reporting

gvailaEJilit and data to revenue gains, financial best execution’

alqori thmsyl apply new improved risk institutions and AML (anti-mol-
g ' techniques management firms

Ccosts, etc. ney laundering)

Figure 4. Supply and demand factors of financial adoption
of Al and machine learning

Source: authors’ study based on: Artificial intelligence and machine learning in financial
services (2017).
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A number of developments could impact future adoption of a broad range
of financial applications of Al and machine learning. These developments
include continued growth in the number of data sources and the timeliness of
access to data; growth in data repositories, data granularity, variety of data types;
and efforts to enhance data quality. Continued improvement in hardware, as well
as Al and machine learning software as a service, including open-source
libraries, will also impact continued innovation. Development in hardware
includes processing chips and quantum computing that enable faster and more
powerful Al. These developments could enable cheaper and broader access to
Al and machine learning tools that are increasingly powerful. They could make
more sophisticated real-time insights possible on larger datasets, such as real-
time databases of online user behavior or internet-of-things (loT) sensors
located around the world.

At the same time, sophisticated software services are becoming more
widely available. Some of the software services are open source libraries
made available in the past few years that provide researchers with off-the-
shelf-tools for machine learning. There are also a growing variety of vendors
that provide machine learning for financial market participants, including
some firms that scrape news and/or metadata and enable users to identify the
specific features (webpages viewed, etc.) that correlate with the events they
are interested in predicting. As services emerge to provide, clean, organize,
and analyze these data for financial insights, the cost to users of incorporating
sophisticated insights may fall significantly. Thus, at the same time, risks
related to multiple users of the same information and techniques across the
financial sector could grow.

The legal framework for relevant data will likely also impact the adoption
of Al and machine learning tools. Breaches of personal data or uses of data that
are not in the interests of consumers may be expected to lead to added data
protection legislation. In addition, the development of new data standards, new
data reporting requirements, or other institutional changes in financial services
can impact the adoption of Al and machine learning in specific markets.

Financial stability implications depend critically on the uses of Al and
machine learning. To assess these implications, questions to be considered would
include which Al and machine learning tools are being used to make which types
of decisions, on what time scales, to address which financial functions, and where
and at what level human involvement is being integrated.

Al and machine learning are being adopted for a number of purposes
across the financial system. Examples include:

e Sentiment indicators: Social media data analytics companies use Al
and machine learning techniques to provide "sentiment indicators” to a
number of financial services players. Investor sentiment indicators are being
developed and sold to banks, hedge funds, high-frequency trading traders,
and social trading and investment platforms.

e Trading signals: Machine learning can help firms to increase productivity
and to reduce costs by quickly scanning and making decisions based on more
sources of information than a human can. Therein also lies a limitation of machine
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learning technology: by identifying and relying on patterns that were predictive
of outcomes in the past, these tools are susceptible to false information. For
example, there were market moves across equities, bonds, foreign exchange, and
commodities in April 2013 after trading algorithms reacted toa fraudulent news
Tweet announcing two explosions at the White House. These types of issues may
be exacerbated with more widespread use of machine learning.
¢ AML/CFT (anti-money laundering and combating the financing of
terrorism) and fraud detection: Seeking to increase productivity and
simultaneously reduce costs and risks, while complying with regulations,
some firms use Al for AML/CFT and fraud detection at financial institutions
(van Liebergen, 2017). Firms can also use machine learning for credit
monitoring and risk mitigation purposes.
Micro- and macro-financial perspectives of the application of Al/ML
are presented in Table 2.
Table 2
Micro- and macro-financial perspectives of the application of AI/ML
in the financial system

arleig‘;t?; n Perspectives
Micro-financial

Since Al and machine learning have the potential to substantially enhance the efficiency of information
Financial processing, thereby reducing information asymmetries, applications of Al and machine learning have

the potential to strengthen the information function of the financial system (Al and machine learning
markets . ey - - .

may enable certain market participants to collect and analyze information on a greater scale; Al and

machine learning may lower market participants’ trading costs)

Al and machine learning have the potential to enhance the efficiency and profitability of financial

institutions, while reducing their costs and risks, through various channels. Greater profitability could

aid the build-up of buffers and ultimately benefit system-wide stability (Al and machine learning may
Financial enhance machine-based processing of various operations in financial institutions, thus increasing
institutions revenues and reducing costs; Al and machine learning can be used for risk management through earlier

and more accurate estimation of risks; the data intensity and open-source character of research in Al
and machine learning may encourage collaboration between financial institutions and other industries,
such as e-commerce and sharing economy businesses)

If Al and machine learning reduce the costs and enhance the efficiency of financial services,
consumers could obtain a number of benefits (Consumers and investors could enjoy lower
fees and borrowing costs if Al and machine learning reduce the costs for various financial

Consumers and . - : h : .
services; Consumers and investors could have wider access to financial services. For example,

Investors applications of Al for robo-advice might facilitate people’s use of various asset markets for
their investments; Al and machine learning could facilitate more "“customized" and
"personalized" financial services through big data analytics)
Macro-financial
More efficient risk management of individual banks’ loan portfolio and insurers" liabilities may benefit
Enhancing the the aggregate system. Al and machine learning could help process information on the fundamental
efficiency value of assets, thus allocating funds to investors and projects more effectively. Moreover, if Al and
of financial machine learning increase the speed and reduce the costs of payment and settlement transactions, for
services example by executing trades at times when there are available counterparties with corresponding
demand, this may stimulate transactions for real activities
Facilitating Were Al and machine learning to facilitate collaboration between financial services and various
collaboration and | industries, such as e-commerce and "“sharing economy* industries, this could realize new economies
realizing new of scope and foster greater economic growth. For example, customer analysis based on transaction
""economies data attached to payment and settlement activities (for example, "“who buys what, when, and where?")
of scope" would encourage cooperation between e-commerce and financial services
Stimulating Many firms, including non-financial businesses, appear eager to apply Al and machine
investments learning to their business. The growth in investments in Al and machine learning-related R&D
in Al and can directly contribute to economy-wide investment and thus stimulate economic growth

machine learning
related areas

Source: authors’ elaboration based on (Merton, & Bodie, 2005).
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The use of Al and machine learning technology is changing the provision
of some financial services. While data on the extent of adoption in various markets
Is quite limited, dialogue with market participants suggests that some segments of
the financial system are actively employing Al and machine learning. These
applications are thus currently more widely used than other key innovations, such
as distributed ledger technology or smart contracts. In particular, fraud detection,
capital optimization, and portfolio management applications appear to be growing
rapidly. Most market participants expect that Al and machine learning will be
adopted further. Because of this, it is important to start thinking about the financial
stability implications now rather than after the potential implications have been
realized. The analysis is necessarily partial and will benefit from greater
understanding of use cases over time. Moreover, the changes will not result in a
material change to financial stability and hence fall outside the scope of this paper.

The use of Al and machine learning in financial services may bring
key benefits for financial stability in the form of efficiencies in the provision
of financial services and regulatory and systemic risk surveillance. The more
efficient processing of information on credit risks and lower-cost customer
interaction may contribute to a more efficient financial system. The internal
(back-office) applications of Al and machine learning could improve risk
management, fraud detection, and compliance with regulatory requirements,
potentially at lower cost. In portfolio management, the more efficient
processing of information from Al and machine learning applications could
help to boost the efficiency and resilience of financial markets — reducing
price misalignments earlier and (under benign assumptions) reducing
crowded trades. Finally, with use cases by regulators and supervisors, there
Is potential to increase supervisory effectiveness and perform better risk
analysis in financial markets.

Many current providers of Al and machine learning tools in financial
services may fall outside the regulatory perimeter or may not be familiar with
applicable law and regulation. Where financial institutions rely on third-party
providers of Al and machine learning services for critical functions, and rules
on outsourcing may not be in place or not be understood, these services and
providers may not be subject to supervision and oversight. Similarly, if
providers of such tools begin providing financial services to institutional or
retail clients, this could entail financial activities taking place outside of the
regulatory perimeter.

The uses of Al and machine learning should continue to be monitored.
As the underlying technologies develop further, there is potential for more
widespread use, beyond the use cases discussed in this paper. It will be
important to continue monitoring these innovations and to update this
assessment in the future.

Conclusions

The deployment of artificial intelligence and machine learning
systems in the financial sector will continue to accelerate. This trend is driven
by rapid increases in computational powers, data storage capacity, and big
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data, as well as by significant progress in modeling and use-case adaptations.
The COVID-19 pandemic is accelerating the shift toward a more contactless
environment and increasingly digital financial services, which will further
strengthen the appeal of AI/ML systems to providers of financial services.
Use of AI/ML will bring important benefits but will also raise significant
financial policy challenges. AlI/ML systems offer financial institutions the
potential for significant cost savings and efficiency gains, new markets, and
better risk management; bring customers new experiences, products, and lower
costs; and offer powerful tools for regulatory compliance and prudential
oversight. However, these systems also bring about ethical questions and new
unique risks to the financial system’s integrity and safety, of which the full
extent is yet to be assessed. The task facing financial sector policymakers is
further complicated by the fact that these innovations are still evolving and
morphing as new technologies come into play. These developments call for
improvements in oversight monitoring frameworks and active engagement
with stakeholders to identify possible risks and remedial regulatory actions.

Regulators should broadly welcome the advancements of AI/ML in
finance and undertake the preparations to capture its potential benefits and
mitigate its risks. This includes the timely strengthening of institutional capacity,
recruiting relevant expertise, building up knowledge, improving external
communication with stakeholders, and expanding consumer education. Deploy-
ment of Al/ML systems in the financial sector has proven to be most effective
when there are national Al strategies in place that involve all relevant public and
private bodies. Cooperation and knowledge sharing at the regional and
international level is becoming increasingly important. This would allow for the
coordination of actions to support the safe deployment of AlI/ML systems and
the sharing of experiences and knowledge. Cooperation will be particularly
important to ensure that less-developed economies have access to knowledge
related to techniques and methods, use cases, and regulatory and supervisory
approaches. Finally, the evolving nature of the AI/ML technology and its
applications in finance mean that neither the users, the technology providers and
developers, nor the regulators understand, currently, the full extent of the strengths
and weaknesses of the technology. Hence, there may be many unexpected pitfalls
that are yet to materialize, and countries will need to strengthen their monitoring
and prudential oversight.
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