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IFRS created both opportunities and challenges for ensur-
ing consistency in financial reporting. At the same time, 
O. Yarmoliuk et al. (2021) demonstrated that differences in 
disclosure practices and valuation approaches led to varia-
tions in the presentation of financial results. Consequent-
ly, the quality of IFRS financial reporting could not be as-
sessed solely through formal adherence to standards but 
had to be analysed through the lens of accounting model 
selection and its impact on information interpretation.

In parallel, the digitalisation of financial reporting and 
the introduction of structured reporting formats, such as 
eXtensible Business Reporting Language (XBRL) and the 
European Single Electronic Format (ESEF), have intensi-
fied the demand for high-quality, comparable, and analyt-
ically meaningful financial information. European Securi-
ties and Markets Authority (ESMA, 2023) highlighted the 
importance of structured reporting for ensuring transpar-
ency and comparability of financial data, while XBRL In-
ternational (2024) emphasised the role of digital standards 
in improving data accessibility. While these technologies 
enhance data accessibility and standardisation, they did 
not eliminate conceptual differences arising from account-
ing model diversity. Instead, they further exposed incon-
sistencies rooted in measurement and recognition choices 
permitted under IFRS.

Despite extensive research on IFRS implementation 
and convergence processes, insufficient attention was paid 
to the systemic role of accounting models in shaping the 
informational usefulness of financial reporting. I. Shusha-
kova et al. (2021) examined the convergence of accounting 
systems, while L.I. Lezhnenko & M.M. Kruhla (2024) an-
alysed the historical aspects of IFRS implementation, yet 
these studies did not provide an integrated theoretical per-
spective on how accounting models influenced reporting 
quality as a whole. Against this background, the purpose 
of this study was to examine the role of accounting mod-
els within IFRS in shaping the quality and informational 
usefulness of financial reporting. The research aimed to 
conceptualise the relationship between principles-based 

Introduction
The quality of financial reporting prepared under Interna-
tional Financial Reporting Standards (IFRS) has become a 
central issue in contemporary accounting theory and prac-
tice, particularly in the context of global capital markets 
integration and increasing reliance on financial informa-
tion for economic decision-making. IFRS were originally 
designed as a principles-based system aimed at enhancing 
transparency, comparability, and informational usefulness 
of financial statements across jurisdictions. However, the 
growing complexity of economic transactions and the ex-
pansion of valuation-based accounting models have sig-
nificantly transformed the way financial information is 
generated and interpreted.

Recent studies indicated that the informational use-
fulness of IFRS-based financial reporting depends not only 
on formal compliance with standards but also on the un-
derlying accounting models, professional judgments, and 
estimation techniques applied in the reporting process. As 
noted by M.E. Barth et al. (2021), the application of IFRS 
involves significant managerial discretion, which directly 
affects the quality and comparability of financial reporting 
across entities. In particular, L.V. Bezkorovaina (2023) ar-
gued that the formation of financial reporting indicators 
under IFRS was substantially influenced by methodologi-
cal choices and estimation approaches applied by report-
ing entities. As a result, financial reporting quality was 
increasingly shaped by methodological choices embed-
ded within IFRS rather than by uniform rule application. 
This shift raised important questions regarding the extent 
to which accounting models enhance or undermine the 
qualitative characteristics of financial information, par-
ticularly relevance, faithful representation, comparability, 
and understandability.

The principles-based nature of IFRS granted signifi-
cant discretion to preparers in selecting accounting pol-
icies and measurement bases, which may improve eco-
nomic realism but simultaneously reduced consistency 
across entities and reporting periods. O.  Tyvonchuk & 
O.  Mykiievych  (2023) emphasised that the transition to 

of theoretical generalisation, comparative analysis, a systematic approach, and logical modelling, which made it possible 
to comprehensively analyse the relationship between the principles of International Financial Reporting Standards, 
accounting models, and the qualitative characteristics of financial information. The study found that the quality of 
financial reporting prepared in accordance with International Financial Reporting Standards is determined not only 
by compliance with standards, but primarily by the selection and application of specific accounting models. It was 
substantiated that different measurement models for assets and liabilities affect the relevance, reliability, comparability, 
and understandability of financial information in different ways. The presence of a conceptual trade-off between 
increasing the economic realism of indicators and the growing complexity of their interpretation has been identified. It 
was proven that the informational usefulness of financial reporting largely depends on professional judgment and the 
analytical capacity of users. The practical significance of the obtained results lies in the possibility of their application 
to improve analytical approaches to the evaluation of financial reporting prepared in accordance with International 
Financial Reporting Standards, enhance the quality of managerial and investment decision-making, and further develop 
the methodology of financial analysis in a principle-based accounting environment

Keywords: financial information; principle-based accounting; professional judgement; accounting system; financial 
statements
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standards, accounting model selection, and the qualitative 
characteristics of financial information. The study contrib-
uted to accounting theory by systematising existing ap-
proaches and proposing a structured analytical framework 
for assessing IFRS-based reporting quality.

Literature Review
The issue of financial reporting quality under IFRS has 
been widely examined in academic literature; however, 
existing studies demonstrated considerable fragmentation 
in conceptual approaches to its assessment. Most research 
strands focused either on regulatory convergence and im-
plementation challenges or on isolated qualitative charac-
teristics of financial information, without sufficiently ad-
dressing the systemic role of accounting models in shaping 
informational usefulness. A substantial body of literature 
analysed IFRS as a global harmonisation mechanism aimed 
at improving transparency and comparability of financial 
reporting. N. Melnyk (2013) analysed the historical devel-
opment of the international accounting system and high-
lighted the evolution of financial reporting standards as 
a prerequisite for the emergence of modern IFRS-based 
approaches. O. Tyvonchuk & O. Mykiievych (2023) noted 
that the adoption of IFRS contributed to improved consist-
ency of financial reporting across countries and enhanced 
access to global capital markets. Similarly, L.I.  Lezhnen-
ko & M.M.  Kruhla  (2024) examined the historical evo-
lution of IFRS implementation and confirmed its role in 
strengthening international comparability. At the same 
time, I. Shushakova et al. (2021) argued that convergence at 
the regulatory level did not ensure uniform reporting out-
comes due to institutional differences between countries.

Another stream of research focused on the qualita-
tive characteristics of financial information as defined in 
the IFRS Conceptual Framework, primarily relevance and 
faithful representation. S.O. Kuznetsova & A.V. Doroman-
dzhy (2019) emphasised that IFRS improved the relevance 
and understandability of financial reporting through en-
hanced disclosure practices. In turn, M.  Kusano  (2020) 
demonstrated that the recognition and measurement ap-
proaches influenced the risk relevance of reported infor-
mation. However, E.  Eberhartinger  et al.  (2020) showed 
that increased reliance on professional judgement and esti-
mation techniques reduced comparability and complicated 
user interpretation.

Accounting model selection has emerged as a criti-
cal but underexplored determinant of reporting quality. 
H.B. Nazarova et al. (2020) identified that different account-
ing procedures significantly influenced the formation of fi-
nancial results. Similarly, L.V. Bezkorovaina (2023) argued 
that methodological choices in IFRS application directly 
affected the structure and quality of financial reporting in-
dicators. V. Müller et al. (2021) considered accounting and 
auditing in accordance with international standards as an 
important management tool that influences decision-mak-
ing processes and the overall effectiveness of financial 
management. These findings suggested that alternative 

models permitted under IFRS-such as historical cost ver-
sus fair value or amortised cost versus revaluation-led to 
materially different financial results without corresponding 
changes in underlying economic performance.

The literature also highlighted the growing importance 
of disclosure quality in mitigating limitations associated 
with accounting model diversity. O. Yarmoliuk et al. (2021) 
demonstrated that expanded disclosure practices improved 
the completeness and interpretability of financial report-
ing information. At the same time, earlier studies, such as 
S.B.  Shypina  (2016), analysed international experience in 
disclosure of financial results and confirmed the impor-
tance of detailed explanatory information. Nevertheless, 
disclosure practices remained uneven, and users’ ability to 
process complex information varied significantly.

Recent contributions further examined the impact of 
digital reporting technologies, such as XBRL and ESEF, 
on financial reporting quality. ESMA (2023) emphasised 
that structured reporting formats enhanced comparabili-
ty and transparency of financial data, while XBRL Inter-
national  (2024) highlighted the role of digital standards 
in improving accessibility and analytical usability of fi-
nancial information. In addition, O.V. Vakun et al. (2020) 
investigated the implementation of XBRL in Ukraine and 
identified challenges related to standardisation and data 
comparability. However, these technologies did not re-
solve conceptual inconsistencies arising from accounting 
model heterogeneity.

At the institutional level, O.  Antoniuk  et al.  (2021) 
analysed the development of accounting and auditing 
services in Ukraine and identified discrepancies between 
regulatory frameworks and practical implementation. Sim-
ilarly, T. Shepel (2021) examined the problems of IFRS im-
plementation in Ukraine and highlighted methodological 
and organisational challenges. It was confirmed that IFRS 
integration into the national accounting system influenced 
both reporting practices and institutional development. 
In addition, M. Dziamulych et al. (2021) explored the im-
pact of regulatory indicators on financial institutions and 
demonstrated the increasing role of standardisation in 
financial reporting processes. Further research also ad-
dressed the relationship between IFRS compliance and re-
porting quality. M.  Kabwe  (2023) found that compliance 
with IFRS significantly improved the quality of financial 
reporting in developing economies. At the same time, 
N. Kuzyk et al. (2025) analysed the application of IFRS in 
asset revaluation and impairment and demonstrated that 
accounting model selection directly influenced financial 
reporting outcomes. 

Despite the breadth of existing research, a conceptu-
al gap persisted in understanding how accounting models 
function as an intermediary mechanism between IFRS 
principles and the resulting informational usefulness of fi-
nancial reporting. Prior studies tended to analyse standards, 
qualitative characteristics, or disclosures in isolation, leav-
ing insufficient theoretical integration of these elements. 
Consequently, the role of accounting models as a systemic 
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determinant of financial reporting quality remained inade-
quately conceptualised. This study addressed the identified 
gap by developing an integrated analytical perspective that 
links principles-based IFRS, accounting model selection, 
and the qualitative attributes of financial information. By 
shifting the focus from compliance-oriented evaluation to 
model-based analysis, the research contributed to a deeper 
theoretical understanding of financial reporting quality in 
a principles-based accounting environment.

Materials and Methods
This study adopted an analytical-conceptual research de-
sign aimed at examining the role of accounting models in 
shaping the informational usefulness of IFRS-based finan-
cial reporting. Given the theoretical nature of the research, 
the methodology was grounded in qualitative analysis 
rather than empirical testing and focused on the system-
atic interpretation of accounting principles, measurement 
models, and reporting outcomes. The methodological 
framework was based on a structured analysis of IFRS as 
a principles-based accounting system, with particular at-
tention to the interaction between accounting standards, 
professional judgement, and financial reporting quality. 
The research drew on authoritative international stand-
ards, including the IFRS Conceptual Framework and IAS 
1 Presentation of Financial Statements (Supreme Council 
of Ukraine, 2012), as well as on recent academic literature 
addressing financial reporting quality, accounting policy 
choices, and comparability issues.

The study employed the following methodological ap-
proaches: (1)  conceptual analysis, which was used to ex-
amine the theoretical foundations of financial reporting 
quality and to clarify the role of accounting models as a 
mediating mechanism between IFRS principles and report-
ed financial information; (2)  comparative analysis, which 
was applied to identify differences between alternative ac-
counting models permitted under IFRS (e.g., historical cost 
versus fair value) and to assess their implications for rele-
vance, faithful representation, and comparability; (3)  sys-
tematisation and synthesis, which were utilised to integrate 
fragmented findings from prior studies into a coherent 
analytical framework linking accounting model selection 
with informational usefulness; (4)  critical interpretation, 
which was aimed at evaluating the limitations of existing 
approaches to assessing reporting quality and at formulat-
ing theoretically grounded conclusions. The analytical fo-
cus was placed on accounting models as structured sets of 
recognition, measurement, and presentation choices that 
directly influence the formation of financial reporting in-
dicators. Rather than assessing compliance with IFRS re-
quirements, the study examined how different accounting 
models affected users’ ability to interpret financial informa-
tion and make informed economic decisions.

The research did not involve primary data collection or 
statistical sampling. Instead, the empirical base of the study 
consisted of secondary sources, including peer-reviewed 
journal articles, regulatory documents, and methodological 

guidelines published within the last decade. Selection of 
sources was guided by their relevance to IFRS application, 
financial reporting quality, and accounting model analysis. 
To enhance transparency and reproducibility, the method-
ological logic of the study was explicitly articulated, allow-
ing other researchers to replicate the analytical approach 
using the same standards and conceptual criteria. No AI 
systems were used for generating scientific content, formu-
lating theoretical conclusions, or interpreting research re-
sults. The authors bore full responsibility for the accuracy, 
originality, and academic integrity of the study.

Results and Discussion
The transition to IFRS represented not merely a change in 
accounting regulation but a fundamental transformation 
of the logic underlying financial reporting. Unlike rule-
based systems, IFRS were constructed as a principles-based 
framework that deliberately limited detailed prescriptions 
and instead relied on professional judgement to reflect 
the economic substance of transactions. Prior studies em-
phasised that the principles-based nature of IFRS aimed 
to enhance relevance and faithful representation by al-
lowing entities to adapt accounting treatments to com-
plex and evolving economic realities. L.I.  Lezhnenko & 
M.M. Kruhla (2024) examined the historical development 
of IFRS and highlighted their role in improving compara-
bility across jurisdictions, while O. Tyvonchuk & O. My-
kiievych (2023) noted that IFRS adoption contributed to 
the integration of financial reporting into global capital 
markets. However, this flexibility simultaneously shifted 
the focus of standardisation away from uniform numerical 
outcomes toward standardised reasoning processes. As a 
result, IFRS did not ensure comparability through identi-
cal accounting solutions but through a shared conceptual 
approach to financial reporting.

The Conceptual Framework for Financial Reporting 
(Supreme Council of Ukraine,  2010) explicitly acknowl-
edged that judgement, estimation, and model-based meas-
urement were inherent components of high-quality finan-
cial information. International Accounting Standards Board 
(IFRS Foundation,  2012) defined the Conceptual Frame-
work as a basis for ensuring relevance and faithful rep-
resentation of financial information, while Supreme Coun-
cil of Ukraine  (2010) adapted these principles within the 
national regulatory environment. Consequently, account-
ing under IFRS became inseparable from the selection and 
application of accounting models that translate economic 
phenomena into reported figures. These models incorpo-
rate valuation techniques, assumptions about future cash 
flows, risk assessments, and discount rates, which collec-
tively shape reported performance and financial position.

Empirical and analytical research indicated that this 
shift had ambiguous implications for reporting quali-
ty. On the one hand, S.O. Kuznetsova & A.V. Doroman-
dzhy (2019) emphasised that IFRS improved the relevance 
and understandability of financial reporting, while M. Ku-
sano  (2020) demonstrated that valuation approaches  
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influenced the risk relevance of financial information. 
On the other hand, L.V. Bezkorovaina (2023) argued that 
methodological flexibility led to variations in financial 
reporting indicators, and E.  Eberhartinger  et al.  (2020) 
showed that reliance on professional judgement increased 
heterogeneity in reported outcomes, thereby complicat-
ing comparability. Importantly, this heterogeneity did not 
arise from inconsistent application of standards but from 
the legitimate diversity of accounting models permitted 
within the IFRS framework. Thus, comparability under 
IFRS was no longer a purely technical attribute embed-
ded in reporting formats; it became an analytical challenge 
that depends on users’ ability to identify, understand, and 
adjust for differences in underlying accounting models.

Accordingly, the first substantive result of this study 
was the conceptualisation of principles-based IFRS as a sys-
tem that transforms financial reporting from a rule-driven 
mechanism into a model-dependent interpretative process. 
In this process, accounting models functioned as the crit-
ical link between economic reality and the informational 
usefulness of financial statements. The principles-based 
architecture of IFRS inevitably led to the centralisation of 
accounting models as a core determinant of financial re-
porting quality. While standards defined recognition cri-
teria and general measurement bases, they deliberately left 
significant discretion in the choice and design of account-
ing models that operationalise these principles in practice.

Prior research demonstrated that accounting models 
under IFRS extend far beyond technical calculation tools and 
should be interpreted as structured frameworks that com-
bine valuation techniques, assumptions, and professional 

judgement. H.B. Nazarova et al. (2020) identified that ac-
counting procedures significantly influenced financial re-
sults, while L.V.  Bezkorovaina  (2023) confirmed the role 
of methodological choices in shaping reporting indicators. 
Consequently, the informational usefulness of IFRS-based 
financial statements depended not only on compliance 
with standards but also on the conceptual soundness and 
consistency of the underlying models.

From a qualitative perspective, accounting models 
influenced all fundamental qualitative characteristics of 
financial information. M. Kusano (2020) showed that fair 
value measurement enhanced relevance but reduced verifi-
ability, while S.B. Shypina (2016) demonstrated that histori-
cal cost approaches improved understandability but limited 
relevance in dynamic economic environments. This trade-
off highlighted that reporting quality under IFRS was not 
absolute but conditional upon the analytical objectives of 
users and the economic context in which reporting occurs.

Empirical evidence further suggested that differences 
in accounting models contributed significantly to cross-en-
tity variation in reported performance indicators. E. Eber-
hartinger  et al.  (2020) identified that judgement-based 
reporting increased variability, while O.  Yarmoliuk  et 
al. (2021) demonstrated that disclosure practices influenced 
the comparability of financial results. Such variation was not 
indicative of reporting deficiencies but reflects the pluralis-
tic design of IFRS, which prioritises faithful representation 
over mechanical uniformity. To systematise the role of ac-
counting models in shaping financial reporting quality, it 
was appropriate to summarise their key characteristics and 
analytical implications in a comparative format (Table  1).

Table 1. Accounting models under IFRS and their impact on financial reporting quality

Source: developed by the authors based on IFRS Foundation (2012), M. Kusano (2020), E. Eberhartinger et al. (2020), 
H.B. Nazarova et al. (2020)

Accounting 
model

Measurement 
basis Key assumptions Impact on qualitative 

characteristics Analytical implications

Historical cost 
model Acquisition cost Stability of prices;  

realisation principle
High verifiability  

and understandability;  
lower relevance

Facilitates trend analysis; 
limited reflection  

of current economic value
Fair value 

model
Market-based 

valuation
Market efficiency;  

availability of inputs
High relevance;  

reduced verifiability
Requires sensitivity analysis 
and disclosure assessment

Value-in-use 
model

Discounted cash 
flows

Forecasted cash flows; 
discount rates

Relevance dependent  
on assumptions;  
high subjectivity

Demands evaluation  
of assumptions  

and scenario testing

Expected credit 
loss model

Probability-weighted 
estimates

Credit risk dynamics; 
macroeconomic forecasts

Forward-looking relevance; 
complexity

Necessitates  
analytical adjustment  
and risk interpretation

The comparative analysis demonstrated that account-
ing models functioned as embedded analytical lenses 
through which financial information was constructed. 
Their selection directly affected the balance between rele-
vance and reliability, as well as the extent to which financial 
statements supported predictive versus confirmatory anal-
ysis. These findings were consistent with the conclusions 
of IFRS Foundation (2012), which emphasised the role of 
measurement approaches in ensuring the qualitative char-
acteristics of financial information.

In order to complement the tabular synthesis and to 
clarify the systemic role of accounting models within the 
IFRS environment, it was necessary to visualise their posi-
tion in the broader architecture of financial reporting. This 
allowed for a more coherent understanding of how prin-
ciples-based standards were translated into informational 
outcomes. In particular, IFRS Foundation (2023) highlight-
ed the importance of structured representation of financial 
data for improving analytical interpretation. Accordingly, a 
conceptual illustration was proposed (Fig. 1).
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The conceptual model underscored that accounting 
models occupied a pivotal intermediary position within 
IFRS-based reporting. They operationalised abstract prin-
ciples into measurable outcomes and, at the same time, 
conditioned how users interpreted financial performance 
and position. Thus, reporting quality could not be assessed 
independently of the models employed to generate finan-
cial information. This led to the second key result of the 
study: under IFRS, informational usefulness was not solely 
a function of standard compliance but emerged from the 
interaction between accounting principles, model selec-
tion, and analytical interpretation.

One of the most critical consequences of princi-
ples-based financial reporting under IFRS was the trans-
formation of comparability from an inherent reporting 
attribute into an analytically constructed characteristic. 
Unlike rule-based accounting systems, where uniform ap-
plication of detailed prescriptions could mechanically en-
hance numerical similarity, IFRS comparability emerged 
only through interpretative and analytical processes per-
formed by users of financial statements. Recent academic 
research emphasised that the adoption of IFRS did not au-
tomatically guarantee comparability across firms or juris-
dictions, even when identical standards were formally ap-
plied. S.O. Kuznetsova & A.V. Doromandzhy (2019) argued 
that IFRS-based reporting improved relevance but required 
additional interpretation, while M. Kusano (2020) demon-
strated that recognition and measurement approaches 
influenced the comparability of financial information. In-
stead, comparability depended on how accounting prin-
ciples were operationalised through valuation models, es-
timation techniques, and disclosure practices. As a result, 
financial statements prepared under IFRS often reflected 
economically justified diversity, which had to be analytical-
ly decoded rather than eliminated.

From an analytical perspective, IFRS-based compa-
rability required a shift from direct indicator comparison 
toward contextualised interpretation. Analysts had to 
reconstruct comparability by adjusting reported figures 
for differences in accounting models, risk assumptions, 
and managerial judgments embedded in measurement 

processes. E. Eberhartinger et al. (2020) showed that us-
ers’ judgement played a key role in interpreting disaggre-
gated financial information. This reconstruction process 
acknowledged that two entities with similar economic 
performance could report substantially different financial 
outcomes due to divergent valuation approaches rather 
than underlying inefficiencies or performance gaps.

Importantly, comparability under IFRS operated at 
multiple analytical levels. At the statement level, users had 
to distinguish between profit or loss and other compre-
hensive income to identify the sources of volatility and 
transitory valuation effects. At the disclosure level, notes 
to the financial statements played a decisive role by reveal-
ing key assumptions, sensitivity analyses, and measure-
ment hierarchies, without which meaningful comparison 
became impossible. In particular, S.B. Shypina (2016) an-
alysed international practices of disclosure, while O. Yar-
moliuk et al. (2021) demonstrated that disclosure quality 
significantly influenced the interpretability of financial re-
porting. Consequently, analytical reconstruction extend-
ed beyond numerical data and incorporated narrative and 
qualitative information.

The necessity of analytical reconstruction also varied 
across user groups. Professional investors, auditors, and fi-
nancial analysts typically possessed the expertise required 
to adjust for model-driven differences and to interpret IF-
RS-based figures within an economic framework. M. Ku-
sano (2020) confirmed that professional users were better 
able to interpret measurement-based information. In con-
trast, non-professional users often perceived reduced com-
parability due to the increased complexity and abstraction 
of reported numbers, reinforcing concerns about infor-
mational asymmetry under principles-based accounting. 
L.V.  Bezkorovaina  (2023) highlighted that differences in 
methodological approaches complicated the understand-
ing of financial reporting indicators.

In this context, comparability under IFRS should be 
understood not as uniformity of outcomes, but as consist-
ency of economic interpretation. Analytical reconstruc-
tion enabled users to align reported figures with compa-
rable economic benchmarks by neutralising the effects of  
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Figure 1. Conceptual positioning of accounting models within IFRS-based financial reporting
Source: developed by the authors
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differing accounting models while preserving the informa-
tional richness intended by IFRS principles. This approach 
aligned with the conceptual foundations of IFRS, which pri-
oritise faithful representation and relevance over mechan-
ical standardisation. IFRS Foundation  (2012) emphasised 
these qualitative characteristics as fundamental principles 
of financial reporting. To systematise the role of different 

user groups in the analytical reconstruction of comparabil-
ity, it is appropriate to summarise these aspects in a com-
parative format (Table 2). Such a presentation clarified how 
interpretative efforts vary depending on users’ objectives, 
competencies, and decision-making contexts, thereby rein-
forcing the argument that comparability under IFRS was 
analytically achieved rather than inherently embedded.

Table 2. Analytical reconstruction of comparability under IFRS-based reporting: user-oriented perspective

Note: OCI – Other Comprehensive Income, GAAP – Generally Accepted Accounting Principles
Source: developed by the authors based on IFRS Foundation  (2012), S.O. Kuznetsova & A.V. Doromandzhy  (2019), 
M. Kusano (2020), E. Eberhartinger et al. (2020)

User group Primary analytical 
objective

Key sources of IFRS-
based complexity

Analytical reconstruction 
mechanisms

Impact on perceived 
comparability

1 2 3 4 5

Investors 
and financial 

analysts

Assessment  
of profitability, risk, 

and future cash flows

Fair value measurements; 
impairment models; 

estimates of expected 
credit losses;  
OCI volatility

Normalisation of earnings; 
separation of recurring and 
non-recurring components; 

adjustment for valuation 
assumptions; sensitivity analysis

Comparability is achieved 
through adjusted 

performance metrics rather 
than reported profit figures

Auditors
Evaluation of faithful 

representation  
and risk of material 

misstatement

Management judgments; 
estimation uncertainty; 
measurement hierarchy 

under fair value

Professional scepticism; 
benchmarking assumptions; 
consistency checks across 

periods and entities

Comparability is 
reconstructed through 

consistency of judgment and 
methodological coherence

Regulators 
and 

supervisory 
authorities

Ensuring 
transparency, 
compliance,  

and market discipline

Diversity of accounting 
policies; disclosure depth; 

national enforcement 
differences

Analytical review  
of disclosures; cross-entity 
monitoring; enforcement  
of disclosure standards

Comparability depends  
on disclosure 

completeness rather  
than numerical uniformity

Corporate 
management

Performance 
evaluation  

and stakeholder 
communication

Choice of accounting 
models; classification 

between profit and OCI; 
disclosure strategies

Internal reconciliations; 
narrative explanations; use  

of non-GAAP indicators

Comparability is selectively 
framed to reflect strategic 

positioning

Non-
professional 

users

General understanding 
of financial 

performance

Complexity of valuation 
techniques; lack  

of interpretative guidance

Limited analytical 
reconstruction; reliance  

on headline figures

Comparability is often 
perceived as reduced  

or distorted

Table  2 demonstrated that comparability under IFRS 
was not a uniform reporting outcome but a user-depend-
ent analytical construct. Each group of financial statement 
users applied distinct interpretative mechanisms shaped 
by professional competence, informational needs, and 
decision-making objectives. As a result, IFRS-based com-
parability emerged through analytical adjustment and 
contextual interpretation, rather than through mechanical 
alignment of reported figures. The table further confirmed 
that increased informational richness under IFRS simulta-
neously enhanced relevance and complicated comparabil-
ity, particularly for non-professional users. This reinforced 
the argument that the quality of IFRS-based financial re-
porting depended not only on accounting standards them-
selves, but also on the analytical frameworks employed by 
users to reconstruct economic meaning from reported data.

The principles-based nature of IFRS implied that the 
informational usefulness of financial reporting was not 
predetermined solely by compliance with standards, but 
was critically shaped by the accounting models selected to 
measure and present economic phenomena. These models 
determined how transactions and events were translated 
into financial information and, consequently, how users 
perceived financial performance, financial position, and 
risk. Under IFRS, alternative accounting models coexisted 

for key balance sheet and performance elements, includ-
ing historical cost, fair value, amortised cost, and expected 
value–based measurement. While such diversity enhanced 
the relevance of information by aligning measurement with 
economic substance, it simultaneously introduced vari-
ability in reported figures across entities operating under 
similar economic conditions. S.O. Kuznetsova & A.V. Dor-
omandzhy (2019) noted that IFRS improved the relevance 
of financial reporting but required additional analytical 
interpretation, while M. Kusano (2020) demonstrated that 
valuation approaches influenced the decision-usefulness of 
financial information. As a result, informational usefulness 
under IFRS emerged from the interaction between meas-
urement relevance and interpretative complexity rather 
than from numerical stability alone.

From an analytical perspective, accounting models 
influenced informational usefulness through three inter-
related dimensions. First, they affected predictive value, 
as forward-looking models (e.g., expected credit loss, fair 
value) embedded expectations about future cash flows and 
risks. Second, they shaped confirmatory value, since mod-
el-based estimates could either corroborate or obscure re-
alised performance. Third, they determined comparability, 
as identical economic transactions could be reflected dif-
ferently depending on valuation assumptions and policy 
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choices. E. Eberhartinger  et al.  (2020) showed that user 
judgement significantly affected the interpretation of fi-
nancial reporting data.

Importantly, the use of advanced valuation models 
shifted part of informational usefulness from primary fi-
nancial statements to disclosures. Notes explaining assump-
tions, sensitivity analyses, and methodological choices 
became essential components of decision-relevant infor-
mation. Consequently, the analytical value of IFRS-based 
reporting increasingly depended on the user’s ability to re-
construct economic meaning by integrating numerical data 
with qualitative explanations. IFRS Foundation (2012) em-
phasised the role of qualitative characteristics and disclo-
sures in ensuring the usefulness of financial information, 
while the regulatory framework for IFRS application in the 
European Union was established by European Parliament 
& Council (2002) and further developed within the frame-
work of cooperation between the European Union and 
Ukraine, as outlined in European Union & Ukraine (2014). 
To systematise the relationship between accounting models 
and informational usefulness, it was appropriate to concep-
tualise IFRS reporting not as a static representation of eco-
nomic reality, but as a multi-layered informational system, 
where measurement choices mediated between economic 
activity and analytical outcomes. Such systematisation en-
abled a clearer understanding of why identical profitability 
or asset structures could lead to divergent analytical con-
clusions across firms and jurisdictions (Fig. 2).

The analysis confirmed that IFRS-based financial re-
porting enhanced informational relevance while simulta-
neously increased interpretative demands on users. This 
duality necessitated a shift in analytical focus – from me-
chanical comparison of reported figures to the structured 
reconstruction of their underlying economic meaning. In 
this context, the following discussion synthesised the key 
implications of this trade-off and provided the conceptual 
foundation for the final conclusions regarding the condi-
tions under which IFRS principles improved or constrained 
reporting quality and comparability.

One of the central theoretical tensions embedded in 
IFRS was the trade-off between relevance and compara-
bility of financial information. While the principles-based 
approach enhanced the capacity of financial statements to 
reflect economic substance, it simultaneously weakened 
formal uniformity across entities. As a result, comparabil-
ity under IFRS became conditional rather than automatic. 
Relevance-oriented measurement models, such as fair val-
ue and expected credit loss, improved the timeliness and 
decision-usefulness of information by incorporating mar-
ket signals, risk assessments, and forward-looking expec-
tations. However, these benefits were achieved at the cost 
of increased reliance on professional judgment, valuation 
techniques, and entity-specific assumptions. Consequently, 
reported figures could diverge significantly even when un-
derlying economic activities are similar. M. Kusano (2020) 
demonstrated that recognition and valuation approaches 
influenced the decision-usefulness of financial informa-
tion, while E. Eberhartinger et al.  (2020) showed that in-
creased reliance on judgement contributed to variability in 
reported outcomes.

Comparability, in its traditional sense, presupposed 
standardised measurement rules and stable accounting 
treatments. Under IFRS, this notion was replaced by func-
tional comparability, where users had to actively reconstruct 
economic equivalence through analytical adjustments 
rather than rely on surface-level numerical alignment. 
This shift redefines comparability as an analytical outcome 
rather than an accounting property. S.O.  Kuznetsova & 
A.V. Doromandzhy (2019) argued that IFRS-based report-
ing required additional analytical interpretation to ensure 
comparability of financial information. Importantly, IFRS 
did not eliminate comparability but relocated it. Instead of 
being embedded in uniform accounting rules, comparabil-
ity emerged through disclosures, reconciliations, sensitivity 
analyses, and consistent application of judgment over time. 
Thus, informational usefulness increasingly depended on 
transparency and explanatory depth rather than on strict 
measurement homogeneity. IFRS Foundation  (2012) em-
phasised the importance of qualitative characteristics and 
disclosure in ensuring the usefulness of financial informa-
tion. From a conceptual standpoint, this trade-off implied 
that high-quality IFRS reporting could not be evaluated 
solely by the stability of reported figures. Instead, quality 
should be assessed by the extent to which financial state-
ments enabled users to understand the economic rationale 

• Core business transactions
• Risk exposure
• Cash flow generation

Economic reality

• Historical cost model
• Fair value model
• Amortised cost model
• Expected value-based estimates

Accounting models 
under IFRS

• Predictive value
• Confirmatory value
• Analytical comparability
• Decision-making relevance

Informational 
usefulness outcomes

Figure 2. Conceptual framework linking accounting 
models to informational usefulness under IFRS

Source: developed by the authors

Figure  2 illustrated that accounting models func-
tioned as informational filters, transforming economic 
reality into analytically usable financial data. Informa-
tional usefulness under IFRS was thus not an inherent 
property of reported numbers, but a result of how meas-
urement models, professional judgment, and disclosure 
practices interacted. The framework reinforced the argu-
ment that high-quality financial reporting required not 
only technically sound accounting models, but also an-
alytically competent users capable of interpreting mod-
el-driven information.
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behind reported outcomes and to adjust them analytically 
when necessary. This perspective aligned with the evolv-
ing role of financial reporting as a communication mecha-
nism rather than a mechanical record-keeping system. The 
relevance-comparability trade-off also had implications 
for regulatory oversight and financial analysis. Regulators 
faced the challenge of balancing flexibility with enforcea-
bility, while analysts had to develop methodological frame-
works capable of interpreting model-driven information. 
Failure to recognise this trade-off could lead to misplaced 
expectations regarding the uniformity and objectivity of 
IFRS-based financial results.

Conclusions
The study confirmed that the quality of IFRS-based finan-
cial reporting could not be assessed solely through the for-
mal compliance with accounting standards or the numer-
ical stability of reported indicators. Instead, informational 
usefulness emerged from the interaction between account-
ing models, professional judgment, disclosure practices, 
and users’ analytical capabilities. The research demonstrat-
ed that accounting models played a decisive role in shaping 
the informational content of financial results. Fair value 
measurement, impairment models, and forward-looking 
estimations enhanced relevance and economic realism 
but simultaneously increased complexity and subjectivity. 
This created a structural trade-off between relevance and 
comparability, which defined the contemporary logic of IF-
RS-based reporting. 

It was established that the principles-based nature of 
IFRS fundamentally transformed the concept of compara-
bility. Uniform application of standards did not guarantee 
comparable financial outcomes, as measurement models 
embedded in IFRS allowed for significant discretion in 
valuation techniques, assumptions, and risk assessments. 
Consequently, comparability under IFRS should be under-
stood as an analytical construct that had to be actively re-
constructed by users rather than as an inherent property of 
financial statements. It was substantiated that high-qual-
ity financial reporting under IFRS required a shift from 
mechanical interpretation of profit and performance  

indicators toward a structured analytical framework. 
Such a framework had to integrate disclosures, sensitivi-
ty to estimation assumptions, and consistency of applied 
judgments over time. Without this approach, users risked 
misinterpreting IFRS-based figures as purely operational 
outcomes rather than as model-driven representations of 
economic reality.

The findings highlighted that improving the quali-
ty of IFRS financial reporting did not primarily depend 
on further standardisation of measurement rules but on 
enhancing transparency, methodological clarity, and an-
alytical literacy among users. In this context, the role of 
accounting models extended beyond technical measure-
ment and became a core determinant of how financial 
information was perceived, compared, and utilised in 
decision-making processes. The scientific novelty of the 
research lies in its theoretical synthesis of IFRS princi-
ples, accounting model diversity, and information qual-
ity attributes into a unified conceptual perspective. The 
findings were expected to support a more informed in-
terpretation of IFRS financial statements and to provide 
a methodological foundation for further research into 
improving the analytical value of financial reporting in 
a principles-based accounting environment. Future re-
search should focus on developing analytical tools and 
methodological guidelines that would support users in 
reconstructing economic comparability under IFRS. Par-
ticular attention should be paid to sector-specific appli-
cations of accounting models, the behavioural effects of 
disclosure complexity, and the interaction between digital 
reporting formats and users’ interpretative practices.
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Анотація. У сучасних умовах глобалізації фінансових ринків та поширення міжнародних стандартів фінансової 
звітності (МСФЗ) питання якості фінансової звітності за цими стандартами набуває особливої актуальності. 
Принципо-орієнтований характер цих стандартів передбачає широке використання різних облікових моделей, 
що безпосередньо впливають на формування фінансових показників та рівень їх інформаційної корисності для 
користувачів. Водночас відсутність єдиного жорсткого алгоритму застосування облікових моделей породжує 
ризики зниження порівнянності, ускладнення інтерпретації та неоднозначності аналітичних висновків. Метою 
статті було дослідження ролі облікових моделей у формуванні якості фінансової звітності за міжнародними 
стандартами фінансової звітності та оцінка їх впливу на інформаційну корисність фінансових показників для 
різних груп користувачів. Методологічну основу дослідження становили методи теоретичного узагальнення, 
порівняльного аналізу, системного підходу та логічного моделювання, що дозволило комплексно проаналізувати 
взаємозв’язок між принципами міжнародних стандартів фінансової звітності, обліковими моделями та якісними 
характеристиками фінансової інформації. У результаті дослідження встановлено, що якість фінансової звітності 
за міжнародними стандартами фінансової звітності формується не лише через дотримання стандартів, а передусім 
через вибір і застосування конкретних облікових моделей. Обґрунтовано, що різні моделі оцінки активів і 
зобов’язань по-різному впливають на релевантність, достовірність, порівнянність та зрозумілість фінансової 
інформації. Виявлено наявність концептуального компромісу між підвищенням економічної реалістичності 
показників та зростанням складності їх інтерпретації. Доведено, що інформаційна корисність фінансової 
звітності значною мірою залежить від професійних суджень та аналітичної здатності користувачів. Практична 
цінність отриманих результатів полягає у можливості їх використання для вдосконалення аналітичних підходів 
до оцінки фінансової звітності за МСФЗ, підвищення якості управлінських і інвестиційних рішень, а також 
розвитку методології фінансового аналізу в умовах принципо-орієнтованого обліку

Ключові слова: релевантність фінансової інформації; принципо-орієнтований бухгалтерський облік; професійне 
судження; система бухгалтерського обліку; фінансова звітність
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Abstract. The relevance of the study is driven by the absence of a unified approach to the economic assessment of 
employee development, the fragmentation of indicators used, and insufficient alignment between theoretical models 
and practical management tools. The purpose of the article was to systematise and generalise economic approaches to 
assessing employee development applied in contemporary re-search, as well as to substantiate the author’s proposals 
for improving the economic evaluation of development outcomes. To achieve this purpose, the study analysed the main 
approaches, methods, and indicators used in assessing employee development, identified research gaps and problematic 
aspects that limit comprehensive economic analysis. As a result, the article generalised the principal economic 
approaches to evaluating employee development within the frameworks of labour economics and organisational 
economics and established their multilevel nature from the individual to the organisational and macroeconomic 
levels. It was determined that most approaches rely on indicators of labour productivity, costs, performance, and the 
economic return on investments in employee development. The feasibility of integrating quantitative, analytical, and 
behavioural indicators into a unified system of economic evaluation has been substantiated, and a structural-logical 
algorithm as well as an economic-analytical model for managerial decision-making have been developed. The practical 
testing of the proposed approach, carried out using aggregated data from retail enterprises in Ukraine for 2019-2024, 
confirmed its effectiveness. Specifically, an increase in labour productivity by 10-14%, an improvement in employees’ 
professional competencies by 20-25%, a reduction in the adaptation period by more than 30%, and an increase in 
the return on investment in personnel development by over 60% were observed. At the same time, a decrease in staff 
turnover by approximately one-quarter and an increase in income per employee by 10-15% were recorded. The results 
also demonstrated positive trends in industry-level indicators, including growth in labour productivity, the wage fund, 
and employment levels. The practical significance of the results consists in forming an analytical ba-sis to enhance the 
soundness of managerial decisions regarding investments in employee development
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Research by O.  Chatchenko  (2025) indicated that 
accounting for employees’ psychological and corporate 
well-being is an important prerequisite for increasing LP 
and achieving an organisation’s strategic outcomes. In par-
ticular, satisfying employees’ psychological needs, develop-
ing leaders’ emotional intelligence, and fostering a partner-
ship-oriented organisational culture contribute to higher 
motivation, stronger team cohesion, and greater work ef-
fectiveness, whereas neglecting these aspects leads to re-
duced productivity, increased staff turnover, and the loss 
of competitive advantages. According to I. Shapka (2025), 
effective management of ED requires a revision of tradi-
tional approaches in light of globalisation processes, digital 
transformation, and changes in the structure of knowledge. 
From an economic perspective, ED should be assessed 
through the systemic nature of managerial decisions, ad-
aptability to institutional changes, a focus on the formation 
of innovative competencies, and support for professional 
mobility. The author also noted that increasing require-
ments for digital literacy, interdisciplinary interaction, and 
international cooperation necessitate the use of new mod-
els for evaluating ED outcomes, based on the principles of 
lifelong learning and the application of digital knowledge 
management tools. In this context, the economic evalua-
tion of ED is viewed as a foundation for substantiating HR 
policy, enhancing organisational performance, and ensur-
ing innovative capacity.

In academic literature, increasing attention is paid to 
a new generation of employees (in particular, millennials), 
who are characterised by distinct value orientations, expec-
tations regarding professional development, and forms of 
interaction within organisations. This necessitates a revi-
sion of traditional approaches to ED and the assessment of 
professional growth outcomes. Drawing on the research of 
K.  Gabrielova & A.  Buchko  (2021), it is emphasised that 
the specific features of motivation, work values, and inter-
action patterns of contemporary employees require more 
flexible and adaptive development management tools. In 
this context, the authors note that approaches to assessing 
ED should take into account not only formal performance 
indicators, but also behavioural changes and levels of en-
gagement. This further reinforces the relevance of rethink-
ing classical models of ED assessment.

A. Alexeyev et al. (2024) considered investment in em-
ployees to be an important factor in increasing LP, work 
efficiency, and organisational competitiveness. Investments 
in ED and health preservation generate long-term econom-
ic effects that depend on the duration of the active working 
period, as well as on the systematic nature and social rel-
evance of such investments. The authors emphasised that 
investments in employees may both depreciate due to aging 
and the obsolescence of knowledge and accumulate over 
time, creating a “compounding effect” through the devel-
opment of skills and abilities. According to the approach 
proposed by the authors, investments in employees are 
classified into intangible investments (financing of science, 

Introduction
The economic performance of organisations largely de-
pends on employee development (ED). Growing competi-
tive pressure and a complex economic environment increase 
requirements for labour productivity (LP) and efficient 
human resource (HR) utilisation. ED is thus not only the 
improvement of professional skills but also a key econom-
ic factor for achieving strategic goals and long-term com-
petitiveness. Its effectiveness is reflected in higher LP, cost 
optimisation, and better organisational outcomes, requir-
ing economic evaluation to support managerial decisions. 
However, the lack of a unified theoretical and methodologi-
cal approach, fragmented indicators, and ambiguous results 
hinder comprehensive evaluation. Diverse academic ap-
proaches exist, but the absence of an integrative framework 
limits practical application, highlighting the need to system-
atise and generalise economic evaluation methods for ED.

Issues related to personnel management and the eco-
nomic analysis of the outcomes of this process have been 
examined in the works of many Ukrainian and internation-
al scholars. V. Miklovda & O. Popovych (2021) in their work 
noted that personnel constitute is one of the key factors of 
an organisation’s competitiveness, while their development 
is a necessary condition for increasing LP. The authors pro-
posed assessing productivity at three levels: first – the level 
of social perception, where the employee’s image and so-
cial success are of primary importance; second – the level 
of professional development, where performance is deter-
mined by employees’ competitiveness; and third – the level 
of work organisation, where efficiency depends on the ap-
plication of appropriate technologies, taking into account 
specific conditions and industry characteristics.

According to the position of I. Zastrozhnikova (2022), 
contemporary ED is characterised by a complex combina-
tion of interrelated elements, among which training, pro-
fessional adaptation, motivation of work behaviour, and 
career management play a key role. Personnel training is 
viewed as a fundamental component of the development 
system, ensuring the formation and continuous updating 
of professional knowledge, skills, and competencies in ac-
cordance with the requirements of organisational activ-
ities. At the same time, professional adaptation facilitates 
employees’ integration into the work environment, the 
assimilation of organisational norms and standards, and 
enhances their ability to perform job functions effectively. 
An important element of ED is career management, which 
encompasses the planning of professional advancement, 
the formation of a talent reserve, and the creation of con-
ditions for employees’ professional growth. Motivation, in 
turn, ensures the alignment of employees’ individual inter-
ests with organisational goals and facilitates the realisation 
of their potential. At the same time, the author emphasises 
that contemporary ED practices face a number of challeng-
es, including an insufficient level of specialised education 
and limited proficiency in modern technologies, which ne-
cessitates a systematic approach to the design and imple-
mentation of ED systems.
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development, and upbringing before working age), tangible 
investments embodied in employees (expenditures on ed-
ucation and healthcare), and tangible investments not di-
rectly embodied in employees (costs related to job search, 
on-the-job training, migration, and information support), 
all of which contribute to professional and social mobility.

Another important aspect of ED is motivation, which 
acts as a factor in activating labour activity, increasing en-
gagement in professional growth, and ensuring sustainable 
growth in LP. In the study by T.  Bondar & A.  Krasnon-
os (2023), considerable attention is devoted to examining 
employee motivation methods based on a synthesis of 
domestic and international HR management experience. 
Summarising the findings of contemporary research, the 
authors identified the most effective methods, namely fi-
nancial motivation (bonuses, incentives, and other materi-
al rewards), motivation through training and professional 
development, the use of flexible work schedules, recogni-
tion and rewards, as well as the application of modern tech-
nologies as highly effective tools for influencing employee 
motivation. The authors also emphasised that effective em-
ployee motivation involves not only the implementation of 
individual incentive factors, but also systematic work with 
personnel, continuous skills development, improvement of 
working conditions, the development of corporate culture, 
and the provision of effective communication at all levels of 
the organisation. The aim of the article was to systematise 
and synthesise economic approaches to the evaluation of 
ED within an organisation and to develop a conceptual and 
methodological framework for assessing ED across differ-
ent levels of analysis, serving as an analytical basis for the 
further substantiation of managerial decisions. Achieving 
the stated objective involves analysing and classifying the 
main economic approaches, methods, and indicators used 
to evaluate ED; identifying methodological limitations and 
inconsistencies that complicate the formation of a com-
prehensive system of economic evaluation; generalising 
theoretical provisions regarding the interpretation of ED 
outcomes; and substantiating directions for improving eco-
nomic evaluation based on an integrative approach. 

Materials and Methods
The study was based on a combination of methods, includ-
ing content analysis, systematisation, generalisation, and 
an integration approach. Content analysis was applied to 
scientific sources, which were analysed to identify existing 
approaches to the evaluation of ED. These sources included 
academic studies published between 2020 and 2025, ad-
dressing issues of LP, HR development, HR analytics, and 
the economic efficiency of personnel utilisation, as well as 
analytical reports and statistical data. Sources were select-
ed based on criteria of relevance, scientific reliability, and 
methodological significance, with priority given to recent 
studies to ensure the timeliness of the findings. 

The method of systematisation was used to group ap-
proaches and indicators according to levels of analysis  – 
individual, organisational, and economic  – thus allowing 

for consideration of the multi-level nature of the economic 
effects of ED. The generalisation method enabled the for-
mation of an integrated system of indicators combining 
performance-based, behavioural, and cost-related charac-
teristics of ED. The integration approach was applied to 
ensure consistency across indicators at different levels of 
analysis and to form a unified analytical system for eco-
nomic evaluation. In addition, the economic-analytical 
method was used to interpret the obtained results and to 
establish relationships between ED indicators and the eco-
nomic performance of organisations. The resulting system 
of indicators was further structured in accordance with 
defined levels and functional purposes. The next step in-
volved the formalisation of indicators through the devel-
opment of analytical relationships suitable for quantitative 
analysis and further modelling.

To ensure the practical applicability of the proposed 
system, the methodological toolkit was further developed 
through the creation of a structural and logical algorithm 
for the economic evaluation of ED. The final stage involved 
the formation of an economic-analytical framework for 
managerial decision-making, ensuring the transforma-
tion of evaluation results into practical managerial actions 
aimed at the development of HR potential. The proposed 
system is based on principles such as the level-based ap-
proach (micro-, meso-, and macro-levels), functional ori-
entation (performance, efficiency, and resource utilisation), 
economic relevance, and measurability. This ensured the 
consistency of the indicator system and enabled the inte-
gration of evaluation results into a unified analytical model.

To validate the proposed methodological approach, its 
practical application was demonstrated through its testing 
using aggregated data from the leading retail chain EVA 
(LLC “RUSH”) for the period 2019-2024. The evaluation in-
volved the calculation of key economic indicators, including 
LP, return on investment in human resources (ROI-HR), 
employee turnover rate, and revenue per employee. The 
obtained results were analysed and interpreted within the 
proposed economic-analytical framework, which made it 
possible to substantiate managerial decisions aimed at im-
proving the efficiency of HR utilisation and enhancing the 
economic performance of the organisation.

Results and Discussion
Summarising the findings of scientific studies, devoted to 
the evaluation of ED, it can be stated that the correspond-
ing approaches are implemented with consideration of dif-
ferent levels of analysis. Evaluation was carried out at the 
level of the individual employee, the organisation, and the 
economy as a whole, which is determined by the multidi-
mensional nature of ED outcomes and the varying depth of 
their economic effects. Such a division according to levels 
of analysis makes it possible to identify the interconnection 
between individual ED outcomes, the effectiveness of man-
agerial decisions within organisations, and macroeconom-
ic consequences. The evaluation of ED by levels of analysis 
is systematised in Table 1.
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The generalisation of economic approaches to evaluat-
ing ED by levels of analysis provides a holistic understand-
ing of the multi-level nature of the economic returns from 
workforce potential development. The differentiation of 
ED across micro-, meso-, and macro-levels ensures meth-
odological consistency between individual development 
outcomes, the efficiency of workforce potential utilisation 
within organisations, and macroeconomic effects. Such 
systematised structuring forms the basis for integrating 
performance, behavioural, and cost indicators into a uni-
fied analytical system, thereby enhancing the substantia-
tion of economic evaluation and the coherence of manage-
rial decisions regarding ED.

At the employee level, development ensures not only 
an increase in individual productivity, but also enhances 
the employee’s ability to perform job functions effectively 
under conditions of change, to master new tasks and tech-
nologies more rapidly, and to reduce the time and resource 
costs associated with professional adaptation. From a 
methodological perspective, this means that the outcomes 
of ED are transformed into economically measurable indi-
cators of performance and the efficiency of the utilisation 
of their potential. At the organisational level, the economic 
effects of ED are manifested in improved overall perfor-
mance, greater efficiency in the use of labour and financial 
resources, and reduced costs related to staff turnover and 
the training of new employees. Within the framework of 
economic evaluation, these effects are reflected through a 
system of coordinated performance and resource efficien-
cy indicators, which makes it possible to link ED with the 
achievement of an organisation’s strategic objectives. At the 
economic level, ED generates systemic and long-term out-
comes manifested in increased overall LP, improved work-
force quality, and greater adaptability of the labour market 
to structural changes. From the perspective of the method-
ology of economic evaluation, this implies the necessity of 
considering systemic effects that extend beyond the bound-
aries of an individual organisation and generate macroe-
conomic returns from investments in workforce potential 
development. To ensure the effective implementation of 
the proposed approach to the economic evaluation of ED, 

its application should be carried out within a sequential 
system of interrelated stages. This sequence involves defin-
ing the objectives of the evaluation, selecting a system of 
indicators according to the levels of analysis, forming the 
information base, calculating integral indicators, and inter-
preting the obtained results for the substantiation of mana-
gerial decisions (Fig. 1).

Figure 1. Algorithm for implementing the approach  
to the economic evaluation of ED

Source: developed by the author

Table 1. Systematisation of economic approaches to the evaluation of ED by levels of analysis

Source: developed by the author based on Y. Palamarenko (2020), V. Ushkalyov & M. Martiyanova (2021), A. Church et 
al. (2021), O. Panchenko (2024)

Level  
of analysis Object of assessment Main economic 

approaches
Focus of economic 

evaluation Expected economic results

Employee

Professional development, 
changes in competencies 

and behavioural 
characteristics

Competency-based, 
performance-based, 
investment-based

Economic 
effectiveness  
of individual 
development

Increase in LP, reduction  
of adaptation time costs,  

and improvement in the quality  
of task performance

Organisation
ED system  

of the organisation, 
workforce potential

Cost-performance-
based, resource-
based, strategic

Economic efficiency 
of workforce potential 

utilisation

Increase in profitability, cost 
optimisation, reduction in employee 

turnover, and strengthening  
of innovation activity

Economy
Aggregate development  

of employees  
and human capital

Macroeconomic, 
institutional,  

socio-economic

Macroeconomic return 
on human capital 

development

Growth in overall LP, improvement in 
workforce quality, and strengthening 

of economic competitiveness

The cyclical nature of the proposed algorithm for the 
economic evaluation of ED enables the timely adjustment of 
the system of indicators and managerial decisions, thereby 
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enhancing the substantiation of the evaluation and the effi-
ciency of workforce potential utilisation. As noted by F. Ros-
si (2020), the economic evaluation of ED requires the use of 
indicators with different functional orientations, which ne-
cessitates the formation of a comprehensive system of indi-
cators. Taking this position into account, the study analysed 
the scholarly approaches, which present various indicators 

for evaluating ED. The generalisation of these approaches 
made it possible to systematise the indicators of the eco-
nomic evaluation of ED and group them according to levels 
of analysis. The characteristics of the economic evaluation 
indicators, the tools for their analysis, and the information 
base are presented in Table 2. The formalisation of the spec-
ified indicators for further modelling is presented in Table 3.

Level  
of analysis

Key indicators  
of economic evaluation Evaluation tools and methods Information base

Employee

LP, ICI, speed of professional 
adaptation, task performance 
quality indicators, professional 

growth coefficient

Competency assessment, individual 
KPI system, evaluation of training 
outcomes, surveys, observation,  

HR analytics

HR system data, performance 
appraisal results, internal 

productivity indicators,  
training reports

Organisation

HR ROI, productivity per employee, 
employee turnover rate, return 
on investment in development, 

indicators of payroll fund efficiency

Cost-benefit analysis, managerial 
analytics, HR process audit, 

strategic KPI system, economic  
and analytical methods

Financial statements, managerial 
reports, HR analytics data, internal 

development budgets

Economy

Macroeconomic LP, employment 
rate, workforce quality indicators, 

human capital indices, gross value 
added per employee

Statistical analysis, comparative 
analysis, macroeconomic 
modelling, index methods

Data from the State Statistics 
Service of Ukraine, international 

statistical databases, human capital 
development indices

Table 3. Formalisation of indicators for economic evaluation of ED

Table 2. System of indicators and instruments for the economic evaluation of ED by levels of analysis

Note: ROI – return on investment, HCI – Human capital index
Source: developed by the author

Note: ICI – Integrated Competency Index, KPI – Key Performance Indicators
Source: developed by the author based on S. Makarenko et al. (2021), T. Halaida & K. Oleshko (2022), M. Nochka (2022), 
V. Khudolei et al. (2025)

The system of indicators and instruments for the 
economic evaluation of ED elaborates the multi-lev-
el approach and creates opportunities for its practical 
application. The alignment of ED indicators across the  

Level  
of analysis Indicator Formula Description of variables

Employee

LP 𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 = 𝑄𝑄𝑄𝑄𝑖𝑖𝑖𝑖
𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖

  Qi – output produced by the i-th employee
Ti – working time spent by the i-th employee

ICI 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 = ∑ 𝑤𝑤𝑤𝑤𝑗𝑗𝑗𝑗𝑛𝑛𝑛𝑛
𝑗𝑗𝑗𝑗=1 ⋅ 𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑗𝑗𝑗𝑗  wj – weight of the j-th competency

cij – level of the j-th competency of the i-th employee

Adaptation speed 𝑡𝑡𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝐶𝐶𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚−𝐶𝐶𝐶𝐶(𝑎𝑎𝑎𝑎0)
𝑎𝑎𝑎𝑎

  
Cmax – target competency level

C(t0) – initial level
t – adaptation period

Organisation

ROI-HR 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = 𝐸𝐸𝐸𝐸𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻−𝐶𝐶𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻
𝐶𝐶𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻

∗ 100%  EHR – economic effect of HR initiatives
CHR – HR-related costs

Revenue per employee 𝑃𝑃𝑃𝑃 = 𝑅𝑅𝑅𝑅
𝑁𝑁𝑁𝑁

  R – total revenue
N – average number of employees

Employee turnover rate 𝐾𝐾𝐾𝐾𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐿𝐿𝐿𝐿
𝑁𝑁𝑁𝑁𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

∗ 100%  L – number of employees who left
Navg – average headcount

Return  
on development investment

𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥
𝐶𝐶𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻

  ΔP – productivity growth
Cdev – development costs

Economy

LP (macro level) 𝑃𝑃𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺
𝐿𝐿𝐿𝐿

  GDP – gross domestic product
L – employed population

Employment rate 𝐸𝐸𝐸𝐸 = 𝐿𝐿𝐿𝐿
𝑃𝑃𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

∗ 100%  L – employed population
Pop – total population

Gross value added  
per employee

𝐹𝐹𝐹𝐹 = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝐿𝐿𝐿𝐿

  VAD – gross value added
L – employed population

HCI HCI = f(education, health, skills) Composite indicator reflecting education, health, 
and skills

micro-, meso-, and macro-levels facilitates the integration 
of evaluation results into a unified analytical system and 
enhances the substantiation of economic and managerial 
decisions regarding ED.
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I.  Dashko  et al.  (2022) noted that the evaluation of 
ED acquires managerial significance only when it is inte-
grated into the organisation’s strategic management sys-
tem, which highlights its functional and strategic impor-
tance. Understanding the value of evaluation allows this 
process to be directed toward aligning ED with organi-
sational strategy and ensuring long-term socio-econom-
ic outcomes. In the absence of such an understanding,  

evaluation tends to become formalised and loses its man-
agerial relevance. Thus, the effectiveness of the economic 
evaluation of ED is determined not only by the accuracy of 
measurement but also by the recognition of its value as a 
managerial mechanism for shaping and implementing ED. 
For this reason, in order to generalise the characteristics of 
such value, they were differentiated according to levels of 
analysis, as presented in Table 4.

Table 4. The value of the economic evaluation of ED by levels of analysis

Source: developed by the author

Level of Analysis Characteristics of the value of assessment

Employee Awareness of the level of professional development, formation of feedback,  
increased motivation for self-development, and responsibility for learning outcomes

Organisation Alignment of ED with the organisation’s strategy, enhancement of the substantiation  
of HR decisions, and ensuring the efficient utilisation of workforce potential

Economy Formation of a competitive workforce, support for innovative development,  
and ensuring long-term socio-economic outcomes

The value of the economic evaluation of ED across 
different levels of analysis demonstrates that evaluation 
results can serve as an analytical basis for substantiating 
managerial decisions and shaping the economic outcomes 
of workforce potential development. An analysis of con-
temporary scientific studies in the field of ED evaluation 
indicates a gradual complication of methodological tools 
and a transition from the isolated measurement of individ-
ual indicators to their comprehensive analysis (Nicolaes-
cu et al., 2020; Balakhonova & Pirniak, 2023). Most studies 
focus on assessing the economic return on investments in 
ED, changes in LP, professional competencies and behav-
ioural characteristics of employees, as well as their impact 
on organisational performance. At the same time, modern 
scientific approaches demonstrate a tendency toward fur-
ther generalisation of the results of such analyses through 
the formation of integral indicators of the economic effects 
of ED. Unlike comprehensive evaluation, which involves 
analysing a set of indicators, integral evaluation makes it 
possible to aggregate them into a composite indicator that 
summarises the economic outcome of ED.

Alongside this, the use of analytical research methods 
has intensified, which confirmed the growing tendency to-
ward enhancing the evidence-based nature of managerial 
decisions in the field of ED. Contemporary studies in the 
field of the economic evaluation of ED are characterised by 
the use of diverse analytical approaches aimed at generalis-
ing evaluation results and forming integral development in-
dicators based on the aggregation of quantitative parameters 
that reflect the level and dynamics of professional growth. 
In particular, A.  Kotsur  et al.  (2021) emphasised that in-
dex-based approaches enable the generalisation of evaluation 
outcomes and the formation of composite indicators of ED.

At the same time, correlation and regression analy-
ses are applied to identify relationships between ED and 
the economic performance of organisations, allowing 
the quantitative determination of the strength and direc-
tion of the influence of relevant factors, as demonstrated 

by M. Rameshkumar  (2020) and V.A. Tkalac  (2021). The 
further development of these approaches within the frame-
work of econometric modelling, according to Y.  Xu & 
A. Li (2020), makes it possible to study the dynamics of ED 
and forecast its economic effects. In addition, P. Colnago & 
S. Dogliotti (2020) highlighted the importance of cost-ben-
efit analysis for justifying the feasibility of investments 
in ED. Furthermore, T.  Sagawe  et al.  (2022) argued that 
multicriteria methods allow the integration of economic, 
professional, and behavioural characteristics of develop-
ment within a comprehensive evaluation framework, while 
O.  Parkhomenko-Kutsevil  (2025) pointed to the role of 
analytical dashboards and monitoring systems in ensuring 
the operational tracking of changes and supporting mana-
gerial decision-making based on aggregated data.

The analysis of the aforementioned approaches shows 
that, despite the diversity of analytical tools, most studies 
focus either on the application of individual quantitative 
measurement methods or on the evaluation of specific eco-
nomic effects of ED. As a result, a certain methodological 
fragmentation can be observed, whereby index models, 
econometric estimates, and cost analysis are used as inde-
pendent tools and are only partially integrated into a com-
prehensive system for substantiating managerial decisions 
regarding ED. A step-by-step approach to forming a com-
prehensive economic evaluation involves identifying the 
structural components of an organisation’s economic po-
tential, defining a system of indicators for each component, 
conducting their quantitative measurement, and subse-
quently aggregating them into a generalised indicator. This 
approach facilitates the systematisation of the parameters 
of employee development and enables consideration of in-
terrelations between individual components of workforce 
potential. Its advantage lies in its structured nature and in 
the possibility of forming an integral indicator that reflects 
the overall state of development.

At the same time, a certain methodological limita-
tion of the aforementioned approach can be observed. The  
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aggregation of indicators into a composite index, while 
enabling the generalisation of results, is not accompanied 
by a clear mechanism for transforming the obtained values 
into appropriate managerial decisions. The focus on struc-
tural components of HR potential does not fully account 
for the multi-level nature of the economic effects of ED, 
which manifest simultaneously at the micro-, meso-, and 
macro-levels. In addition, the lack of systematic considera-
tion of evaluation dynamics restricts the ability to forecast 
the long-term consequences of investments in ED. To over-
come these limitations, it is advisable to apply an integra-
tive approach that combines a system of quantitative indi-
cators with mechanisms for their analytical interpretation 
and subsequent transformation into managerial decisions.

One of the key methodological problems in evaluating 
ED remains the insufficient consideration of the time per-
spective. In HR management practice, the effectiveness of 
ED is often assessed only after the completion of training 
programmes and is typically limited to verifying the level of 
knowledge acquisition or the participants’ satisfaction. Such 
an approach narrows the possibilities for a comprehensive 
analysis of development outcomes and does not allow for 
tracing sustainable behavioural and performance-related 
changes in employees’ activities. To overcome this limita-
tion, it is advisable to apply a staged evaluation approach 
that involves conducting assessments before the start of 
development programmes, during their implementation, 
and after their completion. Such a sequence enables track-
ing the dynamics of changes in LP indicators, competency 
levels, and the economic efficiency of HR utilisation.

At the same time, a significant challenge remains the 
insufficient objectivity of evaluation, which is caused by 
the heterogeneity of stakeholders’ interests. Different eval-
uation actors apply diverse criteria for assessing the effec-
tiveness of ED, and in the absence of their alignment this 

may reduce the evidential value of the obtained results and 
their managerial relevance. One possible way to address 
this problem is the formation of a coordinated system of 
evaluation indicators that combines individual employee 
performance indicators, economic indicators of organisa-
tional performance, and macroeconomic characteristics 
of human capital development. The use of such a system 
enables the integration of various information sources and 
ensures a more objective interpretation of ED outcomes.

Moreover, the practical complexity of applying mul-
ti-level evaluation models often leads to the simplification of 
analytical procedures. As a result, evaluation is frequently re-
duced to the use of individual indicators or the identification 
of short-term effects, while the long-term economic conse-
quences of ED remain insufficiently considered. Determin-
ing the economic effect of ED is particularly challenging, as 
isolating its impact from other factors that simultaneously 
influence organisational performance is methodologically 
difficult. In this context, the use of integral indicators and 
economic-analytical methods is advisable, as they enable 
the generalisation of various aspects of ED and the iden-
tification of relationships between investments in devel-
opment and the economic performance of organisations.

To overcome the identified limitations and ensure a 
systematic interpretation of evaluation results, the provi-
sions of the proposed structural and logical model are fur-
ther elaborated through the development of an econom-
ic-analytical framework for managerial decision-making. 
This framework reflects the interrelationships between the 
indicators of ED assessment, the results of their econom-
ic-analytical interpretation, and the corresponding mana-
gerial actions (Table 5). Such a framework ensures the sys-
tematic transformation of economic evaluation results into 
consistent managerial decisions aimed at the development 
of the organisation’s HR potential. 

Table 5. Economic and analytical framework for managerial decisions regarding ED
Functional 
evaluation 

block

Indicators for evaluating 
ED

Methods of data 
collection and 

processing

Economic and analytical 
interpretation Managerial decisions

Analytical 
(diagnostic)

Competence index,  
LP per employee, KPI

HR data analysis, 
statistical analysis 
of productivity, KPI 

evaluation

Identification of the gap between 
the actual and target levels of 
competencies, assessment of 

productivity changes

Determination  
of priorities  
for training  

and adaptation

Investment ROI-HR, training costs per 
employee, turnover rate

Financial analysis  
of HR expenditures, ROI 
calculation, employee 

turnover analysis

Cost-benefit relationship  
of investments in ED

Decisions  
on the feasibility  
of investing in ED

Program-
target

Implementation of 
individual development 

plans, share of employees 
participating in training, 

training effectiveness index

HR system data 
analysis, evaluation of 

training programme 
outcomes, comparative 

analysis

Segmentation of employees  
by development level, 

assessment of training 
programme effectiveness

Adjustment  
of development 

programmes and 
training modules

Motivational
eNPS, level of employee 

engagement, share  
of internal promotions

Employee surveys, HR 
analytics, correlation 

analysis

Assessment of the relationship 
between motivation and LP

Improvement  
of material and non-
material motivation 

systems

Workforce 
planning

Staffing forecast, Sales/
FTE

Econometric modelling, 
analysis of sales  

and LP

Assessment of workforce needs 
considering sales dynamics

Workforce planning 
and optimisation  
of staff numbers
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Thus, the proposed economic-analytical framework 
for managerial decision-making enables the identifica-
tion of relationships between ED indicators, the methods 
of their analytical processing, and managerial decisions 
aimed at improving the efficiency of HR utilisation. The ap-
plication of this approach makes it possible to consider the 
evaluation of ED not only as a tool for measuring results 
but also as an analytical basis for forming economically 
grounded managerial decisions that contribute to increas-
ing LP, improving the efficiency of resource utilisation, and 
enhancing the economic performance of organisations. 
The practical implementation of the proposed approach is 
carried out in accordance with the developed algorithm for 
the economic evaluation of ED. The application of this al-
gorithm involves the step-by-step execution of procedures 
for data collection and systematisation, calculation of key 

economic indicators (in particular LP, ROI-HR, and em-
ployee turnover), their economic and analytical interpre-
tation taking into account the interrelationships between 
indicators, and the formation of managerial decisions on 
this basis regarding the development of HR potential.

In order to verify the practical implementation of the 
proposed methodological approach to the economic evalu-
ation of ED, its testing was conducted using aggregated data 
from retail organisations in Ukraine, in particular the lead-
ing retail chain EVA (LLC “RUSH”), for the period 2019-
2024. The evaluation was carried out using a multi-level 
system of indicators covering the individual, organisation-
al, and industry levels of analysis, which made it possible 
to trace the economic outcomes of ED and their impact on 
organisational performance indicators. The results of test-
ing the proposed approach are presented in Table 6.

Table 6. Results of testing the author’s approach to the economic evaluation of ED based  
on aggregated data from retail organisations in Ukraine (2019-2024)

Note: eNPS – Employee Net Promoter Score
Source: developed by the author

Source: developed by the author

Functional 
evaluation 

block

Indicators  
for evaluating ED

Methods of data 
collection and 

processing

Economic and analytical 
interpretation Managerial decisions

Integrative 
(managerial)

Integral index of ED, HR 
potential development 

index

Integral evaluation  
of development 

indicators, aggregation 
of HR metrics

Comprehensive assessment  
of ED and its economic impact

Formation of a 
portfolio of managerial 
decisions regarding ED

Level  
of analysis Indicator Before 

implementation
After 

implementation Change, % Economic interpretation

Employee

LP per employee (Рі), 
thousand UAH 72 82 +13.9 Increase in individual productivity 

after training

Competence index (Сі) 0.63 0.78 +23.8 Improvement of employees’ 
professional skills

Adaptation period, 
months (tadapt) 3.8 2.6 -31.6 Faster integration  

of new employees

Organisation

LP, thousand (Pyear), 
UAH/year 720 820 +13.9 Improved efficiency  

of personnel utilisation
Return on investment in 

personnel (ROI-HR) 0.42 0.68 +61.9 Increase in the economic return 
on investments in ED

Employee turnover rate 
(Kturnover), % 28.5 21.0 -26.3 Reduction in recruitment costs

Revenue per employee 
(Rev), thousand UAH 310 355 +14.5 Improved performance  

of the retail network

Economy 
(industry 

level)

LP in retail (Pretail), 
thousand UAH/employee 640 710 +10.9 Impact of ED on the industry

Payroll fund in retail (F), 
billion UAH 182 205 +12.6 Growth in employees’ income 

levels
Employment rate in the 

sector (Е), % 58.4 60.1 +2.9 Expansion of employment  
in the retail sector

To provide a clearer presentation of the testing results 
and to compare the dynamics of key indicators before 
and after the implementation of the proposed approach, 
the corresponding data are visualised in the form of a bar 
chart (Fig. 2). The results of the testing indicate an over-
all positive dynamic in ED indicators and their economic 

performance. In particular, during the analysed period, LP 
increased on average by 10-14%, the level of professional 
competencies rose by approximately 20-25%, and the ad-
aptation period of employees decreased by more than 30%. 
At the same time, a significant increase in the economic 
return on investments in ED was observed, exceeding 60%,  
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accompanied by a reduction in employee turnover by about 
one quarter and an increase in revenue per employee by 
approximately 10-15%. The aggregated results also demon-
strate positive changes in industry-level indicators, including 

growth in LP, the payroll fund, and the employment rate. 
Overall, the obtained results confirm the presence of a pos-
itive economic effect of ED and its contribution to improv-
ing the efficiency of HR utilisation.

Figure 2. Dynamics of key indicators of ED before and after the implementation of the proposed approach
Source: developed by the author

The results of the study confirm the feasibility of apply-
ing an economic approach to the evaluation of ED, which 
involves analysing indicators at different levels of the eco-
nomic system. The use of an economic-analytical frame-
work for managerial decision-making regarding ED made 
it possible to align the results of economic evaluation with 
the process of managerial decision-making in the field of 
HR development. The application of a system of interre-
lated indicators enabled the identification of the economic 
outcomes of ED not only at the individual level but also 
within the organisation and the industry, which confirms 
the existence of a multi-level economic effect of employee 
competence development.

Discussion
Similar findings were reflected in the study by C. Gebara et 
al. (2023), which emphasised the importance of using eco-
nomic indicators to evaluate the outcomes of ED and to 
substantiate managerial decisions in the field of HR man-
agement. The authors stressed that the evaluation of ED 
should take into account not only changes in professional 
competencies but also the economic performance of organ-
isations. In the present study, this idea is further developed 
through the formation of an economic-analytical frame-
work that integrates the results of ED evaluation into the 
managerial decision-making system.

A similar position is expressed in the study by B. Mustafa 
& S. Lleshi (2024), who examined the impact of ED on organ-
isational performance. The authors noted that investments 

in personnel development contribute to increased LP and 
more efficient utilisation of organisational resources. Their 
study demonstrates that the development of employee 
competencies can serve as one of the key factors in improv-
ing the economic performance of enterprises. The results 
obtained in the present study support these findings, as 
increases in LP and improvements in the efficiency of HR 
utilisation are considered economic outcomes of ED.

A number of studies emphasise the need to use a sys-
tem of quantitative indicators to evaluate the outcomes of 
ED. In particular, D. Dadd & M. Hinton (2023) highlight-
ed the importance of developing a system of indicators that 
makes it possible to assess the economic return on invest-
ments in personnel development. The authors propose the 
use of LP indicators, measures of the efficiency of labour 
resource utilisation, and financial performance indicators 
of enterprises. Compared with these approaches, the pres-
ent study expands the system of indicators by grouping 
them according to levels of analysis, which makes it possi-
ble to comprehensively assess the outcomes of ED within 
the economic system.

The study by O.  Morozova  (2025) demonstrates that 
the evaluation of ED should be carried out using integral 
indicators that allow the results of evaluation to be gener-
alised and a composite assessment of personnel develop-
ment to be formed. The author emphasised the need to 
aggregate various indicators of ED into a single indicator, 
which simplifies the interpretation of evaluation results. In 
the present study, a similar approach to the generalisation 
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of evaluation outcomes is applied; however, its distinctive 
feature lies in the combination of integral indicators with a 
multi-level analysis of the economic outcomes of ED.

At the same time, the study by I. Churkina & M. Ter-
novskyi (2026) examined the relationship between ED and 
the innovative activity of organisations. The authors noted 
that the development of employee competencies enhances 
the ability of organisations to implement innovations and 
adapt to changes in the external environment. In compari-
son with these studies, the present research focuses on the 
economic dimension of ED, particularly on evaluating the 
impact of competency development on the economic per-
formance of organisations.

The study by O.  Panchenko  (2024) emphasised the 
importance of integrating HR analytics into the system of 
strategic management of organisations. The author demon-
strates that the use of analytical data on ED contributes to 
improving the validity of managerial decisions and the ef-
fectiveness of human capital management. The results ob-
tained in the present study are consistent with this position, 
as the proposed economic-analytical framework is specifi-
cally aimed at integrating the results of the economic eval-
uation of ED into the managerial decision-making system.

In turn, H. Koptieva & D. Sanzharov (2025) drew at-
tention to the multidirectional nature of ED, emphasising 
its importance primarily for the professional growth of 
employees and for improving organisational performance. 
The authors noted that ED contributes to increased LP, the 
improvement of professional competencies, and better or-
ganisational performance outcomes. Building upon this 
approach, the present study substantiates the relevance 
of considering ED within a broader economic context. In 
particular, it demonstrates that the outcomes of ED should 
be evaluated in a multi-level dimension encompassing the 
employee, organisational, and economy-wide levels. Such 
an approach makes it possible to trace the relationship be-
tween individual professional development, the efficiency 
of HR utilisation within organisations, and the formation 
of the overall level of LP in the national economy.

At the same time, the study by N. Sablina (2025) em-
phasised the complexity of measuring the economic out-
comes of ED, as organisational performance is influenced 
simultaneously by a wide range of factors. The author 
noted that isolating the impact of ED on the economic 
results of enterprises is methodologically challenging. 
In the present study, this problem is partially addressed 
through the use of a system of interrelated indicators that 
make it possible to evaluate the economic outcomes of ED 
in connection with other organisational performance in-
dicators. Thus, the results of the study confirm that the 
economic evaluation of ED should be carried out within 
a multi-level framework, which makes it possible to com-
prehensively reflect the relationship between ED and the 
economic performance of organisations. The proposed 
approach ensures the integration of evaluation results into 
the managerial decision-making system regarding the de-
velopment of HR potential and expands the possibilities 

of using economic indicators within organisational man-
agement systems.

Conclusions
The conducted study made it possible to generalise con-
temporary economic approaches to the evaluation of ED 
and to substantiate the relevance of considering them in 
relation to the economic performance of organisations. It 
was established that the effectiveness of ED should be as-
sessed using a system of interrelated economic indicators 
that make it possible to identify the impact of investments 
in ED on LP and the efficiency of HR utilisation. The neces-
sity of integrating the results of the economic evaluation of 
ED into the managerial decision-making system has been 
substantiated, which contributes to improving the validity 
of personnel development management and supports the 
achievement of organisational strategic objectives. The re-
sults of the study confirm the feasibility of applying an eco-
nomic-analytical approach to the evaluation of ED, which 
enables the integration of HR analytics with economic per-
formance indicators of organisations and enhances the ef-
fectiveness of HR management. 

The scientific novelty of the study lies in the devel-
opment of methodological foundations for the economic 
evaluation of ED through the integration of performance 
indicators, behavioural and cost characteristics within a 
unified analytical framework. This approach ensures the 
consistency of theoretical provisions and practical eval-
uation tools and expands the possibilities for substanti-
ating managerial decisions regarding the development of 
an organisation’s employees. The practical significance of 
the obtained results lies in the possibility of applying the 
proposed approaches to substantiate managerial decisions 
regarding ED and to improve the economic efficiency of 
organisational performance. 

At the same time, the results of the study have cer-
tain limitations. In particular, the testing of the proposed 
approach was conducted using aggregated data from re-
tail organisations in Ukraine, which may limit the direct 
generalisation of the obtained results to other sectors of 
the economy. In addition, the economic outcomes of ED 
may depend on external factors, including macroeconom-
ic conditions, labour market dynamics, and the organisa-
tional environment of enterprises. Prospects for further 
research are associated with improving the methods of 
economic evaluation of ED in the context of HR process 
digitalisation and expanding the use of analytical tools in 
HR management systems.
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Економічні підходи до оцінювання розвитку працівників організації
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Анотація. Актуальність дослідження зумовлена відсутністю єдиного підходу до економічного оцінювання 
розвитку працівників, фрагментарністю показників і недостатньою узгодженістю між теоретичними моделями 
та практичними інструментами управління. Метою статті були систематизація та узагальнення економічних 
підходів до оцінювання розвитку працівників організації, що застосовуються в сучасних наукових дослідженнях, 
а також обґрунтування авторських пропозицій щодо вдосконалення економічного оцінювання результатів 
розвитку працівників. Для досягнення мети було проаналізовано основні підходи, методи та показники 
оцінювання, виявлено наукові прогалини й проблемні аспекти, які обмежують можливості комплексного 
економічного аналізу. У результаті дослідження було узагальнено основні економічні підходи до оцінювання 
розвитку працівників у межах економіки праці та організації, встановлено їх багаторівневий характер від 
індивідуального до організаційного та макроекономічного. Визначено, що переважна більшість підходів 
ґрунтується на використанні показників продуктивності праці, витрат, результативності та економічної віддачі від 
інвестицій у розвиток працівників. Обґрунтовано доцільність інтеграції кількісних, аналітичних і поведінкових 
показників у єдину систему економічного оцінювання, а також розроблено структурно-логічний алгоритм і 
економіко-аналітичну модель прийняття управлінських рішень. Практична апробація запропонованого підходу, 
здійснена на основі агрегованих даних підприємств роздрібної торгівлі України за 2019-2024 рр., підтвердила його 
ефективність. Зокрема, встановлено зростання продуктивності праці на 10-14 %, підвищення рівня професійних 
компетентностей працівників на 20-25 %, скорочення періоду адаптації більш ніж на 30 %, а також збільшення 
рентабельності інвестицій у розвиток персоналу більш ніж на 60 %. Водночас зафіксовано зниження плинності 
кадрів приблизно на чверть і зростання доходу на одного працівника на 10-15 %. Отримані результати також 
засвідчили позитивну динаміку галузевих показників, зокрема зростання продуктивності праці, фонду оплати 
праці та рівня зайнятості. Практична значущість результатів полягає у формуванні аналітичного підґрунтя для 
підвищення обґрунтованості управлінських рішень щодо інвестування в розвиток працівників

Ключові слова: економічна оцінка; продуктивність праці; ресурсоефективність; інвестиції в розвиток; 
управлінські рішення
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Abstract. The aim of the study was to assess the impact of International Financial Reporting Standards and International 
Standards on Auditing on the transparency of the financial reporting of large agricultural enterprises in Ukraine during 
the period 2020-2024. The study covered the activities of four companies: the limited liability agricultural enterprise 
“NIBULON”, Kernel Holding, the private joint-stock company “Myronivsky Hliboproduct”, and the limited liability 
company “Agroprosperis Trade”. The research applied a combination of methods, including content analysis, comparative 
analysis, and SWOT analysis, which enabled a comprehensive assessment of the transparency of financial reporting among 
agricultural enterprises. The results demonstrated that Kernel Holding possessed the most transparent financial reporting, 
with an average transparency score of 4.6, followed by the private joint-stock company “Myronivsky Hliboproduct” 
with a score of 4.5. The limited liability agricultural enterprise “NIBULON” received a score of 4.3, while the limited 
liability company “Agroprosperis Trade” achieved 3.9. The frequency of identifying key audit matters ranged from 78% 
in “Agroprosperis Trade” to 92% in Kernel Holding, whereas the depth of audit procedures varied from 290 to 380 
hours annually, respectively. The analysis of reporting structures revealed significant differences between national and 
international standards, particularly in the greater level of detail regarding assets, liabilities, income, and the disclosure of 
accounting policies and risks under international standards. The SWOT analysis indicated that the principal opportunities 
for enhancing transparency include the standardisation of reporting formats, the strengthening of internal controls, and the 
expansion of audit procedures, while the key threats comprise limited resources for conducting audits and the instability of 
the external environment. The obtained results are of practical significance for managers of agricultural enterprises, audit 
firms, and regulatory authorities, as they may be used to improve the transparency of financial reporting, adapt internal 
procedures to the requirements of international standards, and enhance auditing practices
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enterprises. Research conducted by M.  Vasilić & B.  Sav-
ić (2025) analysed the level of transparency in the financial 
reporting of agricultural companies in Serbia. The authors 
compared disclosure indicators before and after the imple-
mentation of international financial reporting standards 
and noted changes in the structure and detail of financial 
statements, as well as highlighting the practical difficulties 
of adapting the standards in the operations of enterprises. 

The analysis conducted by R.  Rodriguez-Galindo  et 
al.  (2024) focused on non-profit sector organisations, 
assessing the impact of the adoption of International Fi-
nancial Reporting Standards on small and medium-sized 
enterprises. The authors analysed the annual reports of 
non-profit organisations and demonstrated that the in-
tegration of standards alongside environmental require-
ments alters the structure of disclosures regarding assets 
and liabilities. In parallel, I.  Golocialova & M.  Cojoca-
ru (2025) developed a matrix of indicators to identify ag-
ribusiness assets, demonstrating the convergence of the 
International System of Environmental-Economic Ac-
counting and IFRS, which facilitates a comprehensive as-
sessment of enterprise performance. The analysis demon-
strated the consistency of approaches to asset classification 
and the possibility of a comprehensive assessment of 
enterprise performance. The research by A.M.  Thijeel  et 
al. (2025) in the Iraqi banking sector found that the adop-
tion of IFRS improves banks’ credit ratings through en-
hanced corporate governance, which indirectly has a posi-
tive impact on the financing of the agricultural sector. The 
authors analysed the banks’ annual reports and found that 
an improved structure for the disclosure of financial infor-
mation contributes to greater accuracy in risk assessment, 
which indirectly affects the financing of the agricultural 
sector. These studies highlighted the importance of stand-
ardising financial reporting to enhance transparency and 
investment attractiveness, which is crucial for agricultural 
enterprises in the context of market transformation. 

In connection with the identified gaps in existing re-
search, particularly the insufficient consideration of the 
specific features of implementing International Financial 
Reporting Standards and auditing specifically in Ukraine’s 
agricultural sector, the aim of the present study was to an-
alyse the impact of international accounting and auditing 
regulatory practices on the quality of financial data disclo-
sure by enterprises in the agricultural sector. 

Materials and Methods
The study covered the period 2020-2024 and was based 
on the analysis of the application of the IFRS Founda-
tion (2024) and the International Auditing and Assurance 
Standards Board (IAASB) (n.d.) in the practices of agricul-
tural enterprises in Ukraine. The study examined the activ-
ities of LLC NIBULON (n.d.) and Kernel (n.d.). Particular 
attention was devoted to the private joint-stock company 
“Myronivsky Hliboproduct” (MHP,  n.d.) and the Limit-
ed Liability Company “Agroprosperis Trade”  (n.d.). The  

Introduction
In the context of integration into the global economic en-
vironment and increasing requirements for corporate re-
porting, the importance of ensuring the transparency of fi-
nancial information of agricultural enterprises is growing. 
This is associated not only with the strengthening role of 
investors, creditors, and government authorities in deci-
sion-making processes, but also with the necessity of align-
ing financial reporting with international standards. In the 
practice of Ukrainian agricultural companies, insufficient 
transparency and limited reliability of reporting data are 
frequently observed, which complicates external auditing, 
reduces the level of trust in business entities, and diminish-
es opportunities for attracting investment. Despite the for-
mal implementation of International Financial Reporting 
Standards and International Standards on Auditing, the ac-
tual level of their application within the agricultural sector 
remains uneven and often superficial. The study of interna-
tional experience and scholarly approaches to assessing the 
quality of financial reporting makes it possible to identify 
existing challenges and methods for adapting global prac-
tices to Ukrainian realities.

The issue of transparency in financial reporting within 
Ukraine’s agricultural sector has attracted the attention of 
numerous scholarly works. O.  Hubaryk  (2025) examined 
the role of International Financial Reporting Standards 
(IFRS) and International Standards on Auditing (ISA) as a 
foundation for trust in accounting information. The study 
noted that the application of IFRS and ISA influences the 
quality of financial reporting preparation and the interac-
tion of enterprises with external users of financial informa-
tion. Considerable attention was devoted to the problems 
associated with the formal approach to IFRS implementa-
tion, emphasising that the depth of standards integration 
depends on the internal accounting culture and the level 
of professional training of personnel. Similar emphases 
were highlighted in the work of M. Dubinina et al. (2024), 
which examined an integrated approach to accounting in 
the agricultural sector within the context of sustainable 
development and the circular economy. The authors estab-
lished that ensuring the transparency of financial informa-
tion requires a comprehensive combination of accounting 
procedures, internal controls, and managerial practices. 
Furthermore, the study emphasised that the integration of 
environmental and social aspects into financial reporting 
contributes to enhancing data reliability and more effective 
risk management in agricultural enterprises.

In turn, O. Shebanina et al. (2023) examined the issue 
of economic planning in agricultural enterprises and im-
proving data accessibility in the context of food security. 
The results of their analysis showed that the systematic 
implementation of transparent accounting and planning 
procedures significantly improves the accessibility of fi-
nancial information. At the same time, it was emphasised 
that the existence of an internal control system and effec-
tive corporate governance is a prerequisite for ensuring 
genuine transparency regarding the financial condition of  
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sample was formed according to the following criteria: 
these enterprises prepare financial statements in accord-
ance with the IFRS Foundation (2024); undergo annual ex-
ternal audits in compliance with the International Auditing 
and Assurance Standards Board (IAASB) (n.d.); and pro-
vide publicly available reports containing Key Audit Mat-
ters (KAM), which indicates adherence to high standards 
of transparency and control. Information was collected 
from the official websites of the companies, as well as from 
the Ministry of Finance of Ukraine (n.d.) regarding the reg-
ulatory and legal framework for accounting in the business 
sector (National Accounting Standards (NAS)).

A content analysis was conducted covering the 2023 
reporting period, which had been audited in accordance 
with the requirements of the IFRS Foundation (2024) and 
the International Auditing and Assurance Standards Board 
(IAASB) (n.d.). The selection of this reporting period was 
due to the fact that, at the time of the study, it represented 
the most recent complete financial year for which audited 
financial statements had been published, thereby ensuring 
the relevance, completeness, and reliability of the data re-
quired for an objective assessment of the transparency of fi-
nancial reporting. The evaluation criterion was compliance 
with the fundamental principles of International Financial 
Reporting Standards  – transparency, completeness, relia-
bility, neutrality, and comparability – defined in the Con-
ceptual Framework for Financial Reporting approved by 
the IFRS Foundation (2024) in 2018. The assessment was 
carried out by the author using a five-point scale for each 
principle separately for every enterprise, which ensured 
consistency and integrity of the analysis.

To evaluate the impact of IFRS and IAASB on the 
transparency of enterprises’ financial reporting, a compar-
ative analysis was conducted. Financial statements of all 
four enterprises were compared using the Balance Sheet 
(Form No. 1) (Ministry of Finance of Ukraine, 2019) and 

the Statement of Financial Results (Form No.  2) (iBuh-
galter, 2025), together with the corresponding notes, taking 
into account the completeness and accuracy of key disclo-
sures. The analysis covered the presence of KAM, the level 
of detail in the notes to the financial statements, the con-
sistency between the Balance Sheet (Form No. 1) and the 
Statement of Financial Results (Form No. 2), as well as the 
systematic application of standards. Within the compara-
tive analysis of financial reporting transparency and audit 
indicators, transparency indicators, the frequency of KAM 
identification, the depth of audit procedures, and the cor-
relation between transparency and KAM were compared 
in order to identify differences in reporting transparency. 
Such an analysis makes it possible to trace the direct re-
lationship between the application of international stand-
ards and the enhancement of reporting transparency in the 
practice of each enterprise.

To systematise the results, a SWOT analysis of the 
transparency of the enterprises’ accounting systems was 
conducted, enabling the identification of strengths and 
weaknesses, opportunities for improving transparency and 
control, as well as potential threats that may affect the ac-
curacy and completeness of financial reporting. Based on 
this analysis, practical recommendations were developed 
for enhancing the transparency of agricultural enterprises. 
To integrate all findings, a logical and structural framework 
was designed to demonstrate the interrelationship between 
the application of IFRS, internal control, and auditing as 
key factors of transparency. 

Results
To assess the transparency of the financial reporting of the 
four enterprises under study, a comparative analysis was 
conducted using key parameters reflecting compliance 
with the IFRS Foundation (2024) and the IAASB (n.d.). The 
results are presented in Table 1.

Table 1. Characteristics of the transparency of enterprises’ financial reporting (2020-2024)

Source: compiled by the author based on publicly available financial reporting data from companies

Transparency indicator
LLC Agricultural 

Enterprise 
“NIBULON”

Kernel Holding 
S.A. PJSC “MHP”

LLC 
“Agroprosperis 

Trade”

Presence of KAM (Key Audit Matters) Partially 
disclosed Fully disclosed Fully disclosed Partially 

disclosed
Level of detail in the notes (assessment  
of accounting policies and provisions) Moderate High High Low

Consistency between the Balance Sheet (Form No. 1) 
and the Statement of Financial Results (Form No. 2) Good Excellent Excellent Satisfactory

Completeness of operational risk disclosure Moderate High High Moderate

Level of systematic application of IFRS Average High High Average

The comparative analysis demonstrates that Kernel 
Holding S.A. and PJSC “MHP” maintain a high level of 
transparency in financial reporting, which is reflected in 
the full disclosure of key audit matters (KAM), detailed 
notes concerning accounting policies and estimates, as 
well as a high degree of consistency between the Balance 

Sheet (Form No. 1) and the Statement of Financial Results 
(Form No. 2). Such systematic reporting enables users of 
financial statements to obtain the most comprehensive 
and reliable information possible, thereby increasing the 
confidence of investors, creditors, and other stakeholders. 
LLC Agricultural Enterprise “NIBULON” demonstrated a 
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sufficient level of transparency; however, certain KAM dis-
closures were only partial and the notes were less detailed, 
which may limit the ability of external users to assess the 
specific nature of accounting estimates and risks. A simi-
lar situation was observed in LLC “Agroprosperis Trade”, 
where, in addition to partial KAM disclosure, there was a 
low level of detail regarding operational risks and reserve 
estimates, which may reduce the effectiveness of control 
and the transparency of financial reporting. The differenc-
es between the enterprises are partly attributable to the 
level of internal accounting organisation, the experience 
of financial and audit teams, and the degree of practical 
compliance with IFRS and IAASB standards. Overall, the 
results demonstrated that the full and systematic appli-
cation of international standards significantly enhances 
reporting transparency, facilitates auditing, and ensures 
more accurate information for external users, whereas the 

partial application of standards reduces the effectiveness 
of these processes.

As a result of the comparison between financial report-
ing prepared in accordance with the Ministry of Finance of 
Ukraine (n.d.) and the IFRS Foundation (2024), significant 
differences in the structure and content of reporting were 
identified. IFRS are oriented towards international require-
ments and reflect best global practices, whereas National 
Accounting Standards (NAS) are focused on local needs 
and the requirements of Ukrainian regulators. This leads 
to differences in approaches to the preparation of financial 
statements, which may affect their transparency and com-
prehensibility for users. The differences are manifested in 
the level of detail regarding assets and liabilities, the clas-
sification of income and expenses, as well as the disclosure 
of accounting policies, estimates, and key risks. Data con-
cerning the principal differences are presented in Table 2.

Table 2. Comparison of national standards and IFRS in financial reporting

Source: the author’s own work

Reporting element National accounting standards (NAS) IFRS Main differences

Balance Sheet  
(Form No. 1)

Limited detail regarding non-current 
assets; no separate category for “current 

liabilities” by counterparties.

Comprehensive detail of assets 
and liabilities, classification by 

maturity periods, with offsetting/
unbundling permitted.

IFRS provides more 
extensive information for 

assessing liquidity and 
financial structure.

Statement  
of financial results 

(Income/Expenses) 
(Form No. 2)

Certain items are not separately 
identified (for example, income from 

financial instruments); in some cases, 
there is no distinction between operating 

and non-operating income.

Clear classification of income 
and expenses, mandatory 

disclosure of financial income, 
expenses, and taxes.

Users of IFRS have 
access to more accurate 

profitability analysis.

Notes to the 
financial statements

Formal in nature and often duplicating 
figures from the statements; absence  

of a description of accounting policies.

Mandatory disclosure  
of accounting policies, 
judgements, estimates,  

as well as risks and liabilities.

IFRS ensures more 
comprehensive 

information for investment 
decision-making.

As demonstrated by the comparative results pre-
sented in Table 2, significant differences exist between 
financial reporting prepared under NAS and IFRS, 
which are not merely technical in nature but also deep-
ly economic. These differences concern the structure, 
content, and functional capacity of reporting to satisfy 
the needs of stakeholders, including investors, credi-
tors, regulators, and management. First and foremost, 
the Balance Sheet (Form No. 1) under IFRS is charac-
terised by a higher level of detail regarding assets and 
liabilities, as well as their clear classification by maturity 
periods (current/non-current). Such an approach con-
tributes to greater transparency concerning the liquidi-
ty and solvency of an enterprise, allowing more accurate 
modelling of financing risks, capital turnover, and the 
alignment of the balance sheet structure with the stra-
tegic objectives of agricultural enterprises. In contrast, 
NAS do not provide such flexible mechanisms, as the 
structure is rigidly regulated, with limited disclosure 
regarding specific categories of assets, such as finan-
cial instruments or biological assets. Even more strik-
ing differences can be observed in Form No.  2 (State-
ment of Comprehensive Income). Reporting under 
IFRS ensures an expanded presentation of income and  

expenses, including detailed classification according 
to their functional purpose (operating, investing, and 
financing activities), as well as a clear distinction by 
source, including the recognition of revenue from con-
tracts with customers in accordance with IFRS stand-
ards. This enables the assessment of the sustainability 
of profitability, its sources, and its sensitivity to mar-
ket changes. Under national standards, classification is 
often simplified and does not reflect the substance of 
individual types of activity, which limits the analytical 
value of reporting for external users.

Particular attention should be devoted to the notes 
to the financial statements, which, within IFRS practice, 
constitute an integral component carrying substantial 
informational value. They contain not only numerical 
reconciliations to the primary statements, but also dis-
closures regarding accounting policies, significant pro-
fessional judgements, estimation assumptions, and risk 
factors  – ranging from currency risks to climate-related 
risks, which are especially relevant to the agricultural sec-
tor. In national practice, the notes are predominantly for-
mal in nature and rarely extend beyond the repetition of 
information already presented. Consequently, within the 
context of decision-making by stakeholders, information 
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asymmetry increases significantly, while confidence in 
such reporting declines. From an economic perspective, 
the application of IFRS substantially improves the quali-
ty of financial analysis conducted both by internal users, 
such as management and owners, and by external users, 
including investors, auditors, and banking institutions. 
This, in turn, creates preconditions for reducing the cost 
of capital, improving a company’s position in attracting 
financing, and enhancing its rating attractiveness on in-
ternational financial platforms.

Thus, the transformation of financial reporting on the 
basis of IFRS should not be regarded merely as adapta-
tion to technical requirements, but rather as a strategic 
change in the architecture of the enterprise’s financial 
communication with the external environment. In the 

case of Ukrainian agricultural enterprises, this is particu-
larly relevant given their integration into export-orient-
ed value-added chains, participation in global trading 
operations, and dependence on international capital and 
infrastructure donors. Accordingly, the implementation 
of IFRS may be considered an institutional prerequisite 
for the financial sustainability and competitiveness of 
the sector. In order to identify differences in reporting 
transparency and audit indicators, a comparative study of 
enterprises was conducted. Table 3 presents summarised 
data enabling comparison of the level of transparency, the 
depth of auditing, and the presence of key audit matters 
among the companies, as well as the identification of the 
principal differences in their practical application of IFRS 
and IAASB standards.

Table 3. Comparative analysis of financial reporting transparency and audit indicators

Source: the author’s calculations based on data from the companies’ public financial reports

Indicator
LLC Agricultural 

Enterprise 
“NIBULON”

Kernel 
Holding 

S.A.

PJSC 
“MHP”

LLC 
“Agroprosperis 

Trade”
Conclusions on differences

Average 
transparency 
score (1-5)

4.3 4.6 4.5 3.9
The highest indicators were recorded for 

Kernel Holding and PJSC “MHP”, while the 
lowest was observed in “Agroprosperis Trade”.

Frequency 
of KAM 

identification (%)
85 92 90 78

Differences were identified in the disclosure  
of key audit matters; Kernel Holding was  

the leading company.

Depth of audit 
procedures 

(hours/year)
320 380 355 290

More time was allocated to auditing in Kernel 
Holding and PJSC “MHP”, corresponding  

to their high level of transparency.

Correlation 
between 

transparency 
and KAM

0.68 0.75 0.71 0.62
A positive relationship was identified: more 

detailed disclosure of KAM corresponds  
to a higher level of transparency.

The extended analysis demonstrated that enterpris-
es devoting greater attention to the application of IFRS 
and IAASB standards exhibited higher levels of financial 
reporting transparency and more in-depth auditing, as 
confirmed by the frequency of KAM disclosures. Kernel 
Holding S.A. achieved the highest average transparen-
cy score of 4.6, with a KAM identification frequency of 
92% and an audit depth of 380 hours per year, indicat-
ing a systematic approach to auditing and a high level 
of financial information detail. PJSC “Myronivsky Hli-
boproduct” obtained an average transparency score of 
4.5, a KAM identification frequency of 90%, and an au-
dit depth of 355 hours per year. This confirms the thor-
oughness of reporting preparation and the high level of 
reliability of the information for users. LLC Agricultural 
Enterprise “NIBULON” demonstrated an average trans-
parency score of 4.3, a KAM identification frequency of 
85%, and an audit depth of 320 hours per year. Although 
these indicators were slightly lower than those of Kernel 
Holding S.A. and PJSC “MHP”, they nevertheless indicate 
a sufficiently high level of transparency and consistency in 
financial reporting. LLC “Agroprosperis Trade” received 

the lowest average transparency score of 3.9, with a KAM 
identification frequency of 78% and an audit depth of 290 
hours per year. This points to limited detail in reporting 
and potential risks regarding the completeness and acces-
sibility of financial information for users. The correlation 
analysis confirmed a positive relationship between trans-
parency and the frequency of KAM disclosure: the highest 
correlation was observed in Kernel Holding S.A. (0.75), 
followed by PJSC “MHP” (0.71), LLC Agricultural Enter-
prise “NIBULON” (0.68), and the lowest in LLC “Agro-
prosperis Trade” (0.62). This indicates that more detailed 
disclosure of key audit matters contributes to enhancing 
the transparency of financial reporting. For the purpose 
of further in-depth analysis of the transparency of enter-
prises’ financial reporting, a content analysis of the 2023 
annual reports was conducted in order to assess compli-
ance with the key IFRS principles  – transparency, com-
pleteness, reliability, neutrality, and comparability. Table 4 
presents the results of the assessment of the enterprises’ 
annual financial statements according to each principle, 
together with the average score on a five-point scale for 
each enterprise.
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The analysis demonstrates that Kernel Holding S.A. 
received the highest scores across all principles, indi-
cating the systematic and comprehensive application of 
IFRS together with strict compliance with IAASB stand-
ards, thereby ensuring a high level of confidence among 
users of financial statements. PJSC “MHP” achieved 
moderate scores. This assessment indicates an overall 
high level of transparency, although with minor devia-
tions in neutrality, which may affect users’ perception of 
information relating to financial estimates. LLC Agricul-
tural Enterprise “NIBULON” demonstrated a moderate 
level of transparency, reflecting a sufficient, though not 
maximum, level of detail and consistency in reporting. 
LLC “Agroprosperis Trade” received the lowest scores. 
Insufficient disclosure of KAM and notes, together with 
the low consistency of reporting forms, indicate the 

need to improve the systematic application of IFRS and 
auditing procedures.

Overall, the results presented in the table make it possi-
ble to identify the strengths and weaknesses of the transpar-
ency of each enterprise’s financial reporting and confirm that 
the systematic and comprehensive application of IFRS, com-
bined with auditing in accordance with IAASB standards, is 
a key factor in enhancing the confidence of users of financial 
information. In order to assess the transparency of enterpris-
es’ financial reporting, it is appropriate to apply SWOT anal-
ysis, which enables a comprehensive comparison of internal 
and external factors influencing the quality of information 
disclosure. Strengths and weaknesses reflect the internal 
characteristics of the accounting and auditing system, where-
as opportunities and threats relate to the external environ-
ment. The results of the analysis are summarised in Table 5.

Table 5. SWOT analysis of the transparency of financial reporting by agricultural enterprises

Table 4. Assessment of the compliance of annual financial statements  
with IFRS principles according to key indicators (2023)

Source: author’s own work

Source: author’s own work based on publicly available financial reporting data from companies and the IFRS 
Foundation (2024)

Enterprise Transparency Completeness Reliability Neutrality Comparability Average 
score

LLC Agricultural Enterprise “NIBULON” 4 4 4 3 3 3.6
Kernel Holding S.A. 5 5 5 4 5 4.8

PJSC “MHP” 4 4 4 3 4 3.8
LLC “Agroprosperis Trade” 3 3 3 3 2 2.8

Strengths Weaknesses
The use of IFRS ensures the international comparability  

of financial reporting
The presence of difficulties in the transition  

from National Accounting Standards (NAS) to IFRS
Conducting annual audits in accordance with IAASB standards Insufficient detail in certain notes to the financial statements

Open access to key audit matters (KAM) High dependence on external auditors
Opportunities Threats

Attracting foreign investors  
through transparent financial reporting Tightening regulatory requirements and penalty sanctions

Use of digital technologies for the automation  
of reporting processes Risk of a formal approach to information disclosure

Harmonisation with the European capital market Increasing costs of auditing and consultancy services

The results of the SWOT analysis indicate that the 
transparency of the financial reporting of agricultural 
enterprises was determined by a combination of inter-
nal factors related to the organisation of accounting and 
auditing, as well as external conditions within which the 
companies operated. Among the strengths, particular em-
phasis should be placed on the application of IFRS, which 
ensured unified approaches to the structuring of financial 
data and made reporting comparable with that of simi-
lar companies in global markets. Another advantage was 
the availability of audit opinions prepared in accordance 
with IAASB standards. Public access to KAM created 
additional value for users, as it enabled a better under-
standing of risks and the professional judgements made 
by auditors. At the same time, several weaknesses were 

identified, particularly the difficulties arising during the 
transformation of financial reporting from NAS to IFRS. 
This process required substantial resources and increased 
the risk of technical errors. In addition, LLC “Agropro-
speris Trade” and LLC Agricultural Enterprise “NIBU-
LON” demonstrated insufficient detail within the notes 
to the financial statements, often limiting disclosures to 
the repetition of numerical indicators without deeper ex-
planation of accounting policies, estimation judgements, 
and risks. This complicated the ability of users to conduct 
a comprehensive assessment of the enterprises’ financial 
condition. Another limitation was the high dependence 
on external auditors: in cases of changes in audit firms or 
reductions in audit budgets, the transparency of reporting 
could decline.
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Among the opportunities identified were the attrac-
tion of foreign investors and access to international capi-
tal markets. This is explained by the fact that internation-
al investors tend to favour companies with transparent 
reporting prepared in accordance with IFRS and audited 
under IAASB standards. The use of digital technologies 
in accounting and auditing was regarded as a promis-
ing direction capable of reducing the time and resources 
required for preparing financial statements, while also 
increasing the level of automation in data disclosure. An 
additional opportunity for enterprises was the harmonisa-
tion of reporting with the requirements of the European 
capital market, opening access to new financial resources 
and partnership opportunities. At the same time, threats to 
reporting transparency remained significant. In particular, 
increasing regulatory requirements could intensify the ad-
ministrative burden on enterprises. There also exists a risk 
of a formal approach to information disclosure, whereby 
enterprises comply only with the minimum requirements 
of standards without ensuring sufficient analytical depth in 
reporting. Financial risks should also be highlighted sepa-
rately: increasing costs associated with auditing, consultan-
cy services, and preparation for inspections could reduce 
companies’ motivation to comply fully and effectively with 
international requirements.

Based on a comparative analysis of financial reporting 
transparency and the results of a SWOT analysis, practical 
recommendations were developed to enhance the trans-
parency of agricultural enterprises. It is necessary to ensure 
more detailed disclosure of information in the notes to the 
financial statements, particularly regarding accounting 
policies, accounting estimates and risks, which will help 
to increase user confidence. The systematic application of 
IFRS and IAASB standards within the internal processes of 
companies allows for improvements in the reliability and 
comparability of reporting, while the optimisation of au-
dit procedures – particularly through increasing the depth 
of audits and the frequency of KAM disclosure – ensures 
a more accurate reflection of the financial position. The 
use of modern digital tools and automated systems for the 
collection and processing of data contributes to faster and 
more transparent publication of financial information. Fur-
thermore, enterprises must manage external environmen-
tal risks by responding promptly to changes in legislation 
and regulatory requirements, thereby minimising negative 
impacts on reporting transparency. It is also necessary to 
improve the qualifications of personnel, particularly ac-
countants and auditors, regarding modern international 
standards and best practices, ensuring the consistent and 
correct application of IFRS and IAASB requirements. The 
implementation of these measures makes it possible to en-
hance the transparency of financial reporting, strengthen 
the confidence of investors and creditors, and ensure effec-
tive management of financial information.

The mechanisms for enhancing transparency and con-
fidence in financial reporting within the context of the agri-
cultural enterprises under study were visualised in Figure 1. 

It reflects a logical and sequential process: from the appli-
cation of International Financial Reporting Standards and 
International Standards on Auditing to the improvement of 
reporting quality, ensured through the disclosure of KAM 
and in-depth audit procedures. Such visualisation makes it 
possible to clearly trace how international standards form 
the foundation for greater transparency and accountability 
in financial information. 

Figure 1. A logical model illustrating the relationship 
between audit, KAM disclosure and the transparency  

of financial reporting
Source: the author’s own work

The application of IFRS 
and IAASB in financial 

reporting 

Improving the structure, 
completeness  
and reliability  

of financial reporting 

Increased audit depth 
(more audit hours) 

Further details on KAM 

Improving the transparency 
of financial reporting 

Increased investor 
confidence and improved 

internal controls 

The analysis of the infographic demonstrates a con-
sistent chain of influence of international standards on the 
quality of financial reporting. The application of IFRS en-
courages companies to increase the level of detail and re-
liability of information, which positively affects the depth 
of auditing. The extended duration of audit procedures 
and more detailed disclosure of KAM contribute to more 
transparent and reliable financial reporting. This, in turn, 
increases investor confidence and improves internal con-
trol mechanisms within enterprises. Thus, the model con-
firms the empirical results of the study and the theoretical 
assumptions regarding the effectiveness of implementing 
IFRS and IAASB standards within Ukraine’s agricultural 
sector. Overall, the results indicate that the application of 
international standards has a direct impact on improving 
the transparency and quality of financial reporting, as well 
as the level of audit control in the companies under study. 
The conducted analysis demonstrated that the application 
of IFRS and IAASB significantly affects the transparency 
of the financial reporting of large agricultural enterprises. 
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The findings indicate that compliance with international 
standards creates conditions for more comprehensive and 
reliable information disclosure, increases the confidence 
of users of financial statements, and serves as a foundation 
for improving corporate practices in the field of accounting 
and auditing. At the same time, the differences identified 
between the companies indicate the necessity for further 
improvement of internal controls and auditing practices, 
taking into account the scale of business operations and the 
available resource base.

Discussion
The conducted study made it possible to comprehensively 
assess the impact of applying International Financial Re-
porting Standards and International Standards on Audit-
ing on the quality of financial reporting among agricultural 
enterprises in Ukraine. Empirical evidence was obtained 
demonstrating statistically significant relationships be-
tween the depth of auditing, the frequency of disclosure of 
Key Audit Matters, and the level of reporting transparency, 
which confirms the practical effectiveness of international 
standards in enhancing the reliability of financial informa-
tion. The identified advantages of structured IFRS report-
ing, more detailed notes, and higher transparency indica-
tors confirm the effectiveness of regulatory convergence 
with international practice. 

Financial management within the agricultural sector 
as a factor of economic sustainability was examined in 
the study by A.C.A. Sheyoputri (2024), which emphasised 
the necessity of integrating accounting practices into the 
national policy framework for agricultural development. 
This approach partially corresponds with the present 
study, which established that adaptation to IFRS requires 
not only technical changes, but also a strategic reconsider-
ation of the information policy of agricultural enterprises. 
A similar theme was observed in the work of T. Lindby & 
S.F.  Løken  (2023), who investigated the consequences of 
transitioning from national standards to IFRS in Norway. 
Their analysis demonstrated a significant increase in both 
the volume and depth of disclosures following the im-
plementation of the new standards. In the current study, 
similar tendencies were observed in the cases of Kernel 
Holding S.A. and PJSC “MHP”, which achieved the highest 
transparency scores. The issue of the reliability and neu-
trality of reporting information was raised by M. Nurun-
nabi (2021), who emphasised that these characteristics are 
decisive in forming trust in financial reporting. This em-
phasis is consistent with the findings obtained through the 
content analysis.

A thematically related study by R. Hoinaru et al. (2023) 
was devoted to assessing compliance of disclosures with-
in the agricultural business sector with the requirements 
of the Global Reporting Initiative  (n.d.) and Internation-
al Accounting Standards (IFRS, n.d.). The authors identi-
fied a limited amount of data relating to biological assets, 
which complicated the assessment of enterprises’ ecosys-
tem impacts. Within the framework of the current study, 

a sufficient depth of disclosure regarding this category was 
identified in the financial reporting of large agricultural en-
terprises, whereas less structured companies demonstrated 
a lower level of detail and organisation in information pres-
entation. The resource-related challenges associated with 
the implementation of International Financial Reporting 
Standards were highlighted in the study by J.U. Akpan et 
al. (2023), which pointed to limited access to qualified per-
sonnel and technical infrastructure. The analysis of the fi-
nancial statements of the enterprises under study revealed 
similar tendencies: the average assessment of the difficulty 
of securing resources for the implementation of standards 
amounted to 3.875 points, indicating the presence of or-
ganisational and technological constraints even among 
large agricultural companies.

The necessity of an appropriate corporate governance 
system for the effective implementation of IFRS was in-
vestigated by M. Kabwe et al. (2021). The authors demon-
strated that companies with a high level of internal control 
exhibited better reporting quality. In the present study, a 
similar correlation was observed in the case of Kernel 
Holding S.A., where the effectiveness of management pro-
cesses was confirmed by the structured nature of report-
ing documentation. A final perspective was presented by 
M.M. Saeed (2025), who analysed the relationship between 
the implementation of IFRS and the limitation of earn-
ings management practices. According to his conclusions, 
increasing transparency through international standards 
significantly reduces opportunities for profit manipula-
tion. This was partially confirmed within the current study 
as well: enterprises with the highest transparency scores 
demonstrated stable relationships between operating profit 
and net profit.

N.A.A.  Effah  (2024), in a bibliometric study, traced 
geographical and thematic shifts in research concerning 
compliance with international reporting standards across 
the continent. The author concluded that the majority 
of publications focused primarily on regulatory barriers 
rather than on the qualitative dimensions of transparency. 
This approach differs significantly from the present study, 
in which the principal emphasis was placed specifically 
on assessing the qualitative characteristics of reporting, 
including completeness, neutrality, timeliness, and related 
attributes. A similar issue was highlighted in the literature 
review by D. Dariyanti & E.M. Ahmed (2025), who ana-
lysed the impact of IFRS on the reporting of agricultural 
enterprises. The authors identified a low level of consist-
ency in the interpretation of provisions relating to the 
valuation of biological assets. In the conducted analysis, 
these difficulties were likewise identified: companies with 
less detailed descriptions of accounting policies received 
lower scores according to the neutrality criterion. In an-
other study, N. Van Hoa et al. (2022) examined the role of 
human capital and technological support in improving the 
quality of accounting and auditing within Vietnam’s agri-
cultural sector. The authors emphasised the necessity of 
systematic personnel training during the implementation 



Scientific Bulletin of Mukachevo State University. Series "Economics", 13(2)
40

The role of accounting and auditing in enhancing the transparency...

of International Financial Reporting Standards and Inter-
national Standards on Auditing. The analysis of the prac-
tices of the Ukrainian enterprises under study demon-
strated that organisational and staffing aspects remain key 
factors in the implementation of standards, particularly in 
ensuring professional judgement during the preparation 
and verification of financial statements.

Theoretical differences in the interpretation of biolog-
ical assets were also addressed by R.D. Marrufo Garcia & 
A.M.  Cano Morales  (2021), who identified discrepancies 
between accounting practices across various Latin Ameri-
can countries. Primary attention was devoted to the issue of 
reliability in the valuation of standing crops. In the present 
study, a similar issue emerged in the difficulty of comparing 
transparency indicators between companies with differing 
agricultural profiles. At the same time, T.D. Wijesundara & 
S. Rashmika (2025) focused on the relationship between fi-
nancial reporting and the financial sustainability of small 
enterprises within Sri Lanka’s agricultural sector. In con-
trast to the analysis of large companies conducted in this 
study, the authors demonstrated that the absence of stand-
ardised procedures in accordance with IAASB require-
ments resulted in limited access to credit financing and low 
levels of transparency. This distinction highlights the role of 
enterprise scale in determining the level of reporting open-
ness. Relevant aspects of managerial mechanisms were 
examined by N. Le et al. (2025), who identified corporate 
governance as one of the key factors influencing the quality 
of financial disclosures in public agricultural companies in 
Vietnam. The results of the conducted analysis confirmed 
this tendency: the highest transparency indicators were 
demonstrated precisely by those enterprises characterised 
by the presence of clear internal control procedures.

A completely different organisational model was exam-
ined in the study by C. Khadka et al. (2024), which analysed 
the experience of cooperatives in Nepal. The authors found 
that decentralised structures complicate the unification of 
accounting approaches, which in turn reduces the level of 
transparency. Although the focus of the present study was 
on large corporations, similar challenges concerning stand-
ardisation remain relevant within the Ukrainian context 
as well. Issues of reporting accountability within global 
agricultural supply chains were analysed by G.  Medina & 
K. Thomé (2021), who examined the Brazilian soybean in-
dustry. Their concept of transparency as an element of busi-
ness accountability corresponds with the approach imple-
mented in the author’s model, where explanatory notes to the 
financial statements constituted an important instrument for 
communicating information to stakeholders. Institutional 
conditions of corporate governance and their relationship 
with profitability and transparency were summarised in 
the review by M. Almashhadani  (2021). The author char-
acterised various governance models and their impact on 
the quality of non-financial information. The obtained 
results correspond with the findings of the present study: 
companies with centralised structures demonstrated higher 
values according to the criteria of neutrality and reliability.

Another aspect  – the combination of financial and 
non-financial disclosure  – was at the centre of the study 
conducted by J.  Lin & M.  Qamruzzaman  (2023). They 
demonstrated that combining high-quality reporting with 
environmental disclosures contributes to improving the 
overall performance of companies. Although environ-
mental aspects were not analysed within the scope of the 
present article, the proposed model allows for the future 
inclusion of such parameters as additional transparency 
criteria. A similar interdisciplinary approach was imple-
mented by A. Buallay (2022), who investigated the impact 
of sustainability reporting on the efficiency of agricultural 
production in developing countries. The author found that 
transparency is not merely a formal attribute of compliance 
with standards, but also affects reputation and access to fi-
nancial resources. This conclusion is consistent with the re-
lationships identified within the author’s indicative model, 
which combines financial and non-financial information 
for comprehensive assessment. The influence of non-fi-
nancial factors on the development of reporting practices 
was analysed by S. Sisaye (2021), who examined the role of 
non-governmental organisations in shaping voluntary sus-
tainability reporting rules. The study focused on the mech-
anisms of pressure and persuasion through which interna-
tional institutions promoted the introduction of voluntary 
standards. In contrast to this macro-level perspective, the 
present study was based on an empirical assessment of the 
transparency of the reporting of specific agricultural enter-
prises, with particular emphasis on qualitative indicators.

Issues relating to the enhancement of financial report-
ing transparency in agricultural enterprises were addressed 
by R. Abiri et al. (2023), who investigated the application 
of technological solutions for optimising accounting pro-
cesses. The authors noted that the automation of account-
ing and analytical tools can contribute to improving the ac-
cessibility and consistency of data for stakeholders. Within 
the author’s model, these technological factors were con-
sidered as one of the aspects influencing the completeness 
and timeliness of financial information disclosure, without 
being distinguished as a separate variable. A similar em-
phasis on the systemic dimension of control was made by 
A. Quagli et al.  (2021), who developed a composite indi-
cator for assessing the quality of financial regulation at the 
national level. The researchers argued that the strength of 
the regulatory system directly influences the existence of 
financial controls and compliance with reporting require-
ments. Unlike this approach, the present study focused not 
on the country as a whole, but on four specific enterprises, 
enabling a qualitative comparative assessment of the inter-
nal transparency of reporting. The issue of manipulation 
of reporting information was examined by I.A.  Abed  et 
al. (2022), who established a relationship between so-called 
creative accounting and the level of data disclosure. The au-
thors emphasised that excessive freedom in the selection 
of accounting policies is often used to distort results. This 
aspect received practical confirmation within the frame-
work of the present study: companies with overly general 
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or vague notes to the financial statements received lower 
scores according to the neutrality criterion. The conducted 
analysis of the research results demonstrated that the ap-
plication of International Financial Reporting Standards 
and International Standards on Auditing contributes to 
increasing the transparency, completeness, and reliability 
of the financial information of agricultural enterprises. The 
comparison of the activities of LLC Agricultural Enterprise 
“NIBULON”, Kernel Holding S.A., PJSC “MHP”, and LLC 
“Agroprosperis Trade” demonstrated that the structured 
implementation of standards, expanded disclosure of Key 
Audit Matters, and appropriate staffing support contribute 
to greater detail and consistency in reporting data. 

Conclusions
The study demonstrated that the systematic application 
of International Financial Reporting Standards and In-
ternational Standards on Auditing significantly enhances 
the transparency of the financial reporting of agricultural 
enterprises in Ukraine. The comparative analysis of com-
panies showed that the detailed disclosure of key audit 
matters and the depth of audit procedures directly influ-
ence the quality and completeness of financial statements. 
The average transparency score of financial reporting was 
highest for Kernel Holding S.A. at 4.6, while PJSC “MHP” 
received 4.5, LLC Agricultural Enterprise “NIBULON”  – 
4.3, and LLC “Agroprosperis Trade” – 3.9. The frequency 
of KAM identification reflected similar trends: in Kernel 
Holding S.A. it reached 92%, in PJSC “MHP”  – 90%, in 
LLC Agricultural Enterprise “NIBULON”  – 85%, and in 
LLC “Agroprosperis Trade” – 78%. The depth of audit pro-
cedures varied from 290 to 380 hours per year, confirming 
a direct relationship between audit intensity and the level 
of transparency. The correlation between transparency in-
dicators and KAM, ranging from 0.62 to 0.75, also demon-
strated a moderately strong positive relationship: the more 
detailed the disclosure of key audit aspects, the greater the 
transparency of financial reporting.

The content analysis of the 2023 annual reports showed 
that the financial reporting of Kernel Holding S.A. was 
the most detailed and transparent, with an average score 

of 4.8 according to the key IFRS principles, whereas PJSC 
“MHP” achieved 3.8, LLC Agricultural Enterprise “NIBU-
LON” – 3.6, and LLC “Agroprosperis Trade” – 2.8. These 
results confirmed the conclusion regarding the direct re-
lationship between the systematic application of IFRS, 
the depth of auditing, and the level of financial reporting 
transparency. The SWOT analysis identified the strengths 
of large enterprises, particularly the high level of reporting 
detail and compliance with international standards, as well 
as the weaknesses of smaller companies, including limited 
disclosure in the notes and less consistent application of 
standards. Opportunities for improving transparency are 
associated with the standardisation of reporting formats, 
the strengthening of internal controls, and the expansion 
of audit procedures, while potential threats include insuf-
ficient staff qualifications and limited resources for con-
ducting audits. Thus, enhancing the transparency of finan-
cial reporting is possible only through the comprehensive 
implementation of standards, internal controls, and au-
diting. Practical recommendations include the systematic 
application of methodologies for transforming national 
reporting into international reporting standards, the im-
provement of internal control procedures and compliance 
with auditing standards, as well as the development of 
professional competencies among personnel to maintain 
a high level of transparency in financial data. Prospects 
for further research involve expanding the sample of ag-
ricultural enterprises, analysing the dynamics of financial 
reporting transparency in the context of accounting digi-
talisation, and assessing the impact of automated auditing 
systems and ESG reporting on the quality of financial in-
formation disclosure.
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Анотація. Метою дослідження було оцінити вплив міжнародних стандартів фінансової звітності та міжнародних 
стандартів аудиту на прозорість фінансової звітності великих аграрних підприємств України у період 2020-
2024 років. Дослідження охопило діяльність чотирьох компаній: товариство з обмеженою відповідальністю 
сільськогосподарське підприємство «НІБУЛОН», Kernel Holding, приватне акціонерне товариство «Миронівський 
хлібопродукт» та товариство з обмеженою відповідальністю «Агропросперіс Трейд». У дослідженні було 
застосовано комплекс методів, зокрема контент-аналіз, порівняльний аналіз та SWOT-аналіз, що дозволило 
всебічно оцінити прозорість фінансової звітності аграрних підприємств. Результати показали, що найбільш 
прозорою фінансовою звітністю володіє Kernel Holding із середнім балом прозорості 4,6, а за нею йде приватне 
акціонерне товариство «Миронівський хлібопродукт» із показником 4,5. Товариство з обмеженою відповідальністю 
сільськогосподарське підприємство «НІБУЛОН» отримало 4,3, а товариство з обмеженою відповідальністю 
«Агропросперіс Трейд»  – 3,9. Частота виявлення ключових аудиторських питань становила від 78  % у 
«Агропросперіс Трейд» до 92 % у Kernel Holding, а глибина аудиторської перевірки варіювала від 290 до 380 годин 
на рік відповідно. Аналіз структури звітності засвідчив значні відмінності між національними та міжнародними 
стандартами, зокрема більшу деталізацію активів, зобов’язань, доходів та розкриття облікової політики і ризиків 
за міжнародними стандартами. SWOT-аналіз показав, що основними можливостями для підвищення прозорості 
є уніфікація форматів звітності, посилення внутрішнього контролю та поглиблення аудиторських процедур, тоді 
як серед ключових загроз – обмежені ресурси для проведення аудиту та нестабільність зовнішнього середовища. 
Отримані результати мають практичне значення для керівників аграрних підприємств, аудиторських фірм та 
регуляторних органів, оскільки можуть бути використані для підвищення прозорості фінансової звітності, 
адаптації внутрішніх процедур до вимог міжнародних стандартів та вдосконалення аудиторських практик
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underscore the critical role of transparency, accountability, 
and multilevel coordination in improving managerial effi-
ciency and strengthening the resilience of national health.

European scholars have increasingly focused on the 
critical link between managerial authority and organisa-
tional safety. In their recent analysis, A.-K.L.  Hansen  et 
al. (2024) demonstrated that an expanded span of control 
negatively affects a manager’s capacity to ensure high-qual-
ity care, noting that increased workload stress often reduces 
supervisory effectiveness within complex hospital environ-
ments. Within the Ukrainian academic context, strategic 
documents emphasise ongoing reforms in healthcare gov-
ernance. The Strategy for the Development of the Health-
care System of Ukraine until 2030 (2025) outlines modern 
approaches to coordination, distribution of authority, and 
strengthening managerial autonomy aligned with Europe-
an integration processes. Analytical contributions further 
demonstrate that healthcare managers must increasingly 
reallocate routine operational responsibilities to focus on 
strategic decision-making, leadership development, and 
valuebased care (Sayyed et al., 2024). Concurrently, recent 
scholarly interpretations of Mintzberg’s work emphasise 
the necessity of collaborative rather than strictly hierar-
chical models of managerial interaction within healthcare 
organisations (Tian et al., 2023).

Collectively, these studies form a contemporary theo-
retical framework that substantiates the need for systemic, 
evidencebased approaches to delegating managerial au-
thority in healthcare organisations. Such approaches are es-
sential for improving management performance, strength-
ening accountability, and enhancing the resilience and 
strategic capacity of healthcare systems. The aim of the ar-
ticle was to substantiate the theoretical and methodological 
principles of delegating managerial authority in healthcare 
management in order to enhance the overall efficiency and 
effectiveness of managerial activities.

Materials and Methods
The research was based on a comprehensive systematic 
approach and employed a combination of theoretical, an-
alytical, and qualitative methods. The study was conduct-
ed in three interrelated stages to ensure the objectivity 
and reproducibility of results regarding the delegation of 
managerial authority in healthcare organisations (HCOs). 
The first stage involved an indepth documentary and the-
oretical analysis of the regulatory and conceptual frame-
work of healthcare management. This included the study of 
national legislation, strategic governance documents, and 
international guidelines that outline the legal and mana-
gerial boundaries of authority distribution in healthcare. 
Key sources examined were the national regulatory frame-
work shaped by public administration reforms in Ukraine 
(Shevchenko et al., 2021) and contemporary WHO recom-
mendations on strengthening health system governance 
(World Health Organization,  2025). The analysis focused 
on classical management principles such as the “scalar 

Introduction
Contemporary transformational processes within health-
care systems are increasing the demands placed on the ef-
fective management of healthcare facilities. In their research 
on organisational development, V.H. Alkema et al. (2023) 
highlighted the necessity of implementing modern mana-
gerial approaches that enhance adaptability. Under condi-
tions of decentralisation and the autonomisation of health-
care institutions, O.O. Shevchenko et al. (2021) argued that 
rising competition and limited resources necessitate a ra-
tional distribution of managerial functions. Furthermore, 
according to the World Health Organization (2025), such a 
strategic redistribution across different management levels 
is vital for strengthening national health systems. Conse-
quently, the delegation of managerial authority emerges as 
a crucial mechanism for improving both the efficiency and 
effectiveness of managerial activities. In the management of 
healthcare organisations, delegation is viewed not only as 
an organisational necessity but also as a complex manage-
rial process that involves the transfer of authority, respon-
sibility, and resources while simultaneously maintaining 
oversight and accountability. Ineffective or merely formal 
delegation leads to managerial overload, reduced quality of 
decision-making, staff demotivation, and disruptions in in-
ternal communication processes, thereby undermining the 
overall functioning of healthcare institutions.

Despite the considerable body of research in the field 
of general management, the issue of delegating managerial 
authority within healthcare institutions remains insuffi-
ciently systematised. This gap stems from the specific na-
ture of medical practice, the societal significance of health-
care services, the high degree of professional autonomy 
among healthcare workers, and the regulatory constraints 
that shape managerial decisions. These factors underscore 
the need for a more comprehensive theoretical and meth-
odological elaboration of delegation as an integral com-
ponent of healthcare management systems. This necessity 
determines the relevance and purpose of the present study.

The issues of delegation and the strategic distribution 
of authority in healthcare continue to attract consider-
able scholarly attention. Contemporary studies demon-
strate that ineffective delegation is closely associated with 
missed nursing care, disruptions in care continuity, and 
compromised patient safety, emphasising the importance 
of wellstructured authority distribution within health-
care teams (Papathanasiou  et al.,  2024). Similarly, analy-
ses of organisational performance reveal that inadequate 
staffing, unbalanced workloads, and insufficient clarity in 
delegated responsibilities create systemic risks that neg-
atively influence patient outcomes and organisational 
stability (Oliveira et al.,  2024). The World Health Organ-
ization  (2025) emphasised that modern healthcare trans-
formations require a fundamental rethinking of managerial 
authority. Digitalisation is reshaping managerial functions, 
creating demand for new models of decisionmaking, co-
ordination, and functional responsibility within healthcare 
institutions. Furthermore, governance-oriented studies  
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chain” and “span of control”, tracing how formal authority 
is transferred from senior executives to middle and low-
erlevel managers. Foundational management literature, in-
cluding M.H. Mescon et al. (1988), and modern Ukrainian 
academic contributions (Alkema  et al.,  2023), supported 
the refinement of the conceptual essence of delegation as 
a process involving the transfer of tasks while maintaining 
ultimate accountability.

The second stage applied structuralfunctional model-
ling and comparative analysis to distinguish the distribu-
tion of line and functional authority within multidiscipli-
nary healthcare institutions. Particular attention was given 
to the practical implementation of delegation in clinical en-
vironments where functional authority ‒ such as infection 
control, quality management, or clinical audit ‒ intersects 
with linear administrative hierarchies. Spanofcontrol pa-
rameters were incorporated analytically based on findings 
of A.-K.L.  Hansen  et al.  (2024), demonstrating how ex-
panded managerial spans affect supervision quality, work-
load, and coordination processes in hospital management 
systems. Furthermore, the risks associated with delegation 
in clinical pathways and parallel authority structures were 
examined through recent international evidence on the 
managerial consequences of insufficiently defined respon-
sibilities and their relationship to quality and safety (Papa-
thanasiou et al., 2024; Oliveira et al., 2024).

The third stage relied on logical induction and qual-
itative risk identification to formulate managerial models 
for effective delegation under varying organisational condi-
tions. Using fundamental management principles, particu-
larly unity of command and parity between authority and 
responsibility (Mescon  et al.,  1988), the study developed 
logical frameworks for delegating both routine operational 
tasks and critical, timesensitive clinical decisions. Qualita-
tive synthesis enabled the identification of systemic barriers 
to effective delegation within HCOs, grouped into clinical 
risks (related to patient outcomes), legal risks (arising from 
shifts in responsibility), and psychological factors (such 
as lack of confidence, fear of liability, and burnout among 
staff). The analysis integrated recent crossdisciplinary find-
ings on leadership effectiveness and managerial decision-
making in modern healthcare systems (Sayyed et al., 2024), 
as well as contemporary international perspectives on 
collaborative, nonhierarchical healthcare management 
models (Tian et al., 2023). This triangulated methodolog-
ical approach enabled the development of evidencebased 
recommendations for strengthening delegation practices 
through managerial training, standardised decisionmak-
ing procedures, and enhanced feedback mechanisms in the 
context of ongoing healthcare decentralisation and govern-
ance reforms (The Ministry of Health of Ukraine, 2025).

Results and Discussion
Conceptual foundations of delegation  
in healthcare management
As was defined by I.  Papathanasiou  et al.  (2024), delega-
tion refers to the transfer of tasks and authority from a  

manager to a subordinate who assumes responsibility for 
their execution. The effective functioning of the complex 
interaction system between managers and subordinates 
within a healthcare institution does not presuppose that 
a single manager performs all managerial functions. This 
is attributed to the multilevel structure of healthcare man-
agement, the diversity of functional tasks, and the high 
dynamism of the external environment. Concentrating 
managerial authority in one pair of hands leads to over-
load, reduced quality of managerial decisions, slower de-
cision‑making processes, and diminished responsiveness 
to environmental changes. Additionally, the inherent lim-
itations of individual managerial resources ‒ such as time, 
competencies, and cognitive capacity  ‒ objectively neces-
sitate the distribution of managerial functions across dif-
ferent levels and actors within the organisation. Delegation 
of authority enables the engagement of the professional 
potential of healthcare personnel, increases staff responsi-
bility and motivation, supports the development of mana-
gerial competencies, and contributes to the formation of an 
effective system of internal communication. Collectively, 
these factors enhance the performance and resilience of the 
organisation, as noted by M.H. Mescon et al. (1988).

An integral component of delegation is authority itself, 
understood as the bounded right to utilise organisational 
resources and guide the efforts of subordinate employees 
toward completing assigned tasks. For instance, in a multi-
disciplinary healthcare institution, the chief executive officer 
may delegate to the head of a clinical department the authori-
ty to organise diagnostic and treatment processes within that 
unit. This includes planning staff workflows, forming duty 
schedules, allocating material and technical resources, and 
coordinating physicians and nursing personnel to achieve 
established quality indicators of medical care. At the same 
time, this authority remains limited, as the department head 
operates within the approved budget, institutional policies, 
and standards of medical care. Strategic decisions regarding 
institutional development, financing, and human resource 
policy remain within the purview of senior management.

A functionally decisive component of delegation, as 
defined by V.H. Alkema et al. (2023), is responsibility – an 
obligation to complete assigned tasks and to be account-
able for the quality of their execution. The chief executive 
officer assigns to the head of a clinical department respon-
sibility for ensuring compliance with clinical protocols and 
quality indicators. The department head must organise the 
work of physicians and nursing staff to guarantee timely and 
high‑quality medical services, minimise medical errors, and 
ensure proper maintenance of medical documentation. Re-
gardless of the fact that tasks are completed by subordinate 
staff, the department head bears personal accountability for 
the unit’s performance. It is important to emphasise that 
authority is delegated to a position, not the individual who 
occupies it. When an employee changes roles, the authori-
ty associated with the previous position is terminated and 
replaced by the authority inherent in the new one. Build-
ing on this understanding of responsibility and the formal  
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allocation of authority within organisational roles, V.H. Alke-
ma  et al.  (2023) distinguished between line and functional  

authority depending on the nature of delegation. The com-
parison of these types of authorities is summarised in Table 1.

Table 2. Types of functional authority

Table 1. Comparison of line and functional authority in healthcare management

Source: developed by authors based on V.H. Alkema et al. (2023)

Criterion Line authority Functional authority
Nature Hierarchical Cross-functional

Decision-making Direct, mandatory Advisory or specialised
Scope Within chain of command Across departments

Example Medical director → department head Infection control service
Advantage Clear accountability Professional specialisation
Limitation Rigidity Potential conflicts

Line authority is transferred directly from a superior to 
a subordinate and then cascades to lower levels. It consti-
tutes a legally sanctioned power enabling a manager to make 
decisions within the scope of their responsibilities without 
requiring additional approval from higher management. 
Delegation of line authority shapes the hierarchical structure 
of healthcare organisations ‒ a scalar chain or chain of com-
mand. Modern healthcare leadership research emphasises 
that effective delegation requires clear delineation of admin-
istrative and clinical lines of authority, especially under con-
ditions of organisational complexity (Spanos  et al.,  2024). 
This aligns with contemporary views that leadership in 
healthcare must integrate collaborative, cross‑functional, 
and adaptive decision‑making to maintain quality and safe-
ty in dynamic clinical environments. An example of line au-
thority in a healthcare institution is the managerial authori-
ty exercised by a medical director over departmental heads. 
The medical director has the right to issue mandatory direc-
tives regarding diagnostic and treatment organisation, staff 
scheduling, and adherence to internal policies and clinical 
standards. Department heads, in turn, exercise line authori-
ty over physicians, nursing staff, and junior personnel by as-
signing tasks, monitoring performance, and applying mana-
gerial measures within their competence. Thus, line authority 
establishes a clear vertical structure of governance within a 
healthcare institution, ensures unity of command, enables 
timely decisionmaking, and reinforces personal account-
ability for performance outcomes at each managerial level.

An example of line authority in a healthcare institution 
is the managerial authority exercised by a medical direc-
tor over the heads of structural units. The medical direc-
tor has the right to issue mandatory directives to depart-
ment heads regarding the organisation of diagnostic and 
treatment processes, staff work schedules, and adherence 
to internal policies and standards of medical care. Depart-
ment heads, in turn, exercise line authority over physicians, 
nursing staff, and junior medical personnel by assigning 
tasks, monitoring performance, and applying managerial 
measures within their scope of competence, as noted by 

A.M. Malik & E.G. Elorrio (2023). Thus, line authority es-
tablishes a clear vertical structure of governance within a 
healthcare institution, ensures unity of command, enables 
timely decision making, and reinforces personal account-
ability for performance outcomes at each managerial level 
(Spanos et al., 2024). 

An example of functional authority within a healthcare 
institution, according to E. Tsapnidou et al.  (2024), is the 
authority exercised by managers and specialists of special-
ised services who have the right to influence the activities 
of other departments within the scope of their professional 
competence, even though they are not part of their direct 
line of command. For instance, the medical director or the 
deputy director for clinical services is vested with function-
al authority regarding the implementation and monitor-
ing of compliance with clinical treatment protocols across 
all departments of the institution. As noted by V.  Lov-
ing (2025), individuals exercising functional authority have 
the right to provide methodological guidance, request ad-
justments to diagnostic and treatment processes, initiate 
internal audits of the quality of care, and suspend the use 
of treatment methods that do not comply with approved 
standards, regardless of the line subordination of depart-
ment heads. Similarly, the chief nursing officer exercises 
functional authority over nursing services in all structural 
units by establishing standardised requirements for patient 
care, maintaining sanitary and epidemiological safety, and 
managing the use of medical products. Thus, functional au-
thority ensures professional specialisation in management, 
standardisation of processes, and improvement in the over-
all quality of healthcare institution operations.

Delegation process and managerial model
Digital transformation in healthcare further complicates 
these structures, necessitating flexible delegation models. 
To clarify how authority operates in such settings, different 
types of functional authority can be distinguished. Table 2 
presents the main types of functional authority, along with 
their descriptions and examples.

Type of authority Description Example
Legitimate Based on formal position Director authority
Advisory Provides recommendations Clinical committee
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Legitimate authority in a healthcare institution is 
exemplified by the powers of the director of a municipal 
non-profit enterprise. Under the Law of Ukraine “Funda-
mentals of Health Care Legislation of Ukraine” (1992), the 
institution’s charter, and the contract with the owner, the 
director has the right to independently issue orders con-
cerning the organisation of the institution’s operations. 
The director may also approve job descriptions, establish 
work schedules for structural units, and appoint respon-
sible individuals for occupational safety and infection 
control without requiring additional approval from high-
er-level authorities.

Advisory authority within a healthcare institution is 
exercised, for example, by a clinical expert committee or 
a medical director who does not issue mandatory direc-
tives but provides professional recommendations for phy-
sicians and department heads. Based on the analysis of 
clinical cases, the committee may propose improvements 
to treatment protocols, the appropriateness of diagnostic 
methods, or modifications in managing complex patients. 
Recommendations are considered in clinical decision 
making but are not mandatory unless specified in internal 
regulatory documents. Likewise, the infection control ser-
vice may develop recommendations to improve sanitary 
practices, which serve as the basis for managerial decisions 
(Tsapnidou et al., 2024).

Mandatory coordination authority arises in situa-
tions where a functional manager must seek agreement 
or approval from line managers before implementing de-
cisions. For example, when the medical director plans to 
introduce new clinical pathways, such decisions must be 
coordinated with department heads, as their implemen-
tation directly affects workflows, staff load, and the use 
of resources. The chief nursing officer likewise must co-
ordinate revised standards or schedules with department 
heads to ensure continuity of care and prevent conflicts 
(Spanos et al., 2024).

Parallel authority refers to decisions made independent-
ly yet simultaneously by a functional manager and line man-
agers within a healthcare institution. For example, a medi-
cal director may develop new clinical protocols for chronic 
disease management, while department heads organise 
the work of their units in accordance with internal sched-
ules and staff distribution. The medical director’s decisions 
(regarding protocols) and those of the department heads 
(regarding operational organisation) function in parallel, 

complementing one another to ensure high‑quality care. 
Similarly, the chief nursing officer may establish standards 
of nursing care for all departments, while department heads 
organise the allocation of nurses and staff rotations. Their 
decisions coexist: the chief nursing officer oversees adher-
ence to standards, while line managers ensure their imple-
mentation (Loving, 2025; Aljamal et al., 2025). Thus, parallel 
authority allows the integration of specialised expert func-
tions with operational line management, enhancing the effi-
ciency of healthcare institution performance. Under a man-
ager’s supervision, four types of units may operate (Fig. 1).

Type of authority Description Example
Mandatory coordination Requires approval New clinical pathways

Parallel Independent but simultaneous decisions Protocols vs scheduling

Table 2, Continued

Source: developed by authors

Manager

Service unit Consultative 
unit

Personal 
unit

Analytical 
unit

Figure 1. Types of specialised units in parallel authority
Source: compiled by the authors

A service unit is responsible for performing specific 
tasks (planning department, human resources department, 
labour and payroll department, accounting, procurement, 
etc.). A consultative unit consists of specially invited con-
sultants working on a permanent or temporary basis. In 
healthcare institutions, this typically includes specialists 
who provide expert consultations to patients and recom-
mendations to physicians across departments but are not en-
gaged in continuous inpatient care. A personal unit includes 
employees who interact directly with the manager (secre-
tary, assistant, aide, etc.). An information or information 
analytical unit provides the manager with essential com-
munication and analytical support (Dougherty et al., 2022).

Shortcomings in management often stem from a dual 
resistance: a manager’s reluctance to delegate authority and 
a subordinate’s unwillingness to assume responsibility. W. 
Newman (1955) identified specific barriers to effective del-
egation, which remain foundational to management theo-
ry. Building upon this framework, N. Baum (2025) further 
explored the psychological dimensions of these barriers, 
highlighting that managers often avoid delegation due to 
several internal factors. These multifaceted barriers can 
be systematically categorised into two perspectives: those 
originating from the supervisor and those originating from 
the subordinate (Table 3).

Factors leading to managers’ reluctance Factors leading to subordinates’ resistance
Overestimation of capabilities Fear of criticism and responsibility

Lack of confidence in managerial abilities Low self-confidence in performing new or complex tasks

Table 3. Barriers to effective delegation in healthcare management
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One primary reason is the “self-enhancement bias” ‒ 
the belief that “I can do it better myself ” ‒ which leads 
to an overestimation of one’s own capabilities. Converse-
ly, a lack of confidence in one’s managerial abilities or 
a fundamental distrust of subordinates can also inhibit 
the process. Additionally, N. Baum (2025) noted that a 
fear of risky decision-making and the absence of selec-
tive control mechanisms, which are necessary for the 
early detection of threats, further contribute to this re-
luctance. Healthcare managers may further avoid del-
egation in situations involving high stakes decisions  ‒ 
those directly affecting patient life and health, such as 
the assignment of complex or high‑risk treatment pro-
cedures, surgical interventions, or the use of new tech-
niques, where errors may carry severe consequences. 
Insufficient staff competence may also hinder delegation 
if subordinates lack the necessary knowledge, skills, or 
experience to make independent decisions within del-
egated authority. Delegation may also be avoided when 
clear standards or protocols are lacking, or when there 
are no regulatory or internal documents defining the 
task, meaning any mistake could lead to legal or clinical 
consequences. High levels of responsibility and risk ‒ for 
instance, procurement of expensive medical equipment, 
contractual agreements, or licensing  ‒ can further lim-
it managers’ willingness to delegate, as pointed by S. 
Khan  (2024). Delegation is also withheld in situations 
involving conflicts of interest or political pressure, where 
personal involvement of the manager is required due to 
internal or external political, financial, or social factors. 
Finally, a chief executive officer will typically avoid del-
egation during transitional or crisis situations  ‒ such 
as epidemics, emergencies, or technical failures ‒ when 
centralised and rapid decision making is more effective 
than distributed authority (Aljamal et al., 2025). 

Subordinates may also refuse to accept delegated 
authority. This most often occurs due to a lack of initia-
tive and fear of addressing problems independently. Low 

self‑confidence and fear of criticism are likewise com-
mon reasons for declining delegated responsibilities. A 
lack of necessary information and resources, excessive 
workload, and an absence of additional incentives may 
also hinder effective delegation, as noted by A.M. Has-
san et al. (2024). In a healthcare institution, subordinates 
may refuse delegated authority in situations of insuffi-
cient competence or experience. For example, a junior 
physician or nurse may decline to make independent de-
cisions regarding the use of new and complex treatment 
methods if they have not completed appropriate train-
ing or clinical rotations. A senior nurse may refuse a re-
quest from the department head to coordinate activities 
across several units during equipment repairs when no 
approved procedures exist. A physician may also decline 
to sign procurement documents for expensive medical 
materials or pharmaceuticals due to the associated fi-
nancial responsibility and managerial oversight. Exces-
sive workload can likewise lead to refusal; for instance, 
a nurse may decline additional responsibilities for or-
ganising shift schedules for the entire department due 
to staff shortages and the impossibility of performing all 
duties effectively. 

Principles of effective delegation
Following the systematisation of key barriers to effective 
delegation presented in Table  3, it is important to con-
sider not only the factors that hinder delegation, but also 
the principles that ensure its successful implementation 
in practice. While the identified barriers reflect typical 
challenges faced by both managers and subordinates, 
overcoming them requires adherence to well-established 
management principles. Therefore, to complement the 
analysis of barriers, Figure 2 illustrates the key six prin-
ciples of effective delegation in healthcare institutions, 
which serve as a conceptual framework for improving 
managerial practices and minimising the impact of the 
aforementioned limitations.

Table 3, Continued
Factors leading to managers’ reluctance Factors leading to subordinates’ resistance

Distrust of subordinates’ competence and reliability Lack of necessary information, resources,  
or authority to complete tasks

Fear of risk and accountability for subordinates’ errors Excessive workload and inability to take  
on additional responsibilities

Absence of effective control mechanisms  
for monitoring delegated tasks

Lack of incentives or motivation  
for assuming additional responsibility

High-risk nature of healthcare decisions Insufficient competence or experience  
in performing delegated tasks

Lack of clear standards, protocols, or regulatory support Uncertainty in situations where procedures  
or guidance are not clearly defined

High level of legal and financial responsibility Reluctance to assume responsibility associated with financial  
or legal consequences

Presence of conflicts of interest or political/organisational 
pressure

Crisis or emergency situations requiring centralised 
decision-making

Source: compiled by the authors based on W.H. Newman (1955), N. Baum (2025)
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According to the principle of unity of command, an 
employee should receive authority only from one superior 
and be accountable solely to that person. For example, a 
general practitioner in an outpatient clinic receives assign-
ments related to patient management only from the head 
of the therapeutic department and reports exclusively to 
them, rather than simultaneously to the medical director 
or another department manager. Another principle un-
derlying delegation is the principle of span of control. The 
span of control refers to the number of subordinates direct-
ly managed by a supervisor. At higher management levels, 
this number typically ranges from 4 to 8 employees, and at 
lower levels from 8 to 15 (Hansen et al., 2024). For instance, 
the head of a surgical department supervises 10 physicians 
and 5 nurses, which corresponds to the span of control ap-
propriate for mid‑level management. The medical director 
does not assign the department head responsibility for an 
additional 20 physicians from other units to avoid excessive 
managerial burden.

The principle of retained responsibility means that 
only the superior of the delegating manager can relieve 
them of responsibility. Delegation is a process of distribut-
ing responsibility to subordinates, but delegating responsi-
bility does not absolve the manager who delegated it. For 
example, if a subordinate forgets to complete a task, both 
the subordinate and the manager share accountability. If a 
chief physician delegate monitoring of surgical room ste-
rility to a senior nurse, and a violation occurs leading to 
patient infection, responsibility lies both with the senior 
nurse and the department head who delegated the author-
ity. The principle of authority‑responsibility parity states 
that the scope of delegated authority must correspond to 
the assigned duties. If a manager assigns a task to a subor-
dinate, they must provide adequate authority for task com-
pletion, including the right to use necessary human and 
financial resources. The principle of reporting by excep-
tion requires subordinates to report to their superior only 
actual or anticipated deviations from expected outcomes. 
The principle of delegating authority to the lowest possible 
level states that tasks, according to D.A. Radhakrishnan & 
M. Suresh (2025), should be assigned to the lowest organi-
sational level capable of performing them effectively.

Delegation in management offers numerous advantag-
es that contribute to more efficient organisational perfor-
mance, staff development, and the achievement of strategic 
goals. In the management of healthcare institutions, dele-
gation provides significant benefits for enhancing organ-
isational efficiency and productivity (Sayyed  et al.,  2024; 
Spanos et al., 2024). Managers can concentrate on strategic 
and high priority tasks by delegating routine and opera-
tional responsibilities to subordinates, thereby optimising 
their use of time. For example, a hospital director may del-
egate to the senior nurse the supervision of shift schedules 
and daily staff assignments, allowing the director to focus 
on strategic planning for institutional development. Simi-
larly, a department head may distribute the workload and 
delegate the organisation of routine patient examinations 
to junior physicians, enabling faster completion of appoint-
ments while preventing managerial overload.

Delegating tasks supports increased motivation, as 
employees feel trusted and responsible. Through delega-
tion, staff gain opportunities to develop new skills and 
knowledge by performing unfamiliar tasks (Tsapnidou et 
al., 2024; Cesilia et al., 2025). For instance, a senior physi-
cian may delegate consultations involving new diagnostic 
methods to a junior colleague, providing them with val-
uable experience and contributing to professional devel-
opment. A nurse may be assigned responsibility for or-
ganising preventive vaccinations within the department, 
increasing motivation by reinforcing trust and accounta-
bility. Delegation also strengthens teamwork and collab-
oration, fostering trust between managers and subordi-
nates. For example, a department head may delegate to the 
senior nurse the responsibility of supervising other nurses’ 
compliance with clinical procedures, demonstrating con-
fidence in her competence. A surgeon may delegate the 
organisation of pre operative patient preparation to medi-
cal residents, enhancing interaction and coordination be-
tween clinical and academic staff (Loving, 2025; Samok-
ishchuk, 2025). As previously emphasised, the purpose of 
delegation is the effective use of resources, optimisation of 
human capital, and consequently, improved productivity. 
For example, a senior nurse may delegate the collection 
of laboratory samples to junior nurses, ensuring optimal 

Principles 
of delegation 
of authority

Reporting 
by exception 

Delegating to the 
lowest possible level

Retained 
responsibilitySpan of control

Unity of command

Authority-
responsibility parity

Figure 2. Key principles of effective management delegation in healthcare institutions
Source: compiled by the authors based on World Health Organization (2025)
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utilisation of each staff member’s skills. A laboratory man-
ager may delegate routine analyses to technicians, allow-
ing the manager to focus on more complex examinations 
and thereby improving overall departmental productivity 
(Hansen et al., 2024; Augustyn et al., 2026).

Delegation enables chief executives to enhance man-
agement and oversight by freeing up time for the devel-
opment and implementation of strategic initiatives. For 
instance, a department head may delegate monitoring of 
sterility standards to nurses, allowing more focus on eval-
uating the effectiveness of treatment processes (Malik & 
Elorrio,  2023). Delegation encourages employees to pro-
pose new ideas and solutions, fostering innovation within 
the organisation. The distribution of tasks also helps iden-
tify inefficiencies and improve operational processes. For 
example, a laboratory manager may assign younger staff 
the task of exploring new methods for automating analy-
ses, stimulating innovation (Dougherty et al., 2022; Tsap-
nidou et al., 2024). A department head may delegate over-
sight of patient examinations to nurses, enabling them to 
identify workflow delays and optimise processes. A multi 
perspective approach to delegation allows a hospital di-
rector to assign the preparation of resource allocation op-
tions to both the financial and medical departments, thus 
obtaining diverse viewpoints to support sound decision 
making. Similarly, a department head may delegate the de-
velopment of treatment protocols for complex patients to 
specialised experts (such as cardiologists or gastroenterolo-
gists), improving the quality of clinical decisions (Spanos et 
al., 2024; Sayyed et al., 2024).

Delegation enhances an organisation’s ability to re-
spond quickly to change and adapt to new circumstanc-
es. For example, a medical director may delegate to senior 
staff the task of adjusting work schedules during an epi-
demic, enabling timely responses to evolving conditions. 
The distribution of tasks and responsibilities also prevents 
dependency on a single individual and ensures organisa-
tional resilience  ‒ for instance, when a department head 
delegates the organisation of vaccination procedures to 
nurses, ensuring continuity of operations and reducing 
vulnerability to staff absences (Oliveira  et al.,  2024; Au-
gustyn et al., 2026). Delegation of routine and operational 
tasks helps managers reduce stress and prevent burnout. 

A hospital director may delegate the organisation of dai-
ly briefings to deputy directors, reducing personal work-
load and increasing the deputies’ professional standing 
(Smirnova & Chabaniuk, 2021; Hansen et al., 2024). 

Delegation also enables employees to feel valued and 
significant, enhancing job satisfaction and loyalty. Staff 
gain new opportunities for career growth and advance-
ment when, for example, a nurse who supervises depart-
mental shifts through delegated authority acquires man-
agerial experience and becomes eligible for promotion to 
a senior position (Layek & Koodamara,  2025; Samokish-
chuk, 2025). Thus, effective delegation of authority in man-
agement enhances organisational performance, supports 
employee development, increases motivation, and fosters 
favourable conditions for innovation and organisational 
growth (Spanos et al., 2024; Cesilia et al., 2025).

In summary, the application of clearly defined delega-
tion principles, combined with an awareness of typical bar-
riers, creates a coherent framework for improving manage-
rial effectiveness in healthcare institutions. The integration 
of unity of command, appropriate span of control, retained 
responsibility, authority-responsibility parity, reporting by 
exception, and delegation to the lowest competent level en-
sures that tasks are distributed rationally while maintaining 
accountability and control. When these principles are con-
sistently applied, delegation becomes not merely a manage-
rial technique but a strategic tool that enhances organisa-
tional adaptability, optimises the use of human resources, 
and strengthens professional development. Ultimately, ef-
fective delegation contributes to sustainable organisation-
al performance and supports the delivery of high-quality 
healthcare services.

Risks, associated with delegation of authority  
and possible consequences
Delegation of authority in the management of healthcare 
institutions is an important tool for enhancing the timeli-
ness of managerial decisions and ensuring the continuity 
of clinical and diagnostic processes. At the same time, this 
managerial mechanism is associated with a number of risks 
that may negatively affect the quality of medical services, 
organisational efficiency, and patient safety, which are sum-
marised in Table 4.

Risk category Description Consequence
Clinical Errors due to low competence Patient safety issues

Organisational Loss of control Inefficiency
Communication Misinterpretation of tasks Delays
Psychological Burnout, resistance Low motivation

Legal Undefined responsibility Liability risks

Table 4. The risks of delegation of authority and possible consequences

Source: developed by authors

One of the key limitations is the insufficient level of 
professional competence among personnel to whom man-
agerial or clinical-organisational functions are delegat-
ed. Assigning authority to employees who lack adequate  

qualifications, experience, or training increases the likeli-
hood of errors in decision making, disruption of patient 
care pathways, and deviations from approved clinical 
standards (Hassan et al., 2024; Augustyn et al., 2026). The 
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absence of continuous professional development, clear 
job descriptions, and internal protocols further compli-
cates effective implementation of delegated tasks. A sig-
nificant risk is the loss of managerial and clinical control. 
When the boundaries of responsibility between admin-
istrators, physicians, and nursing staff are not clearly de-
fined, functions may be duplicated or “zones of irrespon-
sibility” may emerge. This negatively affects compliance 
with treatment standards, sanitary and epidemiological 
requirements, and managerial procedures (Smirnova & 
Chabaniuk, 2021; Hansen et al., 2024).

Communication inconsistencies within the institution 
also play a critical role. Insufficient information exchange 
between administrative and clinical staff during the dele-
gation process may lead to misinterpretation of assigned 
tasks, delays in service provision, and increased organ-
isational errors. The lack of systematic feedback prevents 
timely adjustment of managerial decisions and contributes 
to the accumulation of structural problems (Malik & Elor-
rio, 2023; Spanos et al., 2024).

Another important category of limitations is formed 
by psychological factors and staff resistance. In healthcare 
practice, delegation is often perceived as an additional bur-
den without corresponding financial or professional in-
centives. Increased responsibility for treatment outcomes 
and the potential medico legal consequences of errors may 
cause reluctance among staff to accept new functions or 
participate in managerial decision making (Smirnova & 
Chabaniuk, 2021; Samokishchuk, 2025).

Psychological overload and professional burnout are 
also common outcomes of irrational task distribution. 
Concentrating a large number of tasks among a small 
group of specialists reduces work capacity, worsens perfor-
mance quality, and decreases staff motivation (Hansen  et 
al., 2024; Layek & Koodamara, 2025). Ignoring individual 
strengths, specialisation, and experience negatively affects 
employee engagement. A particularly serious risk is the re-
duction of standardisation in medical care. Poorly imple-
mented delegation may lead to variability in the execution 
of identical functions, contradicting the principles of evi-
dence-based medicine and standardised clinical protocols 
(Dougherty et al., 2022).

Delegation may also become a source of internal or-
ganisational conflict, especially between departments or 
professional groups. Competition for resources, influence 
over decision making, and status within the management 
system can harm the psychological climate and impede in-
terprofessional collaboration (Spanos et al., 2024; Cesilia et 
al., 2025). Another critical limitation arises from legal and 
ethical risks. Assigning authority without proper regulato-
ry grounding may result in violations of legislation, licens-
ing requirements, and professional standards. Delegating 
decisions that directly influence diagnosis, treatment, and 
patient safety is particularly risky, as it increases the like-
lihood of medical errors and legal disputes (Augustyn  et 
al., 2026). In summary, irrational distribution of manage-
rial and functional authority within healthcare institutions 

leads to imbalanced workloads, inefficient use of human 
resources, and deteriorating institutional performance. 
Therefore, delegation should be implemented based on 
clearly defined competence criteria, regulatory documen-
tation, and systematic oversight (Malik & Elorrio,  2023; 
Layek & Koodamara, 2025).

To minimise the disadvantages of delegation, several 
measures must be considered. First, employees must re-
ceive the necessary training and skill development prior to 
delegation (Augustyn et al., 2026). For example, in a pae-
diatric clinic, a nurse may complete advanced training in 
injections and patient management so that, after training, 
the physician can safely delegate certain procedures. Clear 
instructions and expectations must also be defined for del-
egated tasks. In a surgical ward, for instance, a physician 
may prepare a step-by-step operating room preparation 
protocol for junior staff to ensure clarity and prevent errors 
(Smirnova & Chabaniuk, 2021). 

In family medicine clinics, department heads may 
conduct weekly meetings with nurses to review work re-
sults, correct mistakes, and provide guidance on delegat-
ed responsibilities, thus ensuring regular monitoring and 
feedback, as pointed out by R. Samokishchuk (2025). Tasks 
should be delegated considering employees’ abilities, qual-
ifications, and interests. For example, in a dental clinic, 
an assistant with a strong interest in orthodontics may be 
assigned to assist with bracket placement, aligning tasks 
with competencies and enhancing motivation (Cesilia  et 
al., 2025). Building trusting relationships also enhances del-
egation effectiveness. For instance, in a therapeutic outpa-
tient clinic, the department head may organise team-build-
ing activities and regular meetings where employees can 
discuss challenges, fostering trust and enabling safe dele-
gation of complex tasks (Spanos et al., 2024; Loving, 2025). 
Modern reforms in the healthcare delivery system ‒ driven 
by decentralisation, digitalisation, growing competition, 
and limited resources ‒ objectively increase the importance 
of effective management within healthcare institutions. 
Under these conditions, the delegation of managerial au-
thority emerges not as an auxiliary tool, but as a key mech-
anism for ensuring managerial effectiveness, organisational 
resilience, and the quality of medical services.

The specific nature of the healthcare sector, which is 
defined by high professional autonomy among medical 
staff, significant societal expectations, and strict regulatory 
requirements, necessitates adapting general management 
approaches to the unique characteristics of the field. Con-
sequently, delegation must be grounded in systematic, evi-
dence‑based principles that take into account both organ-
isational and clinical dimensions of healthcare activities. 
Thus, the delegation of managerial powers in the health-
care system should be viewed as a strategic management 
instrument aimed at optimising resource use, improving 
the effectiveness of managerial decisions, ensuring the 
quality and safety of medical services, and strengthening 
the institutional capacity and resilience of the healthcare 
system as a whole.
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The findings of this study demonstrate that the dele-
gation of managerial authority in Ukrainian healthcare 
institutions is a multifaceted process that significantly in-
fluences organisational performance. The analysis confirms 
that effective delegation enhances managerial efficiency by 
enabling leaders to concentrate on strategic development, 
which is particularly relevant in the context of the ongo-
ing healthcare reform in Ukraine (Shevchenko et al., 2021). 
Unlike a routine redistribution of tasks, the proposed com-
petence-based approach ensures that professional autono-
my is balanced with strict accountability.

The study reveals that the coexistence of line and func-
tional authority creates a unique management environ-
ment. The importance of line authority for ensuring unity 
of command is evident; however, as shown in the authors’ 
results, functional authority plays a crucial role in standard-
ising clinical processes. This aligns with the global trends 
identified by S.  Spanos  et al.  (2024), who emphasise that 
navigating complexity in modern healthcare requires lead-
ers to possess advanced competencies in cross-functional 
coordination. The authors’ data supports the argument that 
hierarchical structures must become more flexible to re-
spond to operational disruptions.

A critical aspect identified in the research is the impact 
of delegation on staff motivation and the risks of profes-
sional burnout. It was found that unclear division of re-
sponsibilities often leads to “zones of irresponsibility” and 
psychological resistance. This correlation is further sup-
ported by the work of K. Smirnova & A. Chabaniuk (2021), 
who highlighted that staff demotivation in modern condi-
tions is frequently a consequence of poor organisational 
communication and emotional overload. By integrating 
human resource development into the delegation model, 
healthcare managers can mitigate these risks and enhance 
institutional resilience. Furthermore, the results emphasise 
that delegation is not merely an administrative technique 
but a strategic tool for ensuring the quality of medical care. 
The identified connection between structured delegation 
and adherence to clinical standards reinforces the idea that 
delegation must be strictly regulated. This perspective ex-
pands upon the management theories discussed in work of 
B.W.C.A. Tian et al. (2023), suggesting that the “myths of 
healthcare management” can be overcome through trans-
parent oversight and robust feedback systems.

In conclusion, the identified risks and limitations as-
sociated with the delegation of authority highlight the ne-
cessity of its careful and structured implementation within 
healthcare institutions. While delegation offers substantial 
benefits in terms of efficiency, flexibility, and staff develop-
ment, its improper application may lead to clinical errors, 
organisational dysfunction, communication breakdowns, 
and legal vulnerabilities. Therefore, a balanced approach that 
combines clearly defined competencies, regulatory support, 
effective communication, and continuous monitoring is es-
sential. By aligning delegation practices with both manage-
rial principles and the specific requirements of the health-
care sector, institutions can mitigate potential risks while 

preserving the advantages of decentralised decision mak-
ing. Ultimately, well-regulated delegation serves not only 
as a mechanism for task distribution but also as a strategic 
instrument for ensuring patient safety, organisational stabil-
ity, and the sustainable development of healthcare systems.

Conclusions
The study has established that the delegation of authority 
is an essential management tool in healthcare institutions, 
aimed at enhancing managerial efficiency, rationalising the 
distribution of functions, and ensuring continuity of clin-
ical and diagnostic processes. It has been determined that 
delegation in healthcare organisations is a complex process 
that involves not only the transfer of tasks but also the as-
signment of corresponding authority and responsibility, 
with managerial control necessarily retained. The effec-
tiveness of this process depends on the level of professional 
competence of the staff, the clarity of regulatory frame-
works, and the quality of internal communication.

The research has shown that the use of line and func-
tional authority within healthcare management systems 
ensures a balance between timely decisionmaking and 
adherence to standards of medical practice. However, this 
requires clear delineation of areas of responsibility among 
managers, physicians, and nursing staff. It also has been 
substantiated that violations of the principles of authority – 
responsibility parity, unity of command, optimal span of 
control, and accountability lead to reduced effectiveness of 
managerial decisions, increased complexity in coordinat-
ing staff activities, and heightened organisational risks. The 
study also has identified that delegation in healthcare insti-
tutions is accompanied by specific risks, including insuffi-
cient staff training, loss of managerial and clinical control, 
communication inconsistencies, psychological resistance 
among employees, professional burnout, decreased stand-
ardisation of medical care, emergence of internal conflicts, 
as well as legal and ethical violations. It has been demon-
strated that these risks are systemic in nature and can neg-
atively affect not only organisational efficiency but also the 
quality and safety of medical services.

Prospects for further research in this area include the 
development of effective delegation models that account for 
the organisational maturity of healthcare institutions, the 
type of facility (primary, secondary, or tertiary care), and 
specific human resource capacities. Additionally, the evalu-
ation of delegation effectiveness requires further study, par-
ticularly through the development of a system of quantitative 
and qualitative indicators. Such indicators would allow for 
determining the impact of delegation on the quality of med-
ical services, managerial risk levels, and staff satisfaction.
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Анотація. Актуальність даного дослідження зумовлена специфікою діяльності закладів охорони здоров’я, які 
характеризуються високим рівнем професійної автономії медичного персоналу, значною відповідальністю 
за здоров’я та життя пацієнтів, а також жорсткими нормативно-правовими обмеженнями. Сукупність 
цих чинників робить проблему делегування управлінських повноважень особливо значущою та водночас 
недостатньо дослідженою як у теоретичному, так і в прикладному аспектах. Метою статті було обґрунтування 
теоретико-методологічних засад делегування управлінських повноважень у менеджменті закладів охорони 
здоров’я для підвищення ефективності та результативності управлінської діяльності. У процесі дослідження 
було використано загальнонаукові та спеціальні методи, зокрема аналіз і синтез наукових джерел, системний 
та структурно-функціональний підходи, порівняльний аналіз, узагальнення, а також логічне моделювання 
управлінських процесів у закладах охорони здоров’я. У результаті дослідження уточнено сутність делегування в 
менеджменті закладу охорони здоров’я як складного управлінського процесу, що передбачає передачу завдань, 
повноважень і відповідальності із збереженням належного рівня контролю та підзвітності. Розкрито особливості 
реалізації лінійних і функціональних повноважень у системі управління закладами охорони здоров’я, визначено 
їхні переваги та обмеження. Особливу увагу приділено ідентифікації основних ризиків делегування, серед яких 
недостатня компетентність персоналу, втрата управлінського контролю, комунікаційні бар’єри, психологічний 
опір змінам, професійне вигорання, зниження рівня стандартизації медичної допомоги, а також юридичні й 
етичні загрози. Практична цінність отриманих результатів полягає у можливості їх використання керівниками 
закладів охорони здоров’я для вдосконалення механізмів делегування шляхом підвищення рівня професійної 
підготовки персоналу, стандартизації управлінських процедур, чіткого розмежування відповідальності та 
посилення системи контролю й зворотного зв’язку

Ключові слова: професійна автономія; управлінська відповідальність; ризики делегування; ефективність 
управління
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Abstract. The purpose of this study was to systematically investigate the scale, drivers, and economic implications 
of Shadow AI in Georgia’s public sector, and to propose evidence-informed policy interventions for enhancing AI 
readiness, workforce productivity, and fiscal risk mitigation. Although over 70% of public servants globally use 
AI tools, systematic empirical research on unauthorised “Shadow AI” in Georgia is lacking. To address this gap, 
a convergent mixed-methods design was employed, including a survey of 322 public servants, 15 semi-structured 
interviews, a three-round Delphi panel with 12 experts, a Ministry of Internal Affairs case study, and systematic 
document analysis. Quantitative survey data, qualitative interviews, and Delphi panel inputs were integrated to 
achieve methodological triangulation. Findings showed that 52.8% of public servants use AI tools (17.4% daily), while 
42.9% engage in Shadow AI. Institutional readiness is limited: only 14.3% have a formal AI policy, 61.5% received 
no AI training, and 54% enter sensitive data into AI platforms. Thematic analysis identified five patterns: Silent 
Innovation, Double Standard, Training Desert, Data Fear, and Lack of Trust. Logistic regression shows that perceived 
productivity gains (OR = 2.34, p < .01) and absence of formal policy (OR = 3.12, p < .001) are significantly associated 
with Shadow AI adoption. These findings suggested coexisting productivity gains and unmitigated institutional risks, 
including inefficiencies from unmanaged AI use, uneven human capital development, and fiscal exposure from data 
breaches or algorithmic errors. The study suggested a contextual adaptation of the Unified Theory of Acceptance and 
Use of Technology (UTAUT), providing evidence that in transition economies perceived usefulness may outweigh 
absent facilitating conditions. For policymakers and public administrators, the research proposes four actionable 
interventions: mandatory AI literacy programs, a regulatory sandbox for controlled experimentation, AI Champions 
networks for peer support, and revised performance evaluation systems. These recommendations are designed to 
enhance economic efficiency, mitigate fiscal risks, and promote responsible governance in Georgia and comparable 
post-Soviet transition economies
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large-scale study in Latvia (N = 1,557) revealed that more 
than half of public sector employees express limited trust 
in AI-generated information, with only seven participants 
out of 1,557 fully trusting AI. Furthermore, G.  Lāma & 
A.  Lastovska  (2025) found that employees who received 
formal AI training rated their competence significantly 
higher than those without training. Given these challenges, 
there is a need to better understand how AI is adopted in 
Georgia’s public sector, what competencies are required for 
its responsible use, and how institutions should adapt to 
emerging technological realities.

However, existing literature on Shadow AI presents 
two unresolved debates. First, while some studies such as 
J. Waters-Lynch et al. (2024) emphasise organisational con-
trol and formal governance as necessary responses, others, 
such as R.  Farrell  (2025), suggest that informal adoption 
may drive innovation that formal channels suppress. Sec-
ond, evidence from advanced economies dominates the 
field, with limited attention to how weak institutional en-
vironments – characterised by absent policies, fragmented 
governance, and low AI literacy – shape Shadow AI dynam-
ics. This study engages with both debates by examining a 
transition economy context where institutional constraints 
may paradoxically accelerate informal adoption while 
magnifying associated risks. The purpose of this study was 
to systematically investigate the scale, drivers, and econom-
ic implications of Shadow AI in Georgia’s public sector, and 
to propose evidence-informed policy interventions for en-
hancing AI readiness, workforce productivity, and fiscal 
risk mitigation. Accordingly, this study addressed the fol-
lowing research questions: what is the scale of AI diffusion 
in Georgia’s public sector, and how can Shadow AI be em-
pirically conceptualised; what competencies are required 
for the effective and responsible use of AI among public 
servants; how do institutional factors influence patterns of 
AI adoption and governance in the public sector and what 
policy measures could enhance AI readiness and economic 
efficiency in Georgia’s public administration.

Materials and Methods
This study adopted a convergent parallel mixed-meth-
ods design, following the methodological frameworks 
proposed by J.W. Creswell  (2014) and A. Bryman (2016). 
Quantitative survey data, qualitative interview data, and 
Delphi panel inputs were integrated to achieve methodo-
logical triangulation across multiple sources of evidence. 
The research design was structured to address four inter-
related research questions concerning the scale of AI dif-
fusion, the prevalence of Shadow AI, workforce competen-
cies, administrative adaptation, and policy instruments in 
Georgia’s public sector.

A survey of 322 public servants was conducted between 
September and November 2025 using a stratified random 
sampling approach. The sampling frame encompassed all 
public institutions in Georgia, with an estimated total pub-
lic sector workforce of approximately 32,000 employees. 

Introduction
AI is increasingly transforming public sector operations 
worldwide, reshaping workforce productivity, administra-
tive efficiency, and service delivery models. While global 
adoption of AI tools among public servants is accelerating, 
institutional readiness for their effective governance remains 
uneven, particularly in transition economies. This growing 
gap between individual-level adoption and organisation-
al capacity raises important concerns regarding economic 
efficiency, fiscal risk, and administrative accountability.

Existing evidence suggests that AI use in the public 
sector is already widespread, with over 70% of public serv-
ants globally reporting engagement with AI tools in their 
daily work, according to Mission Square Research Insti-
tute (2025). However, institutional readiness remains lim-
ited, as many governments lack the capacity to effectively 
regulate and integrate these technologies (Barcelona Pro-
vincial Council,  2025). In Georgia, this challenge is par-
ticularly pronounced. Although AI diffusion has reached 
18.2% of the workforce in 2025 (Microsoft,  2025), the 
country still ranks 87th in the Government AI Readiness 
Index (Oxford Insights, 2025), indicating a structural im-
balance between technological adoption and institutional 
preparedness. This divergence may result in inefficiencies, 
uneven human capital development, and fiscal risks asso-
ciated with unmanaged AI use. Institutional assessments 
confirm these limitations. IDFI (2021) indicated that for-
mal AI governance frameworks in Georgia remain under-
developed, with limited regulatory definitions and weak 
oversight mechanisms. Although Georgia has engaged 
with international governance initiatives, including the 
Council of Europe’s AI Convention, implementation gaps 
remain significant (IDFI, 2024a).

At the workforce level, capacity constraints are also 
evident. A large proportion of public servants have not re-
ceived formal AI-related training, and only a small share 
operates within institutions that have established AI gov-
ernance policies, as was noted by E. Tskhvariashvili (2025). 
This increases the likelihood of informal or unregulated AI 
use in public administration. Importantly, discrepancies 
between official data and actual practice have been identi-
fied by national oversight institutions. The Public Defender 
of Georgia  (2025) reported significant gaps between offi-
cially reported AI usage and actual practices within public 
institutions, suggesting that the true scale of AI adoption 
may be underestimated in formal statistics.

A growing concern in this context is the phenom-
enon of “Shadow AI”, defined by R. Farrell  (2025) as the 
unsanctioned or unregulated use of AI tools within organ-
isational settings. While this phenomenon has been wide-
ly discussed in advanced economies, empirical evidence 
from transition contexts, such as Georgia, remains limit-
ed. Shadow AI presents a dual dynamic, simultaneously 
contributing to productivity gains while introducing risks 
related to data security, accountability, and decision trans-
parency. The phenomenon of Shadow AI is not unique 
to Georgia but reflects a broader regional challenge. A  
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Stratification was based on three dimensions: institution 
type (central government ministries, local government mu-
nicipalities, and independent agencies), geographic loca-
tion (Tbilisi metropolitan area, regional centres, and rural 
areas), and hierarchical level (senior management, middle 
management, and frontline staff). The sample composition 
was compared against available population parameters, 
showing reasonable alignment on institutional type but 
overrepresentation of Tbilisi-based respondents relative to 
regional distribution. Consequently, findings are best inter-
preted as indicative rather than statistically representative 
of the entire public sector workforce. 

The survey instrument consisted of 25 items meas-
ured on five-point Likert scales (1  =  strongly disagree to 
5  =  strongly agree), covering five domains: demographic 
characteristics; frequency and purposes of AI use; training 
experiences and needs; institutional readiness and policy 
environment; and Shadow AI behaviours alongside risk 
awareness. Pilot testing with 20 public servants yielded a 
Cronbach’s alpha coefficient of α = 0.87, indicating a high 
level of internal consistency across the instrument. Data 

were collected using Google Forms, achieving an overall 
response rate of 65.8% following three follow-up remind-
ers. A brief non-response bias check compared early versus 
late respondents across key demographic variables (institu-
tion type, geographic location); no statistically significant 
differences were detected (p  >  0.10 for all comparisons), 
suggesting that non-response does not substantially distort 
the findings. All surveys and parts of research, involving 
people, were conducted in accordance with ethical research 
principles, including voluntary participation, informed 
consent, confidentiality, and anonymity of respondents, 
in line with the principles of the Declaration of Helsinki 
(World Medical Association, 1964).

Statistical analysis was conducted using SPSS version 
28. The analytical strategy included descriptive statistics, 
independent-samples t-tests, one-way analysis of variance 
(ANOVA), chi-square tests of independence, Pearson cor-
relation analysis, and binary logistic regression, following 
established guidelines (Field,  2018). Table 1 presents the 
theoretical framework linking each research question to its 
corresponding conceptual foundation.

Table 1. Theoretical framework correspondence to research questions

Note: the table presents the conceptual linkage between the study’s research questions and the theoretical frameworks 
applied. Shadow AI is interpreted as an extension of Shadow IT literature; TAM/UTAUT explain technology adoption 
behaviour; Digital Era Governance and Diffusion of Innovations inform institutional adaptation; and policy instruments 
are derived from European regulatory frameworks and governance models
Source: compiled by author

Research Question Theoretical Component
1. Scale of AI diffusion and Shadow AI Shadow IT/AI (Waters-Lynch et al., 2024; Farrell, 2025)

2. New skills and competencies TAM/UTAUT (Davis, 1989; Venkatesh et al., 2003; OECD, 2026)
3. Adaptation of administrative system Diffusion of Innovations (Rogers, 2003); Digital Era Governance (Dunleavy et al., 2006)

4. Policy instruments for Georgia Digital Era Governance + EU AI Act (IDFI, 2024a); Council of Europe Convention 
(IDFI, 2024b)

Fifteen semi-structured interviews were conducted 
online via Zoom, each lasting between 45 and 90 min-
utes. Participants were selected through purposive sam-
pling to ensure diversity of perspectives and included 
agency heads (n = 3), information technology managers 
(n = 4), human resource specialists (n = 3), and frontline 
AI users (n = 5). The interview protocol covered five the-
matic areas: current AI use practices and tools; perceived 
benefits and risks; training experiences and needs; per-
spectives on governance and policy requirements; and 
barriers to responsible AI use. Data saturation was sys-
tematically assessed and reached after the twelfth inter-
view, with no substantially new themes emerging in the 
remaining three interviews. Transcripts were analysed 
using thematic analysis in accordance with V. Braun & 
V. Clarke’s (2006) six-phase framework, resulting in the 
identification of five principal themes: Silent Innova-
tion, Double Standard, Training Desert, Data Fear, and 
Lack of Trust.

A three-round Delphi panel involving 12 experts was 
conducted to validate empirical findings and to develop 
consensus-based policy recommendations. Experts were 

selected based on predefined inclusion criteria: a minimum 
of five years of professional experience in public adminis-
tration (n = 6), academic expertise in AI ethics or digital 
governance (n = 4), or experience in public sector training 
and capacity development (n = 2). In the first round, partic-
ipants were presented with preliminary findings and asked 
to evaluate their significance on a five-point scale. The sec-
ond round provided anonymised feedback and invited par-
ticipants to revise their assessments. The third round aimed 
to achieve consensus, which was defined a priori as at least 
70% of experts assigning a rating of 4 or 5 on the five-point 
importance scale.

A case study of Georgia’s Ministry of Internal Affairs 
examined an AI-based automated document processing 
system in operation since 2023. The analysis focused on 
compliance with relevant international frameworks, in-
cluding the EU AI Act (IDFI, 2024a) and the Council of 
Europe Framework Convention on Artificial Intelligence 
(IDFI, 2024c). Key dimensions of assessment included: the 
presence of risk assessment procedures; transparency and 
disclosure mechanisms; audit trail requirements; and the 
existence of human oversight.
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Systematic document analysis complemented the 
primary data collection. Sources included reports and 
policy documents from IDFI  (2021), the Government of 
Georgia (2024), Microsoft (2025), Oxford Insights (2025), 
E.  Tskhvariashvili  (2025), the European Commis-
sion  (2025), the Public Defender of Georgia  (2025) and 
relevant institutional policies where available. The study 
received ethical approval from the Research Ethics Com-
mittee of Shota Rustaveli State University of Batumi. All 
participants provided informed consent and were assured 
of anonymity and confidentiality. Participation was volun-
tary, and respondents retained the right to withdraw at any 
stage without penalty.

Several limitations should be acknowledged when 
interpreting the findings. First, the sample (N = 322) rep-
resents approximately 1% of the total public sector work-
force in Georgia, which limits the statistical generalisabil-
ity of quantitative results. The findings are therefore best 
understood as indicative rather than definitively repre-
sentative. Nevertheless, the stratified sampling design  – 
based on institution type, geographic location, and hi-
erarchical level – enhances representativeness within the 
constraints of a single-country study, and methodological 
triangulation strengthens the robustness of qualitative 
insights. Second, the cross-sectional design captures data 

at a single point in time; longitudinal research would be 
required to assess temporal dynamics in AI adoption and 
any causal relationships. Third, self-reported data may 
be subject to response bias, particularly in relation to 
unauthorised AI use, where underreporting is possible. 
Fourth, the size of the Delphi panel (n = 12), while con-
sistent with established methodological practice, remains 
relatively limited, and the ROI estimates derived from it 
should be treated as expert-informed illustrations rather 
than precise economic forecasts.

Results and Discussion
The survey results indicate that 52.8% of Georgian pub-
lic servants use AI tools, with ChatGPT, Microsoft Copi-
lot, and Google Gemini identified as the most frequently 
used platforms. Among these users, 17.4% report daily use, 
35.4% weekly use, and the remainder report monthly or 
occasional use. Document summarisation represents the 
most common application (78.2%), followed by email and 
report drafting (65.9%), data analysis (41.2%), and idea or 
budget generation (35.3%). These usage patterns are broad-
ly consistent with international evidence reported by the 
Mission Square Research Institute (2025) and the Barcelo-
na Provincial Council (2025). Table 2 summarises the prin-
cipal indicators of AI use and associated risks.

Table 2. Main indicators of AI use and associated risks

Note: TAM  =  Technology Acceptance Model; Percentages are based on the survey sample (N  =  322). Risk indicators 
reflect self-reported behaviours (e.g., lack of verification of AI outputs, input of personal data, and low trust in analytical 
accuracy) and are interpreted in relation to existing theoretical frameworks on technology adoption and governance. 
“Absence of facilitating conditions” refers to the lack of organisational support structures such as formal policies, training, 
and oversight mechanisms
Source: calculated by author based on survey data

Aspect Data (%) Theoretical interpretation Main risk
Scale of AI use 52.8 TAM – perceived usefulness -

Shadow AI 42.9 Shadow AI (Farrell, 2025) Data leakage; reduced accountability
Daily AI use 17.4 UTAUT – performance expectancy -

Document summarisation (users) 78.2 TAM – perceived ease of use Hallucinations (67% do not verify outputs)
Email/report writing 65.9 UTAUT – social influence Personal data exposure (54%)

Data analysis 41.2 Lack of facilitating conditions Analytical inaccuracies (38% report low trust)

Idea/budget generation 35.3 Diffusion of innovations –  
early adopters Informal use practices

Written AI policy 14.3 Absence of facilitating conditions Governance gap
No AI training 61.5 OECD (2026) – skills barrier Inconsistent and potentially unsafe use

The predominance of document summarisation and 
report drafting suggests that AI is primarily used for rou-
tine information-processing tasks that traditionally require 
substantial time investment. Interview data indicate that 
users may save approximately 2-3 hours per day through 
these applications. Economic productivity estimation: 
sensitivity and scenario analysis. Based on a conservative 
baseline estimate, in which 52.8% of public servants save 
an average of 1.5 hours per day, the aggregate productivity 
gain is estimated at approximately 25,000-30,000 labour 
hours per day across the public sector. Assuming an aver-
age public sector wage of approximately GEL 15 per hour 

(≈USD  5.50) (Geostat,  2025), this corresponds to an es-
timated daily productivity value of GEL 375,000-450,000 
(≈USD 135,000-165,000), or approximately GEL 100-120 
million annually (≈USD 36-44 million). To address the in-
herent uncertainty in these estimates, a scenario analysis 
was conducted using three variants (Table 3). The pessi-
mistic scenario assumes that self-reported time savings 
are overestimated by 50% due to social desirability bias. 
The optimistic scenario assumes that underreporting of 
AI use (qualitative evidence suggested reluctance to dis-
close) means actual savings are 50% higher. The baseline 
scenario represents the direct calculation from survey 
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data. Across all three scenarios, even the pessimistic es-
timate suggests substantial productivity gains (GEL 50-60 
million annually), while the optimistic estimate reaches 

GEL 150-180 million. This range (GEL 50-180 million) 
should be understood as the plausible interval rather than 
a precise point estimate.

Table 3. Sensitivity analysis of estimated annual productivity gains

Source: author’s calculations based on Table 2 indicators and Geostat (2025)

Scenario Assumption (hours saved per user) Annual productivity value (GEL million)
Pessimistic (lower bound) 0.75 (50% of baseline) 50-60
Baseline (central estimate) 1.5 100-120
Optimistic (upper bound) 2.25 (150% of baseline) 150-180

Uncertainty and methodological caveats. These es-
timates should be interpreted as illustrative and indica-
tive, not as precise fiscal accounts, for five reasons. First, 
they rely on self-reported data, which may be subject to 
recall bias and social desirability bias (particularly for 
unauthorised AI use). Second, the assumption of GEL 15 
per hour average wage is a simplification that does not 
account for variation across job grades, institution types, 
or geographic locations. Third, the estimate assumes that 
saved hours translate directly into productive work – an 
assumption that may not hold uniformly across all roles. 
Fourth, the cross-sectional design captures a single point 
in time; productivity effects may change as AI tools evolve. 
Fifth, because much of this activity occurs outside formal 
governance structures, these productivity gains are not 
systematically captured, measured, or reinvested at the 
institutional level.

This reliance on self-reported data reflects a deep-
er institutional reality documented by UNESCO  (2026): 
Georgia remains at a foundational governance stage with 
no dedicated AI law, regulatory authority, or national strat-
egy. UNESCO identifies a “dual bottleneck” – institutional 
constraints alongside technological gaps – which explains 
why objective, system-level data on AI-driven productivity 
do not yet exist. In the absence of centralised monitoring, 
self-reported data constitute the only feasible source. Tri-
angulation with interviews and Delphi panel (α = 0.87) par-
tially mitigates subjectivity. Moreover, because much of this 
activity occurs outside formal governance structures, these 
productivity gains are not systematically captured, meas-
ured, or reinvested at the institutional level.

When asked specifically about using AI without for-
mal authorisation or approval from information technol-
ogy departments, 42.9% of respondents answered affirm-
atively. This figure aligns closely with findings reported 
by E.  Tskhvariashvili  (2025), providing cross-study val-
idation. Qualitative evidence suggests that actual levels 
of unauthorised use may be higher, as several interview 
participants (P7, P11, P13) indicated reluctance to dis-
close such practices in formal survey settings. From a risk 
management perspective, this proportion corresponds to 
approximately 13,700 public servants operating outside 
formal governance frameworks.

Indicators of institutional readiness reveal substan-
tial limitations. Only 14.3% of respondents reported the 
existence of a formal AI policy within their organisation, 

while 61.5% indicated that they had received no AI-related 
training. Additionally, 54% of respondents acknowledged 
entering personal or sensitive data (including citizen infor-
mation and internal documents) into AI platforms without 
formal guidance or authorisation. These findings suggest 
the presence of a governance and training gap with poten-
tial economic implications. Each instance of personal data 
input into unregulated AI systems may represent a com-
pliance risk under emerging regulatory frameworks. While 
enforcement mechanisms in Georgia are still evolving, 
alignment with European regulatory standards implies po-
tential exposure to financial liabilities in the future. At the 
same time, the absence of structured training indicates that 
AI-related human capital is developing informally, without 
standardisation or quality assurance mechanisms.

A binary logistic regression analysis was conducted to 
examine factors associated with Shadow AI use (coded as 
1 = yes, 0 = no). Independent variables included perceived 
productivity gain, AI training (binary), presence of a writ-
ten policy (binary), and supervisor support. The results 
indicate that perceived productivity gain (OR = 2.34, 95% 
CI [1.58, 3.47], p  <  .01) and absence of a written policy 
(OR = 3.12, 95% CI [1.95, 4.99], p < .001) are significantly 
associated with Shadow AI adoption. In contrast, AI train-
ing (OR = 0.89, p = .42) and supervisor support (OR = 1.12, 
p =  .31) were not statistically significant. The model as a 
whole was statistically significant (χ2(4) = 38.47, p < .001), 
with a Nagelkerke pseudo R2 of 0.31 and an overall clas-
sification accuracy of 74.3%. These associations should be 
interpreted as correlational rather than causal, given the 
cross-sectional design.

Interpreting these regression findings, individual-lev-
el productivity incentives and the absence of formal in-
stitutional frameworks emerge as the primary factors 
associated with Shadow AI use. This pattern suggests a 
partial divergence from the Unified Theory of Accept-
ance and Use of Technology (UTAUT), which posits that 
facilitating conditions  – such as organisational support, 
training, and infrastructure – directly influence technolo-
gy adoption (Venkatesh et al., 2003). While the absence of 
a formal AI policy is significantly associated with Shadow 
AI use (OR = 3.12), variables such as training and super-
visor support were not statistically significant. This indi-
cates that in contexts characterised by weak institutional 
frameworks, perceived usefulness  – operationalised as 
productivity gains (OR  =  2.34)  – may play a dominant 
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role in shaping user behaviour. Public servants appear to 
adopt AI tools primarily based on their perceived efficien-
cy benefits, rather than organisational encouragement or 
formal support structures.

This finding suggests a contextual adaptation of 
UTAUT: in transition economy contexts, perceived use-
fulness may partially substitute for absent facilitating con-
ditions. However, this substitution is not neutral in its ef-
fects. It introduces a divergence between individual-level 
incentives and organisational-level risk management. From 
an economic perspective, this dynamic can be interpreted 
through a principal-agent framework. Individual public 
servants (agents) maximise private benefits (time savings), 
while potential risks – such as data breaches or accounta-
bility failures – are externalised to the state (principal). This 
creates a form of negative externality, whereby privately ra-
tional behaviour may lead to suboptimal outcomes at the 
organisational or systemic level. Accordingly, technology 
acceptance models applied to public sector contexts may 
benefit from incorporating considerations of incentive 
alignment, institutional constraints, and risk externalities.

Turning to the qualitative evidence, thematic analysis 
of interview data identified five principal themes with dis-
tinct organisational and economic implications. The first 
theme, Silent Innovation, reflects the widespread informal 
use of AI tools without formal approval. Ten out of twelve 
AI-using interviewees reported engaging in such practices. 
One participant (P11) noted: “I use ChatGPT to summarise 
all my reports… it saves me two to three hours a day. I am 
hesitant to disclose this because there is no formal policy”. 
This pattern suggests that productivity gains are realised at 
the individual level but are not systematically integrated 
into organisational processes.

The second theme, Double Standard, captures ambi-
guity in managerial responses to AI use. Leaders neither 
formally endorse nor explicitly prohibit AI adoption, re-
sulting in unclear accountability structures. This dynamic 
may increase organisational exposure to risk while simul-
taneously allowing productivity gains to continue infor-
mally. The findings indicate a notable discrepancy between 
managerial support (22.4%) and actual AI use (42.9%), 
suggesting a gap between formal leadership positions and 
employee practices. From a governance perspective, such 
ambiguity may weaken accountability structures and limit 
the effectiveness of risk management processes. Standard 
frameworks, such as ISO 31000, emphasise the importance 
of explicit risk identification, assessment, and acceptance. 
In the absence of clear policy direction, risks may remain 
unarticulated and unmanaged. This situation may also gen-
erate agency costs, including reduced monitoring capacity, 
limited enforceability of standards, and potential misalign-
ment between organisational objectives and individual be-
haviour. In economic terms, the decentralised capture of 
productivity benefits alongside the socialisation of risks 
resembles a common-pool resource problem, where incen-
tives for individual optimisation may lead to collectively 
suboptimal outcomes.

The third theme, Training Desert, reflects the wide-
spread absence of formal training opportunities. The ma-
jority of respondents rely on self-directed learning, which 
may lead to uneven skill development and inconsistent 
application of AI tools. The coexistence of high AI usage 
(52.8%) and limited training provision (61.5% without 
training) indicates that informal learning mechanisms are 
operating at scale. However, such learning processes are in-
herently uneven and may not align with best practices in 
data protection, ethical use, or output validation. For ex-
ample, the finding that a substantial proportion of users do 
not systematically verify AI-generated outputs highlights 
potential risks associated with overreliance on automated 
systems. This is consistent with international evidence on 
AI hallucinations and user overconfidence (Hall,  2025). 
From a human capital perspective, this situation can be in-
terpreted as a coordination problem in skills investment. 
While individuals invest time in acquiring AI-related com-
petencies, the absence of institutional frameworks reduces 
the overall efficiency and reliability of this investment. For-
mal training programmes could enhance the social return 
on these skills by ensuring standardisation, risk awareness, 
and knowledge diffusion across the workforce. Moreover, 
the distributional dimension of this skills gap warrants at-
tention, as qualitative evidence suggests that access to in-
formal AI learning opportunities may vary across demo-
graphic and professional groups, potentially reinforcing 
existing inequalities.

The “Training Desert” phenomenon identified in 
Georgia is consistent with findings from Latvia, where a 
survey of 1,557 public servants demonstrated that AI train-
ing significantly increases self-assessed AI competence. 
Notably, more than half of Latvian respondents expressed 
limited trust in AI-generated information, with only 0.45% 
(seven participants) reporting complete trust in AI (Lāma 
& Lastovska, 2025). This corroborates current finding that 
the absence of structured training (61.5% of Georgian re-
spondents) may directly contribute to both low competence 
and low trust, creating a barrier to responsible AI adoption.

The fourth theme, Data Fear, highlights awareness of 
data protection risks among users, which does not nec-
essarily prevent AI use. Participants demonstrated par-
tial understanding of risks but often prioritised efficien-
cy under time constraints. The fifth theme, Lack of Trust, 
emerged primarily among non-users, who expressed con-
cerns about the reliability and accuracy of AI outputs. This 
scepticism may limit broader adoption and reduce poten-
tial productivity gains.

These concerns are not unique to Georgia. As T. Can-
tens  (2025) argued, the distrust in generative AI within 
public administrations stems from its limited explaina-
bility, which fundamentally restricts its appropriate use 
in the public sector. The risks surrounding confidentiali-
ty, the marking of AI outputs, and the potential for errors 
require both technical and cultural responses, pushing the 
boundaries of our instrumental conceptions of machines. 
Moreover, the transformative impact of GenAI on the  
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intellectual production of the state raises fears of the re-
placement, or rather “enslavement”, of civil servants to 
machines. T.  Cantens  (2025) therefore advocated for the 
development of critical thinking as a specific skill for civil 
servants who must learn to think with an eclectic machine.

While the potential benefits of generative AI in the 
public sector are widely recognised (Aryfiyanto & Alam-
syah, 2024), the case study of the Ministry of Internal Af-
fairs’ automated document processing system indicates 
that the system operates without several key governance 
mechanisms, including formalised risk assessment pro-
cedures, transparency disclosures, audit trails, and clearly 
defined human oversight. Under the EU AI Act framework 
(IDFI,  2024a), such systems would likely be classified as 
high-risk and subject to specific regulatory requirements. 
The absence of these mechanisms may increase operational 
and compliance risks, although precise financial implica-
tions cannot be determined without further data.

A recent survey of 576 public managers across seven 
EU countries found that the unregulated or ‘shadow’ use 
of generative AI tools is widespread, particularly in con-
texts where formal governance mechanisms are still in their 
early stages (Tangi et al., 2026). While earlier research has 
developed taxonomies to understand the phenomenon of 
Shadow IT (Kopper & Westner, 2016), shadow AI” acquires 
particular importance in the context of public administra-
tion, as it is associated not only with technological but also 
with institutional, ethical, and governance challenges (Silic 
& Back, 2014). M. Silic et al. (2025) noted that the “genera-
tive, opaque, and autonomous” nature of generative AI has 
turned Shadow AI into a “sociotechnical governance fail-
ure”. The authors emphasise that AI tools such as ChatGPT 
and Microsoft Copilot are often used outside the bounda-
ries of organisational IT control, creating a so-called “gov-
ernance drift zone” – a situation where formal policies and 
regulations exist nominally but do not function effectively 
in practice.

The prevalence of Shadow AI, supported by both quan-
titative (42.9%) and qualitative evidence, suggests that it 
should be understood not as isolated individual behaviour 

but as a systemic organisational phenomenon. The iden-
tified themes – particularly Silent Innovation and Double 
Standard – indicate the emergence of an informal equilibri-
um in which AI use is tacitly tolerated but not formally reg-
ulated. This configuration may generate several economic 
implications. First, productivity gains remain decentralised 
and difficult to scale. While individual users report time 
savings, the absence of institutional coordination limits 
the ability to replicate and standardise successful use cas-
es across agencies. Second, cumulative risk exposure may 
increase over time. The widespread input of potentially 
sensitive data into AI systems without formal safeguards 
introduces compliance and operational risks. While pre-
cise financial implications remain uncertain, alignment 
with international regulatory frameworks suggests the po-
tential for future fiscal exposure. Third, informal learning 
pathways may lead to uneven human capital development. 
Fourth, the absence of institutional mechanisms for knowl-
edge sharing may limit innovation spillovers.

The eight countries in Table  4 were selected to en-
sure representative geographic and institutional coverage 
of the post-Soviet space while maintaining comparability 
and avoiding excessive table size. Selection followed three 
principles. First, one country was chosen from each ma-
jor post-Soviet subregion: the Baltics (Estonia), Eastern 
Europe (Ukraine, Moldova, Belarus  – capturing variation 
in EU alignment), the South Caucasus (all three coun-
tries – Georgia, Azerbaijan, Armenia – included to enable 
intra-regional comparison), and Central Asia (Kazakhstan 
as the regional leader). Second, the selection spans the full 
range of AI readiness from Estonia (rank 21) to Belarus 
(rank 121), allowing systematic comparison of high, medi-
um, and low performers. Third, the inclusion of EU can-
didate states (Ukraine, Moldova) alongside non-candidate 
states (Belarus, Azerbaijan) enables tentative observation of 
whether European institutional alignment is associated with 
higher AI governance capacity. All selected countries share 
a common Soviet administrative legacy but have diverged 
in their post-1991 governance reforms, digital transforma-
tion pathways, and international integration trajectories.

Country Subregion Rank Strategy Capacity Infrastructure Governance Public Sector 
Adoption

Estonia Baltics 21 54.29 90.00 99.63 46.01 64.38
Ukraine Eastern Europe (EU candidate) 41 52.40 83.00 80.24 40.34 58.21
Moldova Eastern Europe (EU candidate) 71 61.50 56.67 82.33 22.40 61.06

Kazakhstan Central Asia 58 53.88 64.63 73.59 39.85 37.38
Azerbaijan South Caucasus 69 51.45 60.00 66.97 36.08 56.35

Georgia South Caucasus 87 49.35 74.17 47.44 27.24 34.63
Armenia South Caucasus 103 41.02 56.75 57.40 24.37 27.75
Belarus Eastern Europe (non-EU) 121 12.00 43.38 24.03 24.62 36.88

Table 4. Georgia in comparative perspective with post-Soviet states

Source: Oxford Insights (2025), Government AI Readiness Index (2025)

The data reveal several important patterns. Estonia 
(rank 21) leads the region across all pillars, particularly in 
Infrastructure (99.63) and Capacity (90.00), reflecting its 

long-standing digital governance investments. This aligns 
with the “AI Leap” initiative, which systematically builds 
AI competencies across the workforce. Ukraine (rank 41) 
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demonstrates remarkable resilience, with high Infrastruc-
ture (80.24) and Public Sector Adoption (58.21) scores 
despite ongoing conflict. Ukraine’s Diia.AI platform – the 
world’s first national AI assistant for government services – 
validates this institutional capacity, processing over 200 
public services with 70% of legal work handled by AI before 
human review (Sampson, 2025).

Moldova (rank 71) presents an interesting case. De-
spite a relatively low Governance score (22.40) – similar 
to Georgia’s Governance (27.24)  – Moldova achieves a 
much higher Public Sector Adoption score (61.06), sec-
ond only to Estonia in this comparison. This pattern sug-
gests that Moldova’s ongoing EU accession process and its 
FAIMA AI Antenna initiative (providing access to EU su-
percomputing infrastructure) may be accelerating public 
sector AI adoption even in the absence of strong domes-
tic governance frameworks. However, this interpretation 
remains tentative given the cross-sectional nature of the 
index data.

Kazakhstan (rank 58) and Azerbaijan (rank 69) show 
moderate performance, with Azerbaijan outperform-
ing Georgia notably in Public Sector Adoption (56.35 vs 
34.63). This suggests that despite similar regional con-
straints, Azerbaijan may have achieved greater diffusion of 
AI tools across its public workforce, though causal mech-
anisms cannot be established from these data. Georgia 
(rank 87) presents a distinctive profile. Its Infrastructure 
score (74.17) is relatively strong – second only to Estonia 
among the eight countries. However, Georgia’s Strategy 
score (49.35) and Governance score (27.24) are among the 
lowest in the comparison group. More strikingly, Georgia’s 
Public Sector Adoption score (34.63) is the lowest among 
all eight countries – even below Belarus (36.88) and Ar-
menia (27.75, which is lower but Armenia ranks 103 over-
all). This pattern independently corroborates the central 
finding of current survey. The Oxford Insights data con-
firm that while Georgia has built reasonable digital infra-
structure (74.17), it lacks the strategic frameworks (49.35) 
and governance mechanisms (27.24) to translate this in-
frastructure into actual public sector AI adoption (34.63). 
This aligns with the “dual bottleneck” identified in current 
qualitative analysis – the themes of Silent Innovation and 
Double Standard emerge from weak governance, not from 
technological gaps.

Belarus (rank 121) ranks lowest among the eight 
countries, with very low Strategy (12.00) and Infrastruc-
ture (24.03). However, its Public Sector Adoption score 
(36.88) slightly exceeds Georgia’s (34.63), suggesting that 
even under autocratic governance and with minimal stra-
tegic frameworks, some degree of AI diffusion may oc-
cur – albeit likely in an unregulated “Shadow AI” pattern 

similar to Georgia. Armenia (rank 103) ranks second low-
est overall but shows a more balanced profile, with Gov-
ernance (24.37) and Public Sector Adoption (27.75) more 
closely aligned with its Strategy (41.02) than in Georgia’s 
case. This suggests that Armenia’s lower overall ranking 
reflects broader capacity constraints, whereas Georgia’s 
underperformance is specifically concentrated in govern-
ance and adoption.

From a policy perspective, these findings suggest that 
Georgia’s priority could be governance reform and stra-
tegic framework development, rather than additional in-
frastructure investment. Estonia’s example demonstrates 
that high governance quality (46.01) – not just infrastruc-
ture – enables effective AI adoption. Conversely, Moldo-
va’s case suggests that EU integration and access to shared 
AI infrastructure may accelerate adoption even when do-
mestic governance remains weak – a potential pathway for 
Georgia to consider. Evidence from the Public Defender 
of Georgia (2025) supports this interpretation, highlight-
ing discrepancies between officially reported and actual 
AI use across public institutions. The finding that only a 
small number of agencies formally acknowledge AI usage, 
despite evidence of broader implementation, suggests the 
presence of institutional blind spots in governance and 
reporting mechanisms. From an economic perspective, 
this configuration reflects a dual dynamic: the coexistence 
of latent productivity gains and unmitigated institutional 
risk exposure.

The findings highlight three interrelated areas requir-
ing policy attention. First, the development of AI-specific 
competencies is essential. Transitioning from general digi-
tal literacy to AI literacy – including skills such as prompt 
design, critical evaluation, and ethical awareness  – may 
enhance both productivity and risk mitigation. Second, 
the establishment of formal governance frameworks is 
necessary to reduce uncertainty and manage risks. This 
includes the development of policies addressing data use, 
accountability, transparency, and oversight mechanisms. 
Third, leadership capacity could be strengthened to ensure 
that AI adoption is aligned with organisational objectives. 
This involves clarifying responsibilities, integrating AI into 
performance management systems, and fostering a culture 
of responsible innovation. Based on the empirical findings 
and validated through the Delphi panel process, four inte-
grated policy recommendations are proposed. Each recom-
mendation is grounded in an economic rationale linking 
the intervention to potential improvements in workforce 
productivity, human capital development, and fiscal risk 
mitigation (Table  5). These recommendations should be 
understood as evidence-informed possibilities rather than 
definitive policy prescriptions.

Table 5. Estimated potential economic impact of recommendations (expert-informed illustration)

Recommendation Estimated cost Estimated potential benefit Illustrative horizon

Mandatory AI literacy $50-100 per employee ~$500 per employee/year (based on Estonia) 6-12 months

Regulatory sandbox $50,000-100,000 Risk reduction; potential productivity gains 12-18 months

https://diia.ai/
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Recommendation 1. Mandatory AI literacy for all 
public servants. Compulsory AI literacy training could 
be introduced for all public servants within a 12-month 
implementation horizon. The training curriculum could 
include foundational AI concepts, prompt engineering, 
critical evaluation of AI outputs, hallucination recognition, 
data ethics, bias detection, security protocols, and relevant 
legal frameworks, including the EU AI Act and the Council 
of Europe Convention. A structured training programme 
(estimated at 8-12 hours per employee) may contribute to 
reducing error rates associated with unverified AI outputs, 
improving data handling practices, and enhancing effi-
ciency through more effective use of AI tools. Compara-
tive evidence from Estonia suggests that an investment of 
approximately USD 50 per employee in training may be 
associated with productivity gains of around USD 500 per 
employee annually (Voog,  2025). However, these figures 
are context-specific and may not be directly transferable to 
the Georgian context.

Recommendation 2. Regulatory sandbox for con-
trolled experimentation. A regulatory sandbox for AI ex-
perimentation could be established to provide a controlled 
and legally compliant environment for AI use within the 
public sector. The sandbox framework should clearly define 
categories of prohibited data and permitted data. With a 
current Shadow AI prevalence of 42.9%, the introduction 
of a sandbox mechanism may help formalise existing prac-
tices by offering a structured alternative to unauthorised 
use. International experience, such as the Delaware AI 
Sandbox initiative, suggests that sandbox approaches could 
reduce informal AI usage while preserving productivity 
benefits (State of Delaware News, 2025).

Recommendation 3. AI champions network for peer 
support. A cross-agency AI Champions network could be 
established to support the diffusion of AI capabilities and 
promote responsible use practices. Champions would re-
ceive advanced training beyond foundational literacy and 
act as internal facilitators. Each AI Champion (estimated 
ratio: one per 50-100 employees) would require approxi-
mately 40 hours of advanced training (costing approxi-
mately $500-1,000 per Champion), while providing ongo-
ing support to a broader group of users at relatively low 
marginal cost.

Recommendation 4. Revised performance metrics. 
Existing performance evaluation systems could be up-
dated to reflect the realities of AI-enabled work environ-
ments. Revised metrics might include indicators such as AI  

literacy certification, demonstrated critical evaluation of AI 
outputs, effective reallocation of time toward higher-value 
activities, and adherence to ethical and data protection 
standards. Aligning performance metrics with AI-enabled 
workflows may help mitigate unintended disincentives 
for adoption and encourage more efficient use of technol-
ogy. While Georgia currently experiences a “Shadow AI” 
phenomenon characterised by unregulated individual 
adoption, neighbouring Ukraine has pioneered a different 
trajectory – the “agentic state”. Ukraine’s Diia.AI (n.d.), rec-
ognised as the world’s first national AI assistant for gov-
ernment services, serves 23 million citizens and processes 
over 200 public services, with 70% of legal work within the 
Ministry of Digital Transformation handled by AI before 
human review (Sampson, 2025). This suggests that the evo-
lution from unmanaged AI use to institutionalised AI inte-
gration is possible, but would require strategic investment 
in digital infrastructure and governance capacity  – areas 
where Georgia’s Government AI Readiness Index ranking 
of 87th indicates considerable room for improvement.

The study contributes to the literature in three main 
ways. Empirically, it provides one of the first systemat-
ic mixed-methods analyses of AI use and Shadow AI in 
Georgia’s public sector. Theoretically, it suggests a con-
textual adaptation of the Unified Theory of Acceptance 
and Use of Technology (UTAUT) by providing evidence 
on how institutional readiness constraints shape technol-
ogy adoption in transition economies. Practically, it of-
fers evidence-informed policy recommendations aimed 
at strengthening AI governance, workforce capacity, and 
public sector efficiency.

Conclusions
This study provides the first systematic empirical evidence 
on the use of artificial intelligence and the prevalence of 
Shadow AI within a post-Soviet public sector. The findings 
reveal that a majority of Georgian public servants use AI 
tools, with approximately 40% engaging in unauthorised 
use. A substantial majority lack formal training, and writ-
ten AI policies exist in only a small minority of organisa-
tions. Complementary evidence suggests that officially re-
ported AI usage substantially understates actual practice, 
highlighting gaps in institutional visibility and governance.

Taken together, these results point to a structural im-
balance between rapid technological adoption and compar-
atively limited institutional readiness. From an economic 
perspective, this imbalance may reduce the efficiency and 

Recommendation Estimated cost Estimated potential benefit Illustrative horizon

AI Champions network $500-1,000 per Champion Faster adoption; reduced errors ~6 months

Revised performance metrics Minimal Potential productivity improvement (20-30%) 3-6 months

Table 5, Continued

Note: estimates are based on Delphi panel consensus (n = 12 experts) and economic productivity analysis. These figures are 
expert-informed illustrations rather than precise empirical forecasts. The ROI estimates should be interpreted as indicative 
ranges, not as guaranteed outcomes. Estonia’s AI literacy investment figures are drawn from M. Voog (2025)
Source: compiled by author

https://diia.ai/
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sustainability of AI adoption in the public sector. The re-
gression analysis identifies perceived productivity gain and 
absence of formal policy as factors significantly associat-
ed with Shadow AI use  – both with odds ratios exceed-
ing two  – suggesting that individual efficiency incentives 
may outweigh institutional constraints in shaping behav-
iour. This finding suggests a contextual adaptation of the 
UTAUT framework, indicating that perceived usefulness 
may support technology adoption even when facilitating 
conditions are weak. However, given the cross-section-
al design, these associations should not be interpreted as 
causal.

The absence of structured training may limit the long-
term development of human capital and reduce the overall 
efficiency of AI utilisation. At the same time, informal and 
unregulated use practices may increase exposure to risks 
associated with data handling, accountability, and deci-
sion-making processes. While the magnitude of potential 
fiscal impacts remains uncertain, the findings indicate that 
unmanaged AI adoption may limit productivity gains while 
increasing operational and fiscal risks.

The findings provide new empirical grounding on 
Shadow AI in transition economies, extend UTAUT for 
contexts with limited institutional support, and offer ac-
tionable policy directions. Investing proactively in gov-
ernance, skills, and organisational systems may boost 
productivity and reduce institutional vulnerabilities. 
Georgia’s experience illustrates a broader dynamic rele-
vant to many transition economies: rapid technological 
uptake can outpace institutional adaptation. Bridging this 

gap is essential for sustainable and effective public sector 
AI adoption.

Subsequent studies should prioritise four directions. 
First, longitudinal research is needed to track Shadow AI 
dynamics as institutional frameworks mature and to as-
sess whether formal policies are associated with reduced 
unauthorised use over time. Second, comparative analyses 
across post-Soviet transition economies would help assess 
the generalisability of the proposed UTAUT adaptation. 
Third, quantitative risk assessment models should be de-
veloped to estimate potential fiscal exposure from data 
breaches, algorithmic errors, and non-compliance with 
emerging regulatory frameworks such as the EU AI Act. 
Fourth, experimental or quasi-experimental studies evalu-
ating the effectiveness of specific interventions – including 
regulatory sandboxes, AI Champions networks, and man-
datory literacy programs – would provide more definitive 
causal evidence to guide policy decisions. Future compar-
ative research should examine the applicability of the pro-
posed UTAUT adaptation in neighbouring transition econ-
omies, including Latvia.
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Анотація. Метою цього дослідження було проаналізувати економічний вплив штучного інтелекту (ШІ) на 
робочу силу державного сектору Грузії, зосереджуючись на прирості продуктивності, ризиках для зайнятості 
та інституційній адаптації. Хоча понад 70  % державних службовців у світі використовують інструменти ШІ, 
систематичні емпіричні дослідження несанкціонованого використання «тіньового ШІ» (Shadow AI) у Грузії 
відсутні. Для заповнення цієї прогалини застосовано конвергентний змішаний дизайн дослідження, який включає 
опитування 322 державних службовців, 15 напівструктурованих інтерв’ю, трьохраундову експертну панель 
Delphi (12 експертів), кейс-стаді Міністерства внутрішніх справ та систематичний аналіз документів. Кількісні 
дані опитування, якісні інтерв’ю та результати Delphi-панелі були інтегровані для забезпечення методологічної 
триангуляції. Результати показують, що 52,8 % державних службовців використовують інструменти ШІ (17,4 % – 
щоденно), тоді як 42,9 % залучені до практик Shadow AI. Рівень інституційної готовності є обмеженим: лише 
14,3 % установ мають формальну політику щодо ШІ, 61,5 % не проходили жодного навчання з ШІ, а 54 % вводять 
конфіденційні дані в AI-платформи. Тематичний аналіз виявив п’ять ключових патернів: «мовчазні інновації», 
«подвійні стандарти», «навчальна пустеля», «страх даних» і «дефіцит довіри». Логістична регресія показує, що 
сприйняття підвищення продуктивності (OR = 2.34, p < .01) та відсутність формальної політики (OR = 3.12, p < .001) 
суттєво пов’язані з використанням Shadow AI. Отримані результати свідчать про одночасне існування зростання 
продуктивності та неврегульованих інституційних ризиків, включаючи неефективність через неконтрольоване 
використання ШІ, нерівномірний розвиток людського капіталу та фіскальні ризики, пов’язані з витоками даних 
або алгоритмічними помилками. Дослідження пропонує контекстуальну адаптацію Уніфікованої теорії прийняття 
і використання технологій (UTAUT), демонструючи, що в перехідних економіках сприйнята корисність може 
переважати відсутність сприятливих умов. Для політиків і публічних адміністраторів запропоновано чотири 
практичні інтервенції: обов’язкові програми з AI-грамотності, регуляторна «пісочниця» для контрольованого 
експериментування, мережі AI-чемпіонів для взаємної підтримки та перегляд систем оцінювання ефективності. 
Ці рекомендації спрямовані на підвищення економічної ефективності, зниження фіскальних ризиків та розвиток 
відповідального управління в Грузії та аналогічних пострадянських перехідних економіках

Ключові слова: цифрова трансформація; генеративний ШІ; інституційна готовність; конфіденційність даних; 
модель UTAUT; адміністративна ефективність; перехідні економіки
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Abstract. The study aimed to develop a system of models for the technical and economic justification of the feasibility 
of reconstructing enterprises in the construction industry, considering technical, investment, resource and energy, life-
cycle and risk parameters. As a result, normative-methodological, parametric, structural, scenario-based and calculation-
integral models for evaluating refurbishment decisions were developed. It was established that the feasibility of renovation 
cannot be determined solely by the estimated cost or payback period, as it depends on the interplay of technical suitability, 
economic impact, investment performance, resource and energy sustainability, and risk exposure. The scenario-based 
model made it possible to compare alternatives not only in terms of initial costs, but also in terms of long-term effect, 
energy efficiency, life-cycle cost and risk level. A comparison of the scenarios showed that maintaining the current status 
quo has the lowest capital expenditure index – 0.15 – but is characterised by the lowest operational benefit – 0.05 – low 
energy efficiency – 0.20 – and the highest risk level – 0.78. The scenario involving comprehensive refurbishment with 
a digital and energy component demonstrated the highest methodological feasibility: the technical renewal index was 
0.92, the operational benefit index – 0.86, the energy efficiency index – 0.89, the life-cycle cost index was 0.76, the net 
present value index was 0.39, and the risk load fell to 0.34. Integral ranking confirmed the superiority of this scenario, 
which received a reconstruction feasibility index of 0.54. This demonstrated that the most sound scenario is one in which 
technical modernisation is combined with digital control, energy management, reduced life-cycle costs and a managed 
level of risk uncertainty. The practical significance is determined by the possibility of using the proposed system of models 
for the preliminary selection of a feasible reconstruction scenario for enterprises in the construction industry of Ukraine

Keywords: life-cycle cost; return on investment; risk exposure; integrated ranking; payback period
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Introduction
The renovation of enterprises in the construction sector 
has become a strategic priority in the context of increasing 

requirements for resource efficiency, environmental sus-
tainability and the resilience of production systems. Unlike 
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In the study by M. Gubert et al. (2023), traditional and in-
dustrialised scenarios for deep renovation were compared, 
demonstrating the differences between renovation options 
in terms of costs, technological complexity and expected 
outcomes. This approach is relevant for developing the sce-
nario-based logic of a technical and economic justification, 
within which renovation can be viewed not as a single fixed 
project, but as a set of alternatives: minimal refurbishment, 
partial modernisation, comprehensive renovation, or reno-
vation incorporating digital and energy-efficient solutions. 
Y. Alsalem et al. (2023), using the example of the modern-
isation of an engineering system, demonstrated the impor-
tance of technical and economic evaluation in determining 
the effectiveness of reconstruction measures. Their findings 
confirmed that decisions regarding the upgrading of equip-
ment or engineering infrastructure should be based on a 
comparison of the initial investment, operating costs, ener-
gy efficiency and payback period.

The multi-criteria nature of selecting renovation 
solutions was explored by Y. Shi et al. (2024), where ener-
gy-efficient renovation strategies were evaluated based on 
energy, economic and comfort parameters. Although the 
study targeted buildings with a different functional pur-
pose, its methodological logic is relevant for enterprises 
in the construction sector, as the renovation of industrial 
facilities also requires a balance between costs, technical 
performance, operating conditions and long-term effects. 
D. Macek & S. Vitásek (2024) focused on risk analysis in 
building renovation and strategies for investors, which is 
particularly relevant for technical and economic justifica-
tion in conditions of uncertainty. In the renovation of con-
struction industry facilities, risks may be associated with 
cost overruns, changes in material costs, delays in work 
completion, insufficient return on investment, technical 
limitations of existing facilities, and incomplete input data. 
Approaches to sustainable building renovation are increas-
ingly based on a combination of economic, environmen-
tal and social criteria. M. Caruso et al. (2024) proposed an 
updated multi-criteria decision-making method for sus-
tainable renovation, which incorporates environmental, 
economic and social life-cycle metrics. This logic implies 
that the model for justifying a plant refurbishment must 
go beyond simple payback and encompass a broader set of 
criteria relating to the durability, resource efficiency, oper-
ational stability and adaptability of the production system. 
In a critical review of methods for analysing the costs and 
benefits of sustainable building renovations, S. Sharbaf & 
P. Schneider-Marin (2024) demonstrated that the financial 
assessment of renovation requires consideration not only 
of direct investment but also of future savings, operation-
al effects, maintenance costs and long-term benefits. This 
is directly consistent with the need to develop a technical 
and economic model capable of demonstrating not only 
the cost of refurbishment but also its viability over a longer 
time horizon.

An analysis of academic literature has shown that the 
renovation of buildings and industrial facilities is examined 

conventional refurbishment projects aimed solely at re-
storing the technical condition of facilities, contemporary 
renovation involves the comprehensive modernisation of 
buildings and engineering infrastructure, the integration 
of energy-efficient technologies and digital tools, and the 
optimisation of long-term operating performance. Under 
conditions of economic uncertainty and post-war recovery, 
the justification of renovation decisions requires integrat-
ed approaches capable of balancing technical, economic, 
environmental and risk-related considerations. The urgen-
cy of renovating Ukraine’s building stock is underscored 
by the scale of the renovation needs: according to a World 
Bank estimate  (2026), Ukraine’s total renovation and re-
construction needs for the period 2026-2035 amount to 
USD 588 billion. An additional factor is the introduction 
in Ukraine, from 1 April 2025, of requirements for nearly 
zero-energy buildings, which highlights the need to in-
corporate energy-efficient solutions when planning ren-
ovations (State Agency on Energy Efficiency and Energy 
Saving of Ukraine, 2025).

The issue of the economic effectiveness of innovative 
solutions in the activities of construction companies was 
examined by O. Malykhina et al. (2023), who demonstrated 
the correlation between the choice of innovation strategy 
and the economic performance of a company’s operational 
system. This approach demonstrated that the restructur-
ing of a construction enterprise cannot be assessed solely 
based on the volume of capital investment, as its feasibility 
is linked to the impact of restructuring measures on pro-
duction productivity, the stability of the operational sys-
tem, process costs and long-term economic returns. The 
environmental dimension of modernising enterprises in 
the construction industry was explored by U. Andrusiv et 
al.  (2024), where environmental modernisation is inter-
preted as an innovative production and management tech-
nology. This provides grounds for including in the technical 
and economic justification not only financial indicators but 
also parameters of resource conservation, energy efficien-
cy, environmental impact and the reduction of production’s 
impact on the environment. Digital approaches to evalu-
ating renovation decisions are actively developing in con-
nection with the use of Building Information Modelling 
(BIM). O. Doukari et al. (2023) proposed a BIM-oriented 
technical and economic framework for comparing building 
renovation strategies, which was used to assess options in 
terms of cost, timeframes, energy efficiency and operation-
al parameters. For companies in the construction sector, 
this approach is particularly relevant, as the refurbishment 
of production and ancillary facilities requires not only cost 
estimates but also digital validation of refurbishment sce-
narios. K.  Lu  et al.  (2023) systematised the relationship 
between building life-cycle cost analysis and BIM, demon-
strating that the combination of these tools enhances the 
soundness of decisions during the planning, design, opera-
tion and renovation stages of a facility. This has reinforced 
the need to incorporate life-cycle indicators into renovation 
assessment models for construction industry enterprises. 
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through the interplay of an enterprise’s innovation strategy, 
environmental modernisation, digital modelling, life-cycle 
cost analysis, scenario comparison, technical and economic 
evaluation of engineering systems, multi-criteria selection 
and risk analysis. At the same time, in the existing liter-
ature, these areas are mostly considered separately: some 
studies focus on digital modelling, others on life-cycle 
costs, energy efficiency, risks or the sustainability of ren-
ovation solutions. An integrated model for technical and 
economic justification remains underdeveloped; such a 
model would be suitable specifically for assessing the feasi-
bility of refurbishing enterprises in the construction sector 
and would combine the technical condition of the facility, 
the scale of investment, operating costs, energy efficiency, 
risks, payback period, life cycle and the strategic effective-
ness of the refurbishment.

The study aimed to develop a system of models that 
provides a comprehensive technical and economic justi-
fication for the feasibility of renovating enterprises in the 
construction sector, considering the technical condition of 
the facilities, investment returns, resource and energy ef-
ficiency, life-cycle costs and risk exposure. Achieving this 
aim involved the development of normative-methodologi-
cal and parametric models for the technical and economic 
justification of reconstruction; the construction of struc-
tural and scenario-based models of the interaction between 
technical, economic, investment, resource-energy and risk 
parameters; the development of a computational-integral 
model for ranking scenarios for the reconstruction of en-
terprises in the construction industry based on a recon-
struction feasibility index.

Materials and Methods
The study was theoretical and modelling-based, combin-
ing an analytical review of regulatory and methodologi-
cal sources with scenario-based, calculation- and assess-
ment-based, and risk-oriented modelling. The material 
basis of the study consisted of cost, design, construction, 
energy, life-cycle, environmental and risk-oriented sources, 
which were processed using various methods in accordance 
with their hierarchy and functional purpose. In Order of 
the Ministry of Community and Territorial Development 
of Ukraine No. 281 (2021), a regulatory-cost analysis was 
applied, which made it possible to determine the role of the 
cost estimate base in shaping initial investment costs, the 
structure of reconstruction costs and the financial prereq-
uisites for technical and economic evaluation. DBN A.2.2-
3:2014  (2014) was examined using the normative-design 
analysis method, as this document defines the composition 
of design documentation, initial data, technical specifica-
tions and the stages of preparing reconstruction solutions. 
DBN V.2.2-9:2018  (2018) was analysed using a function-
al and planning analysis to consider the requirements for 
administrative, auxiliary, service and production support 
components of enterprises in the construction industry.

The energy module of the model was developed 
through energy audits and structural-functional analysis. 

DSTU  EN  16247-3:2015  (2015) was used to determine 
the baseline energy consumption parameters of in-
dustrial processes, identify potential losses, and estab-
lish performance indicators for energy modernisation. 
ISO 50001:2018 (2018) was used as a basis for addressing 
energy consumption management, monitoring energy 
performance and reducing operational losses. ISO 15686-
5:2017  (2017) was used within the framework of life-cy-
cle analysis, as this standard provides a basis for consid-
ering not only initial costs but also operational, ongoing, 
discounted and final costs over the calculation horizon. 
ISO 14044:2006 (2006) was applied using the environmen-
tal and resource analysis method to incorporate resource 
efficiency parameters, reduce environmental impact and 
assess the consequences of technical upgrades throughout 
the life cycle. ISO 31000:2018 (2018) was used within the 
framework of risk-based analysis to categorise cost, sched-
ule, technical, market and regulatory risks that may affect 
the cost, implementation timeline, return on investment 
and overall viability of the refurbishment scenario.

The structural-systemic method was applied to identify 
five interrelated groups of parameters for the technical and 
economic feasibility study: technical suitability, economic 
impact, investment effectiveness, resource and energy sus-
tainability, and risk exposure. Technical suitability covered 
physical wear and tear, obsolescence, structural reliability, 
the condition of engineering networks, technological com-
patibility of equipment, and the ability to adapt buildings 
to new production needs. Economic effect included cap-
ital expenditure, changes in production costs, expected 
resource savings, productivity gains, and reductions in 
operational losses. Investment performance was deter-
mined by payback period, net present value, discounted 
cash flows, and the sensitivity of the result to changes in the 
cost of works or the expected effect. Resource and energy 
sustainability covered energy efficiency, reduced resource 
consumption, controllability of energy processes, and a re-
duction in life-cycle impact. Risk exposure considered cost, 
technical, schedule, market, and regulatory risks.

Comparative and scenario-based methods were used 
to compare alternative options for the restructuring of a 
hypothetical production and construction system at a 
construction industry enterprise. The study did not ana-
lyse a specific enterprise; the model was developed for an 
enterprise whose activities are related to construction pro-
duction, storage of materials, operation of repair areas, ad-
ministrative and amenity premises, engineering networks 
and energy infrastructure. Within the framework of sce-
nario modelling, four hypothetical reconstruction scenar-
ios were identified: maintaining the current state, partial 
modernisation, comprehensive reconstruction, and com-
prehensive reconstruction with a digital-energy compo-
nent. These were selected as typological options reflecting 
varying degrees of reconstruction intervention, ranging 
from no systematic renewal to local, comprehensive, and 
comprehensive digital-energy renewal of the production 
and construction system.
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A normalised model scale ranging from 0 to 1 was 
used to quantitatively compare the renovation scenar-
ios. The indices were calculated using the following al-
gorithm: first, the parameters to be assessed were deter-
mined for each scenario, specifically technical upgrades, 
capital expenditure, operational benefits, life-cycle cost, 
net present value, energy efficiency and risk exposure; 
next, each parameter was assigned a level of manifesta-
tion on a scale of 0.00-0.20 (minimum), 0.21-0.40 (low), 
0.41-0.60 (moderate), 0.61-0.80 (high), and 0.81-1.00 
(very high). For positive parameters, an increase in the 
index indicated a greater contribution to the feasibility 
of the refurbishment, whereas for capital expenditure, 
life-cycle costs and risk exposure, it indicated higher 
costs or a greater level of constraints. As the study was not 
tied to a specific enterprise, the normalised values were 
used as model calculation and assessment indicators to 
demonstrate the algorithm for the preliminary compari-
son of refurbishment scenarios.

The calculation and evaluation method was used to 
formalise the indicators used to determine the financial 
and operational viability of the refurbishment scenario. 
The input data for calculating the payback period, life-cy-
cle cost and net present value are the initial investment 
costs, projected cash flows or cost savings following re-
furbishment, operating costs, the discount rate, the dura-
tion of the calculation horizon and costs in the final peri-
od. In practical application, these data can be determined 
based on a preliminary refurbishment estimate, project 
documentation, energy audit results, the enterprise’s fi-
nancial plan, a forecast of operating costs, and assump-
tions regarding the cost of capital. Within the scope of 
this study, these indicators were used as model calcula-
tion parameters for comparing hypothetical refurbish-
ment scenarios, rather than as actual data for a specific 
enterprise. The payback period for the refurbishment 
project was defined as the ratio of the initial investment 
costs to the average annual increase in cash flow or cost 
savings following the refurbishment (1):

PP = I0
ΔCF

  ,                                     (1)

where PP – payback period for the refurbishment; I0 – initial 
investment costs, covering the costs of construction and in-
stallation works, upgrading of utility networks, equipment, 
project preparation and supervision of the refurbishment; 
ΔCF – the average annual increase in cash flow or cost sav-
ings following refurbishment, resulting from reduced ener-
gy consumption, operational losses and maintenance costs, 
and improved production efficiency.

Life-cycle costs were used to estimate the total costs as-
sociated with the construction and subsequent operation of 
the refurbished facility (2):

LCC = C0 + � Ct
�1+r)t

n

t=1

+ Cd
�1+r)n  ,            (2)

where LCC  – cost of a lifecycle; C0  – initial renovation 
costs; Ct – operating costs during the period t, in particular, 
costs relating to energy, upkeep, repairs, maintenance and 
the management of the facility; r – discount rate, reflecting 
the cost of capital and the time value of money; Cd – costs 
incurred during the final period relating to the disman-
tling, disposal, replacement of equipment or final refur-
bishment; – duration of the projection horizon.

The investment performance of the refurbishment 
solution was assessed using the net present value (3):

NPV = � CFt
�1+r)t

n

t=1

− I0  ,                    (3)

where NPV – net present value; CFt – cash flow during the 
period t; r – discount rate; I0 – initial investments. The val-
ues obtained for PP, LCC and NPV were incorporated into 
the composite index Krec by normalising the relevant calcu-
lated indicators on a scale of 0-1. The payback period and 
net present value formed the investment component of the 
model, as they reflected the rate of return on investment 
and the financial performance of the refurbishment. The 
life-cycle cost was used in the resource-energy and oper-
ational components, as it showed not only the initial costs 
but also the long-term financial burden following the im-
plementation of the refurbishment scenario. A lower value 
of PP and LCC after normalisation corresponded to a high-
er feasibility of the scenario, whilst a higher value of NPV 
increased the investment rating.

To summarise the technical, economic, investment, re-
source and energy, and risk parameters, a comprehensive in-
dex of the feasibility of the refurbishment was developed (4):

Krec = wTT + wEE + wII + wSS − wRR  ,        (4)

where Krec  – comprehensive feasibility index for recon-
struction; T – technical suitability of the property for ren-
ovation; E  – economic effect; I  – return on investment; 
S  – resource and energy sustainability; R  – risk load; wT, 
wE, wI, wS, wR  – weighting factors for relevant blocks. As 
part of the model-based ranking of scenarios, an equilib-
rium distribution of weighting coefficients was applied: 
wT

 = wE
 = wI

 = wS
 = wR

 = 0.2. This approach was used to demon-
strate the basic logic of an integrated comparison of scenari-
os without prioritising any particular evaluation component.

A risk-based analysis was used to refine the constraints 
of the integrated model and to determine the risk exposure 
index . Risks were grouped into five categories: cost, sched-
ule, technical, market and regulatory. For each risk group, 
a standardised scale from 0 to 1 was used, where 0.00-0.20 
indicated minimal risk, 0.21-0.40 – low, 0.41-0.60 – mod-
erate, 0.61-0.80 – high, and 0.81-1.00 – critical risk levels. 
Cost risk reflected the probability of exceeding the planned 
cost of the refurbishment; schedule risk – a possible devi-
ation from the implementation deadlines; technical risk – 
incomplete information about the actual condition of 
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structures, utility networks and equipment; market risk – 
changes in demand, resource costs or the company’s oper-
ating conditions; regulatory risk – changes in requirements 
for design, operation, energy efficiency and environmental 
safety. The overall risk load index was determined as the 
weighted average of the five risk components (5):

, (5)

where R – overall risk exposure index; Rc – budget risk; Rt – 
calendar risk; Rtech – technical risk; Rm – market risk; Rreg – 
regulatory risk; wc, wt, wtech, wm, wreg – weighting factors for 
the relevant risk groups. In the baseline model assessment, 
equal weighting was applied, with each risk group assigned 
a weight of 0.20. The resulting  value was included in the 
overall index of the feasibility of reconstruction as a limit-
ing factor; consequently, an increase in this value reduced 
the scenario’s overall score.

To facilitate decision-making within the conceptual 
model, threshold criteria for scenario selection were estab-
lished. A renovation scenario was considered methodologi-
cally acceptable if the technical suitability index was at least 
0.40, as a lower value indicated that the facility lacked suffi-
cient structural, engineering or technological suitability for 
refurbishment. An acceptable level of risk was defined as up 
to 0.60; for a value of R > 0.60, the scenario required fur-
ther review of the budget, timelines, technical solutions or 

R = wcRc + wtRt + wtechRtech + wmRm + wregRreg  

organisational conditions for implementation. The integrat-
ed reconstruction feasibility index Krec was used as the final 
ranking criterion: a value below 0.30 indicated low feasibili-
ty of the scenario, 0.30-0.49 – conditional acceptability, 0.50-
0.69 – sufficient feasibility, and a value of 0.70 and above – a 
high level of technical and economic justification. A limita-
tion of the study is that the proposed scenarios, normalised 
indices and calculated indicators are of a model nature and 
are not based on empirical data from a specific enterprise, 
the actual reconstruction cost estimate or real cash flows.

Results
The regulatory, methodological  
and parametric framework for the technical  
and economic justification of the refurbishment
An analysis of the regulatory and methodological frame-
work has shown that the technical and economic justifica-
tion for the refurbishment of enterprises in the construction 
sector has a multi-component structure and encompasses 
cost, design, spatial planning, energy, life-cycle, environ-
mental and risk-oriented parameters. This approach makes 
it possible to evaluate a reconstruction decision not only in 
terms of initial investment costs, but also in terms of tech-
nical feasibility, expected operational benefits, energy con-
sumption management, changes in life-cycle costs and the 
level of risk exposure. The functional breakdown of these 
components is presented in Table 1.

Table 1. Regulatory and methodological sources for developing a model for the technical  
and economic justification of the reconstruction of enterprises in the construction industry

Source: compiled by the author

Regulatory and 
methodological basis Scope of regulation

Section on the 
technical and economic 

feasibility study

Outcome for assessing the feasibility of the 
refurbishment

Order of the Ministry 
of Community and 

Territorial Development 
of Ukraine No. 281

Cost standards  
for the construction 
industry in Ukraine

Asset  
and investment unit

Determining the initial cost of the refurbishment, 
the cost structure and the basis for further 

investment appraisal

DBN A.2.2-3:2014
Composition and 

content of the project 
documentation

Design and 
documentation unit

Alignment of the renovation proposal with the 
initial data, technical specifications, design stages 

and the scope of design documentation

DBN V.2.2-9:2018
Requirements  

for public buildings 
and structures

Spatial planning unit
Consideration of structural and functional 

constraints for the administrative, ancillary, service 
and public-industrial components of the enterprise

DSTU EN 16247-3:2015
Energy audits  
of industrial 
processes

Energy audit unit
Determining baseline energy data,  

identifying energy losses and identifying areas  
for improving energy efficiency

ISO 50001:2018 Energy management 
systems

Energy management and 
performance monitoring

Incorporating energy performance indicators into 
the model and ensuring that energy consumption 

can be managed following the refurbishment

ISO 15686-5:2017
Life-cycle cost  

of buildings  
and structures

Life-cycle module
Assessing not only the initial cost,  

but also the operational, ongoing and final costs  
over the forecast period

ISO 14044:2006
Life cycle 

environmental 
assessment

Environmental unit
Consideration of the resource, energy  

and environmental implications  
of the refurbishment solution

ISO 31000:2018 Risk management Risk-based module

Adjustment of the final valuation to account  
for uncertainties regarding value, timing,  
technical condition, market conditions  

and regulatory conditions



Scientific Bulletin of Mukachevo State University. Series "Economics", 13(2)
73

Pidodnia

The data in Table   1 demonstrate that the regulatory 
and methodological framework for technical and econom-
ic justification has a hierarchical structure. Its basic level 
is formed by cost estimates and design requirements, as it 
is impossible to proceed to the investment appraisal of the 
refurbishment without determining the cost of the works, 
the composition of the documentation and the technical 
specifications. The second level consists of spatial planning 
and energy requirements, which correlates the renovation 
with the functional adaptation of buildings, the condition 
of engineering systems and the potential for reducing en-
ergy consumption. The third level encompasses life-cycle, 
environmental and risk assessments, which can be used 
to analyse the renovation not only as a one-off investment 
project, but as a long-term change to the production and 
construction system. The systematisation revealed the 
functional distribution of regulatory sources within the 
integrated model. Order of the Ministry of Community 
and Territorial Development of Ukraine No. 281 (2021) es-
tablishes the cost estimation and valuation framework for 
renovation; DBN A.2.2-3:2014  (2014) defines design and 
documentation requirements; DBN V.2.2-9:2018  (2018) 
specifies the spatial planning and functional constraints 
for the administrative, auxiliary and service components 
of the enterprise; DSTU EN 16247-3:2015 (2015) and ISO 
50001:2018 (2018) provide the energy assessment section; 
ISO 15686-5:2017 (2017) is used for life-cycle cost assess-
ment, ISO 14044:2006 (2006) – for accounting for resource 
and environmental impacts, and ISO 31000:2018 (2018) – 
for the risk-oriented module of the model. The budgetary 
framework defines the initial financial scope of the refur-
bishment; the design framework establishes the link be-
tween economic decisions and technical implementation; 
the energy framework demonstrates the potential for re-
ducing energy losses; the life-cycle framework broadens 
the scope of assessment; the environmental framework 
takes resource implications into account; and the risk-ori-
ented framework adjusts the overall feasibility to account 
for uncertainty. This provided the basis for a transition 
from a prescriptive list to a structural model of parameters, 

in which each source is linked to a corresponding group of 
indicators. Thus, the results of the normative and method-
ological systematisation have made it possible to establish 
that the model for the technical and economic justification 
of the reconstruction of enterprises in the construction 
industry should be structured as an integrated system, in 
which estimated cost, project preparation, spatial and plan-
ning constraints, energy efficiency, life-cycle cost, environ-
mental impact and risk exposure are considered as interre-
lated components. This framework facilitates the transition 
to the further systematisation of five groups of parameters 
for the feasibility of reconstruction: technical suitability, 
economic effect, investment performance, resource and 
energy sustainability, and risk exposure.

The technical and economic feasibility of renovating 
enterprises in the construction sector has been structured 
into five components, with each group of parameters re-
flecting a separate aspect of the decision-making process 
regarding renovation. Technical suitability determines the 
feasibility of upgrading existing buildings, utility networks 
and technological equipment; economic effect characterises 
the expected change in costs, productivity and operational 
losses; investment performance indicates the financial re-
turn on investment over the forecast horizon; resource and 
energy sustainability reflects the ability of the refurbish-
ment to reduce resource consumption and maintain the 
manageability of energy processes; risk exposure identifies 
constraints that may reduce the expected outcome due to 
uncertainty regarding cost, timing, technical condition or 
market conditions. The resulting framework showed that 
the feasibility of refurbishment cannot be determined by a 
single dominant indicator. A low estimated cost does not 
guarantee the rationality of a scenario if it does not elimi-
nate technical constraints, reduce operating costs or ensure 
an acceptable level of resource and energy sustainability. 
At the same time, a scenario with higher initial investment 
may receive a better overall assessment due to a longer eco-
nomic effect, lower life-cycle costs, greater adaptability of 
the facility and a lower risk burden. The relationship be-
tween these groups of parameters is presented in Table 2.

Table 2. Groups of parameters relating to the technical and economic feasibility  
of renovating enterprises in the construction sector

Parameter 
group Assessment content Key indicators

Impact on the comprehensive 
index of the feasibility  

of reconstruction

Technical 
suitability

Determines the feasibility and 
practicality of refurbishment based 

on the current condition of the 
buildings, utility networks, technical 

equipment and spatial layout

Physical wear and tear; 
obsolescence; structural integrity; 

condition of utility networks; 
technological compatibility of 

equipment; adaptability of buildings 
to new operational requirements

Increases the index provided the 
property is sufficiently suitable 
for refurbishment; reduces the 

feasibility if the property is heavily 
worn or cannot be adapted

Economic 
impact

Describes the expected changes in 
costs, productivity and operational 

performance following the 
refurbishment

Capital expenditure; changes in 
production costs; resource savings; 

productivity gains; reduction 
in operational losses; lower 

maintenance costs

Increases the index when there is 
an improvement in cost savings, 
productivity and a reduction in 
operating costs; decreases the 

index when the operational impact 
is insufficient
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The data in Table  2 show that the parameters of the 
technical and economic feasibility of the refurbishment 
affect the final assessment differently. Technical feasibility 
serves as a prerequisite for the model, since even an eco-
nomically attractive scenario cannot be justified if there is 
no structural, engineering or technological possibility of its 
implementation. Economic impact and investment perfor-
mance form the financial core of the assessment, yet they 
have different focuses: economic impact captures expected 
changes in costs and productivity, whilst investment perfor-
mance indicates whether these changes can offset the initial 
investment within the projection horizon. Resource and 
energy sustainability extends the assessment beyond short-
term savings, as it considers the long-term manageability of 
energy consumption, the reduction in resource costs, and 
the impact of the refurbishment on the enterprise’s future 
operations. In this context, what is relevant is not only the 
reduction in energy costs, but also the enterprise’s ability 
to maintain controlled operational parameters after the re-
furbishment is complete. In contrast to other factors, risk 
does not increase the feasibility of refurbishment but serves 
a corrective function. Its inclusion in the model demon-
strates that the overall effectiveness of a refurbishment sce-
nario depends not only on expected benefits but also on 
the likelihood of cost overruns, implementation delays, 
technical complications, or changes in market and regula-
tory conditions. High technical viability without sufficient 
economic benefits does not justify the investment, and a 
positive net present value may lose its significance if there is 
a high implementation risk or high life-cycle costs. The sys-
tematisation of parameters has made it possible to develop 
the internal structure of a model for assessing the techni-
cal and economic feasibility of renovating enterprises in 
the construction sector. The study established that such 
a model must combine an assessment of technical condi-
tion, expected economic benefit, financial performance, 

resource and energy sustainability, and risks. This provides 
the basis for constructing a structural model for justifying 
reconstruction, in which these groups of parameters inter-
act with one another and form a final decision regarding 
the choice of a scenario for the enterprise’s modernisation.

A structural-scenario model  
for evaluating reconstruction alternatives
The structure of the technical and economic feasibility 
study revealed that the feasibility of renovating a construc-
tion company is determined not by isolated indicators, but 
by the interaction of several functionally linked compo-
nents, which collectively influence the final decision. At 
the heart of this system lies an integrated assessment of 
the feasibility of reconstruction, which synthesises tech-
nical, economic, investment, resource-energy and risk pa-
rameters into a single analytical framework. This approach 
treats reconstruction not as a separate construction pro-
ject, but as a comprehensive management and investment 
decision formed at the intersection of the technical con-
dition of the facility, the expected benefits of the refur-
bishment, and implementation constraints. The structural 
model of the technical and economic justification for the 
feasibility of reconstructing a construction industry enter-
prise is presented in Figure 1. As shown in Figure 1, at the 
centre of the model lies an integrated decision regarding 
the feasibility of renovating a construction industry en-
terprise. This decision is formed through the interaction 
of five parametric blocks: technical suitability, economic 
impact, investment effectiveness, resource and energy sus-
tainability, and risk exposure. Within the model, technical 
suitability reflects the actual condition of buildings, en-
gineering networks, technological equipment and spatial 
planning structure, and also sets the technical limits of the 
reconstruction decision, considering the requirements for 
the composition of project documentation in accordance 

Parameter 
group Assessment content Key indicators

Impact on the comprehensive 
index of the feasibility  

of reconstruction

Investment 
performance

Reflects the financial viability of 
the refurbishment over the forecast 

period and the project’s ability to 
generate a return on investment

Payback period; net present value; 
discounted cash flows; sensitivity 
to changes in the cost of works, 

the discount rate and the expected 
return

Improves the index in terms of 
positive return on investment, an 

acceptable payback period and the 
resilience of the results to changes 

in initial conditions

Resource 
and energy 

sustainability

Assesses the long-term ability 
of a refurbishment solution to 
reduce resource consumption, 

energy costs and the company’s 
operational dependence

Energy efficiency; reduced resource 
consumption; controllability of 
energy processes; lower life-

cycle costs; stability of operating 
parameters

Improves performance by reducing 
energy consumption, lowering 
resource usage and enhancing 

operational control

Risk exposure

Determines the degree of 
uncertainty that may reduce 
the expected impact of the 

redevelopment or complicate  
the implementation  

of the chosen scenario

Cost risks; technical risks; schedule 
risks; market risks; regulatory risks; 

uncertainty regarding the actual 
condition of the facility

Has a negative impact on the index; 
reduces the overall viability of the 

scenario where there is a high 
probability of cost overruns,  
delays or failure to achieve  

the intended effect

Table 2, Continued

Source: developed by the author based on the estimated cost, design, energy, life-cycle and risk-based approaches to 
evaluating the refurbishment
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with DBN  A.2.2-3:2014  (2014). The economic effect re-
flects the expected reduction in costs, increase in produc-
tivity, reduction in operational losses and the formation 
of the cost estimate basis for the renovation in accordance 
with Order of the Ministry of Community and Territorial 

Development of Ukraine No. 281 (2021). Investment per-
formance shows the relationship between the volume of 
investment and the expected financial return, and is there-
fore linked to the payback period, discounted cash flows 
and net present value.

Technical suitability affects capital expenditure 
and technical feasibility 

→ 

Economic impact 
causes reduced costs, 

resource savings 
and increased productivity 

→ 
INTEGRAL INTEGRAL 

Investment 
performance 

calculates PP, NPV 
and financial viability 

→ 
Krec INDEX 

→ 
SOLUTION 

Resource and 
energy sustainability 

affects the LCC 
and operating costs 

→ Selection of a 
renovation plan 

Risk load R index adjusts the estimate 
and reduces Krec 

→

Figure 1. Structural model for the technical and economic justification of the feasibility  
of a construction company’s refurbishment

Source: compiled by the author based on a systematisation of cost, design, energy, life-cycle, environmental and risk-based 
parameters of the refurbishment

Resource and energy sustainability refers to the ability 
of a refurbishment project to reduce energy consumption, 
resource use and life-cycle costs. This module combines 
the results of energy audits of industrial processes, ener-
gy management and life-cycle assessment, in accordance 
with the provisions of DSTU EN 16247-3:2015 (2015), ISO 
15686-5:2017 (2017) and ISO 50001:2018 (2018). The envi-
ronmental dimension of this part of the model relates to the 
resource and energy impacts of the refurbishment solution 
throughout its life cycle, following ISO 14044:2006 (2006). 
The risk factor serves a corrective function, as it accounts 
for the probability of cost overruns, delays, technical com-
plications, market changes or regulatory requirements; 
this logic is consistent with the risk-based approach of 
ISO 31000:2018  (2018). All blocks of the model form a 
closed-loop assessment system, within which a change in 
one parameter affects other components of technical and 
economic feasibility. For example, a high level of techni-
cal wear and tear may increase capital expenditure, extend 
the payback period and heighten implementation risks, 
whilst improving resource and energy sustainability can 
enhance the economic impact, reduce life-cycle costs and 
improve investment performance. The structural model 
shows that the choice of a refurbishment scenario should 
not be based on a single dominant criterion, but rather on 
a balance between technical feasibility, economic benefits, 
return on investment, energy stability and an acceptable 
level of risk. The presented structural model for assessing 
the feasibility of reconstructing a construction industry 
enterprise reflects an interrelated system of parameters, in 
which technical suitability determines the possibility of re-
construction, economic effect and investment performance 
determine its financial feasibility, resource and energy sus-
tainability characterise the long-term operational effect, 

and the risk burden adjusts the final assessment. The output 
of the model is the selection of a reconstruction scenario 
that best meets the criteria of technical and economic fea-
sibility and ensures a balance between investment returns, 
operational stability and a controlled level of uncertainty.

A scenario-based comparison of refurbishment alter-
natives has shown that the choice of the most appropriate 
option for upgrading a construction industry enterprise 
cannot be based solely on minimising initial capital expend-
iture. Each scenario involves a different level of technical 
complexity and has a different impact on operating costs, 
energy efficiency, return on investment and risk exposure. 
Therefore, maintaining the current state, partial modern-
isation, comprehensive refurbishment and comprehensive 
refurbishment with a digital-energy component differ not 
only in the scale of construction and technical changes, but 
also in the enterprise’s long-term ability to reduce costs, 
maintain productivity and manage risks. The summarised 
results of the scenario comparison are presented in Table 3.
The data in Table 3 show that the “maintain current status” 
scenario has the lowest capital expenditure index  – 0.15, 
but is characterised by the lowest operational efficiency – 
0.05, low energy efficiency  – 0.20, a zero-payback index 
and the highest risk load – 0.78. This indicates that reduc-
ing the initial investment does not eliminate technical, 
energy and operational constraints. Partial modernisation 
yields intermediate values: the technical upgrade index is 
0.45, the operational effect is 0.38, energy efficiency is 0.48, 
the normalised payback index is 0.56, and the risk load is 
reduced to 0.52. This scenario provides a local effect but 
does not comprehensively transform the production and 
construction system. Comprehensive reconstruction in-
creases the technical renewal index to 0.78, the operational 
efficiency index to 0.72 and the energy efficiency index to 
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0.71, although it has a higher capital intensity of 0.76 and a 
lower normalised payback index of 0.48. The comprehen-
sive refurbishment scenario with a digital-energy compo-
nent has the highest values for technical renewal  – 0.92, 
operational efficiency – 0.86, and energy efficiency – 0.89; 
the lowest LCC index – 0.76; the highest NPV index – 0.39; 

and the lowest risk load – 0.34. Thus, the scenario compar-
ison demonstrated that the feasibility of the refurbishment 
is determined not by the minimum initial costs, but by the 
balance between technical modernisation, operational ef-
ficiency, energy efficiency, life-cycle costs, investment per-
formance and risk.
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Saved current status 0.10 0.15 0.05 0.00 1.00 0.00 0.20 0.78 Base scenario for comparison;  
does not provide a system update

Partial modernisation 0.45 0.42 0.38 0.56 0.92 0.18 0.48 0.52 Suitable for locally addressing 
technical limitations

Comprehensive refurbishment 0.78 0.76 0.72 0.48 0.84 0.31 0.71 0.44
Suitable for the systematic 

modernisation of the industrial  
and construction infrastructure

Comprehensive refurbishment with 
a digital and energy component 0.92 0.88 0.86 0.43 0.76 0.39 0.89 0.34 Suitable for strategic renewal  

and long-term sustainability

Table 3. A scenario-based comparison of alternatives for the restructuring of a construction company

Table 4. The functional role of calculation indicators in the model for justifying the feasibility of reconstruction

Source: compiled by the author based on the calculation and estimation logic of the technical and economic justification 
for the reconstruction, using equations (1-4)

Source: developed by the author as a standardised model for evaluating reconstruction scenarios on a 0-1 scale, using 
formulas (1-3) and considering cost, design, energy, life-cycle and risk frameworks

Calculational and integrative assessment  
and ranking of reconstruction scenarios
The results of the functional comparison showed that each 
indicator has a distinct zone of analytical sensitivity. The 
payback period is most informative for scenarios with a rel-
atively rapid return on investment, but may underestimate 
long-term operational losses. Life-cycle cost highlights 

the difference between scenarios with low initial costs and 
those with higher initial investments but lower subsequent 
costs. Net present value reflects financial performance over 
time, whilst the integrated index can be used to compare 
financial indicators with technical, energy and risk compo-
nents. The generalised role of these indicators in the feasi-
bility model for the refurbishment is presented in Table 4.

Indicator Evaluated aspect Management significance Scenarios in which the indicator 
is critical

Payback period, 
PP

Payback period based on 
increased cash flow or cost 

savings

Can be used to determine the rate of 
return on investment and compare 

scenarios in terms of short- and 
medium-term financial attractiveness

Partial modernisation; 
comprehensive refurbishment; 

comprehensive refurbishment with 
a digital and energy component

Life-cycle cost, 
LCC

Total costs for implementation, 
operation and the final phase 

over the forecast period

Can be used for a shift from assessing 
the initial cost to assessing the total 
cost of ownership of a refurbished 

production and construction system

Comprehensive refurbishment; 
comprehensive refurbishment 

with a digital and energy 
component

Net present 
value, NPV

Discounted financial result of 
the reconstruction scenario, 

incorporating the initial 
investment

Indicates the investment performance 
of the scenario and its ability to 

generate a positive economic return 
over the forecast period

Partial modernisation; 
comprehensive refurbishment; 

comprehensive refurbishment with 
a digital and energy component

Comprehensive 
reconstruction 

feasibility 
index, Krec

Overall assessment of technical 
suitability, economic impact, 

investment performance, 
resource and energy 

sustainability, and risk exposure

Ranks scenarios and selects the 
option that offers the best balance  

of effectiveness, cost, sustainability  
and risk

All scenarios, including the 
baseline scenario of maintaining 

the current status quo

The data in Table 4 showed that each calculated indi-
cator served a specific management purpose. The payback 

period was used for a quick comparison of scenarios in 
terms of the time taken to recoup the investment, but did 
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not incorporate subsequent costs after the payback period 
had ended. Therefore, the scenario with the shortest pay-
back period was not necessarily the most appropriate in the 
long term. This situation could arise when a local upgrade 
required lower initial costs but did not eliminate systemic 
operational losses. The life-cycle cost indicator expanded 
the assessment, as it can be used to consider costs not only 
during the implementation phase of the refurbishment but 
also during the subsequent operational period. This indi-
cator revealed the difference between scenarios with a low-
er initial cost and those with higher capital intensity, but 
which ensured cost reductions over a longer period. Net 
present value complemented this logic with an investment 
dimension, as it showed whether a scenario generated a fi-
nancial return after accounting for initial investments and 
discounting future cash flows.

The comprehensive index of the feasibility of recon-
struction served as a summary indicator for the model, as 
it combined parameters that could not be fully captured 
by payback period, life cycle or net present value alone. 
Its significance stemmed from the fact that it was used for 
the simultaneous consideration of the technical suitability 
of the facility, economic impact, investment performance, 
resource and energy sustainability, and risk exposure. In 
this context, the risk component served as a corrective fac-
tor and could lower the final assessment even when the 
scenario demonstrated positive economic indicators. A  

comparison of the functions of the indicators showed that 
the isolated use of a single calculation criterion did not 
provide a complete assessment of the refurbishment. A 
short payback period did not always mean the best long-
term viability, and a lower initial cost could be accompa-
nied by higher operating costs, a weaker resource and en-
ergy efficiency, or higher implementation risks. Therefore, 
the calculation and evaluation model demonstrated the 
need to combine the PP, LCC, NPV and Krec indicators 
into a single system, where each indicator performs a sep-
arate function, and the final decision is formed through 
their mutual interpretation.

An integrated ranking of the scenarios showed that the 
overall feasibility of the refurbishment did not vary in pro-
portion to the level of initial expenditure, but depended on 
the balance between technical suitability, economic impact, 
investment performance, resource and energy sustainabil-
ity, and risk exposure. Within the model assessment, sce-
narios involving a greater extent of technical upgrading 
achieved better rankings only when the increase in capital 
expenditure was offset by lower life-cycle costs, higher en-
ergy efficiency, better investment performance and reduced 
risks during the subsequent operational period. The inte-
grated ranking of scenarios was performed using formula 
(4), in which the risk burden had a negative impact on the 
final index. Table 5 presents the model ranking of the four 
refurbishment scenarios.

Table 5. Model-based ranking of reconstruction scenarios using the Krec integral index

Source: calculated by the author using the integrated model for the technical and economic feasibility study of the 
reconstruction, in accordance with equations (4-5)

Scenario
T – 

technical 
suitability

E – 
economic 

impact

I – 
investment 

performance

S – Resource 
and energy 

sustainability

R – Risk 
exposure Krec

Relevancy 
rank

Saved current status 0.10 0.05 0.00 0.20 0.78 -0.09 IV
Partial modernisation 0.45 0.38 0.18 0.48 0.52 0.19 III

Comprehensive refurbishment 0.78 0.72 0.31 0.71 0.44 0.42 II
Comprehensive refurbishment  

with a digital and energy component 0.92 0.86 0.39 0.89 0.34 0.54 I

The data in Table  5 showed that the “maintain cur-
rent status” scenario received the lowest overall score  – 
Krec

 = -0.09. This result was explained by the fact that the 
minimal current costs did not compensate for the low tech-
nical suitability, lack of investment returns, weak resource 
and energy efficiency, and the highest risk load – 0.78. The 
obtained value indicated that foregoing reconstruction may 
appear less costly only in the short term; however, in the 
longer term, it exacerbates the enterprise’s technical, op-
erational and energy constraints. The partial modernisa-
tion scenario received an integral index of Krec

 = 0.19 and a 
third-place ranking in terms of feasibility. It demonstrated 
better values compared to the baseline option in terms of 
technical suitability, economic effect and resource-ener-
gy sustainability, but remained limited due to the local-
ised nature of the upgrade. A risk load of 0.52 indicated 
that partial modernisation reduces certain technical and  

operational risks but does not eliminate the systemic con-
straints of the production and construction system. Com-
prehensive reconstruction was ranked second with a Krec 
value of 0.42. Its advantage was determined by higher 
values for technical suitability (0.78), economic efficiency 
(0.72) and resource and energy sustainability (0.71). This 
scenario provided for a more comprehensive refurbish-
ment of buildings, utility networks, equipment and the 
spatial layout. At the same time, the risk score of 0.44 re-
mained significant due to the greater complexity of imple-
mentation, the larger scope of work and the need to coor-
dinate several of the enterprise’s subsystems. The highest 
overall score was awarded to the scenario involving com-
prehensive refurbishment with a digital-energy compo-
nent – Krec

 = 0.54, which secured it first place in terms of 
feasibility. Its advantage was linked to the highest values 
for technical feasibility – 0.92, economic effect – 0.86, and 
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resource and energy sustainability  – 0.89. The inclusion 
of digital monitoring, energy management and control of 
operational parameters enhanced the scenario’s ability to 
reduce life-cycle costs and maintain the enterprise’s man-
ageability after the completion of the reconstruction. The 
lower risk load – 0.34 – indicated that, in the long term, the 
digital-energy component not only improves operational 
performance but also reduces the uncertainty of managing 
the reconstructed system. A comparison of the scenarios 
demonstrated that the overall feasibility of modernising en-
terprises in the construction sector was not determined by 
a single indicator. The scenario with the lowest initial costs 
had the worst overall outcome due to weak economic and 
resource-energy effects and a high-risk load. Partial mod-
ernisation brought about local improvements but did not 
ensure sufficient systematicity. Comprehensive refurbish-
ment yielded the highest technical and economic perfor-
mance, whilst comprehensive refurbishment incorporating 
a digital and energy component demonstrated the best 
balance between technical modernisation, economic bene-
fits, investment returns, resource and energy sustainability, 
and risk management. The results of the integrated rank-
ing made it possible to refine the overall logic behind the 
choice of reconstruction scenario. The most comprehensive 
assessment was provided by a combination of cost, design, 
energy, life-cycle, investment and risk-oriented logic. The 
Krec integrated index made it possible to compare scenarios 
not only in terms of costs, but also in terms of their ability 
to ensure the long-term sustainability of the enterprise, re-
duce operational burden and maintain an acceptable level 
of risk. Therefore, the scenario in which technical modern-
isation was combined with energy management, life-cy-
cle cost control and the reduction of risk uncertainty was 
deemed to have the highest methodological merit.

A summary of the findings showed that the technical 
and economic justification for the feasibility of renovating 
enterprises in the construction sector should be viewed as a 
system of interrelated models: regulatory and methodolog-
ical, parametric, structural, scenario-based, and computa-
tional-integral. The normative-methodological model de-
fined the assessment framework by combining cost, design, 
energy, life-cycle, environmental and risk-oriented require-
ments. The parametric model made it possible to identify 
five key factors determining the feasibility of reconstruc-
tion: technical suitability, economic impact, investment 
performance, resource and energy sustainability, and risk 
exposure. A scenario comparison showed that minimal in-
itial costs do not guarantee the best outcome, as the “main-
tain current status” scenario had the highest risk load and 
the lowest long-term effect. Calculated-integral ranking 
demonstrated the advantage of a comprehensive refurbish-
ment with a digital-energy component, which received the 
highest Krec index due to the combination of technical up-
grading, energy management, life-cycle cost control, and 
reduced risk uncertainty. The results confirmed that the 
choice of renovation scenario should be based not on a sin-
gle indicator, but on a balanced combination of cost, return 

on investment, operational sustainability, energy efficiency 
and an acceptable level of risk.

Discussion
A comparison of the results obtained with current research 
showed that the proposed system of models expanded the 
traditional interpretation of renovation as a standalone in-
vestment or cost-estimation decision. In the present study, 
the feasibility of renovation was demonstrated through 
the interaction of regulatory-methodological, parametric, 
structural, scenario-based, and computational-integral 
models. This result was consistent with the findings of 
S.  Cova  et al.  (2021), who, when assessing economically 
optimal investments in building retrofits, demonstrated 
the importance of combining the cost of measures with 
long-term outcomes. At the same time, the resulting model 
differed in its broader scope, as it transferred the logic of 
investment feasibility from the level of an individual build-
ing to the level of the construction industry as a produc-
tion-construction system. A similar temporal dimension of 
renovation was evident in the study by I. Maia et al. (2021), 
where a step-by-step retrofit model was proposed, incor-
porating the optimal timing for implementing measures. 
The results presented complemented this approach, as they 
showed that the choice of scenario depended not only on 
the timing of implementation but also on a combination 
of technical feasibility, economic impact, investment per-
formance, resource and energy sustainability, and risk ex-
posure. The findings of P. Palma et al.  (2021), which em-
phasised the cost of energy-efficient refurbishment of the 
housing stock, were also consistent with the conclusions 
reached: in the presented model, the initial cost did not act 
as an independent criterion of optimality, as the “maintain 
current state” scenario had the lowest capital expenditure 
index of 0.15, but received the worst overall ranking due 
to its poor operational performance and high-risk bur-
den. The life-cycle logic of the results obtained was con-
sistent with the direction of research in which renovation 
was considered in terms of total costs, environmental 
impacts and long-term operational performance. O. Fahl-
stedt et  al.  (2024), in a review of studies on building re-
furbishment and life-cycle assessment, demonstrated that 
the benefits of refurbishment cannot be accurately deter-
mined without considering the consequences throughout 
the entire period of the building’s use. This was consistent 
with the result obtained, according to which the life cycle 
cost index became one of the key indicators in the scenario 
comparison. The conclusions of G. Maselli et al. (2024) re-
garding the use of Life Cycle Costing in structural analysis 
and design were consistent with the finding that, in the cal-
culation and evaluation model, the life cycle cost indicator 
was used for the short-term cost-effectiveness of a scenario 
to be distinguished from its long-term viability. A similar 
issue regarding the limits of applying Life Cycle Costing 
in decision-making processes was examined by S.  Gil  et 
al.  (2025). The results obtained confirmed their conclu-
sion that the life-cycle approach must be integrated into a 
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broader assessment framework, as it does not independent-
ly address technical suitability, return on investment and 
implementation risks. The findings of L.  Gustavsson & 
C.  Piccardo  (2022) regarding the optimisation of energy 
retrofits across different materials, economic scenarios and 
energy supply systems were also consistent with a scenar-
io-based model, in which the top ranking was not award-
ed to the cheapest option, but to the scenario offering the 
best balance of energy efficiency, life-cycle costs and risk 
manageability. The conclusions of H. Zhang et al. (2021) on 
the application of Pareto optimisation in the assessment of 
energy retrofits using life-cycle logic were similar to the in-
tegral ranking obtained, as in both cases optimality was de-
termined not by a single indicator but by a balance between 
several criteria. The review by M.  Papangelopoulou  et 
al.  (2025), dedicated to the financial evaluation of energy 
retrofits, confirmed the importance of combining invest-
ment and technical indicators, as reflected in the combi-
nation of payback period, net present value, life-cycle cost 
and the integrated retrofit feasibility index.

The parametric and scenario-based components of 
the results obtained were conceptually similar to studies in 
which renovation solutions were evaluated using multi-cri-
teria models. J. Amorocho & T. Hartmann (2022) proposed 
a multi-criteria approach to the renovation of residential 
buildings using pairwise comparisons and the Technique 
for Order Preference by Similarity to Ideal Solution (TOP-
SIS) method. The obtained results were consistent with this 
logic, as the parametric model also involved comparing 
several groups of indicators, but was adapted to enterpris-
es in the construction industry and supplemented with a 
risk module. The study by P. Spūdys et al. (2025), in which 
payback was combined with embodied carbon costs and 
stakeholder priorities, supported the study’s conclusion 
that renovation cannot be assessed solely based on the pay-
back period. In the study’s model, a shorter payback period 
did not guarantee higher overall feasibility if the scenario 
retained high risks or failed to ensure resource and ener-
gy sustainability. K. Theilig et al.  (2025), comparing mul-
ti-criteria decision-making methods for energy renovation, 
showed that the ranking result depends on the structure of 
the criteria and the method of their weighting. This was di-
rectly relevant to the integrated ranking in this study, where 
the balanced distribution of weighting coefficients made it 
possible to demonstrate the underlying logic of scenario 
selection without reference to the priorities of a specific en-
terprise. At the same time, the obtained results expanded 
upon the approaches outlined by incorporating not only 
energy and financial parameters, but also technical suita-
bility, operational resilience and risk exposure. A separate 
section of the comparison focused on the digitalisation of 
renovation solutions. S.  Jiang et al.  (2023) identified gaps 
and requirements for the application of automated archi-
tectural design in building renovation. The study’s findings 
aligned with this direction, as the comprehensive renova-
tion scenario with a digital-energy component received the 
highest overall rating precisely due to the combination of 

technical upgrades, digital monitoring of operational pa-
rameters and energy management. The bibliometric review 
by S. Adekunle et al. (2021) demonstrated the growing role 
of digital transformation in the construction industry, which 
was consistent with the results obtained: the digital-energy 
component reduced the risk load to 0.34 and enhanced re-
source and energy sustainability to 0.89. The conclusions of 
R. Charef & S. Emmitt (2020) regarding the use of BIM to 
overcome barriers to the circular economy were also rele-
vant to the structural model obtained. In the study, digital 
support was not considered merely as a design tool, but was 
incorporated into a broader assessment system, where it in-
fluenced operational manageability, life-cycle cost control 
and the reduction of uncertainty in the refurbishment sce-
nario. Thus, the findings complemented previous research 
in that digitalisation was linked not only to design accura-
cy but also to the overall feasibility of the plant’s refurbish-
ment. A comparison with works on the circular economy 
and sustainability in the construction sector showed that 
the proposed system of models corresponded to the broad-
er trend of moving from one-off refurbishment solutions 
to long-term, balanced renewal strategies. B.  Guerra & 
F. Leite (2021) identified stakeholders’ awareness, barriers 
and factors influencing the implementation of the circular 
economy in construction, which aligned with the conclu-
sion that it is necessary to take into account not only tech-
nical and financial parameters, but also organisational and 
risk-related factors. E.  Gasparri  et al.  (2023) highlighted 
gaps in research on the circular economy in construction, 
particularly regarding the need for new integrated research 
frameworks. The resulting normative-methodological and 
parametric models partially met this need, as they com-
bined cost, design, energy, life-cycle and risk logic within a 
single assessment framework. B. Dams et al. (2023) showed 
in an analysis of the scaling of bio-oriented construction 
that sustainable solutions require simultaneous considera-
tion of technical capabilities, the market, resources and reg-
ulatory constraints. A similar pattern emerged in the pres-
ent study: a high level of resource and energy sustainability 
would not provide an overall advantage without technical 
suitability, investment efficiency and controlled risk. This 
confirmed that the restructuring of enterprises in the con-
struction sector should be assessed as a multi-factor pro-
cess, rather than as a set of individual modernisation meas-
ures. The risk-oriented set of results was consistent with 
contemporary research on risk management in sustainable 
construction. R.  Almashhour  et al.  (2025) examined the 
transition from traditional to sustainable risk management 
in the construction industry, which corresponded to the 
study’s conclusion regarding the corrective role of risk ex-
posure in the integrated model. In the present study, risk 
was not an external add-on to financial calculations, but 
directly reduced the final feasibility index of the refurbish-
ment. Therefore, the “maintain current state” scenario re-
ceived the lowest score of Krec

 = -0.09 with a high-risk load 
of 0.78, despite a low capital expenditure index. A system-
atic review by F. Wang et al. (2025) on risk management in 
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Pidodnia

Моделі техніко-економічного обґрунтування доцільності  
реконструкції підприємств будівельної галузі

Олександр Підодня
Аспірант

Український державний університет науки і технологій
49010, вул. Лазаряна, 2, м. Дніпро, Україна

https://orcid.org/0009-0006-2156-0682

Анотація. Метою дослідження було розроблення системи моделей техніко-економічного обґрунтування 
доцільності реконструкції підприємств будівельної галузі з урахуванням технічних, інвестиційних, ресурсно-
енергетичних, життєво-циклових і ризикових параметрів. У результаті сформовано нормативно-методичну, 
параметричну, структурну, сценарну та розрахунково-інтегральну моделі оцінювання реконструкційних 
рішень. Встановлено, що доцільність реконструкції не може визначатися лише кошторисною вартістю 
або строком окупності, оскільки вона залежить від взаємодії технічної придатності, економічного ефекту, 
інвестиційної результативності, ресурсно-енергетичної стійкості та ризикового навантаження. Сценарна 
модель дала змогу зіставити альтернативи не лише за початковими витратами, а й за довгостроковим 
ефектом, енергоефективністю, вартістю життєвого циклу та рівнем ризику. Сценарне порівняння показало, 
що збереження поточного стану має найнижчий індекс капітальних витрат – 0,15, але характеризується 
мінімальним експлуатаційним ефектом – 0,05, низькою енергоефективністю – 0,20 і найвищим ризиковим 
навантаженням – 0,78. Найвищу методичну доцільність продемонстрував сценарій комплексної реконструкції 
з цифрово-енергетичним компонентом: індекс технічного оновлення становив 0,92, експлуатаційного ефекту – 
0,86, енергоефективності – 0,89, індекс вартості життєвого циклу – 0,76, індекс чистої приведеної вартості – 0,39, 
а ризикове навантаження знизилося до 0,34. Інтегральне ранжування підтвердило перевагу цього сценарію, 
який отримав індекс доцільності реконструкції 0,54. Це засвідчило, що найбільш обґрунтованим є сценарій, 
у якому технічне оновлення поєднується з цифровим контролем, енергоменеджментом, зниженням життєво-
циклових витрат і керованим рівнем ризикової невизначеності. Практична значущість полягає у можливості 
використання запропонованої системи моделей для попереднього вибору доцільного сценарію реконструкції 
підприємств будівельної галузі України

Ключові слова: вартість життєвого циклу; інвестиційна результативність; ризикове навантаження; інтегральне 
ранжування; строк окупності
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while industrial growth and dependence on fossil fuels in-
crease the environmental burden and complicate decarbur-
isation. The specifics of implementing the green transition 
within the EU cohesion policy were studied by L. Tijanić 
& I. Kersan-Škabić (2025), who analysed financing mech-
anisms through the European Structural and Investment 
Funds (ESIFs), as well as investments in the low-carbon 
economy, energy efficiency, renewable energy and climate 
adaptation. The study showed that investments in green in-
frastructure and ecological modernisation contributed to 
energy efficiency, greenhouse gas emission reduction, re-
newable energy expansion and structural transformation of 
EU economies.

The growing role of the service sector in the interna-
tional economy and the spread of ecological transformation 
create new conditions for the economic development of de-
veloping countries, especially in employment, investment, 
digitalisation and integration into global value chains. The 
relationship between the development of the service sector, 
the green economy and the structural transformation of 
developing economies was studied by P. Ström (2024), who 
analysed the role of digital services, servitisation, global 
production networks and knowledge-intensive services in 
ensuring sustainable economic development. The relation-
ship between innovative activity, the green economy and 
sustainable development was studied by A.  Kwilinski  et 
al. (2025), who analysed the impact of innovation, research 
and development (R&D) spending, high-tech trade and 
patent activity on the green economic growth of the Viseg-
rad Group countries in 2007-2022. The results obtained 
showed that investments in research and development, 
high-tech exports, digitalisation and environmental tech-
nologies contribute to increasing energy efficiency, renew-
able energy development and economic competitiveness.

Environmental trade regulation and sustainable de-
velopment standards create new conditions for the global 
economy, affecting investment activity, export competitive-
ness and transformation of developing countries. S. Mubin 
& A.H.A. Putri  (2025) analysed the role of CBAM, envi-
ronmental trade standards and mechanisms for spreading  

Introduction
The intensification of EU climate policy transforms in-
ternational trade, investment flows and industrial regu-
lation, increasingly affecting developing countries. The 
implementation of the European Green Deal, the Carbon 
Border Adjustment Mechanism (CBAM) and decarbon-
isation requirements creates new conditions for access 
to the European market and changes the competitive 
environment for exporters from developing economies. 
The EU’s green transition increases the need to assess its 
economic consequences for developing countries, par-
ticularly in employment, export competitiveness and in-
dustrial modernisation. R.R.  Dadashli  (2024) analysed 
the EU’s support for Azerbaijan’s transition to a green 
economy within the EU4Environment and EU4Climate 
programmes. The study found that cooperation with the 
EU contributed to renewable energy legislation, energy 
efficiency standards, green infrastructure and renewable 
energy exports to European markets.

The growing role of green energy corridors and envi-
ronmental modernisation projects in strengthening eco-
nomic interaction between Azerbaijan and the EU was 
also identified. The impact of the green transition on eco-
nomic growth, innovative development, energy efficiency 
and investment processes was studied by G.H. Popescu et 
al.  (2025), who analysed the relationship between green 
investments, renewable energy, environmental policy and 
the competitiveness of EU economies. The results obtained 
showed that investments in green infrastructure, research 
and development (R&D), energy efficiency and renewable 
energy contribute to technological modernisation and cir-
cular economy development.

Economic decarbonisation, environmental regula-
tion and the transition to low-carbon development mod-
els create challenges for countries dependent on industrial 
production, fossil fuels and foreign investment. P. Mitić et 
al. (2024) studied the relationship between carbon dioxide 
emissions, industrialisation, financial development and 
electricity generation in Central and Eastern Europe dur-
ing 1995-2021. The results obtained showed a long-term 
relationship between industrialisation and CO2 emissions, 

methodology was based on comparative, statistical and scenario analysis, as well as methods of analysis and generalisation. 
The results showed that carbon dioxide emissions in the United Kingdom decreased by almost 29% and in Germany by 
28%, while in Vietnam they increased by 106%, in Indonesia by 63% and in India by almost 49%, indicating a shift of 
carbon-intensive production to emerging markets. Exports from Africa to the EU increased from EUR 136 billion in 
2019 to EUR 189 billion in 2024, while imports from Central Asia reached EUR 35.1 billion. Scenario analysis showed 
that export losses could exceed EUR 7.5 billion for Africa and EUR 1.4 billion for Central Asia under the pessimistic 
scenario. Renewable energy capacity in Africa could reach 96-99 gigawatts by 2030, while in Kazakhstan it could increase 
to almost 4 gigawatts. The study found that the European Green Deal increased trade risks for carbon-intensive sectors 
while stimulating renewable energy development and low-carbon industrial modernisation. The practical significance 
of the study is the possibility of using the results by public authorities, exporters, industrial enterprises and investors for 
assessing the risks of the Carbon Border Adjustment Mechanism and planning low-carbon industrial modernisation

Keywords: Carbon Border Adjustment Mechanism; foreign direct investment; decarbonisation; industrialisation; climate 
policy; global value chains
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environmental norms in the global trading system. The 
results obtained showed that the European Green Deal 
contributes to international trade transformation through 
stricter environmental import requirements, low-carbon 
supply chains, green industrialisation and investments in 
clean technologies. The impact of the European Invest-
ment Bank’s environmental and social standards on green 
projects outside the EU was studied by S.  de Simone  et 
al.  (2025), who analysed the role of the European Invest-
ment Bank (EIB) in promoting a just transition through 
Environmental and Social Impact Assessments (ESIAs) 
within the European Green Deal. The study showed that 
environmental and social financing criteria increase atten-
tion to environmental justice, inclusiveness, social protec-
tion and assessment of infrastructure projects’ impact on 
local communities.

At the same time, insufficient attention has been paid 
to assessing the impact of the EU’s green transition on em-
ployment, export competitiveness, international invest-
ment flows and the adaptation of the business environment 
in developing countries. The aim of this study was to deter-
mine the effects of the EU’s green transition mechanisms 
on export competitiveness, investment processes and 
employment transformation in developing countries. To 
achieve this goal, the following tasks were defined: to ana-
lyse the main mechanisms of the EU’s green transition and 
their impact on international economic relations; to assess 
the impact of the EU’s environmental trade and investment 
requirements on export competitiveness, investment trans-
formation and the adaptation of the business environment 
in developing countries.

Materials and Methods
The study was predominantly theoretical in nature with 
the use of individual empirical analysis elements. The main 
time period of the study covered the years 2019-2025. The 
period 2019-2024 was chosen to analyse the dynamics of 
trade between Africa and the EU due to the availability of 
statistical data, the possibility of covering the period before 
the active implementation of the European Green Deal, the 
consequences of the COVID-19 pandemic and the further 
strengthening of environmental regulation of the EU. The 
period 2020-2024 was used to analyse trade and economic 
cooperation between the EU and the countries of Central 
Asia, since it was after the COVID-19 pandemic that the 
region observed a gradual recovery of trade flows and an 
increase in the impact of CBAM and EU environmental 
standards on export-orientated sectors. The time period 
2014-2024 was used to analyse the dynamics of CO2 emis-
sions, which made it possible to assess long-term changes 
in the global distribution of carbon-intensive production 
and the processes of transferring industrial production to 
emerging markets. Separate statistical and forecast indi-
cators for 2025 were used to assess current trends in the 
development of renewable energy infrastructure, green in-
dustrial projects and scenario consequences of the Europe-
an Green Deal for developing countries.

The analysis of regulatory and analytical documents of 
the EU, including The European Green Deal  (n.d.), Reg-
ulation (EU) No.  2021/1119 of the European Parliament 
and of the Council (2021) and European Union Emissions 
Trading System (EU ETS, n.d.), was used to study the trans-
formation of international economic policy, global trade 
regulation and the development of a low-carbon economy. 
The method of analysis and systematisation was also ap-
plied to examine Regulation (EU) No. 2024/1735 of the Eu-
ropean Parliament and of the Council  (2024), Regulation 
(EU) No. 2024/1252 of the European Parliament and of the 
Council (2024) and the Green Deal Industrial Plan (EUR-
Lex,  2023)/Clean Industrial Deal  (n.d.) according to the 
criteria of main objectives, key instruments and influence 
on international economic relations to determine their im-
pact on international trade, investment flows and adapta-
tion to low-carbon standards. The same method was used 
to study the Carbon Border Adjustment Mechanism (n.d.), 
Regulation on Deforestation-free Products (EUDR) (n.d.) 
and EU Taxonomy for Sustainable Activities (2026) to de-
termine their influence on environmental regulation of in-
ternational trade and global value chains.

The method of analysis of statistical and analytical 
sources was used to study the transformation of global 
value chains, changes in CO2 emissions in 2014-2024, the 
transfer of carbon-intensive production to emerging mar-
kets and the transformation of investment flows in African 
countries under the influence of the EU’s green transition. 
Statistical sources, reports of international organisations 
and project documents were used to determine the impact 
of environmental regulation on international production, 
supply chains, renewable energy development and low-car-
bon industrial transformation (International Renewable 
Energy Agency, 2025; Velyka, 2026; Jowett, 2026). Analysis 
of analytical documents of the World Trade Organization 
(WTO)  (2025), the Organisation for Economic Co-op-
eration and Development (OECD,  2025) and the United 
Nations Conference on Trade and Development (UNC-
TAD,  2025) was used to study approaches to the coordi-
nation of trade, environmental and investment policies in 
the context of the low-carbon transformation of the world 
economy. The method of analysis and generalisation was 
applied to assess the impact of the CBAM on export com-
petitiveness, adaptation of carbon-intensive industries, 
renewable energy development and the spread of cleaner 
production technologies in international trade. Analytical 
and project materials related to renewable energy, geother-
mal energy, green hydrogen initiatives and the Noor Ouar-
zazate I Concentrated Solar Power Independent Power 
Project (NOORo I CSP IPP) were used to identify direc-
tions of low-carbon industrial modernisation and renewa-
ble energy infrastructure development in African countries 
(NOORo I CSP IPP, n.d.; UNCTAD, 2021).

Country and sectoral analytical materials were also 
used to assess the impact of the green transition on renew-
able energy development, green infrastructure, and climate 
finance and clean technologies in Africa and Central Asia. 
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The method of analysis and generalisation was applied to 
identify changes in the structure of investment, industrial 
production and export competitiveness, as well as risks for 
energy-intensive industries and sectors dependent on fossil 
fuels in Central Asia and Africa. Kazakhstan and Azerbai-
jan were selected for a more detailed analysis due to the 
significant role of carbon-intensive exports in their trade 
relations with the EU (Park et al., 2023; World Bank, n.d.). 
Separate country analytical materials were used to assess 
changes in the structure of energy exports and interna-
tional investment flows in Azerbaijan (World Bank, 2022). 
Turkmenistan, Uzbekistan, Kyrgyzstan and Tajikistan were 
considered at a general review level to identify common 
regional risks related to fossil-fuel dependence and car-
bon-intensive production (EU and Central Asia,  n.d.). 
South Africa, Egypt, Morocco, Kenya, Ethiopia, Namibia, 
Mauritius and Tunisia were also reviewed to illustrate re-
gional trends in renewable energy development, green in-
dustrialisation and sustainable infrastructure projects (Fre-
itas & Mwaniki, 2024; Ebatamehi, 2025). The comparative 
analysis method was used to examine the transformation 
of export-orientated sectors and the investment environ-
ment under the influence of the EU Green Transition and 
the CBAM. The analysis was conducted according to the 
criteria of carbon intensity, exposure to EU environmen-
tal requirements, investment adaptation mechanisms and 
directions of industrial modernisation. Particular attention 
was paid to metallurgy, aluminium production, fertilisers, 
energy, renewable energy and low-carbon manufacturing. 
Uzbekistan, South Africa, Morocco, Egypt and the least 
developed countries of Africa were additionally consid-
ered at a general review level to illustrate broader regional 
differences in adaptation to low-carbon standards, climate 
finance and green investments.

The analysis and synthesis method were applied to an-
alytical and project documents related to renewable ener-
gy and sustainable infrastructure projects in Central Asia. 
For Kazakhstan, renewable energy facilities, the Mirny 
(TotalEnergies,  n.d.) wind farm and investments in bat-
tery storage systems were studied to determine the impact 
of EU environmental standards on energy modernisation 
and investment transformation (Hernandez & Rabie-
ga,  2026). For Kyrgyzstan, the Kambarata-1 Hydropower 
Project (n.d.) and international financing mechanisms for 
energy infrastructure were analysed to assess the develop-
ment of sustainable infrastructure projects in the region 
(George et al., 2025).

The analysis of international cooperation programmes, 
strategic initiatives and analytical documents, including 
“Enhanced Partnership and Cooperation Agreement be-
tween the European Union and its Member States, of the 
one part, and the Republic of Kazakhstan, of the other part” 
(EPCAs) (2015), Strategy – Global Gateway (n.d.) and The 
European Green Deal (n.d.), was used to explore opportu-
nities for infrastructure modernisation, renewable energy 
development and export diversification in Central Asian 
countries. The method of analysis and generalisation was 

also applied to analytical materials on green finance and 
investment risk reduction to determine the role of EU 
environmental standards in the development of low-car-
bon logistics corridors, sustainable infrastructure and 
climate-orientated financing in Central Asia and Eastern 
Partnership countries (EU4Environment, 2025).

The method of statistical analysis was applied to ana-
lytical sources on trade dynamics between Africa and the 
EU in 2019-2024 based on indicators of exports from Af-
rica to the EU, imports from the EU to Africa, total trade 
volumes and changes in the trade balance in order to de-
termine changes in foreign trade relations, the level of de-
pendence of African economies on the European market 
and the potential impact of EU environmental require-
ments on export-orientated sectors (Ehl & Padros, 2026). 
The period 2019-2024 was selected due to the availability 
of statistical data and the possibility of covering the period 
before the active implementation of the European Green 
Deal, the post-pandemic recovery of international trade 
and the strengthening of environmental regulation of the 
EU. The same method was used to analyse analytical mate-
rials on trade dynamics between the EU and the countries 
of Central Asia in 2020-2024 to determine changes in the 
structure of trade flows, the role of industrial exports and 
the development of economic cooperation in the context of 
strengthening EU environmental standards (Economic Co-
operation between…, n.d.; The EU and Central Asia, n.d.). 
The period 2020-2024 was chosen due to the availability of 
statistical data for the countries of Central Asia after the 
COVID-19 pandemic and the possibility of analysing trade 
dynamics in the context of strengthening the influence of 
the CBAM and EU environmental standards.

The scenario analysis method was used to study the 
possible economic consequences of the European Green 
Deal and CBAM for the countries of Africa and Central 
Asia under optimistic, baseline and pessimistic scenarios 
to assess the impact of different levels of production decar-
bonisation, industrial modernisation, development of re-
newable energy infrastructure and access to green finance 
on export competitiveness, foreign direct investment, re-
newable energy capacity and export losses in the context of 
strengthening environmental standards of the EU. To build 
the scenarios, indicators of exports to the EU, dynamics of 
renewable energy capacity, share of renewables in the na-
tional electricity mix, potential Gross Domestic Product 
(GDP) losses and projected changes in carbon-intensive 
sectors, in particular metallurgy, aluminium production, 
cement and fertilisers, which were already mentioned in 
the study, were used.

Results
EU green transition and external economic effects
The European Green Deal  (n.d.) has transformed interna-
tional economic policy and the global trade regulation sys-
tem, making environmental and climate requirements a key 
factor in market access, international competitiveness and 
investment attractiveness. The EU’s policy is increasingly 
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based on the principles of decarbonisation, circular econo-
my, resource efficiency and low-carbon development. The 
European Climate Law (Regulation (EU) No. 2021/1119 of 
the European Parliament and of the Council, 2021) has set 
the target of achieving climate neutrality by 2050, while re-
ducing emissions by at least 55% by 2030 has become one of 
the basic benchmarks for the EU’s economic transformation. 
The EU’s investment mechanisms play an important role 
in implementing the green transition, including over EUR 
275 billion in clean investments, the Just Transition Fund of  

almost EUR 20 billion and the expansion of the EU 
ETS (n.d.), which has already provided over EUR 200 billion 
in revenues for environmental and social programmes. In 
these conditions, environmental criteria are integrated into 
the mechanisms of industrial, trade, investment and financial 
policies, which contributes to the transformation of global 
value chains, the development of low-carbon technologies 
and the change in the structure of international trade. The 
main initiatives of the European Green Deal and their im-
pact on international economic relations are given in Table 1.

Table 1. Key initiatives of the European Green Deal and their influence on international economic relations

Source: compiled by authors based on Regulation on Deforestation-free Products (n.d.), Clean Industrial Deal (n.d.), Carbon 
Border Adjustment Mechanism (n.d.), EUR-Lex (2023), Regulation (EU) No. 2024/1735 of the European Parliament and of 
the Council (2024), Regulation (EU) No. 2024/1252 of the European Parliament and of the Council (2024), EU taxonomy for 
sustainable activities (2026)

Initiative Main objective Key instruments Influence on international economic relations

Net-Zero 
Industry Act

Increasing European 
manufacturing 

capacity for net-zero 
technologies and 
strengthening the 

competitiveness of the 
clean technology sector.

Simplified permitting 
procedures; Single Points 

of Contact; Net-Zero 
strategic projects; public 

procurement and renewable 
energy auction criteria; Net-
Zero Acceleration Valleys; 
Net-Zero Europe Platform.

Establishes a target for net-zero manufacturing 
capacity to meet at least 40% of the EU’s annual 

deployment needs by 2030; strengthens investment 
attractiveness and market access for clean 

technologies; promotes international net-zero 
industrial partnerships and restructuring of global 

supply chains toward low-carbon technologies.

European 
Critical Raw 

Materials Act

Ensuring secure, 
sustainable and 

diversified supply of 
critical raw materials 

for the green and digital 
transition in the EU.

Development of extraction, 
processing and recycling 

capacities; strategic 
partnerships with third 

countries; diversification of 
supply chains; support for 
research, innovation and 

recycling; monitoring  
of supply chain resilience.

Establishes benchmarks by 2030 for 10% domestic 
extraction, 40% processing and 25% recycling of 

strategic raw materials in the EU; limits dependence 
on a single third country supplier to no more than 

65%; expands trade and investment cooperation with 
emerging markets and developing economies through 

strategic partnerships, WTO cooperation  
and sustainable investment agreements.

Green Deal 
Industrial 

Plan/Clean 
Industrial Deal

Strengthening EU 
competitiveness and 

decarbonisation through 
support for clean 

manufacturing, energy 
transition and circular 

economy.

Low-carbon procurement 
requirements; InvestEU 

support; Innovation Fund; 
Industrial Decarbonisation 

Bank; Clean Trade and 
Investment Partnerships.

Mobilises over EUR 100 billion to support clean 
manufacturing and industrial decarbonisation; 

introduces investment conditions for non-EU companies 
controlling more than 40% of global manufacturing 

capacity in strategic sectors; strengthens CBAM and 
promotes diversification of supply chains through Clean 

Trade and Investment Partnerships.

CBAM

Ensuring a fair carbon 
price for carbon-

intensive goods entering 
the EU and preventing 

carbon leakage.

CBAM certificates; 
embedded emissions 

reporting; carbon price 
adjustment based on EU 
ETS; authorised CBAM 

declarants; annual 
emissions declarations.

Applies to cement, iron and steel, aluminium, 
fertilisers, electricity and hydrogen; covers more than 

50% of emissions in ETS-covered sectors after full 
implementation; requires EU importers exceeding 50 

tonnes of CBAM goods to purchase CBAM certificates 
from 2026; strengthens decarbonisation incentives 

and aligns international trade with EU climate 
objectives and WTO rules.

Regulation on 
Deforestation-
free Products 

(EUDR)

Reducing greenhouse 
gas emissions and 
biodiversity loss by 

ensuring that products 
consumed in the EU 
do not contribute to 

deforestation or forest 
degradation.

Due diligence requirements; 
traceability systems; 

country benchmarking by 
deforestation risk; EUDR 

Information System;  
EU observatory  

on deforestation  
and forest degradation.

Covers commodities such as cattle, wood, cocoa, soy, 
palm oil, coffee, rubber and derived products; aims to 
reduce carbon emissions linked to EU consumption 
by at least 32 million tonnes annually; strengthens 

sustainability requirements and traceability standards 
in global agricultural and commodity value chains; 

supported by a EUR 70 million Team Europe Initiative 
for deforestation-free value chains.

EU Taxonomy 
for 

Sustainable 
Activities

Creating an EU-wide 
classification system 
for environmentally 

sustainable economic 
activities aligned with 

net zero objectives  
by 2050.

Technical screening 
criteria; Taxonomy 

Regulation; delegated 
and implementing acts; 

sustainable finance 
disclosure requirements.

Establishes a common definition of sustainable 
economic activities for financial and non-financial 

companies; supports scaling up sustainable 
investments; reduces greenwashing and market 

fragmentation; redirects international capital flows 
toward projects aligned with the European Green Deal 

and EU climate objectives.

The initiatives presented demonstrate the gradual 
transformation of environmental standards into one of 

the central mechanisms of international economic regu-
lation. The strengthening of climate, investment and trade  
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requirements of the EU affects the structure of interna-
tional trade, global value chains, investment flows and the 
competitiveness of export-orientated industries. As a re-
sult, access to the European market increasingly depends 
on the ability of countries and companies to adapt produc-
tion processes, infrastructure and environmental control 
systems to low-carbon standards and the requirements 
of sustainable development. The spread of environmen-
tal regulation results in the transformation of global val-
ue chains. Strengthening climate requirements stimulates 
international companies to transfer individual stages of 
production to countries with more developed green infra-
structure, access to renewable energy sources and a lower 
carbon footprint. At the same time, there is a regionalisa-
tion of individual segments of global supply chains to re-
duce logistics costs, reduce emissions and simplify control 
over compliance with environmental standards. In these 
conditions, digital monitoring systems, environmental 
certification, traceability of products and emission control 
within supply chains become important. At the same time, 
emission reductions in developed countries are increas-
ingly accompanied by the transfer of carbon-intensive 
production to Asian countries and other emerging mar-
kets. In 2014-2024, CO2 emissions in the UK decreased by 
almost 29%, in Germany by 28%, and in the USA by 11%, 
while in Vietnam they increased by 106%, in Indonesia by 
63%, and in India by almost 49%. Even with relatively low-
er growth rates in China (+23.2%), the absolute increase 
in emissions was about 2.3 billion tonnes of CO2, which 
exceeds the annual emissions of most countries in the 
world. This indicates the formation of a model of global 
redistribution of carbon-intensive production, in which 
some developed economies reduce domestic emissions 
by transferring industrial capacity to countries with lower 
environmental requirements and cheaper production re-
sources (Velyka, 2026).

In these conditions, international organisations, in 
particular the World Trade Organization  (2025), the 
OECD (2025) and the UNCTAD (2025), emphasise the 
need to coordinate trade, environmental and investment 
policies. The WTO considers international trade as a tool 
for the dissemination of low-carbon technologies and 
environmental innovations but emphasises the impor-
tance of the non-discriminatory nature of environmental 
trade measures. The OECD emphasises the need to co-
ordinate trade and climate policies to support a circular 
economy, sustainable food systems and the development 
of green technologies. UNCTAD emphasised the risks of 
increasing inequality between countries due to different 
levels of readiness to meet new environmental require-
ments and the need for financial and technical support 
for developing countries.

For developing countries, the new environmental re-
quirements of the EU create both additional restrictions 
and opportunities for economic modernisation. Man-
ufacturers of carbon-intensive products face increasing 
costs for decarbonisation, certification and adaptation of  

production to new environmental standards. According to 
the UNCTAD (2025), the introduction of the CBAM with 
a price of USD 44 per tonne of embedded CO2 emissions 
could reduce developing countries’ exports in carbon-in-
tensive sectors by 1.4%, and at prices of USD 88, by 2.4%. 
Producers of cement, steel, aluminium, fertilisers, chemical 
products and oil refining will be most affected. According 
to UNCTAD calculations, at a carbon price of USD 44 per 
tonne, developed countries’ incomes could increase by 
USD 2.5 billion, while developing countries’ incomes could 
decrease by USD 5.9 billion (UNCTAD, 2021).

An additional challenge is the high concentration of 
exports of carbon-intensive products in countries whose 
economies are largely dependent on metallurgy, fertil-
isers, cement and energy. Among the countries most de-
pendent on CBAM-sensitive sectors are China, Turkey, 
Ukraine, India and South Korea. In these conditions, ex-
port competitiveness increasingly depends not only on 
production costs but also on the level of carbon intensity 
of products, access to clean technologies and the ability 
of enterprises to confirm compliance with international 
environmental standards. At the same time, companies 
that are able to adapt to new requirements are given the 
opportunity to integrate into green global value chains, 
access to premium segments of the European market and 
attract green investments. Strengthening environmental 
requirements stimulates the development of renewable 
energy, digitalisation of production and the introduction 
of energy-efficient technologies. At the same time, UNC-
TAD emphasises that the effect of CBAM for reducing 
global emissions remains limited, since the mechanism 
can potentially reduce only about 0.1% of global CO2 
emissions. As a result, mechanisms for green finance, 
international technical assistance and the dissemination 
of cleaner production technologies are gaining particu-
lar importance to support the adaptation of developing 
countries to a new low-carbon model of international 
trade (UNCTAD, 2021).

Thus, the European Green Deal is gradually trans-
forming environmental standards, decarbonisation and 
climate requirements into one of the key mechanisms of 
international economic regulation, affecting the structure 
of world trade, investment flows and global value chains. 
The introduction of CBAM, strengthening requirements 
for sustainable production and the development of green 
financing create both additional barriers for carbon-inten-
sive industries and incentives for technological moderni-
sation and integration into low-carbon supply chains. For 
developing countries, export competitiveness increasingly 
depends on the level of carbon intensity of products, access 
to clean technologies, green investments and the ability to 
adapt production to international environmental stand-
ards. As a result, the effectiveness of adaptation to the new 
model of international trade will be largely determined by 
the level of international technical support, the develop-
ment of green infrastructure, and the coordination of trade, 
investment, and climate policies.
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Impact of the EU green transition  
on developing countries
The impact of the European Green Deal and CBAM 
on Central Asian and African countries is manifested 
through increased competitive pressure on exporters of 
carbon-intensive products, changes in the conditions of 
access to the European market and the transformation of 
the structure of export-orientated sectors. The introduc-
tion of CBAM creates additional costs for producers of 
products with a high level of embedded CO2 emissions, 
which gradually changes the structure of international 
competitiveness in favour of producers with lower carbon 
intensity, more developed systems of environmental mon-
itoring and more effective Monitoring, Reporting and 
Verification (MRV) (n.d.) systems. The greatest impact is 
felt by such carbon-intensive sectors as iron and steel, alu-
minium, cement, fertilisers, electricity generation, chem-
icals, the mining industry and energy-intensive manu-
facturing, whose competitiveness increasingly depends 
not only on the cost of production but also on the level 
of decarbonisation, transparency of supply chains and the 
ability to confirm the environmental characteristics of 
products (UNECE, 2026).

The most vulnerable country in Central Asia to the im-
pact of CBAM is Kazakhstan, which has the largest volume 
of industrial exports to the EU and a significant concen-
tration of carbon-intensive industries. The main sectors at 
risk remain iron and steel, aluminium, cement, fertilisers, 
electricity and petroleum-linked products. According to 
World Bank  (n.d.) estimates, if CBAM is extended, the 
share of Kazakhstani exports covered by new environmen-
tal requirements may exceed 3% of the country’s total ex-
ports, while by 2035, iron and steel exports to the EU may 
decrease by 38% and, under a broader CBAM scenario, by 
more than 65%. At the same time, the implementation of 
decarbonisation policies, the development of renewable 
energy and the introduction of MRV systems can partially 
reduce the negative impact of new environmental require-
ments on the country’s export competitiveness.

For Azerbaijan, the key risks are primarily related to 
the reduction in the EU’s demand for fossil fuels and the 
change in the structure of international investment flows. 
The country’s economy is largely dependent on oil and gas 
exports, and the EU remains one of the main markets for 
energy resources. In the baseline scenario of the impact of 
the European Green Deal, Azerbaijan’s oil-related exports 
could decrease by approximately USD 2.5 billion by 2035 
(World Bank, 2022). For Turkmenistan, the main risks are 
related to fertilisers, energy-related exports and low levels 
of economic diversification, while for Uzbekistan, Kyr-
gyzstan and Tajikistan, the impact is mainly sector-specific 
and concerns aluminium production, electricity-intensive 
industries and industrial goods with a high level of energy 
intensity. A common feature for most Central Asian coun-
tries remains the high dependence of industry and energy 
on fossil-fuel-based power generation, which increases the 
carbon intensity of export-orientated sectors.

At the same time, the deepening of cooperation be-
tween the EU and the countries of Central Asia through 
the Enhanced Partnership and Cooperation Agreement 
between the EU and its Member States, of the one part, 
and the Republic of Kazakhstan, of the other part (2015), 
the strategy – “Global Gateway”  (n.d.) and the Europe-
an Green Deal (n.d.) creates opportunities for the mod-
ernisation of infrastructure systems, the development 
of green technologies and the diversification of exports. 
The development of transport corridors, renewable en-
ergy infrastructure, digital trade systems and sustainable 
industrial projects is gradually becoming one of the key 
areas of economic cooperation between the EU and the 
region. In these conditions, the competitiveness of the 
countries of Central Asia increasingly depends on the 
ability to adapt industrial production, logistics systems 
and export-orientated sectors to low-carbon standards of 
international trade. Similar transformation processes are 
observed in African countries, for which the European 
Green Deal and CBAM create both risks for carbon-in-
tensive export sectors and incentives for the modernisa-
tion of production and the development of low-carbon 
technologies. Africa remains one of the EU’s key trading 
partners: in 2019, Africa-EU trade reached approximate-
ly EUR 280 billion, while the EU absorbed about 28% of 
Africa’s total exports. At the same time, the structure of 
African exports remains largely raw material and car-
bon-intensive, as a significant share of supplies to the 
EU falls on crude oil, gas, metals, minerals, fertilisers 
and other primary commodities. According to estimates 
by the African Climate Foundation & London School of 
Economics and Political Science  (2023), CBAM could 
reduce African exports to the EU of aluminium by up 
to 13.9%, iron and steel by 8.2%, fertiliser by 3.9% and 
cement by 3.1%, while in some scenarios, the African 
continent’s GDP could decrease by approximately 0.91%, 
equivalent to about USD 25 billion.

Least developed countries (LDCs), a significant part 
of which are located in Africa, are particularly vulner-
able. Africa covers 33 of the 46 global least developed 
countries, and if CBAM were extended to a wider range 
of products, individual countries could lose more than 
1.5% of GDP, while in some scenarios the losses could 
reach 8.4%. An additional risk factor is the insufficient 
development of carbon monitoring systems and carbon 
markets in most African countries, which increases the 
likelihood of applying higher default emissions values 
and increasing the actual CBAM burden for exporters. 
The mining industry, agriculture, cement production 
and energy sectors remain the most sensitive sectors, 
which form a significant part of employment and export 
revenues in many African economies. A high level of 
vulnerability is observed in agriculture, where new re-
quirements for traceability, sustainable production and 
deforestation-free supply chains for cocoa, coffee, palm 
oil, soy, rubber, cattle and wood products increase costs 
for smallholders, exporters and agricultural producers 
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(African Climate Foundation & London School of Eco-
nomics and Political Science, 2023).

At the same time, the green transition stimulates the 
development of renewable energy, green infrastructure, 
climate finance and clean technologies in Africa. The sig-
nificant potential of solar, wind and hydropower resources 
creates the prerequisites for the development of renewa-
ble energy projects and attracting green investments. The 
volume of climate finance for African countries increased 
from USD 29.5 billion in 2019-2020 to USD 43.7 billion in 
2021-2022. Green bonds, blended finance, public-private 
partnerships and international investment programmes 
are increasingly used to modernise renewable energy, 
transport infrastructure, water systems and cleaner indus-
trial production. As a result, the modernisation of indus-
trial production is increasingly taking place through the 
introduction of cleaner machinery, energy-efficient tech-
nologies, digital monitoring systems and climate-related 
standards, while the employment structure is gradually 
shifting from traditional carbon-intensive sectors to re-
newable energy, sustainable agriculture, emissions mon-
itoring, digital traceability systems and green industrial 
services (Freitas & Mwaniki, 2024).

Under the influence of the EU’s environmental re-
quirements, the structure of international investment in 
African and Central Asian countries is gradually shifting 
from carbon-intensive industries to renewable energy, 
low-carbon manufacturing and sustainable infrastructure 
projects. As a result, international investors are increas-
ingly focusing on projects that involve the integration 
of renewable energy, energy-efficiency modernisation, 
emissions monitoring systems and compliance with EU-
aligned environmental standards. For African economies, 
these processes are having a heterogeneous impact on 
export-orientated sectors. Countries exporting steel, al-
uminium, fertilisers and minerals to the EU are facing 
increasing carbon trade risks. At the same time, the EU’s 
climate finance mechanisms, including the Global Gate-
way initiatives and the Green Industry Partnership, are 
stimulating the development of renewable energy, green 
hydrogen and low-carbon production. Africa is gradually 
strengthening its position in the field of green industriali-
sation through investments in renewable energy, sustain-
able manufacturing and green infrastructure. The indus-
trial sector in Africa is expected to grow by around 20% 
annually, and its share in GDP could increase from 13% to 
32% by the end of 2025. South Africa, Egypt and Moroc-
co show the greatest potential for attracting investment in 
renewable energy through the development of solar and 
wind power, as well as green hydrogen projects. Morocco 
is integrating green hydrogen production into industrial 
zones; Egypt is developing environmentally friendly ce-
ment production and renewable infrastructure; and South 
Africa is modernising the mining, automotive and chemi-
cal sectors using renewable power. Kenya and Ethiopia are 
strengthening their positions through the development 
of geothermal energy and low-carbon industrial parks. 

Namibia is developing solar-powered refining plants and 
green hydrogen projects for the EU market. Mauritius 
and Tunisia are focusing on low-carbon manufacturing, 
sustainable textile production, green steel manufacturing 
and circular economy practices within export-orientated 
industries (Ebatamehi, 2025).

In Central Asian countries, the EU’s environmental 
requirements most affect metallurgy, ferroalloys, alumin-
ium, chemical products and other energy-intensive in-
dustries. According to the Asian Development Bank, the 
most vulnerable to the CBAM in the region are alumin-
ium production in Kazakhstan and the fertiliser sector 
in Georgia. For Kazakhstan, about 42.15% of aluminium 
exports are aimed at the EU market, making the country 
one of the most dependent on carbon trade restrictions 
in Central Asia. As a result, the investment attractiveness 
of enterprises is increasingly determined by the ability to 
integrate renewable energy sources, emission monitoring 
systems and environmentally friendly production tech-
nologies. The expected level of carbon border tax for ba-
sic metallurgy could reach 68.16% of exports to the EU 
for South Africa, 38.8% for India and 22.05% for Vietnam 
(Park et al., 2023). This indicates an increase in investment 
risks for industries that do not carry out technological 
modernisation or do not implement emission reduction 
technologies. As a result, the structure of foreign direct 
investment is gradually changing: carbon-intensive in-
dustries are becoming less attractive for traditional invest-
ments in production capacity, while investors are increas-
ingly focused on modernisation of industrial enterprises, 
the integration of renewable energy and increasing the 
carbon efficiency of production.

Green financing and investment risk reduction mech-
anisms are increasingly being used in Central Asia and the 
Eastern Partnership countries. The OECD notes that green 
investments in these countries face political, financial and 
geopolitical risks, including high capital costs, exchange 
rate volatility and underdeveloped financial markets. To 
reduce risks, concessional loans, guarantees, blended fi-
nance mechanisms, currency hedging and technical assis-
tance programmes are used. Through green credit lines, 
international financial institutions have channelled more 
than EUR 3 billion to the region over the past twenty years. 
The EU’s environmental standards are also influencing the 
modernisation of industrial production and logistics in-
frastructure in Central Asia. European transport and in-
frastructure initiatives are stimulating the development of 
low-carbon logistics corridors, electrified railway systems, 
multimodal transport hubs and environmentally friendly 
production technologies. As a result, compliance with the 
EU’s environmental standards is gradually becoming not 
only a trade requirement but also a necessary condition 
for access to European investment programmes and cli-
mate-orientated financing (EU4Environment,  2025). The 
main directions of transformation of export-orientated 
sectors and the investment environment in the countries of 
Africa and Central Asia are given in Table 2.
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The data presented show that the impact of the EU’s 
environmental requirements is differentiated depending 
on the structure of exports, the level of carbon intensity 
of production and the degree of integration of countries 
into international value chains. Carbon-intensive indus-
tries, in particular metallurgy, the fertiliser industry, ce-
ment production and energy, are most affected. At the 
same time, the development of renewable energy, green 
financing and low-carbon industrial modernisation cre-
ates the prerequisites for the structural transformation of 
the economy and attracting new investments. Thus, the 
European Green Deal, CBAM and broader environmental 
standards of the EU are shaping the long-term transfor-
mation of investment mechanisms in the countries of Af-
rica and Central Asia. Industries dependent on fossil fu-
els and carbon-intensive production are gradually losing 

their investment attractiveness without modernisation 
and decarbonisation, while renewable energy, low-carbon 
production, green industrial clusters and sustainable in-
frastructure are becoming priority areas of international 
investment flows.

Economic effects of the EU green transition  
on developing countries
The dynamics of trade between Africa and the EU indi-
cate a gradual strengthening of economic interaction and 
the growing role of the European market for African ex-
porters. After a reduction in trade figures in 2020 due to 
the COVID-19 pandemic, mutual trade volumes began to 
recover rapidly, which was accompanied by an increase in 
exports of raw materials and energy-intensive products to 
the EU (Fig. 1).

Figure 1. Dynamics of trade between Africa and the EU in 2019-2024
Source: compiled by authors based on D. Ehl & A.M. Padros (2026)

Table 2. Impact of EU green transition on export-oriented sectors  
and investment environment in Africa and Central Asia

Source: compiled by authors based on World Bank  (2022, n.d.), African Climate Foundation & London School of 
Economics and Political Science (2023), S. Ebatamehi (2025), European Commision (n.d.)

Region/
Country

Main carbon-intensive 
sectors

Main EU environmental 
risks

Investment 
transformation

Main adaptation 
directions

Kazakhstan
Iron and steel, 

aluminum, fertilizers, 
electricity

CBAM exposure, 
high carbon intensity, 

dependence on EU exports
Shift from brownfield FDI to 

green modernisation 
Renewable energy,  

MRV systems,  
cleaner production

Azerbaijan Oil and gas, 
petrochemicals

Declining EU fossil  
fuel demand

Diversification  
of investment flows

Green energy corridors, 
renewable infrastructure

Uzbekistan Aluminum, electricity-
intensive industries Carbon-related trade risks Sector-specific green 

investments
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The dynamics of trade between Africa and the EU 
indicate the growing importance of the European mar-
ket for African exporters. According to Eurostat, exports 
from Africa to the EU increased from EUR 136 billion 
in 2019 to EUR 189 billion in 2024. Exports dropped 
to EUR 99 billion in 2020 as a result of the COVID-19 
pandemic, but they rebounded rapidly and reached a 
high of EUR 225 billion in 2022. At the same time, im-
ports from the EU to Africa increased from EUR 142 

billion in 2019 to EUR 164 billion in 2024. A significant 
part of African exports to the EU are oil, gas, metals and 
other raw materials, which increases the sensitivity of 
export-orientated sectors to EU environmental stand-
ards and the CBAM. Similar trends are observed in the 
countries of Central Asia, where, after a reduction in 
trade indicators during the COVID-19 pandemic, there 
was a gradual increase in mutual trade volumes with the 
EU (Fig. 2).
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Trade and economic cooperation between the EU and 
the countries of Central Asia is characterised by a gradual 
increase in trade and investment interaction. In 2020, the 
volume of exports from Central Asian countries to the EU 
decreased to USD 18.2 billion, which was the lowest figure 
in the last decade. At the same time, exports from the EU to 
the countries of Central Asia during this period amounted 
to USD 10.2 billion. In 2022, imports from the EU to the 
countries of Central Asia amounted to EUR 31.4 billion, 
while exports from the EU to the region reached EUR 16.1 
billion. As a result, the trade balance for the EU remained 
negative at around EUR -15.3 billion, which indicates the 
predominance of raw material exports from the countries 
of Central Asia to the European market. In 2023, the share 
of trade with the EU was 22.6% of the total foreign trade of 
the Central Asian countries, and the total volume of trade 
in goods and services between the parties exceeded EUR 59 
billion. In particular, the EU’s imports from Central Asia 
amounted to EUR 32.5 billion in goods and about EUR 2 
billion in services, while the EU’s exports to Central Asia 
reached EUR 20.2 billion in goods and EUR 4.3 billion 
in services. In 2024, the EU’s imports from Central Asia 
reached approximately EUR 35.1 billion, while the EU’s ex-
ports to the region amounted to approximately EUR 19.1 
billion, resulting in a negative trade balance for the EU of 
approximately EUR -16 billion.

The assessment of investment and infrastructure de-
velopment dynamics in Africa and Central Asia shows that 
the impact of the EU’s green transition is gradually going 
beyond trade regulation and increasingly affecting the 
structure of investment, the modernisation of production 
and the development of low-carbon infrastructure. In re-
cent years, developing countries have witnessed a gradual 
increase in investment in renewable energy, green industri-
al projects and energy-efficient infrastructure. These pro-
cesses are most noticeable in countries with high depend-
ence on exports to the EU and significant vulnerability to 
CBAM-sensitive sectors.

In Africa, the transformation of investment flows is 
primarily associated with the development of renewable 
energy infrastructure and low-carbon industrial projects. 
South Africa remains one of the regional leaders in re-
newable energy, with installed renewable energy capacity  

exceeding 10 GW and an estimated 1.6 GW of new capaci-
ty added by 2025 (Jowett, 2026). Morocco has become one 
of the largest solar power hubs in Africa with the NOORo 
I CSP IPP  (n.d.) complex, which provides electricity to 
over 1 million households and supports the development 
of low-carbon industrial infrastructure. Egypt is actively 
developing renewable energy and green hydrogen pro-
jects, while Kenya and Ethiopia are strengthening their 
positions through the development of geothermal energy 
and low-carbon industrial parks. In 2024, Africa’s installed 
renewable energy capacity reached 67 GW, up 4.2 GW or 
6.7% year-on-year. The main growth was driven by Egypt, 
Ethiopia and South Africa, reflecting the region’s growing 
role in developing low-carbon energy infrastructure (In-
ternational Renewable Energy Agency, 2025). The impact 
of the EU’s environmental standards on investment dy-
namics is increasingly evident in Central Asian countries. 
Kazakhstan has demonstrated the highest level of renew-
able energy modernisation. In 2024, the country had 148 
renewable energy facilities with a total capacity of about 2.9 
GW, including solar, wind and small hydropower plants. In 
2025, the number of renewable facilities increased to 162, 
while the share of renewables in the national electricity mix 
reached about 7%. One of the largest infrastructure projects 
in the region is the Mirny (TotalEnergies, n.d.) wind farm 
in Kazakhstan, which envisages the creation of about 1 GW 
of wind capacity and a battery storage system with a capac-
ity of 600 MWh with a total investment of approximately 
USD 1.2 billion (Hernandez & Rabiega, 2026). Infrastruc-
ture modernisation in the region is also associated with the 
implementation of large hydropower projects, in particular 
the Kambarata-1 Hydropower Project (n.d.) in Kyrgyzstan 
with a capacity of 1,860  MW supported by international 
financial institutions (George  et al.,  2025). The observed 
investment dynamics indicate a gradual transformation of 
the business environment in developing countries under 
the influence of the EU’s green transition. Investment flows 
are increasingly concentrated in renewable energy, ener-
gy-efficient modernisation of industry, low-carbon man-
ufacturing and sustainable transport infrastructure, while 
carbon-intensive sectors with a low level of decarbonisa-
tion face increasing investment constraints. In these condi-
tions, the competitiveness of export-orientated industries 

Figure 2. Dynamics of trade between the EU and Central Asia in 2020-2024
Source: compiled by authors based on Eurasian Research Institute (n.d.), European Commision (n.d), The EU and Central 
Asia (n.d.), EU-Central Asia trade (n.d.)
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increasingly depends on the ability to integrate renewable 
energy technologies, emissions monitoring systems, sus-
tainable logistics infrastructure, and environmental report-
ing standards into production processes and international 
supply chains.

The scenario analysis showed that the economic im-
pacts of the European Green Deal and CBAM for Afri-
can and Central Asian countries depend to a large extent 
on the level of decarbonisation of production, the pace 
of industrial modernisation and access to green finance. 
The calculations were based on export figures to the EU 
in 2024, the dynamics of renewable energy capacity, the 
share of renewable energy in the national electricity bal-
ance and the projected changes in carbon-intensive sec-
tors already analysed in the study. The baseline for Africa 
was EUR 189 billion in exports to the EU in 2024, and for 
Central Asia, the EU’s imports from the region were EUR 
35.1 billion. The optimistic scenario assumed active decar-
bonisation, the development of renewable energy, cleaner 
production technologies and the implementation of mon-
itoring, reporting and verification (MRV) systems. The 
baseline scenario reflected partial adaptation to the EU’s 
environmental standards, while the pessimistic scenario 
assumed slower industrial modernisation, limited access 
to green finance, and a broader expansion of CBAM re-
quirements. In the optimistic scenario, the decline in de-
veloping countries’ exports to the EU remains at around 
1.4%. For Africa, this corresponds to potential export loss-
es of around EUR 2.65 billion compared to exports to the 
EU of EUR 189 billion in 2024, while for Central Asia, the 
losses could amount to around EUR 0.49 billion compared 
to exports of EUR 35.1 billion. At the same time, this sce-
nario maintains the positive dynamics of green investment 
and renewable energy infrastructure. Assuming an annu-
al growth rate of renewable energy capacity in Africa of 
6.7%, installed capacity could grow from 67 GW in 2024 
to around 96-99 GW by 2030. For Kazakhstan, the imple-
mentation of the 1 GW Mirny project could increase the 
country’s renewable energy capacity from around 2.9 GW 
to almost 4 GW, and the share of renewable energy sourc-
es in the national electricity balance could potentially in-
crease from 7% to around 10-12%.

The baseline scenario assumes partial adaptation of 
export-orientated sectors to new environmental require-
ments while maintaining significant dependence on car-
bon-intensive industries. In this scenario, the reduction 
in exports could reach around 2.4%. For Africa, this is 
equivalent to a potential loss of around EUR 4.54 billion in 
exports to the EU and for Central Asia, around EUR 0.84 
billion. In this case, the metallurgy, aluminium, cement and 
fertiliser production will be most negatively affected. In 
particular, for Kazakhstan, exports of iron and steel to the 
EU could potentially decline by about 38% by 2035, while 
for Africa, exports of aluminium could decline by 13.9%, 
iron and steel by 8.2%, and fertiliser by 3.9%. At the same 
time, the growth rate of renewable energy infrastructure 
remains moderate: installed renewable energy capacity in 

Africa in this scenario could grow to about 85-88 GW by 
2030 and the share of renewables in Kazakhstan’s electricity 
mix to about 8-9%.

The pessimistic scenario assumes a large-scale exten-
sion of CBAM and other environmental standards to a 
wider range of goods while industrial modernisation slows 
down and decarbonisation rates remain low. Under these 
conditions, the potential reduction in exports could ex-
ceed 4%. For Africa, this corresponds to a loss of over EUR 
7.5 billion in exports to the EU and, for Central Asia, over 
EUR 1.4 billion. For some African least developed coun-
tries, GDP losses may exceed 1.5% and, in some scenarios, 
reach 8.4%. In this case, a significant part of foreign direct 
investment is gradually reoriented from carbon-intensive 
industries to low-carbon manufacturing and renewable en-
ergy projects in other regions. In the pessimistic scenario, 
the pace of development of renewable energy infrastruc-
ture remains insufficient to compensate for trade losses: 
renewable energy capacity in Africa by 2030 may grow 
only to about 75-78 GW, while the share of renewables in 
Kazakhstan’s electricity mix will remain around 7-8%. The 
results obtained indicate that the scale of economic losses 
for developing countries will largely depend on the speed of 
technological modernisation, the development of renewa-
ble energy, access to climate finance and the ability of enter-
prises to adapt to the environmental standards of the EU.

Thus, the European Green Deal is gradually transform-
ing the business environment in the countries of Africa 
and Central Asia, creating new conditions for international 
competitiveness, investment activity and the development 
of export-orientated production. Integration into low-car-
bon global value chains increasingly depends on the de-
velopment of renewable energy, industrial modernisation, 
sustainable infrastructure and the ability of enterprises to 
adapt to the environmental standards of the EU.

Discussion
The EU’s green transition is accompanied by a large-scale 
transformation of the economic, investment and trade sys-
tem, which changes the conditions for the functioning of 
international markets, the structure of employment and 
global supply chains. In the study by S. Reither et al. (2025), 
the EU’s green transition was considered primarily as a 
result of the strengthening of the role of state regulation, 
climate policy and financial mechanisms in the transfor-
mation of the economy. An analysis of 57 Commission 
Communications for 2009-2023 showed a gradual transi-
tion of the EU to more active state intervention in the pro-
cesses of decarbonisation and industrial modernisation. A 
similar logic was traced in this study through the analysis 
of CBAM, the European Climate Law and the Net-Zero 
Industry Act. At the same time, the emphases of the stud-
ies differed. While S. Reither et al.  focused mainly on the 
internal evolution of the EU’s economic policy, this study 
focused mainly on the external consequences of the green 
transition for the countries of Central Asia and Africa. In 
particular, the risks of a 1.4-2.4% reduction in developing 
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countries’ exports were analysed, as well as a possible 13.9% 
reduction in aluminium exports from Africa to the EU.

The topic of employment and economic restructuring 
became common for the study by E. Cappa et al.  (2024). 
The authors proved that one megawatt of renewable ener-
gy capacity created about 40 jobs over seven years, main-
ly in construction and agriculture. In this study, the de-
velopment of renewable energy infrastructure and green 
industrial projects was also considered as a factor in the 
modernisation of production and the transformation of the 
employment structure. However, E. Cappa et al. analysed 
the internal regional effects of investments in renewable 
energy in European countries, while this study focused 
on the impact of the European Green Deal and CBAM on 
exports, investments and competitiveness of African and 
Central Asian countries.

A similar division between internal and external ef-
fects of the green transition was observed when compar-
ing it with the work of N.  Chatzistamoulou & P.  Koun-
douri (2024). The authors analysed the EU-28 countries in 
2010-2019 and focused on the relationship between eco-in-
novation, renewable energy, green taxation and environ-
mental efficiency. Their study focused on the internal mac-
roeconomic transformation of the EU, resource efficiency 
and the circular economy. This work similarly considered 
decarbonisation mechanisms, the development of clean 
technologies and regulatory instruments, but the main fo-
cus shifted to the external economic consequences of EU 
environmental policy for developing countries.

The debated nature of the green transition was particu-
larly evident in the work of D.  Villani  et al.  (2025), who 
questioned traditional approaches to measuring green jobs 
and concluded that 24 European countries experienced 
almost no net growth in green employment during 2011-
2022. In contrast, this study considered renewable energy 
projects, green finance and industrial modernisation as 
drivers of new employment opportunities. Similar labour 
market transformations were analysed by A. Javed & N. Us-
man (2025), who found that stricter environmental policies 
and the transition to renewable energy increased demand 
for high-skilled labour while reducing demand for low-
skilled workers in Italy’s traditional energy sectors. Howev-
er, their focus remained on internal labour market changes, 
whereas this study examined the impact of the European 
Green Deal on export competitiveness and investment pro-
cesses in African and Central Asian countries.

The infrastructural and geopolitical dimensions of the 
green transition were more clearly reflected in the works 
of S.  Tagliapietra  (2024). In his 2024 study, Global Gate-
way was presented as a tool for developing sustainable in-
frastructure, renewable energy and EU cooperation with 
partner countries, particularly in Africa. Similar trends 
were identified in this study through the analysis of renew-
able energy infrastructure, sustainable transport corridors 
and green industrial projects in Africa and Central Asia. 
At the same time, S. Tagliapietra focused more on geopo-
litical competition between the EU and the Belt and Road 

Initiative, while this study concentrated on the trade and 
investment effects of CBAM and decarbonisation.

In later research, S.  Tagliapietra  et al.  (2025) exam-
ined electric vehicles, battery supply chains and the EU’s 
dependence on Chinese investments and critical raw ma-
terials. Likewise, this study considered stricter environ-
mental standards and CBAM as factors increasing risks for 
carbon-intensive sectors and raw-material-exporting econ-
omies. However, S.  Tagliapietra  et al.  focused mainly on 
EU industrial policy and strategic autonomy, whereas this 
study analysed the adaptation of business environments in 
developing countries to new low-carbon standards. The 
role of green finance in economic transformation was ex-
plored by B. Fu et al. (2025) and W. Xu et al. (2025). Their 
studies showed that green finance policies in China stim-
ulated employment growth, accelerated energy transition 
and supported cleaner technologies. Similarly, this study 
emphasised the importance of green investments, cleaner 
production technologies and digital monitoring systems 
for industrial modernisation and supply chain adaptation. 
Nevertheless, the Chinese studies focused on domestic pol-
icy mechanisms, while this research analysed the external 
economic effects of EU climate regulation on Africa and 
Central Asia.

Comparable conclusions were presented by X.  Li & 
M. Du (2025), who analysed China’s green industrial pol-
icy through the lens of international trade law and WTO 
norms. Both studies recognised that decarbonisation and 
clean technologies were reshaping global supply chains and 
trade relations. However, X. Li & M. Du focused on state 
support for electric vehicle and solar technology producers 
in China, whereas this study examined the external impli-
cations of the European Green Deal, CBAM and EUDR 
for developing countries. A similar distinction appeared 
in A. Khalique et al.  (2025), who examined environmen-
tal regulation and climate investment within the EU-22. In 
contrast, this study focused on the emergence of new trade 
barriers for developing countries and the risks of carbon 
leakage to less regulated markets.

The social dimension of the green transition was ad-
dressed in the works of A.  Hassel & K.  Weil  (2023) and 
Z.J. Im et al. (2025). A. Hassel & K. Weil analysed the role 
of social partners, trade unions and employers in ensur-
ing a just transition for European workers, while Z.J. Im et 
al. compared social and industrial responses to decarbon-
isation in Denmark, Germany, Spain and Poland. These 
studies coincided with this work in that the green transi-
tion was interpreted as a process that changed the structure 
of employment, created additional costs for business and 
required compensation mechanisms. At the same time, the 
main focus of these authors was on the internal models of 
social protection, collective bargaining and industrial pol-
icy in the EU. This study examined socio-economic risks 
more broadly, through the impact of CBAM, EUDR, and 
other EU standards on employment, investment, and ex-
port opportunities in African and Central Asian countries, 
where institutional resources for adaptation were much 
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more limited. The closest foreign-economic perspective 
was presented by I. Valiyeva & K. Garashli (2025), who ana-
lysed the impact of environmental policies, CBAM and cer-
tification requirements on global trade and supply chains. 
Both studies emphasised the risks of uneven distribution of 
environmental burdens and the relocation of carbon-inten-
sive industries to less regulated markets. However, I. Val-
iyeva & K.  Garashli considered these processes globally, 
while this study focused specifically on the consequences 
of EU regulation for Africa and Central Asia.

A similar issue was raised by F.M.  Hoffart & 
F. Holz (2024), who examined the risks of energy asset strand-
ing in resource-dependent countries caused by declining 
demand for fossil fuels. While their study focused on losses 
related to oil, gas and coal assets, this work analysed the ex-
ternal pressure of EU regulatory instruments such as CBAM 
and EUDR on trade, production and investment in develop-
ing economies. The political and distributional dimensions 
of the green transition were explored by S.  Baute  (2025) 
and D.  Plehwe et al.  (2025). S. Baute showed that support 
for climate reforms depended on perceptions of fairness and 
the “polluter pays” principle, whereas this study focused on 
unequal effects between the EU and developing countries. 
D. Plehwe et al. highlighted political resistance to renewa-
ble energy and green jobs from fossil-fuel-related networks, 
while this study emphasised the economic consequences of 
EU regulation, including new trade barriers, rising adapta-
tion costs and risks of carbon leakage to less regulated regions.

The analysis showed that modern studies of the green 
transition mainly focus on the decarbonisation of the econ-
omy, the development of renewable energy, green finance, 
labour market transformation and changes in internation-
al trade. Most of the work confirmed that environmental 
regulation and climate investments stimulate the mod-
ernisation of production and the development of low-car-
bon technologies. At the same time, it was found that the 
strengthening of EU environmental standards and the im-
plementation of CBAM and EUDR create new risks for ex-
port competitiveness, investment climate and employment 
in African and Central Asian countries. There was also a 
trend towards the transfer of carbon-intensive production 
to less regulated regions, indicating the uneven global im-
pact of the green transition.

Conclusions
The study found that CBAM, EUDR and other environ-
mental mechanisms of the EU are transforming the inter-
national economic environment, affecting trade, invest-
ment and the competitiveness of developing countries. The 
competitiveness of export-orientated sectors increasingly 
depends on carbon intensity, environmental monitoring 
systems and cleaner production technologies. In 2014-
2024, CO2 emissions in the UK decreased by almost 29% 

and in Germany by 28%, while in Vietnam they increased 
by 106%, in Indonesia by 63% and in India by almost 49%, 
indicating the transfer of carbon-intensive production to 
emerging markets. The greatest impact of CBAM concerns 
metallurgy, aluminium, cement, fertilisers and other ener-
gy-intensive industries. The mechanism at a carbon price 
of USD 44 per tonne of embedded CO₂ emissions could 
reduce developing countries’ exports by 1.4%, while at USD 
88 the reduction could reach 2.4%.

Scenario analysis showed that the economic conse-
quences for African and Central Asian countries depend 
on the level of decarbonisation and industrial modernisa-
tion. Under the optimistic scenario, Africa’s exports to the 
EU could decrease by about EUR 2.65 billion, while Cen-
tral Asia’s exports could decline by about EUR 0.49 billion. 
If renewable energy capacity in Africa continues to grow 
by 6.7% annually, installed capacity could increase from 
67 GW in 2024 to 96-99 GW by 2030. In Kazakhstan, the 
1 GW Mirny project could increase renewable energy ca-
pacity to almost 4 GW and raise the share of renewables in 
the electricity mix to 10-12%.

The baseline scenario assumes export losses of around 
EUR 4.54 billion for Africa and EUR 0.84 billion for Cen-
tral Asia. Kazakhstan’s iron and steel exports to the EU 
could decrease by about 38% by 2035, while African alu-
minium exports could decline by 13.9%, iron and steel by 
8.2% and fertiliser by 3.9%. The pessimistic scenario as-
sumes export reductions exceeding 4%, corresponding to 
losses of more than EUR 7.5 billion for Africa and EUR 1.4 
billion for Central Asia. For some African least-developed 
countries, GDP losses could exceed 1.5% and reach 8.4%. 
At the same time, the green transition stimulates renewa-
ble energy and low-carbon manufacturing. Climate finance 
for Africa increased from USD 29.5 billion in 2019-2020 
to USD 43.7 billion in 2021-2022. In South Africa, about 
1.6 GW of new renewable capacity was commissioned in 
2025, while in Kazakhstan the number of renewable en-
ergy facilities increased to 162. A limitation of this study 
is its focus mainly on macroeconomic and foreign trade 
effects without detailed analysis of individual enterprises 
and local production chains. Further research should focus 
on econometric analysis of the impact of CBAM, climate 
finance and renewable energy investments on export com-
petitiveness and decarbonisation in developing countries.
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Анотація. Метою цього дослідження було оцінити вплив екологічної трансформації ЄС на економічний розвиток 
країн, що розвиваються, в контексті зайнятості, інвестиційної активності та зовнішньої торгівлі. Методологія 
дослідження базувалася на порівняльному, статистичному та сценарному аналізі, а також методах аналізу та 
узагальнення. Результати показали, що викиди вуглекислого газу у Великій Британії зменшилися майже на 29 %, 
у Німеччині – на 28 %, тоді як у В’єтнамі вони зросли на 106 %, в Індонезії – на 63 % та в Індії  – майже на 49 %, що 
свідчить про переміщення вуглецемісткого виробництва до ринків, що розвиваються. Експорт з Африки до ЄС 
зріс зі 136 млрд євро у 2019 році до 189 млрд євро у 2024 році, тоді як імпорт з Центральної Азії досяг 35,1 млрд 
євро. Сценарний аналіз показав, що втрати від експорту можуть перевищити 7,5 млрд євро для Африки та 
1,4  млрд євро для Центральної Азії за песимістичним сценарієм. Потужність відновлюваної енергетики в 
Африці може досягти 96-99 гігават до 2030 року, тоді як у Казахстані вона може зрости майже до 4 гігават. 
Дослідження показало, що Європейська зелена угода збільшила торговельні ризики для вуглецевомістких 
секторів, одночасно стимулюючи розвиток відновлюваної енергетики та низьковуглецеву модернізацію 
промисловості. Практичне значення дослідження полягає в можливості використання результатів органами 
державної влади, експортерами, промисловими підприємствами та інвесторами для оцінки ризиків Механізму 
вуглецевого коригування на кордоні та планування низьковуглецевої модернізації промисловості
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Abstract. The aim of the study was to substantiate the mechanisms underpinning the functioning of the global green 
bond market and to identify the conditions for their effective utilisation in financing environmental projects in Ukraine. 
The methodological foundation of the research comprised systemic, structural-functional, comparative, and institutional 
approaches, alongside content analysis of scholarly sources, analytical reports, and regulatory documents. The study analysed 
issuance volumes, documenting the global market’s growth beyond USD 4 trillion and highlighting the energy sector’s 
dominance in fund allocation. The research findings established that the development of green bonds is determined by the 
interplay of regulatory requirements, institutional infrastructure, and the level of market transparency, which collectively 
shape the conditions for capital attraction and the degree of investor confidence. Based on the market dynamics analysis, it 
was determined that the key parameters of the instrument’s effectiveness are the earmarked use of proceeds, the availability of 
verification procedures, and the capacity to deliver a measurable environmental impact. It was estimated that implementing a 
programme for developing Ukraine’s decentralised energy system based on renewable generation and energy storage systems 
requires between USD 15.5 billion and USD 23 billion in initial investment, while simultaneously securing a 5.6% reduction 
in the energy system’s annual operating costs. It was established that the adoption of international reporting and certification 
standards contributes to reducing information asymmetry, whereas their incomplete implementation constrains the market’s 
development opportunities in Ukraine. The analytical synthesis facilitated the identification of the structural peculiarities 
of the national segment, characterised by a limited number of issuances and dependence on external sources of financing, as 
substantiated by the implementation of discrete instruments totalling EUR 325 million and EUR 50 million. The study formulated 
a conceptual model linking regulatory conditions, issuance mechanisms, and fund utilisation efficiency through green bonds
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market, creating preconditions for the development of 
green bonds as a component of the sustainable finance 
system. In particular, a rise in the share of ESG-oriented 
financial products within the structure of banking services 
and a strengthening of the role of environmental criteria 
in risk assessment processes were established. At the level 
of territorial communities, the utilisation of green bonds is 
linked to the possibility of financing local environmental 
projects, notably in the areas of energy efficiency and infra-
structure. According to I. Sokoliuk (2024), this instrument 
can facilitate the mobilisation of resources for modernising 
communal service facilities; however, its effectiveness de-
pends on access to financial resources and the development 
of local financial institutions.

The issue of investor confidence in green financing 
instruments is becoming of decisive importance for the 
formation of a fully-fledged market, as it fundamentally 
determines the potential for scaling up issuances and at-
tracting long-term capital. The research by R.  Zvarych & 
O.  Masna  (2025) demonstrated that the level of trust di-
rectly depends on the quality of information disclosure, 
adherence to reporting standards, and the availability of 
verified environmental impact evidence for the financed 
projects. The authors underscore that the global green 
bond market surpassed USD 4 trillion as of 2025, and that 
further expansion of the segment directly depends on the 
quality of verification mechanisms and the transparency 
of fund utilisation. Such an approach allows transparency 
and accountability to be regarded not as formal require-
ments, but as instruments for reducing information asym-
metry between issuers and investors. In this context, it is 
precisely the reliability of data concerning fund utilisation 
and project implementation outcomes that shapes the in-
vestment attractiveness of green bonds, as it enables the 
assessment not only of financial parameters but also of the 
environmental performance of investments. In the work of 
Y. Petlenko (2024), it is substantiated that the development 
of the energy sector requires the attraction of substan-
tial investment resources directed towards infrastructure 
modernisation and reducing dependence on fossil energy 
sources. Under these conditions, green bonds constitute an 
alternative capital mobilisation mechanism that combines 
financial viability with the achievement of environmental 
objectives. The author emphasises that the implementa-
tion of energy transition programmes requires multi-bil-
lion-dollar investments in the modernisation of energy 
infrastructure and the development of renewable energy 
sources. Their utilisation ensures the targeted channelling 
of resources towards projects related to the advancement 
of renewable energy sources. The level of development of 
sustainable finance instruments is determined by the insti-
tutional capacity of the financial system, which establishes 
the conditions for the effective attraction and allocation of 
investment resources. A study by A. Koldovskyi (2025) em-
phasises that the quality of financial infrastructure plays a 
key role, particularly the ability to ensure transparency of 

Introduction
The evolution of financial instruments oriented towards 
environmental objectives reflects a transformation in cap-
ital mobilisation mechanisms amidst increasingly strin-
gent requirements for the environmental performance of 
investments. Within this context, green bonds serve as an 
instrument that combines financial parameters with the 
targeted allocation of funds towards the implementation 
of environmentally-focused projects. For Ukraine, this 
issue acquires particular significance due to the necessity 
of financing infrastructure restoration, enhancing ener-
gy efficiency, and ensuring energy security. Concurrently, 
the development of the green bond market is accompa-
nied by constraints linked to institutional immaturity, the 
insufficient level of financial market development, and 
regulatory environment uncertainty, which necessitates 
a comprehensive analysis of both the opportunities and 
barriers associated with the utilisation of this instrument. 
In the work of O.  Cheberyako  (2025), green financing is 
examined as an instrument for ensuring sustainable devel-
opment and the post-war recovery of Ukraine’s economy. 
The author demonstrated that environmentally-oriented 
financial mechanisms are capable of mobilising resources 
for infrastructure modernisation and improving the effi-
ciency of energy resource utilisation. The study analysed 
the dynamics of green financing development globally and 
established that over 50 countries actively employ green fi-
nancing instruments within their national economies. The 
researcher substantiated the role of green instruments in 
shaping long-term investment flows, which permits their 
consideration as an element of restorative economic policy. 
Within the context of forming the green bond market in 
Ukraine, it is essential to characterise the barriers to its de-
velopment, among which key constraints are delineated in 
the work of A. Dubko (2022). The author identified the in-
sufficient level of regulatory framework, limited awareness 
among market participants, and the absence of developed 
infrastructure as factors inhibiting the development of this 
segment. Simultaneously, the potential of green bonds in fi-
nancing environmental projects was highlighted, allowing 
them to be regarded as a promising instrument for capi-
tal mobilisation. The global dimension of the green bond 
market’s development was revealed through the prism of 
crisis phenomena in the work of N.V. Dunas (2021), which 
demonstrated that even under conditions of economic 
instability, the market maintains a growth trajectory. The 
author emphasised that after 2020, the global green bond 
market surpassed USD 1 trillion in cumulative issuance 
volume. The author characterised the role of internation-
al initiatives in shaping national markets. In the study by 
B.  Lutsiv  et al.  (2023), the banking sector is identified as 
a key element of green financing, manifested in the trans-
formation of lending and investment approaches by inte-
grating environmental criteria. The authors proved that 
the integration of such approaches into the activities of 
financial institutions facilitates the formation of new finan-
cial instruments and alters the structure of the financial  
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operations, accessibility of financial instruments, and sta-
bility of capital flows. The author underscores that coun-
tries with developed financial infrastructure demonstrate 
significantly higher volumes of capital attraction in the 
sustainable finance segment compared to markets where 
institutional mechanisms remain fragmented. At the same 
time, institutional constraints associated with the insuffi-
cient development of market mechanisms and infrastruc-
ture restrain issuer activity and diminish the potential for 
attracting investment into environmental projects.

Scholarly research has elucidated specific aspects of 
green finance development, notably the role of financial 
instruments in ensuring sustainable development, the 
functioning of the banking system, and the barriers to the 
formation of the green bond market. However, the works 
examined predominantly analyse individual elements of 
this process, whereas the question of systemic interaction 
between the regulatory environment, institutional infra-
structure, and the mechanisms governing the functioning 
of green bonds remains insufficiently explored. Equally 
under-researched is the potential for deploying this instru-
ment within the context of Ukraine’s economic transforma-
tion and the possibilities for its integration into the national 
financial system based on a holistic model. The aim of the 
study was to identify the specific features of the green bond 
market’s functioning, to determine the factors driving its 
development, and to substantiate the possibilities of utilis-
ing this instrument to finance environmental projects in 
Ukraine. To achieve the stated aim, the following objectives 
were defined: to analyse the emergence and dynamics of 
the global green bond market; to investigate the specifici-
ties of market formation in Ukraine and the parameters of 
the inaugural issuances, to assess the potential for green 
bond utilisation; and to develop a model for attracting fi-
nancing through green bonds within the conditions of the 
national economy.

Materials and Methods
The study was theoretical and analytical in nature. The 
methodological foundation of the research was based on 
the application of systemic, structural-functional, com-
parative, and institutional approaches, which enabled 
a comprehensive investigation into the mechanisms of 
the green bond market’s functioning and the interaction 
among its key participants. During the study, scholarly 
publications, international reports, and market data were 
analysed to trace the instrument’s evolution, highlight key 
trends, and summarise project reporting, verification, and 
certification requirements, such as R.  Rodrigues Loio-
la et al.  (2025), Climate Bonds Initiative  (2025) and Or-
ganisation for Economic Co-operation and Development 
(OECD, 2025). The case study method was employed to in-
vestigate the Ukrainian market, including regulatory doc-
uments and examples of the initial issuances (IFC, 2025). 
The temporal scope of the study encompassed the peri-
od from 2007 to 2025, from the emergence of the first 
green bond issuances to the formation of a fully-fledged  

segment of the global sustainable finance market. The se-
lection of this period was dictated by the necessity to trace 
the instrument’s evolution from the initial emissions by 
international financial institutions to the current stage of 
large-scale capital attraction and market institutionalisa-
tion. For analysing contemporary trends, market struc-
ture, and institutional investors, data from 2023-2025 
were used to characterise the current green bond segment. 
The global market was examined using a historical-eco-
nomic approach with time series analysis based on Cli-
mate Bonds Initiative (2025). Structural analysis was ap-
plied to determine the composition of market participants 
and their functional roles (Moro & Zaghini, 2025; Kansoy 
& Stasiulaitis, 2025; Giacometti et al., 2025).

The selection of sources was carried out according to 
the criteria of scholarly relevance, timeliness, and availa-
bility of empirical data. The analysis incorporated scholar-
ly articles, analytical reports from international financial 
organisations, and regulatory documents, predominantly 
published between 2019 and 2025. The search was per-
formed using the keywords “green bonds”, “sustainable fi-
nance”, “ESG investing”, “green finance”, “climate finance”, 
“Ukraine green bonds”, “energy transition financing” in 
international scientometric and analytical databases, in-
cluding Scopus, Web of Science, OECD iLibrary, Climate 
Bonds Initiative, International Energy Agency, and the In-
ternational Capital Market Association (ICMA). The anal-
ysis of the emergence of the green bond market in Ukraine 
was carried out by applying institutional and content anal-
ysis through a combination of the normative and practical 
dimensions of its formation. Analytical materials from the 
National Bank of Ukraine (2025) and A.A. Olenyuk (2025) 
were processed. A comparative analysis was used to iden-
tify market development specifics, comparing initial green 
bond issuances with international sustainable finance prac-
tices by capital structure, instrument type, sector, financing 
scale, market integration, and functional role. Based on a 
comparative case analysis, which involved juxtaposing the 
parameters of two green finance instruments according to 
criteria such as instrument type, source of capital, financ-
ing sector, project scale, level of integration into the finan-
cial market, and functional role, Table 1 was formulated. 
Investor requirements for green bonds were investigated 
through the application of content analysis of internation-
al standards and a comparative analysis of approaches to 
assessing instrument quality and conditions for capital ac-
cess. To this end, research and reports by the ICMA (2025) 
and Climate Bonds Initiative (2025) were analysed, focus-
ing on instrument structure, use of proceeds, project se-
lection, financial management, and information disclosure. 
In the process of analysis, these elements were correlated 
with one another as interconnected components of a single 
mechanism. A comparative analysis was used to contrast 
international practice with Ukrainian conditions, assessing 
the standardisation of green bond requirements, verifica-
tion and reporting procedures, institutional infrastructure, 
investor participation, and transparency mechanisms. 
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The potential for utilising green bonds in Ukraine was 
assessed through the application of structural-functional 
and comparative analysis. In the study, scholarly approach-
es to green financing, as presented by M.  Babic  (2024) 
and A. Frolov (2024), were compared with the economy’s 
environmental needs to identify key application areas, 
including renewable energy, energy efficiency, infrastruc-
ture, transport, and waste management. In the process of 
analysis, these areas were examined from the perspective 
of their investment attractiveness, capital intensity, and the 
potential for achieving a measurable environmental effect. 
A structural-functional approach was employed to system-
atise these interconnections, within which the market was 
regarded as a system with input parameters, a functioning 
mechanism, and outcomes. The architecture of the concep-
tual model (Fig. 3) was formulated based on the structur-
al-functional approach and the operational logic of sustain-
able finance markets. The delineation of the model’s four 
blocks (input parameters, functioning mechanism, impact 
moderators, and outcomes) was necessitated by the need 
to reflect the sequence of formation and implementation 
of the capital attraction mechanism through green bonds. 
The input parameters encompass the regulatory and insti-
tutional conditions that form the basis for market function-
ing. The functioning mechanism covered the processes of 
issuance, verification, placement, and monitoring of the 
instrument. The impact moderators included risks, the lev-
el of investor confidence, and macroeconomic conditions, 
which determine the efficacy of market functioning. The 
outcomes block reflected the volumes of attracted financing 
and the environmental effect of the implemented projects.

Results and Discussion
The emergence of the global green bond market occurred 
as a response by the financial system to the need to mobilise 
capital for financing projects aimed at mitigating negative 
environmental impact. Conceptually, this instrument is 
grounded in the principle of the earmarked use of proceeds, 
which distinguishes it from conventional debt instruments 
and shapes a new logic of interconnection between finan-
cial flows and environmental outcomes (Rodrigues Loiola et 
al.,  2025). M. Migliorelli  (2021) emphasises that sustaina-
ble finance does not constitute a separate market segment 
but rather represents a transformation of the operating log-
ic of the financial system. Within this logic, investment is 
assessed not only against financial parameters but also by 
its capacity to generate a measurable environmental effect. 
This defines the place of green bonds within the sustaina-
ble finance system. Historically, the formation of the global 
market is linked to the activities of international financial 
institutions, which undertook the first attempts to integrate 
environmental objectives into debt financing mechanisms. 
The inaugural issuances were carried out in 2007-2008 by 
the European Investment Bank and the World Bank, laying 
the foundation for the application of the principle of tar-
geted allocation of funds and creating a model that subse-
quently became the benchmark for the entire market (On 

the origin of green bonds, 2023). This stage was character-
ised by a limited circle of participants and the absence of 
standardised approaches to assessing environmental effect, 
which constrained the scaling up of the instrument. The 
subsequent development of the market in 2009-2015 was 
accompanied by a sharp increase in issuance volumes and 
a transition from isolated offerings to the formation of a 
systemic segment of the financial market. Whereas in 2007 
the market volume amounted to less than USD 1 billion, by 
2014 it had reached USD 37 billion, and by 2016, USD 80 bil-
lion (Climate Bonds Initiative, 2019; Ballester et al., 2024). 
Such dynamics were driven by the simultaneous growth in 
demand from investors and the expansion of supply from 
issuers, including financial institutions, corporations, and 
government entities. Since 2015, market development has 
been shaped by the strengthening of climate policy and in-
ternational agreements that stimulate the mobilisation of 
private capital to finance environmental transformations. 
The study by J. Demski et al. (2025) underscores that, fol-
lowing the adoption of the Paris Climate Agreement, the 
market has exhibited exponential growth dynamics, man-
ifested both in increased issuance volumes and in the di-
versification of participants and financing sectors. The ge-
ographical expansion of the market has been accompanied 
by the emergence of sovereign green bonds, notably the first 
government issuance in Poland in 2016, signifying the in-
strument’s transition to the level of public financial policy.

Gradually, the market is moving from a phase of quan-
titative growth towards structural sophistication, manifested 
in the formation of a system of standards, verification mech-
anisms, and reporting. In the initial stages, green bond issu-
ance was characterised by a low level of transparency regard-
ing environmental outcomes; however, with the expansion of 
the market, the role of certification and verification of the use 
of proceeds has grown, thereby enhancing market transpar-
ency, as noted by Z. Zhang (2024) and J. Demski et al. (2025). 
This drives the market’s transformation from an instrument 
based on declarative environmental goals to a mechanism 
operating on the basis of formalised assessment criteria. 
Starting from 2017, market development has been character-
ised by a high level of integration of green bonds into global 
financial markets (Schoenmaker & Schramade, 2018). As of 
2025, the volume of the global market has exceeded USD 4 
trillion, reflecting a transition from a niche market instru-
ment to a fully-fledged segment of the global debt market 
(The evolution of green bonds, 2025; LSEG, 2025; TechSci 
Research, 2026). This transformation is accompanied by the 
strengthening of regulation, the growing role of institution-
al investors, and heightened reporting requirements. Thus, 
the evolution of the green bond market is determined by the 
interplay of financial mechanisms, climate policy, and insti-
tutional changes, which ensure the systematic channelling 
of capital towards the environmental transformation of the 
economy. The initial stage of the global green bond mar-
ket’s development was accompanied by limited placement 
volumes; however, over the last decade, a significant accel-
eration in the pace of development has occurred (Fig.  1).
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The volume of green bond issuance in 2023 amounted 
to USD 589.5 billion, while in 2024 it exceeded USD 670 
billion, reflecting the growing demand for instruments fi-
nancing environmental projects. The cumulative market 
volume surpassed USD 4 trillion in 2025, indicating its in-
tegration into global financial flows. The further expansion 
of the market is accompanied by an increase in the share 
of institutional investors and a strengthening of the role 
of regulatory mechanisms. According to OECD  (2025), 
over 70% of global investments in the sustainable debt 
instrument segment are formed with the participation of 
institutional investors, including pension funds, insurance 
companies, and investment funds, which attests to the 
high level of integration of green bonds into the structure 
of professional asset management. The growth in issuance 
volumes is accompanied by an increase in market liquid-
ity and an expansion of the toolkit, enabling capital to be 
raised for a broad spectrum of projects. At the same time, 
growth rates demonstrate a dependence on macroeco-
nomic conditions and the regulatory environment, which 
is manifested in fluctuations in annual issuance volumes. 
Moreover, the regional structure of the market is character-
ised by the concentration of issuance in developed finan-
cial centres with a high level of institutional development. 
Leading positions are held by the USA and China, which 
account for more than half of the global placement volume, 
a situation driven by the active implementation of climate 
policy and the development of the regulatory framework 
(Ibrić et al., 2024; Yue & Nedopil, 2025). This is support-
ed by Sustainable bond market reaches new highs (2025), 

which highlights the USA as one of the largest market seg-
ments owing to a substantial volume of corporate issuanc-
es. Concurrently, the work of Y. Xia et al.  (2024) charac-
terises the Chinese market, where a specific development 
model exists, within which green bonds occupy a relatively 
small share of the domestic debt market but play a role in 
financing infrastructure projects. The share of green bonds 
in the total issuance volume of debt instruments in EU 
countries reaches 7%, while the aggregate volume of the 
European green debt market segment has already exceed-
ed USD 1 trillion, reflecting the high level of integration of 
this instrument into the financial system (Green bonds in 
Europe, n.d.; LSEG, 2025). 

The sectoral structure of the market is determined by 
the direction of financing towards projects linked to the 
environmental transformation of the economy. The largest 
share falls on the energy sector, including the development 
of renewable energy sources and the enhancement of energy 
efficiency, which aligns with the strategic objectives of decar-
bonisation. Financing is also directed towards transport in-
frastructure, particularly the development of electric trans-
port and the modernisation of logistics systems. A distinct 
segment is formed by financing the construction and reno-
vation of buildings with enhanced energy efficiency stand-
ards, reflecting a change in approaches to infrastructure 
development (OECD,  2025). The formalisation of project 
selection criteria is carried out in accordance with interna-
tional standards, ensuring the alignment of financial and en-
vironmental parameters. The sectoral structure of the use of 
proceeds from green bonds is clearly presented in Figure 2.

Figure 1. Dynamics of the global green bond market in 2007-2026
Source: compiled by the authors based on D. Schoenmaker & W. Schramade (2018), Climate Bonds Initiative  (2025), 
LSEG (2025), TechSci Research (2026)

Figure 2. Sectoral structure of green bond proceeds utilisation as of 2025
Source: compiled by the authors based on OECD (2025), Climate Bonds Initiative (2025)
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Analysis of the sectoral structure indicates the pre-
dominance of energy projects, which is attributable to their 
high capital intensity and direct impact on emissions re-
duction. At the same time, the transport and construction 
sectors account for a significant share, reflecting the ex-
panding scope of green bond application. The functioning 
of the green bond market is determined by the interaction 
of three groups of participants, each of which performs 
a specific role in the process of mobilising and allocating 
financial resources for environmentally oriented projects 
(Moro & Zaghini, 2025; Rodrigues Loiola et al., 2025). The 
category of issuers comprises sovereign states, corporate 
structures, and development finance institutions, whose 
activities ensure the formation of supply in this market seg-
ment. Sovereign issuers establish the normative foundation 
and set the operational parameters of the market through 
the issuance of sovereign bonds, thereby enabling the in-
tegration of environmental priorities into financial policy. 
The corporate sector employs this instrument as a mech-
anism for attracting long-term capital to modernise pro-
duction and reduce environmental impact, which signals a 
shift in companies’ strategic orientations.

The formation of demand in the market is primarily 
linked to the activities of institutional investors, for whom 
the integration of environmental, social, and governance 
(ESG) criteria into the investment decision-making pro-
cess is becoming an integral component of portfolio policy. 
This transformation alters traditional approaches to asset 
valuation, as, alongside financial indicators, the quality of 
non-financial characteristics reflecting the degree of issu-
ers’ alignment with sustainable development principles is 
taken into account, according to F. Kansoy & D. Stasiulai-
tis (2025). As a result, capital is gradually being reallocat-
ed in favour of those instruments capable of delivering a 
combination of financial returns and a verified environ-
mental impact. According to Climate bonds released provi-
sional… (2025), the volume of assets managed under ESG 
criteria has exceeded USD 30 trillion globally, indicating 
the strengthening role of institutional investors in the de-
velopment of the sustainable finance market. This drives 
the growing role of specialised investment funds focused 
on sustainable development and shapes a new demand 
structure in which transparency and the reliability of in-
formation concerning the use of proceeds occupy a cen-
tral position (Giacometti et al., 2025). A distinct function 
in ensuring market efficiency is performed by intermedi-
aries, notably rating agencies, independent verifiers, and 
auditors, who assess the alignment of financed projects 
with established environmental criteria. Their involvement 
helps to reduce information asymmetry between issuers 
and investors by verifying the reliability of reporting and 
monitoring the earmarked use of funds. The presence of 
external verification formalises the environmental pa-
rameters of investments and ensures their comparability, 
which enhances confidence in the instrument and creates 
preconditions for market expansion. At the same time, 
S. Yiqun & Y. Hao (2025) are convinced that, within such 

a system, intermediaries perform not only a control func-
tion but also an institutional one, since it is through their 
activities that a mechanism for reconciling the interests of 
all market participants is formed. The development of the 
green bond market is accompanied by the progressive in-
stitutionalisation of financing approaches grounded in the 
consideration of environmental, social, and governance 
criteria. The integration of such approaches into the finan-
cial system signifies a transition from the episodic use of 
environmental instruments to their systematic application 
in capital-raising processes (Rodrigues Loiola et al., 2025; 
Walker & Gramlich, 2026).

Further transformation of the market is associated with 
the strengthening role of the regulatory environment, which 
defines the rules for classifying environmentally oriented 
activities and establishes the criteria for their compliance. 
In this context, the European Union Taxonomy occupies a 
prominent position, representing a unified system for iden-
tifying economic activities that align with environmental 
objectives (Chalavon et al., 2025; Treglia, 2026). Its imple-
mentation ensures consistency in approaches to project as-
sessment and reduces the risk of ambiguous interpretation 
of their environmental orientation, thereby influencing the 
conditions of market functioning and the level of trust in 
it. In parallel, the standardisation of issuance procedures 
and reporting is underway, envisaging the establishment of 
uniform requirements for the use of proceeds, their moni-
toring, and information disclosure. The introduction of the 
European Green Bond Standard  (n.d.) is aimed at unify-
ing the rules governing market operation and enhancing 
the transparency of investment processes, which ensures 
the comparability of financial instruments and reduces 
the costs associated with assessing their quality. Simulta-
neously, the problem persists of a discrepancy between the 
declared environmental characteristics of projects and the 
actual outcomes of their implementation, which manifests 
in practices of so-called “greenwashing”. The use of envi-
ronmental rhetoric without adequate substantiation of real 
impact creates risks of information distortion and reduces 
market confidence. The findings obtained regarding the 
risks of non-compliance and greenwashing practices align 
with the critical approaches to assessing the green bond 
market presented in the research of S.  Bracking  (2024). 
Within this approach, the existence of a contradiction be-
tween the financial returns and the environmental value 
of the instruments is emphasised, which creates precon-
ditions for formal compliance with standards without en-
suring a genuine environmental effect. In this regard, the 
significance of verification, control, and information dis-
closure procedures is amplified, as they allow for ensuring 
that financing corresponds to the declared environmental 
objectives and for increasing the reliability of information 
on the market (Yiqun & Hao, 2025; Treglia, 2026).

When examining the problem of green bond market 
formation in the context of Ukraine, it is expedient to pro-
ceed from the combination of normative consolidation 
of the instrument and limited practice of its use, which  
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determines the specific features of this financial market seg-
ment’s emergence. The introduction of a legislative defini-
tion of green bonds in 2021 established the basic conditions 
for their use as an instrument for financing environmental 
projects, setting out the requirement for the earmarked di-
rection of proceeds and the necessity of disclosing infor-
mation on the results of their utilisation (National Bank of 
Ukraine, 2025). This regulatory model is oriented towards 
ensuring the transparency of financial flows and creates 
preconditions for aligning the national approach with in-
ternational practice, which gradually influences the mar-
ket structure (Olenyuk, 2025). The practice of using green 
bonds in Ukraine is characterised by a limited number of 
issuances and concentration within the corporate sector, 
reflecting the early stage of market development (National 
Bank of Ukraine, 2025). The placement parameters, nota-
bly the currency denomination and orientation towards 
international investors, indicate the limited capacity of the 
domestic capital market to provide the necessary volumes 
of financing and constrain the participation of local finan-
cial institutions in the development of this segment. At the 
same time, the normative environment is being shaped 

under the influence of harmonisation processes with Eu-
ropean approaches to regulating sustainable finance, which 
is manifested in the consideration of the provisions of the 
Taxonomy for Sustainable Activities, the International 
ICMA (2025) recommendations regarding the Green Bond 
Principles, and the European Green Bond Standard (n.d.), 
aimed at unifying approaches to structuring issuances, 
project selection, and information disclosure. The develop-
ment of financing practices for Ukrainian environmental 
projects is also taking place through the use of adjacent 
instruments, which form the institutional foundation for 
the expansion of the green bond market. The attraction of 
financing in the amount of EUR 50 million in 2025 within 
the framework of sustainable development support pro-
grammes aimed at implementing projects in the sphere of 
energy efficiency and renewable energy demonstrates the 
gradual formation of demand for green finance instru-
ments and creates preconditions for their further dissem-
ination (IFC, 2025). Given the limited number of practical 
cases, it is appropriate to systematise the parameters of the 
first green finance instruments in Ukraine and their func-
tional characteristics (Table 1).

Table 1. Comparative characteristics of the parameters of the first green financing instruments in Ukraine

Source: compiled by the authors based on IFC (2025), National Bank of Ukraine (2025)

Parameter DTEK renewables green Eurobonds Sustainable financing programmes  
(IFC and partners)

Year of launch 2019 2025
Financing volume EUR 325 million EUR 50 million

Type of instrument Debt instrument (Eurobonds) Credit and investment mechanism
Source of capital International investors International financial institutions

Currency EUR EUR
Financing sector Renewable energy Energy efficiency, sustainable energy
Scale of projects Large infrastructure facilities Small and medium-sized enterprises

Level of market integration Full integration  
into the international capital market

Indirect integration  
through financial intermediaries

Functional role Formation of the green bond market segment Formation of demand for green financing
Limitations Dependence on external investors Absence of a direct debt instrument

The generalisation has enabled the delineation of the 
structural configuration of market formation, within which 
isolated corporate issues and mechanisms of internation-
al financial support are combined. The existence of a sin-
gle, fully-fledged debt instrument with a volume of EUR 
325 million indicates a high level of market concentration 
and its dependence on individual issuers. Concurrently, fi-
nancing within the framework of programmes amounting 
to EUR 50 million generates demand for environmental 
projects, yet it does not translate into the development of a 
domestic debt instrument market. Such a structure reflects 
an asymmetry between institutional support and issuance 
practice, which constrains market depth and determines 
its reliance on external sources of capital. Expanding the 
spectrum of financial instruments in the field of sustain-
able finance establishes the preconditions for a gradual 
transition from isolated issuances to a more systematic 
use of green bonds (Kidwell et al., 2025). The combination 

of international financial resources with national support 
mechanisms produces an institutional multiplier effect, 
within which the development of adjacent instruments 
stimulates the formation of a market for environmental-
ly-oriented debt instruments. This makes it possible to 
compensate for limitations associated with the insufficient 
level of development of the domestic capital market and 
ensures a gradual expansion of financing opportunities for 
environmental projects. The emergence of the green bond 
market in Ukraine is characterised by a gap between the 
regulatory formalisation of the instrument and the limited 
practice of its use. The selection of projects for financing 
through green bonds involves the application of special-
ised assessment procedures that ensure coherence between 
environmental objectives and the financial parameters of 
investments. Such procedures are oriented towards de-
termining the environmental impact of projects, the effi-
ciency of resource use, and compliance with established 
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sustainable development criteria, forming the basis for 
investment decision-making (Frolov,  2024). At the same 
time, the absence of established assessment methodologies 
and the limited experience of their application restrain the 
activity of issuers and reduce the instrument’s attractive-
ness for investors. The shaping of investor requirements for 
green bonds occurs within a gradual shift from evaluating 
exclusively financial parameters towards a comprehensive 
consideration of transparency, accountability, and environ-
mental performance characteristics.

Access to capital is determined not only by the issuer’s 
creditworthiness but also by the ability to ensure project 
compliance with established sustainable finance standards, 
which alters the structure of the investment process and 
elevates the role of non-financial information (Rodrigues 
Loiola  et al.,  2025; OECD,  2025). The institutional basis 
for shaping such requirements is provided by internation-
al standards, which ensure the unification of approaches 
to green bond issuance and define the criteria for project 
assessment. The Green Bond Principles, developed by the 
ICMA (2025), establish general requirements for the use of 
proceeds, project selection procedures, resource manage-
ment, and disclosure, shaping the fundamental architecture 
of market functioning. In parallel, a system of sector-spe-
cific criteria is emerging, developed within the framework 
of the Climate Bonds Initiative (2025), which specifies the 
requirements for the environmental orientation of projects 
and ensures their comparability across different sectors of 
the economy. The evolution of the European Green Bond 
Standard is aimed at further detailing these requirements 
and integrating them into the regulatory environment, 
thereby increasing the level of market formalisation and 
creating conditions for reducing information uncertain-
ty (Treglia,  2026; European Green Bond Standard,  n.d.). 
Investor requirements are structured around four inter-
connected components that determine the quality of the 
instrument and the level of trust in it (Frolov, 2024). The 
first component relates to the targeted use of proceeds, en-
visaging their allocation exclusively to financing projects 
with a clearly defined environmental effect. The second 
component encompasses project selection procedures, 
which ensure investment compliance with established cri-
teria and involve the assessment of their environmental 
impact. The third component includes mechanisms for the 
management of proceeds, which guarantee their targeted 
use and control over the flow of financial resources. The 
fourth component pertains to reporting, which ensures 
the disclosure of information on project implementation 
results and enables investors to assess the efficiency of the 
capital raised (ICMA, 2025; OECD, 2025). The aggregate of 
these elements forms a systemic model for evaluating green 
bonds, within which financial and environmental parame-
ters are integrated into a single investment decision-mak-
ing process. Ensuring the instrument’s compliance with es-
tablished requirements presupposes the use of verification 
and certification mechanisms, which allow for the confir-
mation of the credibility of declared characteristics (Yiqun 

& Hao,  2025; Demski  et al.,  2025). A prominent place is 
occupied by external audit, which ensures the verification 
of information regarding the use of proceeds and the com-
pliance of projects with established criteria. It is also com-
mon practice to engage independent expert assessments, 
which form an additional layer of quality confirmation for 
the instrument and reduce the risks of information uncer-
tainty. Within this cycle, trust is built through a sequence 
of stages that include defining the targeted use of proceeds, 
selecting projects, ensuring control over their implementa-
tion, and disclosing results. Each of these stages is linked to 
corresponding verification mechanisms, which allows for 
the minimisation of information asymmetry and ensures 
that financing corresponds to the stated environmental ob-
jectives. The presence of information asymmetry between 
issuers and investors complicates the project assessment 
process and increases uncertainty regarding their envi-
ronmental effectiveness, which may lead to a decrease in 
the investment attractiveness of green bonds (Ballester et 
al., 2024; Zhang, 2024).

A comparison of international practice with the 
Ukrainian market demonstrates the existence of gaps in the 
level of compliance with established requirements. In the 
global context, the functioning of the market is based on a 
developed system of standards, verification, and reporting, 
which ensures a high level of transparency and investor con-
fidence. In Ukraine, these mechanisms are at the formative 
stage, which is manifested in the limited experience of ap-
plying standards and the insufficient development of insti-
tutional infrastructure (Cheng, 2022; Piskunov et al., 2025). 
This situation necessitates the further improvement of the 
regulatory environment and the adaptation of international 
practices to national conditions. Investor requirements for 
green bonds form a comprehensive system of criteria that 
covers all stages of the instrument’s life cycle  – from pro-
ject selection to the assessment of their results. The level of 
compliance with these requirements determines the degree 
of trust in the market and directly influences the possibil-
ities for attracting financial resources, which confirms the 
dependence of access to capital on the level of transparen-
cy and the effectiveness of control mechanisms. The areas 
of application of green bonds in Ukraine are shaped with 
consideration for the structure of environmental challeng-
es and the specificities of the economy. The most influential 
area remains renewable energy, which requires significant 
investment in the modernisation of energy infrastructure 
and allows for the direct reduction of emissions. According 
to estimates by the International Energy Agency, imple-
menting a scenario for the development of Ukraine’s de-
centralised energy system based on renewable generation 
and energy storage systems requires between USD 15.5 and 
23 billion in initial investment, depending on the structure 
of the energy balance (IEA, 2024). At the same time, such 
a scenario is viewed as more economically efficient in the 
long term, as it allows for a reduction in the annual costs 
of the energy system by approximately 5.6% owing to de-
creased fuel costs and electricity imports. Alongside this, 
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significant potential is concentrated in the sphere of ener-
gy efficiency, where financing is directed towards the mod-
ernisation of the housing stock, industrial enterprises, and 
communal infrastructure. The transport sector constitutes 
a separate segment for the instrument’s application, linked 

to the development of electric transport and the renewal of 
logistics systems, while waste management opens opportu-
nities for financing recycling and resource recovery projects. 
Potential directions for financing environmental projects 
through green bonds in Ukraine are presented in Table 2.

Table 2. Potential directions for financing environmental projects through green bonds in Ukraine

Source: compiled by the authors

Direction  
of financing Content of financing Environmental effect Implementation specifics

Renewable 
energy

Financing the construction  
and modernisation of solar, wind, 

and bioenergy facilities

Ensures a direct reduction  
in greenhouse gas emissions 
and decreased dependence  

on fossil fuels

Requires significant capital 
expenditure and long-term investment, 

which stipulates dependence  
on international financing

Energy 
efficiency

Modernisation of the housing 
stock, industrial enterprises,  
and communal infrastructure

Contributes to reduced energy 
consumption and enhanced 

resource use efficiency

Implemented through a combination 
of state support programmes  

and private investment

Transport 
infrastructure

Development of electric transport, 
modernisation of logistics systems, 

and urban mobility

Reduces air pollution levels  
and emissions within the 

transport sector

Requires a comprehensive approach 
to infrastructure renewal and 

substantial investment in technologies

Construction 
and real 
estate

Financing the construction  
and reconstruction of buildings 
with enhanced energy efficiency 

standards

Reduces energy consumption 
and emission levels in the 

construction sector

Necessitates compliance with 
international certification standards 

and heightened requirements  
for design quality

Waste 
management

Creation and modernisation  
of systems for recycling, utilisation, 

and reuse of resources
Reduces waste volumes and 

negative environmental impact
Characterised by an insufficient level 

of infrastructure development  
and requires institutional support

Water 
resources

Financing water purification 
projects and the modernisation of 

water supply and drainage systems

Ensures the conservation 
of water resources and 

improvement of water quality
Requires significant investment  

and a lengthy implementation period

Climate 
change 

adaptation

Implementation of projects 
aimed at increasing infrastructure 

resilience to climate risks

Reduces the economy’s 
vulnerability to the adverse 

consequences of climate change

Demands the integration of state 
policy and long-term strategic 

planning

The generalisation made it possible to identify that the 
potential for using green bonds is concentrated in sectors 
with high capital intensity and a clearly measurable envi-
ronmental effect, which ensures their attractiveness to in-
vestors. At the same time, the implementation of such pro-
jects is associated with the necessity of combining private 
and public financing, which determines the complexity of 
their scaling. The results related to determining the poten-
tial of green bonds for financing environmental projects 
correlate with the conclusions of M. Babic (2024), in which 
the green finance market is regarded as a key instrument 
for transforming the energy sector and infrastructure. The 
development of the green bond market in Ukraine is de-
termined by a set of factors that shape the conditions for 
its functioning and influence its ability to attract financial 
resources. Institutional factors are linked to the level of de-
velopment of the financial infrastructure and the capacity 
to ensure the transparency and accountability of financing 
processes. Financial factors reflect the availability of capital 
and the cost of resources, which characterises the instru-
ment’s attractiveness for issuers. Regulatory factors shape 
the rules of market functioning and influence the level of 
investor confidence, while investment factors are associat-
ed with investors’ willingness to incorporate environmen-
tal criteria into their decision-making process. Alongside 
the development factors, there exists a set of barriers that 
limit the use of green bonds as a financing instrument. 

Macroeconomic instability reduces the predictability of fi-
nancial flows and complicates long-term investment plan-
ning. War-related risks heighten the level of uncertainty 
and deter investor participation, while the weakness of the 
environmental infrastructure and the limited development 
of the environmental effect assessment system reduce the 
potential for project implementation. The restricted partic-
ipation of institutional investors and the insufficient devel-
opment of the domestic financial market further constrain 
the scaling of the instrument, which creates structural lim-
itations for its use. The formation of a model for attracting 
financing through green bonds involves a generalisation of 
the interconnections between the key elements of market 
functioning. Within the framework of the structural-func-
tional approach, the market is viewed as a system encom-
passing input parameters, a functioning mechanism, mod-
erators of influence, and outcomes. The input parameters 
are determined by the quality of the regulatory environ-
ment, the level of development of environmental standards, 
and the institutional capacity of market participants. The 
functioning mechanism includes a sequence of stages of 
issuance, verification, placement, and monitoring that en-
sure the implementation of the financial instrument. Mod-
erators reflect the influence of risks, investor confidence, 
and macroeconomic conditions, which can either amplify 
or attenuate the mechanism’s effectiveness. The outcome of 
the model’s functioning is the volume of attracted financing 
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and the achieved environmental effect, which influences 
the efficiency of the instrument’s use (Fig. 3).

financial and environmental parameters of investment are 
combined. Its economic essence lies in the targeted attraction 
of capital for the implementation of projects with a measur-
able environmental effect, which alters the traditional logic 
of debt instrument functioning. The total market volume ex-
ceeded USD 4 trillion as of 2025. This indicates the transition 
of green bonds from a niche instrument to a fully developed 
segment of the global debt market. The dominance of the 
energy sector is driven by its capital intensity and direct ef-
fect on emission reductions, while the increasing role of the 
transport and construction sectors reflects the broader appli-
cation of the instrument. The study found that the develop-
ment of this financial market segment in Ukraine is marked 
by a gap between regulatory consolidation of the instrument 
and its limited practical use. The existence of DTEK renew-
ables’ green Eurobonds in the amount of EUR 325 million 
and sustainable financing programmes worth EUR 50 mil-
lion attests to the market’s dependence on external sources 
of capital and the insufficient level of development of the do-
mestic debt instrument market. It has been established that 
the potential for using green bonds in Ukraine is most sig-
nificant in the sectors of renewable energy, energy efficiency, 
transport, construction, and waste management. It has been 
revealed that market functioning is based on the interaction 
of issuers, investors, and intermediaries, who ensure the for-
mation of supply, demand, and quality control of financing. 
It has been substantiated that the key factor in attracting in-
vestment is the level of transparency and reliability of infor-
mation. The significance of this factor is reinforced by the 
fact that over 70% of global investments in the sustainable 
debt instrument segment are formed with the participation 
of institutional investors, and the volume of assets managed 
under ESG criteria exceeds USD 30 trillion. A cause-and-ef-
fect relationship has been identified: compliance with report-
ing standards, the presence of verification procedures, and 
confirmation of environmental impact directly influence the 
investment attractiveness of green bonds. A structural-func-
tional model for financing has been proposed, reflecting the 
interconnection between input parameters, the implemen-
tation mechanism, and the outcomes of the instrument’s 
use. The model’s efficiency depends on regulatory coher-
ence, investor confidence, institutional quality, and macro-
economic factors, enabling systematisation of capital attrac-
tion and optimisation of environmental project financing.
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Input parameters: 
1) regulatory environment; 
2) environmental standards;
3) institutional capacity;
4) level of financial market development.

Functioning mechanism: 
1) issuance of green bonds;
2) selection of environmental projects;
3) verification and certification;
4) bond placement;
5) monitoring and reporting.

Moderators of impact: 
1) macroeconomic risks;
2) political risks;
3) level of investor confidence;
4) information transparency.

Result: 
1) volume of raised financing;
2) environmental effect (emissions 
reduction, energy efficiency);
3) effectiveness of the financial 
instrument utilisation.

Figure 3. Conceptual model for attracting financing 
through green bonds

Source: developed by the authors

The interpretation of the model indicates that the ef-
ficiency of market functioning depends on the coherence 
among its components. Improving the quality of the reg-
ulatory environment and developing institutional infra-
structure contribute to increased investor confidence and 
larger volumes of financing. At the same time, the negative 
influence of risk factors can neutralise positive effects, which 
necessitates a comprehensive approach to market develop-
ment. Thus, the potential of green bonds as an instrument 
for financing environmental projects in Ukraine is deter-
mined not only by the availability of relevant areas of appli-
cation but also by the capacity to ensure coherence among 
the institutional, financial, and regulatory conditions of their 
use. The developed model allows for the systematisation of 
these interconnections and the identification of key direc-
tions for enhancing the efficiency of market functioning.

Conclusions
The study has substantiated that the use of green bonds forms 
a distinct segment of the financial market, within which the 
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Анотація. Мета дослідження полягала в обґрунтуванні механізмів функціонування глобального ринку 
«зелених» облігацій та визначенні умов їх ефективного використання для фінансування екологічних проектів 
в Україні. Методологічною основою дослідження стали системний, структурно-функціональний, порівняльний 
та інституційний підходи, а також контент-аналіз наукових джерел, аналітичних звітів і нормативних 
документів. У роботі проаналізовано обсяги емісії, зафіксовано зростання світового ринку понад 4 трлн дол. 
та підкреслено домінування енергетичного сектору у розподілі коштів. Результати дослідження показали, що 
розвиток «зелених» облігацій визначається взаємодією нормативних вимог, інституційної інфраструктури та 
рівня прозорості ринку, що в сукупності формує умови для залучення капіталу та ступінь довіри інвесторів. 
На основі аналізу динаміки ринку встановлено, що ключовими параметрами ефективності цього фінансового 
інструменту є цільове використання залучених коштів, наявність процедур верифікації та здатність забезпечити 
вимірюваний екологічний ефект. Оцінено, що реалізація програми розвитку децентралізованої енергетичної 
системи України на базі відновлюваних джерел і систем накопичення енергії потребує від 15,5 до 23 млрд дол. 
початкових інвестицій та водночас забезпечує зниження річних експлуатаційних витрат енергосистеми на 
5,6 %. Встановлено, що запровадження міжнародних стандартів звітності та сертифікації сприяє зменшенню 
інформаційної асиметрії, тоді як їх неповне впровадження обмежує можливості розвитку ринку в Україні. 
Аналітичний синтез дозволив виявити структурні особливості національного сегмента, що характеризується 
обмеженою кількістю емісій та залежністю від зовнішніх джерел фінансування, що підтверджується реалізацією 
окремих інструментів на суму 325 млн євро та 50 млн євро. Дослідження сформулювало концептуальну модель, 
яка пов’язує нормативні умови, механізми емісії та ефективність використання коштів через «зелені» облігації

Ключові слова: сталий розвиток; енергоефективність; інформаційна прозорість; інституційні умови; енергетична 
безпека
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Abstract. This article investigated the challenges facing Ukrainian exports due to the blockade of seaports under martial 
law, and substantiated the main directions for redirecting logistics flows towards overland, river, and multimodal 
routes. The study was based on a systems approach, comparative analysis, statistical generalisation, structural and 
logical analysis, and economic interpretation. Information sources included statistical data from Ukraine's State 
Statistics Service, materials published by government authorities, analytical reports by international organisations, 
and academic studies on transport logistics, foreign trade, and Ukraine's export infrastructure in wartime. The 
impact of the port blockade on Ukraine's export logistics was analysed, and the role of alternative transport routes 
in maintaining the resilience of foreign trade was identified. The study provided a comprehensive evaluation of 
how Ukraine’s export logistics had changed as a result of the seaport blockade between 2021 and 2025. The share of 
maritime transport in export logistics was found to have declined from 72% in 2021 to 38% in 2023, a decrease of 
34 percentage points. Conversely, the share of rail transport increased from 15% to 31%, while the share of Danube 
ports rose from 5% to 18%. Additionally, the share of road transport increased from 8% to 13%. Redirecting export 
flows enabled Ukraine to maintain some of its foreign trade. However, a substantial increase in logistics costs was also 
observed: the cost of rail transport was found to have risen by 25-30%, road transport by 30-40%, and river transport 
via the Danube by 15-20%. Alternative logistics routes were found to be viable for sustaining exports of agricultural 
products, mining and metallurgical products, and raw materials. Nevertheless, the capacity of these routes has not yet 
been sufficient to compensate for pre-war maritime transport volumes fully. The practical significance of the findings 
lies in the formulation of recommendations regarding the development of multimodal transport, the modernisation 
of border infrastructure, the expansion of capacity at Danube ports, the integration of the Ukrainian transport system 
into the TEN-T network, and the enhancement of the resilience of the national export logistics system in the face of 
wartime and post-war risks
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examined by O. Shevchuk & N. Hayvanovych (2023). They 
demonstrated that maritime transport would remain stra-
tegically important for Ukraine, even with the development 
of alternative routes, because of its ability to support large-
scale export deliveries at a lower cost.

Despite the large number of recent studies, most have 
looked at individual parts of the transport system in Ukraine 
under martial law. These include rail transport, agricultural 
exports and seaport activities. At the same time, there has 
been a lack of focus on a thorough quantitative analysis of 
the structural change in Ukraine’s export logistics after the 
seaport blockade, the shifts in the role of different transport 
modes, the extent of the rise in logistics costs, and the crea-
tion of practical recommendations for growing multimodal 
transport networks. It was the need to address this research 
gap that determined the selection of the topic and the logic 
of the study. The investigation’s objective was twofold: first-
ly, to conduct a thorough examination of the repercussions 
of the seaport blockade on Ukraine’s export logistics, and 
secondly, to evaluate the structural transformation of trans-
port flows between 2021 and 2025.

Materials and Methods
The study employed a combination of general scientif-
ic and specialised methods. The relationships between 
the blockade of ports, changes in the structure of export 
flows and the increase in logistics costs were determined 
using systems analysis. Comparative analysis was used to 
compare Ukraine’s pre-war and wartime export logistics 
models. Statistical analysis was used to generalise indi-
cators relating to changes in transport volumes across al-
ternative transport routes. Structural and logical analyses 
were used to identify the main challenges and directions 
for restructuring export infrastructure. The conclusions 
and practical recommendations were formulated with the 
application of economic generalisations. A comparative 
analysis of pre-war and wartime tariff rates was used to 
assess the increase in logistics costs associated with alter-
native routes. This analysis was based on publicly available 
industry data, including materials published by R.  Ban-
dura et al. (2024) and the United Nations Conference on 
Trade and Development (2024).

The empirical basis of the study consisted of official 
statistical data from 2021 to 2025. These data enabled a 
comparative analysis of Ukraine’s export logistics operation 
during the pre-war period, the full-scale blockade of sea-
ports and the gradual adaptation of the transport system to 
new foreign trade conditions. To ensure the representative-
ness of the study, official national statistical reports (State 
Statistics Service of Ukraine, 2022; Ukrainian Sea Ports Au-
thority, 2025; State Customs Service of Ukraine, 2026) were 
used together with analytical materials produced by inter-
national financial institutions (Echeverría et al., 2025). The 
study focused on the main categories of Ukrainian exports 
that are most dependent on seaport operations, including 
grain and oilseed crops, sunflower oil, ferrous metals and 

Introduction
Transport logistics is one of the key factors determining the 
competitiveness of a national economy within the interna-
tional trading system. For Ukraine, a traditional leading ex-
porter of agricultural products and raw materials, efficient 
export logistics determine the stability of foreign-exchange 
earnings and the country’s position in global markets. In 
2022, Russia invaded and then blocked seaports in the 
Black Sea and the Sea of Azov. This put the whole foreign 
trade system at risk. It was vital to find alternative transport 
routes for exports. 

In recent years, the operation of Ukraine’s export logis-
tics has become particularly relevant. This is because of the 
conditions of military hostilities. The operation of Ukraine’s 
export logistics has been the subject of numerous academic 
studies. O. Onyshchenko & V. Shyshkin (2025) investigat-
ed the specific features of managerial decision-making in 
international transport logistics. They looked at this under 
conditions of armed conflict and economic sanctions. They 
emphasised that transport logistics in a wartime environ-
ment should be based on the principles of flexibility, route 
diversification, and rapid response to changes in the exter-
nal environment. I.  Dashko & L.  Mykhailichenko  (2024) 
examined the impact of the war on the development of 
freight transport in Ukraine. They stressed that rail, road 
and river transport had become much more important 
following the blockade of the seaports. L.  Lebiedieva & 
D.  Shkuropadska  (2024) analysed the resilience of trans-
port logistics in Ukraine and the EU, demonstrating that 
integrating Ukrainian transport corridors into the Euro-
pean logistics system is key to maintaining foreign trade. 
T. Luchnykova et al. (2023) discussed the challenges asso-
ciated with operating rail transport amid turbulent foreign 
trade flows. Rail transport had become one of the main 
ways of making up for the loss of maritime routes, the au-
thors noted. However, its effectiveness is constrained by the 
capacity of border crossings, differences in railway gauges, 
and rolling stock shortages.

K.V. Mazur et al. (2023) investigated the organisation 
of Ukrainian agricultural exports under martial law. The 
study emphasised that the stability of transport infrastruc-
ture is crucial for agricultural exports, as grain and oilseed 
crops require large volumes to be transported at a relatively 
low cost. N.I. Mykhailyk (2024) examined the main chal-
lenges facing transport logistics during the war, emphasis-
ing the need for multimodal logistics centres. O.P. Podtserk-
ovnyi  (2023) investigated the legal framework governing 
the port industry under wartime conditions, highlighting 
the need to adapt legislation and regulatory frameworks to 
the new operating conditions of the maritime business. The 
challenges and opportunities associated with the develop-
ment of Ukraine’s maritime sector during the post-war pe-
riod were analysed by L. Trachenko (2025). He emphasised 
the importance of restoring port infrastructure, attracting 
investment and developing public-private partnerships. 
The current state, challenges and development prospects of 
maritime freight transport in Ukraine and worldwide were 



Scientific Bulletin of Mukachevo State University. Series "Economics", 13(2)
116

Export challenges caused by blockade of ports...

iron ore, as well as other mining and metallurgical prod-
ucts. Traditionally, these product categories accounted for 
the largest share of Ukraine’s export freight flows, repre-
senting the bulk of maritime transport prior to the onset 
of full-scale war.

The study analysed maritime, rail, road, river and mul-
timodal transport operations. When assessing the effective-
ness of alternative logistics routes, particular attention was 
paid to transport volume trends, transport flow structure, 
changes in the share of individual transport modes, logistics 
costs, transport infrastructure throughput capacity, freight 
delivery times, congestion levels at border crossings and the 
impact of these factors on the competitiveness of Ukraini-
an exports. The study has certain limitations. First, official 
statistics concerning the operation of Ukrainian seaports 
under martial law were only available in aggregated form 
or were subject to restricted access for reasons of national 
security. Furthermore, the 2024-2025 statistical indicators 
were provisional and subject to change once the respective 
reporting periods are finalised. The study was carried out at 
the macroeconomic level and did not cover the individual 
logistics indicators of specific enterprises. This limitation 
emphasises the necessity for additional research at the mi-
croeconomic level, employing corporate statistics and data 
supplied by transport operators.

Results and Discussion
Since the start of 2022, Ukraine has faced significant chal-
lenges in international trade due to Russia’s aggression. 
The blockade of Ukraine’s seaports is one of the most de-
structive consequences of the conflict. These ports were the 
main transport gateway for exports of agricultural prod-
ucts, metallurgical goods, coal, ore and other important 
commodities. Losing access to the ports of the Black Sea 
and the Sea of Azov, including Odesa, Mykolaiv and Kher-
son, has had a critical impact on the Ukrainian economy. 
These ports handled the majority of the country’s export 
shipments, and their blockade has resulted in a substan-
tial decline in export volumes, as well as complicating the 
transportation of goods due to the absence of adequate al-
ternatives (Onyshchenko & Shyshkin, 2025).

Traditionally, Ukraine’s seaports have played a key role 
in the global supply of grain, oilseeds, metals, and other 
raw materials. They functioned as major logistics hubs. 
They also constituted a principal artery of the national 
economy. Following the outbreak of hostilities, some of 
these facilities were destroyed or fell under the control of 
the aggressor, resulting in the closure or severe restriction 
of maritime routes. This crisis has created an urgent need 
to restructure foreign trade and logistics routes. The Eu-
ropean Commission (2025, 2026) has reported a 60% de-
crease in Ukrainian grain exports following the blockade of 
the ports. This had a negative impact on global prices and 
meant that importers had to look for other suppliers. Rail, 
road and river transport became alternative means of sus-
taining export activity. However, Ukraine was confronted 
with new challenges, such as establishing and modernising 

transport corridors, introducing new multimodal routes, 
and integrating them into the international logistics sys-
tem. At the same time, the increase in overland freight vol-
umes put considerable pressure on existing infrastructure, 
necessitating the reconstruction of current transport links 
and the development of new ones (Prasad, 2025).

Due to the blockade of ports and restricted access 
to maritime routes, Ukraine redirected a significant por-
tion of its exports towards its western borders, primarily 
through Poland, Romania, and Moldova, as well as south-
wards via the Danube River. These alternative routes have 
become crucial to maintaining exports, particularly grain 
exports. However, unlike maritime transport, overland and 
river routes require significant investment in transporta-
tion, infrastructure adaptation, and logistics. To ensure the 
effectiveness of these alternatives, rail and road transport 
must be modernised and new multimodal hubs established 
to ensure the rapid and secure transportation of goods to 
European markets.

The expansion of river transport, especially via the 
Danube, which has become one of the most important al-
ternatives to maritime routes, should be given particular 
attention. However, navigating the Danube is challenging 
for several reasons. Some sections have insufficient water 
depth, shipping capacity is limited, and there are infrastruc-
ture constraints. Despite these limitations, the Danube has 
become a vital transport artery for grain and other agricul-
tural exports following the seaports’ blockade. In addition, 
the rising cost of transporting goods by overland and river 
routes became a serious challenge for Ukrainian enterpris-
es. The loss of efficient maritime transport has impacted the 
competitiveness of Ukrainian goods in international mar-
kets. In addition, the logistics restructuring necessitated 
considerable investment in infrastructure modernisation 
and the establishment of new facilities for freight storage 
and transportation. Therefore, ensuring the flexibility and 
resilience of transport systems under the new conditions, 
as well as attracting investment to support these initiatives, 
became particularly important.

Another key factor is the importance of international 
assistance and cooperation with partners such as the Eu-
ropean Union and the United States. These partners have 
contributed to the development of new logistics corridors 
and provided financial and technical support for infra-
structure modernisation. A number of initiatives were ini-
tiated between 2022 and 2024. Among these were projects 
to restore and expand railway lines, construct new logis-
tics centres, improve river routes and develop multimod-
al transport services. These measures enabled Ukraine to 
reduce the impact of the port blockade. They also enabled 
Ukraine to continue exporting strategically important 
goods (Antonovych,  2024). A full assessment of the eco-
nomic and social consequences of logistics restructuring 
and Ukraine’s cooperation with international partners is 
required in order to make such changes. It is important to 
understand how these new routes can be integrated into 
global trade and the effect they will have on the stability of 
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the national economy. It is also crucial to evaluate the role 
of government support in fostering these processes and its 
impact on the national economy’s development.

The blockade of Ukraine’s seaports forced the country 
to restructure its logistics routes quickly, with the focus now 
on rail, road and river transport. This enabled some of the 
goods that had previously been shipped through seaports to 
be redirected towards the western border and the Danube. 
Rail transport played a key role in restoring foreign trade. 
However, it should be noted that the western border en-
countered numerous difficulties during the initial stages of 
the war. Congestion at border crossings, insufficient freight 

wagons and coordinating logistics processes with Europe-
an partners were among the main challenges. Nevertheless, 
Ukrainian authorities and businesses addressed these issues 
promptly, increasing rail freight volumes by 30-35% com-
pared to pre-war levels (Bandura et al., 2024). River trans-
port along the Danube became another important export 
route. Ukrainian companies developed river-based logistics, 
using ports in Romania, Bulgaria, and Moldova to transport 
goods to international markets. Although river transport is 
subject to certain constraints, including the limited depth of 
navigable channels in some sections, it enabled substantial 
increases in export volumes, particularly for grain (Table 1).

Table 1. Changes in freight volumes transported via alternative transport routes, 2022-2023

Table 2. Structure of Ukrainian exports by principal logistics route, %

Source: State Statistics Service of Ukraine (2022), Ukrainian Sea Ports Authority (2025)

Source: E.E. Echeverria et al. (2025), State Customs Service of Ukraine (2026)

Transport route Freight volume, million tonnes Change compared with 2021
Rail transport 16.2 +30%

River transport via the Danube 7.8 +45%

Road transport 3.5 +20%

These factors had an adverse effect on the price com-
petitiveness of Ukrainian products in international mar-
kets. The lack of affordable and speedy shipping options led 
to higher prices for Ukrainian goods. As a result, Ukraine 
lost some of its export markets, as competitors from other 
countries with access to less expensive and more efficient 
transport routes were able to offer their products at low-
er prices. Therefore, the increase in logistics costs became 
not only an operational problem for individual export-
ing enterprises, but also a systemic factor that reduced 
the price competitiveness of Ukrainian goods in foreign 
markets. The agricultural sector was particularly severely 
affected, as the low profit margins associated with agricul-
tural products mean that logistics costs are crucial to the 
profitability of export deliveries. The findings indicate that, 
when used independently, none of the alternative routes 
provides economic efficiency comparable to that of pre-
war maritime logistics. This demonstrates the need to de-
velop a comprehensive multimodal model for organising 
export transportation.

The results of the analysis suggest that Ukraine’s export 
logistics should be further developed based on the princi-
ple of transport route diversification. Priority areas include 
modernising border crossings along the western border, as 
these represent the main infrastructure constraint affecting 
rail corridors. Other priorities include expanding the ter-
minal capacity of Danube ports. They also include reducing 

customs barriers. This would increase the throughput ca-
pacity of transport corridors. It would also lower logistics 
costs for exporters. Integrating Ukraine’s transport system 
into the Trans-European Transport Network (TEN-T) is a 
strategic objective that requires standardising railway gaug-
es along key international corridors. Eliminating these tech-
nical differences is essential, as they are a systemic source 
of additional freight transhipment costs. Investment in rail-
way infrastructure, river ports and multimodal terminals 
is required to address this issue (Echeverría  et al.,  2025).

The implementation of these priorities is dependent 
on systematic government support for transport opera-
tors through preferential lending and subsidies. It is also 
dependent on the mobilisation of international financing 
under reconstruction programmes implemented by the 
World Bank and the European Bank for Reconstruction 
and Development. To provide a more detailed assessment 
of the consequences of the seaport blockade, changes in 
transport volumes and the transformation of the structure 
of Ukraine’s export logistics must be examined. Prior to 
the onset of full-scale warfare, the country’s export mod-
el was predominantly centred on seaports, which handled 
substantial consignments of agricultural products, metal-
lurgical goods, and raw materials. However, the blockade 
of port infrastructure has necessitated a rapid transition to 
alternative routes, particularly rail and road transport, as 
well as Danube ports (Table 2).

Transport route 2021 2023 Change, percentage points
Seaports 72 38 -34

Rail transport 15 31 +16

Danube ports 5 18 +13

Road transport 8 13 +5
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As shown in Table 2, there has been a significant shift 
in the logistics model of Ukrainian exports. While seaports 
handled around 72% of export flows in 2021, this figure 
had fallen to 38% by 2023. This decline was due to the 
blockade of several ports, infrastructure damage, increased 
security risks, and the requirement for more intricate trans-
port arrangements. Conversely, the share of rail transport 
increased from 15% to 31% over the same period, confirm-
ing its pivotal role in ensuring the continuity of foreign 
trade operations. The growing importance of Danube ports 
is particularly notable, indicating the emergence of a new 
strategic export route that has partially compensated for 
the loss of traditional maritime routes. Road transport also 

increased its share. However, its potential remains limited. 
This is due to high transport costs, border crossing queues 
and lower carrying capacity. This is when compared with 
rail and maritime transport.

The redirection of exports towards alternative routes 
was also accompanied by rising logistics costs. This has be-
come one of the main factors reducing the competitiveness 
of Ukrainian products in global markets. The largest cost 
increases were observed in rail and road transport. The 
root causes of these issues were identified as congestion at 
border infrastructure, additional transhipment operations, 
longer delivery times and the need to use combined trans-
port arrangements (Table 3).

Table 3. Estimated impact of alternative routes on exporters’ logistics costs

Source: compiled and calculated by the author on the basis of data from R. Bandura et al.  (2024) and United Nations 
Conference on Trade and Development (2024)

Mode of transport Principal advantage Principal limitation Estimated increase  
in costs during the war, %

Rail transport Ability to transport large 
consignments

Limited throughput capacity  
at border crossings 25-30

Danube ports Access to European  
and global markets via river routes

Insufficient depth  
and limited port capacity 15-20

Road transport Flexibility and rapid route 
adjustment

High cost and queues  
at border crossings 30-40

Multimodal transport Risk diversification  
and combination of different routes

Complex coordination  
and the need for logistics hubs 10-20

The data confirm that, in terms of scale, cost and 
speed of transport, none of the alternative routes can ful-
ly replace maritime logistics. Rail transport became the 
foundation of the export redirection process, although 
how effective it is depends a lot on the throughput capac-
ity of border crossings, the availability of railway wagons, 
the speed of customs clearance and coordination with 
European operators. Danube ports have substantial po-
tential, but require further modernisation and expansion 
of terminal capacity, as well as the dredging of navigation 
channels and development of access infrastructure. Al-
though road transport offers the greatest flexibility, it is 
the most expensive option for bulk export cargoes. There-
fore, it should primarily be used for products with a high-
er added value or as part of a multimodal arrangement. 
The most promising approach is the development of mul-
timodal transport, which combines the advantages of dif-
ferent modes of transport and reduces exporters’ depend-
ence on a single logistics channel. Therefore, the analysis 
confirms that the seaport blockade not only caused short-
term losses for exporters, but also catalysed the structur-
al transformation of Ukraine’s transport system. In these 
new conditions, the efficiency of exports depends on the 
state and businesses’ ability to develop a flexible, diver-
sified and integrated logistics model that combines rail, 
road, river and multimodal routes.

Overall, the findings confirm the conclusions of re-
cent studies that transport infrastructure plays a critical 
role in maintaining the resilience of Ukraine’s foreign trade 
in wartime. At the same time, however, they provide a  

considerably more detailed assessment of the scale of the 
structural transformation of export logistics. Unlike previ-
ous studies, which primarily focused on individual aspects 
of the transport system, this study provides a comprehen-
sive analysis of changes in export transportation structure, 
logistics costs, the role of alternative routes, and how they 
adapt to new international trade conditions.

The findings are consistent with the conclusions of 
R.  Bandura  et al.  (2024), who emphasise that transport 
logistics should be based on route diversification and rap-
id responses to changes in the external environment under 
conditions of military conflict. The present analysis con-
firmed that transport route diversification was one of the 
key factors in ensuring the continuity of Ukrainian exports 
following the blockade of the seaports. However, the find-
ings also demonstrate that the substantial increase in the 
use of rail, road and river transport did not fully compen-
sate for the loss of maritime logistics.

The findings also support the conclusions of I.V. Davy-
dova & S.V. Reznichenko (2022) that the role of rail trans-
port has significantly strengthened since the start of the 
full-scale war. While previous studies primarily identified 
increased pressure on railway infrastructure, the present 
analysis reveals specific quantitative changes. Notably, 
the share of rail transport in Ukraine’s export logistics in-
creased from 15% to 31%, and freight volumes transport-
ed across the western border surpassed pre-war levels by 
around 30%. These results demonstrate the high degree of 
adaptability of Ukraine’s transport system, even in the face 
of large-scale wartime challenges.
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Comparing the findings with the research of 
I.  Shevchenko & I.  Klius  (2023) suggests that integrating 
Ukrainian transport corridors into the European logistics 
system was key to supporting export activity. The find-
ings confirm that closer cooperation with EU countries, 
increased use of border infrastructure, and active devel-
opment of the Danube transport route enabled foreign 
trade operations to continue despite partial disruption to 
maritime transport. However, the findings differ some-
what from those of certain earlier studies concerning the 
economic efficiency of alternative routes (Lysenko,  2016; 
Miroshnyk & Bahlai,  2022). Rail and river transport are 
regarded by some authors as complete substitutes for mar-
itime transport. However, the present analysis shows that 
neither mode can fully replace maritime logistics. This is 
due to substantially higher transport costs, lower through-
put capacity and the need for additional freight tranship-
ment operations. Therefore, Ukraine’s transport system 
should be developed strategically to create an efficient mul-
timodal transport model, rather than replacing one mode 
of transport with another.

A comparison of the findings with international statis-
tical data was also made. This data was published by the Na-
tional Council for the Recovery of Ukraine from the Conse-
quences of the War (2022) and BBC News Ukraine (2023). 
This comparison confirms the general trend towards a sub-
stantial increase in the importance of overland transport 
routes. This increase began following the beginning of the 
full-scale war. At the same time, the findings of the present 
study provide a more detailed account of the specific charac-
teristics of Ukraine’s transport system and demonstrate that 
the greatest positive effect was achieved through the simulta-
neous use of several alternative transport routes rather than 
through the development of any single mode of transport.

The findings confirm the main conclusions of recent 
academic studies about the transformation of Ukraine’s ex-
port logistics under wartime conditions. They also extend 
these conclusions substantially through a quantitative anal-
ysis of changes in the structure of transport flows, logistics 
costs and the effectiveness of alternative routes. The ex-
port-logistics diversification model developed in the study 
is one of the fundamental means of ensuring Ukraine’s 
economic resilience in the face of prolonged wartime and 
post-war challenges.

Conclusions
Ukraine’s export logistics underwent a structural transfor-
mation, which was confirmed by the study to be due to the 

blockade of the seaports. The consequences of this are sys-
temic and long-term. While the redirection of exports to 
alternative routes prevented the complete cessation of for-
eign trade, it did not fully compensate for the loss of mar-
itime capacity. None of the alternative modes of transport 
matches pre-war maritime logistics in terms of the com-
bined indicators of cost, throughput capacity, and delivery 
speed when considered separately. A key outcome of the 
study was the quantitative assessment of the scale of this 
transformation. The share of maritime transport decreased 
by 34 percentage points. Rail transport and the Danube 
ports formed the new foundation of export logistics. How-
ever, this redirection was accompanied by increased logis-
tics costs of between 15% and 40%, depending on the trans-
port method used. This reduced the price competitiveness 
of Ukrainian exporters, particularly in the agricultural 
sector, on a systematic basis. The most vulnerable product 
categories were those that were highly dependent on large-
scale maritime transport: grain and oilseed crops, sunflow-
er oil, ferrous metals, and iron ore.

A comparison of the effectiveness of alternative trans-
port routes showed that rail compensated for the largest 
proportion of export flows. However, its potential is limit-
ed by the capacity of border crossing points and differenc-
es in railway gauges. Danube ports have emerged as a new 
strategic export route, recording the lowest level of cost 
growth among the alternative options. This establishes 
them as a priority for the further development of export 
infrastructure. Despite being costly, road transport pro-
vided the operational flexibility required for higher-value 
products. Further research should focus on economet-
ric modelling of the optimal structure of multimodal 
transport. It should also assess the economic efficiency 
of investment in Danube infrastructure. Forecasting the 
throughput capacity of transport corridors after the end 
of martial law is another area to explore. And an inte-
grated model for managing Ukraine’s export logistics in 
accordance with modern European transport standards 
should be developed.
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Проблеми експорту через блокаду портів,  
перебудову на сухопутні та альтернативні маршрути

Ростислав Осадчук
Аспірант

Національний університет біоресурсів і природокористування України
03041, вул. Героїв Оборони, 15, м. Київ, Україна
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Анотація. Метою статті було дослідження проблем експорту України, спричинених блокадою морських портів у 
період воєнного стану, а також обґрунтування напрямів перебудови логістичних потоків на сухопутні, річкові та 
мультимодальні маршрути. Методологічною основою дослідження стали системний підхід, методи порівняльного 
аналізу, статистичного узагальнення, структурно-логічного аналізу та економічної інтерпретації. Інформаційну 
базу сформували статистичні дані Державної служби статистики України, матеріали державних органів, 
аналітичні звіти міжнародних організацій, а також наукові праці, присвячені розвитку транспортної логістики, 
зовнішньої торгівлі та експортної інфраструктури України в умовах воєнних ризиків. Було систематизовано 
наслідки блокади портів для експортної логістики України та визначено ролі альтернативних транспортних 
маршрутів у забезпеченні стійкості зовнішньої торгівлі. У результаті дослідження проведено комплексну оцінку 
трансформації експортної логістики України внаслідок блокади морських портів у 2021-2025 роках. Встановлено, 
що частка морських перевезень у структурі експортної логістики скоротилася з 72 % у 2021 році до 38 % у 
2023 році, тобто на 34 відсоткових пункти. Одночасно частка залізничного транспорту зросла з 15 % до 31 %, 
дунайських портів – з 5 % до 18 %, автомобільного транспорту – з 8 % до 13 %. Визначено, що переорієнтація 
експортних потоків забезпечила часткове збереження зовнішньої торгівлі, однак супроводжувалася суттєвим 
підвищенням логістичних витрат: перевезення залізничним транспортом подорожчали на 25-30 %, автомобільним 
транспортом  – на 30-40 %, річковими маршрутами через Дунай – на 15-20 %. Доведено, що альтернативні 
логістичні маршрути дозволили підтримати експорт аграрної продукції, продукції гірничо-металургійного 
комплексу та сировинних товарів, проте їх пропускна спроможність поки не забезпечує повноцінної компенсації 
довоєнних морських перевезень. Практичне значення результатів полягає у розробленні рекомендацій щодо 
розвитку мультимодальних перевезень, модернізації прикордонної інфраструктури, розширення потужностей 
дунайських портів, інтеграції української транспортної системи до мережі TEN-T та підвищення стійкості 
національної експортної логістики в умовах воєнних і післявоєнних ризиків

Ключові слова: транспортна логістика; мультимодальні перевезення; дунайські порти; залізничний транспорт; 
зовнішня торгівля
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