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INTRODUCTION

We are happy to invite you to get acquainted with the first issue of the new scientific and
practical publication "Intellectualization of Logistics and Supply Chain Management".

We strongly believe that the launch of this magazine indicates the objective need to
rethink a wide range of issues related to the development of theory and practice in logistics and
supply chain management, awareness of the need to unite the scientific community and logistics
practitioners, dissemination of modern knowledge and best practices forinnovative development
of the logistics services market.

The first issue of the magazine is published at a difficult time. The global coronavirus
pandemic and the deep economic crisis have significantly worsened business activity in the world.
Currently, global supply chains are collapsing, international trade is declining, and competition
between global and regional logistics operators is intensifying. The most common thesis is that
the world will never be the same again. Industry experts predict the emergence of new, more
flexible and adaptive supply chain management strategies and approaches to logistics business
process management. The trend towards collaborations, cooperation and unification of services
is emerging, comprehensive proposals for clients are being developed. There is increasing talk
about the need to build bimodal supply chains, which involves the development of different
decision-making scenarios: the traditional approach - cost-effective efficiency, low risk, high
predictability; a new approach "second mode" - rapid recognition of opportunities, adaptability,
willingness to solve unexpected problems and look for new opportunities.

Radical transformations of the global and national markets for logistics services require
appropriate scientific support. Logistics science has a special role to play in this process. Initiating
the emergence of a new journal, we decided to focus on its coverage of problematic aspects of
the formation and development of logistics systems at the micro, mezo and macro levels, supply
chain management, digitization of logistics, methods and tools for optimizing processes in
logistics and supply chains, sociopsychology relations and network interaction of enterprises
using cloud technologies, artificial intelligence, e-learning, neural business process management
systems, etc.

Therefore, we invite scientists, researchers and business representatives, as well as our
colleagues from abroad, to cooperate and present the results of scientific research, to discus and
debate on them, to work together to develop the scientific theory of logistics and promote mutual
intellectual enrichment.

We hope that the new scientific publication will become a theoretical guide for young
researchers and representatives of other fields.

HRYHORAK Mariia
Chief Editor

This work is licensed under a Creative Commons Attribution 4.0 International License
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METHODOLOGICAL SUPPORT FOR EVALUATING ECONOMIC
EFFICIENCY FOR REALIZATION OF LOGISTICS IN AVIATION SPHERE

Volodymyr Reznik. "Methodological support for evaluating economic efficiency for realization of
logistics in aviation sphere". Calculation and estimation of economic efficiency of the logistics activity is
essential for further operation of every enterprise. It should be noted, that logistics composes one of the main
expenditures of every enterprise. In order to optimize the operating processes of manufacturing and increase the
effectiveness of the enterprise’s activity, the main approach is investigated by the author. The approaches can
be relied on costs correlation analysis, Direct and indirect costs are also investigated. Analysis of costs and
benefits and estimation of coefficient of logistics performance index in the scale of enterprise are also
investigated. All the noted methods of economic efficiency of logistics were compared and recommendations
for choosing an optimal variant depends on enterprises requirements and priorities were also developed.

Keywords: Economic efficiency, neural networks, method of analysis and comparing, economic
indicators, economic efficiency indicator, profitability level, economic feasibility.

Bonooumup Pe3Hik. "MemoouyHe 3a6e3ne4yeHHA OYiHKU eKOHOMi4YHOi eghekmueHocmi
peanizayii nozicmuku e aeiayiliHiti c¢pepi”. Po3paxyHOK ma OuyiHKa eKOHOMIYHOI eghekmusHOCMI
J102icmuYHOI OififlbHOCMI € 8aXNUBUM 071 NOOATbWO20 PYHKUIOHYBAHHA KOXHO20 nionpuemcmead. Cnio
3d3HA4YuUMU, Wo J102iCMuKa CMaHo8uMb OOHY 3 OCHOBHUX cmamell 8UMPAm KOXHO020 nidnpuemcmaa. 3
Memor onmumizayii onepayitiHux npouyecie sUpobHUUMBA ma nidsUWEeHHA epheKmusHOCMI OiaibHOCMI
nionpuemcmea asmop 00CNiOXye OCHOBHUU nioxid. 1idxo0u MoXyme cnupamuca HA aHdania Kopenayii
suMpam, Makox 00CiOKyIoMbCA NPAMI ma Henpami sumpamu. Takox 00CiOXKyeEMbCA aHaniz eumpam i
8U200 Ma oyiHKa KoegiyieHmMa no2icmMuyHoi eghekmusHocmi 8 Macuumaoi nionpuemcmaa. byno nopigHaHo 8ci
3d3HaveHi Memoou OUiHKU eKOHOMIYHOI edhekmuBHOCMI N102iCMUKU, d MAKoX po3pobrieHo pekomeHOauii
w000 8UOGOPY ONMUMALHO20 8apIaHMY 3ds1eXHO 8i0 nompeb ma npiopumemig nionpuemcmaa.

Knioyoei cnoea: EkoHOMiIUHa edeKTUBHICTb, HEMPOHHI Mepexi, MeTOA aHasi3y Ta MOPIBHAHHA,
€KOHOMIiUYHi MOKa3HWMKKU, MOKa3HUK EKOHOMIUHOI edeKTUBHOCTI, piBeHb pPeHTabenbHOCTi, eKOHOMiIYHa
JOoUiNbHICTb

Introduction.  Estimation of the integral part of the economy of the enterprise
economic return on logistics processes is an and it's operating activity, because logistics
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usually accounts for a large share of financial
costs and can significantly change a
company's position in the market. A key
method for determining this efficiency is
based on comparing the costs required by
logistics activities with the benefits that these
activities generate. This article is the logical
continuation of the number of publications,
which were devoted to the evaluation of the
economic efficiency of the logistics at
enterprises of scientists as: Petryk I.V., Bochko
O.Yu. [3, 5, 6], Molnar O.S., Paliychuk E.S.,
Kovtyuk Y.I. [ 7, 8, 9] and other Ukrainian and
foreign scientists.

The purpose of the article is to provide
the research of the theoretical foundation of
methodological recommendation of
estimation the economic efficiency of
aviation logistics on the average enterprise’s
example. Comparing the methods of
forecasting and calculation of the economy
effectiveness of the enterprise and
developing the recommendations of
choosing the most optimal variant according
to values and financial characteristics of the
enterprise.

Presentation of the main results.

Methodological support for evaluating
economic efficiency for realization of logistics in
aviation sphere

Evaluating how economically effective a
company's logistics processes are constitutes
a crucial aspect of overall enterprise economy,
business administration, given that
transportation and warehousing
expenditures  frequently represent a
substantial portion of overheads and possess
the capacity to greatly influence market
standing.

The evaluation framework centers on
several vital components: expenditure related
to moving goods, warehousing, managing
freight, administrative overhead, and various
supplementary logistical activities.
Conversely, it also accounts for the income
stemming from  optimized logistical
performance. Expenses are categorized as
either immediate (such as fuel expenditure or
leasing warehouse space) or deferred (for
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instance, financial impacts from failing to
meet scheduled deliveries, expenses linked to
surplus stock, etc.) [1-4]

According to observations made by A.
Suleymanov in 2021, various techniques exist
for gauging the economic effectiveness of
logistics operations. Specifically, the cost-
benefit analysis stands out as a highly
prevalent and readily graspable technique,
enabling organizations to straightforwardly
juxtapose the aggregate expenditures
associated with logistics functions against the
resultant gains. This particular methodology
proves advantageous for preliminary
evaluations and making swift, near-term
determinations. Nevertheless, its primary
drawback lies in its failure to incorporate non-
monetary  advantages, for instance,
enhancements to a company's standing or a
superior customer journey.

Modern artificial neural networks
represent a powerful instrument capable of
handling substantial volumes of information
and accounting for intricate dependencies
among various factors. Their utility shines
particularly brightly within fluid market
environments that necessitate immediate,
up-to-the-minute data interpretation.
Nevertheless, deploying these systems brings

with it considerable demands on
computational power and necessitates
personnel possessing  the requisite

technological expertise.

The logistical performance indicator
offers a rapid gauge of how effectively
logistics  operations are  functioning,
employing a straightforward calculation
comparing revenue against expenditures.
This approach proves particularly handy for
swift evaluations when achieving a result
promptly takes precedence over detailed
scrutiny. Nevertheless, its scope is restricted
because it fails to incorporate variables
originating externally, like shifts in market
dynamics or broader economic climates.
Conversely, employing economic and
mathematical simulation techniques delivers
superior forecast precision and facilitates the
streamlining of logistical workflows.
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For further

investigation and more

concrete analysis the Table of comparing of
the evaluation method of economic efficiency
is performed by the author.
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Table 1. Comparison of methods for assessing the economic efficiency of logistics

Estimation method Advantages Disadvantages
Analysis of loses and | Clearance of the results, absence of | Financial benefits cannot be taken into
benefits difficulties during the application account
Logistics coefficient | It is applicable for rapid results | Internal factors cannot be taken into
indicator evaluation account
Economy and It _hgs the P ossibilities of ~being Difficulties in  model construction,
. . optimized,  higher  accuracy  of -
mathematical modelling . requiring complex database
forecasting
Ability to process large amounts of data, | |, . .
X : High requirements for computing
Neural network taking into  account  complex L !
; . resources, need for specialized skills
relationships

Source: Developed by the author.

Consequently, selecting the appropriate
technique for gauging the economic viability
of logistics operations is contingent upon the
organization's distinct requirements, the
resources at its disposal, and the required
granularity of the investigation.
Straightforward approaches, like evaluating
costs against benefits or employing
performance metrics, work well for rapid
evaluations, whereas techniques such as
econometric modeling or employing neural
networks offer greater efficacy for intricate
and protracted.

To evaluate performance, a composite
metric is employed, merging economic,
functional, ecological, and societal
dimensions of supply chain functions.
Specifically, the Logistics Performance Index
(LPI), tailored for the air transport sector,
might incorporate metrics like the swiftness
of freight handling, adherence to green
guidelines, and cost-effectiveness. Following
this performance appraisal, avenues for
improvement are pinpointed, such as
implementing mechanized systems for
freight movement, refining stock control
methods, or streamlining transport pathways.
These suggestions, derived from the collected
evidence, aim to resolve critical constraints
hindering the smooth functioning of logistics
frameworks.

From the outset, establishing a set of
crucial performance metrics that capture the
entirety of logistical operations is paramount.
These metrics specifically encompass
expenditure, the timeframe required for
logistics tasks, the standard of service
delivery, and ecological considerations.
Expense analysis should cover operational
overhead, fuel expenditures, costs associated
with aircraft upkeep, storage fees, and
customs processing charges. Time-related
metrics evaluate the length of time needed
for freight handling, the rapidity of transport,
and compliance with established timetables.
Service excellence is evaluated by gauging
customer contentment levels, the frequency
of service disruptions, and instances of lost
freight. Pertaining to environmental impact,
metrics should track the amount of carbon
dioxide released and overall energy utilization
[5-10].

Contemporary  digital  instruments,
including transport management systems
(TMS) and warehouse management systems
(WMS), serve the purpose of gathering and
refining information. Information pertaining
to expenditures, throughput, established
pathways, and the client roster undergoes
meticulous scrutiny to facilitate sound
administrative choices. This process yields an
exhaustive  examination of logistical
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operations, forming the foundation for
subsequent simulation [11].

Simulating logistics flows necessitates
scrutinizing diverse hypothetical situations,
particularly those factoring in shifts in market
demand, meteorological factors, and
regulatory shifts. A crucial phase involves
deploying a cost-benefit evaluation, which
furnishes an appraisal of the financial viability
associated with logistical activities. This

7-14
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methodology enables the quantification of
the aggregate expenses incurred during the
execution of the logistics chain and their
comparison against the advantages secured,
for instance, augmented earnings, quicker
fulfillment durations, or enhanced patronage
contentment.

For deeper analysis and complex
forecasting the results, the Table 2 was
developed by the author.

Table 2. Visualization of key indicators of economic efficiency of logistics in the aviation

industry
Category: Indicator LIS B Goal and meaning
measurement
UAH pertones | Minimization ~ of  costs  on
: Fuel costs . .
Economic per kilometer transportation
indicators Operational costs UAH per year Reducing of general costs
Profitability level % Profitability increment
Average delivery time hours Reducing the transportation time
Time indicators I Optimization of cargo handling
Cargo handling time hours . .
processes (loading and unloading)
Quality indicators | Level of customer’s satisfaction % Increasing of quality of servicing
Share of timely delivered cargo % Following the schedule of delivery

Frequency of loses and damages
of cargo

Cases per year

Reducing the incidents number

Ecological Volume of CO, emissions Kg/tonnes * Reducing the negative effects
indicators kilometer
Energy consumption mJ/per year Increasing the efficiency of the
energy
Composite Logistics performance indicator Points Complex estimation of the logistic
indicators (LPI) system efficiency
Economic advisability of the UAH peryear | Maximization of financial benefit
logistics processes from logistics
Source: developed by the author
The formalization of the methodology for devising a unified methodology that

assessing the economic efficiency of logistics
in the aviation industry consists in developing
an integrated approach that takes into
account the economic, operational and
environmental aspects of airline activities.

In order to systematically evaluate how
logistics functions economically in air
transport, one  must  establish a
comprehensive framework. This requires

1) Integral Efficiency Indicator (IEl)

simultaneously considers the financial
performance, the operational execution, and
the ecological footprint associated with an
airline's entire scope of work.

For further understanding of the
principles of estimation of the economic
efficiency, the evaluation example is
represented by the author.

IEI = i W, - P,
i=1
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W; — weighting factor of the i-th indicator (defined by expert judgment or based on the
company’s strategic priorities);

Pi - standardized value of the i-th indicator;

n — number of indicators included in the analysis.

2) Calculation of Standardized Values P ;
Standardization is applied to transform
indicators  with  different  units  of
measurement into a unified scale [0;7].
2.1. For maximizing indicators (higher values indicate better performance)

X i X min
X max X min

2.2. For minimizing indicators (lower values indicate better performance)

X max X i
X IMAX X min

P =

P =

where:
X ;- actual value of the indicator;

Xmin, Xmax — minimum and maximum values of the indicator within the analyzed period or
sample.

Mandatory methodological rule
To ensure the validity of the standardization procedure, the following condition must be
satisfied:

Xma.x # Xmiu

If Xmin=Xmax, the indicator shows no indicator, as standardization would otherwise
variability and must be excluded from the result in division by zero and distort the
analysis or replaced with an alternative integral assessment.

3) Selection of Indicators for Analysis
Economic indicators

1. Cost of transportation (C¢), UAH/t — minimization indicator.
2. Operational profitability (Roper), % — maximization indicator.

3. Investment payback period (Tinv), years — minimization indicator.
Operational indicators

4. Cargo processing time (Tpro), hours — minimization indicator.

5. Capacity utilization rate (Rut), % — maximization indicator.
Environmental indicators

6. CO2emissions per 1 ton of cargo (COy), kg/t — minimization indicator.
7. Share of energy-efficient technologies used (Eenerg), % — maximization indicator.
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Economic indicators — 50%
Operational indicators — 30%
Environmental indicators - 20%
Weight normalization condition

Z Wi =1
i=1

The total weight of each group is
distributed proportionally among the
indicators within that group.
5) Step-by-Step Algorithm for Applying the Methodology

4) Weighting Factors W;

Weighting factors are assigned according
to the company’s strategic priorities. An
example distribution is:

Step 1. Indicator definition

Select relevant economic, operational, and environmental performance indicators.
Step 2. Data collection

— Collect actual values X; for the reporting period.

— Determine Xmin and Xmax for each indicator.

Step 3. Standardization

Calculate standardized values P; using the appropriate formula for maximizing or minimizing
indicators.

Step 4. Assignment of weighting factors
Define weighting factors W; in line with strategic priorities and verify t>_ W; = 1.

Step 5. Calculation of the integral indicator

IEI = Z W; - P,
i=1

Step 6. Results analysis
— Interpret the obtained IEl value.
—  Compare results with previous periods and/or competing companies.

Step 7. Formulation of recommendations
Based on the contribution of individual indicators and their weights, identify weaknesses
and develop measures to improve overall efficiency.

Table 3. Calculation of standardized values of logistics efficiency indicators in the aviation
industry taking into account weighting factors for further convenience and understanding

Indicator Means (Xi) Xmin Xmax Standartd means (Pj) | Weight (W)
Cir. 250 200 400 0.75 0.2
Poper 20% 10% 30% 0.5 0.3
CO2 50 30 80 0.67 0.1
Tpro 3 2 5 0.33 0.2
Rut 80% 50% 90% 0.75 0.2

Source: Developed by the author.




The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

Next step is the calculation the integral
performance indicator by using the formula
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IEI = Z W, - P,
i=1

Substituting the calculated weighted
standardized values into the formula:

IE] = Zm-ﬂ- — 0.15 + 0.15 + 0.067 + 0.067 + 0.15
i=1

ITET = 0.584

The obtained value of the integral
efficiency indicator equals 0.584, which
reflects the aggregated level of economic and
operational performance based on the
selected indicators and assigned weighting
factors.

In our case, this result means that the
effectiveness requires to be improved, at
current it is at the average level. There are the
following steps for further increasing the
efficiency, such as:

Deployment of novel technologies.
Current inventive solutions are a principal
element in streamlining logistics.
Mechanization of logistics procedures,
specifically via introducing supply chain
management (SCM) suites and analytical
frameworks, permits considerable
performance gains.

Streamlining of logistics procedures.
Rationalizing logistics activities leads to a
considerable lowering of expenses. A review
of current freight transport paths permits
minimizing the span and delivery duration,
thus cutting down on fuel and vehicle
running charges.

Personnel instruction. Efficient logistics
administration is unachievable without
capable employees able to adjust to novel
circumstances and methods.

Conclusions. The implementation of
these recommendations will allow aviation
enterprises to reduce operating costs,
improve the level of customer service and
ensure competitive advantages in the
conditions of dynamic market changes. It is
also worth noting that the economic
efficiency of logistics operations in the
aviation industry is formed under the
influence of a number of internal and external
factors. Internal factors are related to the
organization of the enterprise's work, its
resources and technologies. In particular, one
of the key factors is the organizational
structure of the enterprise. A clear division of
responsibilities  between  departments,
coordination of actions and an effective
management system allow achieving high
efficiency in work, reducing the likelihood of
errors and improving the quality of customer
service. Continuous improvement of
personnel knowledge in the field of advanced
logistics practices, the use of breakthrough
tools and electronic systems ensures their
increased efficiency. Additionally, training
programs focused on the implementation of
changes will allow the team to more easily
perceive changes and more successfully
implement the latest developments into
routine work processes.
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CONCEPT OF ENERGY EFFICIENCY OF URBAN TRANSPORT AND
LOGISTICS SYSTEMS

Viktoriia Nykonchuk. «Concept of Energy Efficiency of Urban Transport and Logistics Systems».
The article presents theoretical and applied aspects of forming a concept of energy efficiency for urban transport
and logistics systems under conditions of urbanization and increasing energy challenges. It reveals the essence
of the key principles of energy efficiency, conceptual approaches to assessing energy consumption in urban
transport, as well as the features of digitalizing transport processes and implementing integrated mobility
management. The study examines the possibilities of using balanced integrated indicators to monitor the
energy performance of urban mobility and outlines directions for reducing transport losses and improving
resource efficiency. A comprehensive concept of energy efficiency is proposed, encompassing five strategic
dimensions: technical (transport electrification and development of charging infrastructure), managerial
(digital mobility platforms and intelligent traffic management systems), economic (incentive mechanisms for
energy-saving transport), social (shaping new models of travel behavior), and institutional (establishing a
municipal transport energy management center). The results may be used by local governments, transport
operators, and educational institutions in developing policies for energy independence, green logistics
programs, and strategies for climate-neutral mobility in Ukrainian cities.

Keywords: energy efficiency, transport and logistics system, urban mobility, sustainable
development, transport digitalization, electric transport, green logistics.

Bikmopia HukoH4yyk «KoHYyenyis eHepzoeghekmusHocmi mpaHcnopmmHo-s02icmu4HUX cucmem
micma». Y cmammi npedcmasneHo meopemuydHi ma NnpukaaoHi acnekmu GopmyeaHHs KoHuenuir
eHepzoethekmusHOCMi MPAHCNOPMHO-/I02ICMUYHUX cuCmeM Micma 8 ymosax ypbarizayii ma 3pocmaHHA
eHep2emuYHUX B8UKJIUKIB. PO3KpUMO 3MiCmM OCHOBHUX NPUHYUNI8 eHepzoeheKmusHOCMI, KOHUenmyasbHi
nioxoou 00 OUIHIOBAHHA eHep20CNOXUBAHHA MICbKO20 mpaHcnopmy, ocobausocmi yugposizayii
MPAHCNOPMHUX npoyecie ma iHmMezposaHo20 ynpassiHHA MobinbHicmo. JoCnioxeHOo MoXaugocmi
3acmocysaHHs 36a/1aHCO8AHUX IHMe2POBAHUX NOKA3HUKI8 071 MOHIMOPUHz2y eHepaemuy4HOi edpekmugHocmi
MiCbKOI' MOBINIbHOCMI, @ MAKOX OKPEeC/IeHO HaNPAMU 3HUXEHHS mpaHcnopmHux empam ma niosuuwjeHHs
pecypcHoi pe3ynemamugHocmi. 3anponoHOBAHO KOMNJIEKCHY KOHUenuilo eHepzoepeKkmusHoCmMi, Wwo
BKJIIOYAE N'AMb cmpameziyHuUx Hanpamie: mexHiyHul (enekmpudgikayis mpaHcnopmy, po38umok 3apa0HoOI
iHppacmpykmypu), ynpasniHcekuli (Uugposi nnamgopmu mobinbHOCMI, iHMenekmyasabHi cucmemu pyxy),
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EKOHOMIYHUU (MexaHi3mu CmuMyJ/TIl08aHHA eHep20oWAaOHUX nepege3eHsb), coyianbHul ((hopmy8aHHA HOBUX
Mooeneli MpAaHCNOPMHOI NOBEOIHKU HacesleHHA) ma iHcmumyuiliHuli (CmeopeHHA MiCbKo20 ueHmpy
eHepeomeHedxmMeHmMy mpaHcnopmy). Ompumani pesynemamu Moxyme 6ymu 8UKOpUCMAHi opaaHamu
Micyesoz2o camospAO0y8aHHA, MPAHCNOPMHUMU nidNpUeEMcMeamMu ma 3aki1aoamu ocgimu niod 4ac

pO3p0b/IeHHA NONIMUK eHep2emuy4HOi He3a/1eXHOCMI, NPoepam «3e/1eHoi ioeicmuku» ma cmpamezili
KNiMamuy4Ho HelimpasnsHoi MobisibHOCMI 8 YKPAIHCbKUX MiCMaXx.

Knrouoei cnoea: eHeproedeKTUBHICTb, TPAHCMNOPTHO-NOMCTMYHA CMCTEMA, MiCbKa MOOINbHICTD,
CTanumn po3BUTOK, L poBi3aLlia TpaHCMOPTY, eIeKTPOTPaHCMNOPT, «3eeHa NoricTuKa»

Introduction. The development of
transport and logistics systems in modern
cities is one of the key factors influencing the
state of the environment, the level of energy
consumption, and the quality of life of the
population. According to the United Nations
Environment Programme, the transport
sector consumes up to 25% of global energy
resources and generates about one quarter of
total CO, emissions. Under conditions of rapid
urbanization, increasing traffic volumes, and
rising motorization rates, improving the
energy efficiency of urban transport is
becoming a strategic priority.

Traditional models of transport
organization, based on the dominance of
private vehicles and the use of fossil fuels, lead
to increased energy costs, noise pollution,
congestion of urban road networks, and the
deterioration of the ecological condition of
cities. Therefore, modern urban transport and
logistics systems must focus on balanced,
energy-efficient, and environmentally safe
solutions that combine technological
innovations, digital traffic management tools,
and changes in mobility behavior.

The development of a concept for the
energy efficiency of a city’s transport and
logistics system is an important research
direction that integrates technical, economic,
managerial, and social approaches. Its
implementation will support the principles of
green logistics, reduce energy consumption,
decrease greenhouse gas emissions, and
improve the quality of the wurban
environment.

Despite the existence of individual
sustainable transport initiatives, most
Ukrainian cities still lack comprehensive

approaches to energy management in
transport systems. The absence of an
integrated energy efficiency concept leads to
inconsistent decisions, inefficient fuel use,
and insufficient implementation of digital
mobility management tools.

The relevance of the problem s
reinforced by the high share of private
transport, the depreciation of vehicle fleets,
the absence of an integrated logistics system
for transport operations, and the low level of
energy monitoring. These factors highlight
the need to develop a scientifically grounded
concept of energy efficiency for urban
transport and logistics systems, aimed at
reducing energy consumption and improving
environmental performance.

The aim of the study is to develop a
scientifically justified concept of energy
efficiency for a city’s transport and logistics
system, focused on reducing energy
consumption, optimizing traffic flows, and
minimizing the negative environmental
impact of transport.

To achieve this aim, the following tasks
are defined:

- to analyse the current state of the
transport system and the structure of its
energy consumption (using the city of Rivne
as a case study);

- to identify the main factors influencing
the energy efficiency of urban transport;

- to conduct a SWOT analysis of the
transport and logistics system of the city;

- to propose a conceptual model for the
energy-efficient  development of the
transport system.

Analysis of recent research. Issues of
energy efficiency in urban transport and
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logistics systems have been explored in the
works of Ukrainian scholars such as S.
Smerichevska (2025), O. Melnyk, L. Chorna,
and others [14, 17, 18]. These studies focus on
improving the transport and logistics
infrastructure of Ukrainian cities, enhancing
the efficiency of energy resource use, and
implementing innovative technologies in
urban transport systems.

Smerichevska examines conceptual
models for the restoration and modernization
of logistics infrastructure based on the
principles of sustainable development, while
Chorna investigates approaches to ensuring
energy efficiency in transport enterprises,
emphasizing technological modernization of
the vehicle fleet and optimization of transport
operations. Other Ukrainian researchers
analyze the potential for logistics
digitalization, the integration of smart
transport systems, and the development of
urban logistics hubs.

Overall, domestic publications provide a
conceptual foundation for adapting global
approaches to the context of Ukrainian cities,
although they highlight the limited number
of practical case studies and the shortage of
empirical data required for quantitative
assessment of energy efficiency.

Among international scholars, the energy
efficiency of transport and logistics systems is
addressed in the works of P. Golinska-Dawson
[6], F. Russo [7], C. Navarro [11], C. Andruetto
[10], as well as in reports by the World
Economic Forum [8] and ICLEI [9]. These
studies focus on shaping concepts of
sustainable urban logistics systems that
integrate  energy-efficient  technologies,
digital solutions, and institutional
management mechanisms.

Golinska-Dawson analyzes the
introduction of micro-depots, last-mile
electrification, and digital routing solutions
that reduce energy consumption and harmful
emissions. Russo  proposes modeling
approaches to assessing energy flows in
urban logistics, while Navarro and Andruetto
explore practical aspects of implementing
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energy-efficient  solutions in  specific
European cities.

A study published in  Nature
Communications [13] reveals a correlation
between transport system energy

consumption and the scale and density of
urban areas, providing a deeper
understanding of the functioning patterns of
logistics in different types of urbanized
environments.

The main focus areas of contemporary
international research include the integration
of electric transport, digital technologies (loT,
artificial  intelligence, big data), and
consolidation logistics centers into urban
transport infrastructure to improve energy
efficiency. Additionally, strong emphasis is
placed on the role of public policy and urban
planning in creating favorable conditions for
implementing energy-saving projects.

Results of experimental studies.

1. General Characteristics of the Transport
System of Rivne

Rivne is a typical medium-sized Ukrainian
city characterized by high traffic density and
compact urban development. The main
transport corridor, Soborna—Kyivska Street,
accommodates the majority of trips within
the city while simultaneously generating the
highest level of air pollution. According to the
Safe City study, traffic intensity along this
route exceeds 250 vehicles per hour, with
diesel-powered vehicles prevailing [1, 3].

Other major arterial streets of citywide
significance that carry the primary transport
load and provide connections to the external
road network include Dubenska, Sichovykh

Striltsiv, Mitskevycha, Chervonoia,
Chornovola, Karnaukhova, = Stelmakha,
Rivnenska, Knyazya Volodymyra, and

Mlynivska Streets (Fig. 1). The total length of
the city’s arterial street network is 80.6 km, of
which 35.2 km are streets of citywide
importance. The density of the urban street
network is 2.2 km/km? 2, 4].
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Figure 1 — Major Arterial Streets of Rivne and Their Connections to the City Centre

The problem is further exacerbated by
the steady increase in the number of private
vehicles, which has grown by one third over
the past five years. At the same time, the level
of satisfaction with public transport remains
low, encouraging the use of personal cars
even for short trips.

As of 2024, Rivne operates 12 trolleybus
routes (71 units of rolling stock) and 20 bus

routes served by approximately 200 vehicles.
Most buses run on diesel fuel, while the share
of electric transport remains insignificant [5].

An analysis of the city’s transport energy
consumption (Table 1) shows that diesel fuel
remains the dominant energy source for
public and municipal transport.

Table 1. Energy Consumption of Transport in the City of Rivne, thousand liters per year

Year Diesel Fuel Gasoline Liquefied Gas Compressed Gas
2019 6207,7 182,6 84,6 2249
2020 6222,2 166,2 84,8 199,3
2021 5719,0 148,5 76,3 168,9
2022 5402,1 97,9 69,7 1174
2023 4966,0 102,7 1074 941
Source: [1].
As shown in Table 1, diesel fuel extremely energy-intensive and vulnerable to
consumption exceeds the combined fuel price fluctuations. At the same time,

consumption of other energy sources by 6-8
times. This makes the city’s transport system

recent years show a gradual decrease in
energy consumption, which can be attributed
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to a reduction in public transport volumes

and partial renewal of the trolleybus fleet.
The predominance of diesel fuel in the

energy consumption structure illustrates the

8%

11%

https://smart-scm.org

energy imbalance of the urban transport
system (Fig. 2).

72%

E Diesel ®Gas ®Gasolin ¥ Energy

Figure 2 - Energy Consumption Structure of Transport in Rivne
Source: developed by the authors

Such a distribution indicates the
dominance of fossil fuel sources and
highlights the need for a systematic transport
electrification policy.

At the same time, the city possesses a
number of strengths that provide a
foundation for developing an energy-efficient
transport system: a compact urban structure,

the presence of electric transport, qualified
specialists, and strategic documents on
sustainable development. However,
weaknesses-such as outdated trolleybuses,
low comfort levels, and underdeveloped
cycling infrastructure-remain  significant
barriers. A summarized assessment is
presented in Table 2.

Table 2.SWOT Analysis of the Transport System of Rivne

Strengths

Weaknesses

Compact city structure
Developed road network
Presence of electric transport
Qualified personnel

Aging trolleybus fleet

Dominance of diesel transport
Underdeveloped cycling infrastructure
Low public satisfaction

Opportunities

Development of electric transport and e-ticketing
Support from international partners
“Green” transport corridors

Growth of private vehicle fleet
Withdrawal of donor funding

Public resistance to reforms

Source: [1].

The analysis indicates that Rivne's
transport system is on the verge of

transformation. The «city has already
implemented initial steps toward
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digitalization: online services for tracking
vehicle movement are operational, electronic
display boards have been installed at stops,
and a GPS system is in place. The next stage
should involve the introduction of automated
passenger accounting and an electronic
ticketing system, which will ensure
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transparency in transport financing and
improve management efficiency.

To achieve climate neutrality in the
transport system, it is necessary to implement
an integrated energy efficiency concept
(Fig. 3).

TECHNOLOGIES

dfl  Analytics

@ Energy monitoring

IMPACT

Q Air quality
39 improvement

Figure 3 — Conceptual Model of a Balanced Urban Transport and Logistics System

The implementation of such a model
enables the integration of engineering-
technological, organizational, and social tools
into a unified mobility management system.

The expected impact of these measures is
illustrated by the potential reduction in

90
80

S O O

2024 2025 2026

emissions (Fig. 4). These changes could
achieve a 15% decrease from current
emission levels even without reducing traffic
intensity, solely through the transition to
cleaner energy sources and optimization of
traffic flows.
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Figure 4 - Forecast of CO, Emission Reduction in Rivne with the Transition to Electric
Transport (2024-2030)

Source: [1]
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The results of the analysis of Rivne's
transport system provide a basis for
developing a generalized concept of energy
efficiency for urban transport and logistics
systems, which can serve as a model for
medium-sized urban areas in Ukraine. The
concept is based on the principles of
sustainable development, energy rationality,
innovation, and integrated  mobility

https://smart-scm.org

management system that minimizes energy
consumption, reduces air pollution, improves
the efficiency of logistics processes, and
enhances the quality of life for the population.

Based on the conducted SWOT analysis
and the identified characteristics of Rivne's
urban transport network, a concept of an
energy-efficient urban transport and logistics
system has been developed, encompassing

management. five interrelated implementation directions
The aim of the concept is to create a (Fig. 5).
comprehensive urban transport
Goal orientation
Energy-Efficient Transport and Logistics System
\ 4 Y V‘
Principles
Sustainable Development, Innovativeness, Integration, Energy
Efficiency
Implementation Approaches
Technical Managerial Economic Social Institutional
v
Expected Results
Reduction of Energy Emission Reduction Efficiency
Consumption Improvement

Figure 5 — Conceptual Structure of an Energy-Efficient Urban Transport and Logistics System

1. Technical Implementation Direction. This
includes the modernization of the public
transport fleet, development of electric
transport, creation of a network of charging
stations, and upgrading lighting and traffic
management systems based on energy-

Source: [1]

saving technologies. The introduction of
environmentally friendly transport
(trolleybuses, electric buses, bicycles) will
gradually reduce the use of diesel fuel, which
currently accounts for over 80% of the city’s
transport energy consumption.
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2. Managerial Implementation Direction.
This involves creating a digital urban mobility
management platform that integrates GPS
navigation, electronic ticketing, automated
passenger  accounting, and  energy
consumption analytics. It will enhance the
efficiency of the route network and reduce
unproductive trips, aligning with the
digitalization measures already implemented
in the city (GPS tracking and electronic display
boards at stops).

3. Economic Implementation Direction.
This direction provides mechanisms to
incentivize energy-efficient transport,
including preferential loans for transport
operators to renew their fleets, attracting
grant funding, and partnership programs
with international donors. This approach is
designed to mitigate the threat of reduced
donor funding identified in the SWOT
analysis.

4. Social Implementation Direction. This
focuses on changing residents’ travel
behavior by promoting public and bicycle
transport, improving passenger comfort, and
developing infrastructure for pedestrians and
micromobility. Shaping a transport culture is
a key factor in energy efficiency, as consumer
habits often determine the system’s overall
energy use.

5. Institutional Implementation Direction.
This is based on cooperation among local
authorities, businesses, the public, and
educational institutions in implementing a
unified transport energy efficiency policy. The
concept foresees the creation of a municipal
coordination center for mobility, which will
monitor energy efficiency indicators and
develop plans for transitioning to climate-
neutral transport.

The implementation of the concept will
facilitate the city’s transition to a balanced
logistics model, integrating technical,
economic, and social solutions. Its foundation
lies in the integration of digital technologies
with sustainable urban planning practices.

Conclusions. The proposed concept of
energy efficiency for urban transport and
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logistics systems can be adapted to different
levels of governance:

1. Local government - as a strategic basis
for developing programs on transport energy
independence and sustainable urban
development;

2. Business sector — to improve the
energy efficiency of logistics operations,
optimize transport, and develop “green”
branding for enterprises;

3. Educational environment - for the
implementation of academic courses on
urban logistics, e-mobility, and energy
resource management;

4. Public initiatives - as a tool to foster a
culture of rational energy consumption and
environmentally responsible mobility.

The developed concept serves as a
universal model applicable to cities of various
scales, from medium-sized urban areas to
large metropolitan regions. It is based on the
integration of technical, organizational,
economic, and social implementation
directions, which ensure reduced energy
consumption, lower pollutant emissions, and
increased efficiency of urban logistics.

Thus, the concept of energy efficiency in
urban transport and logistics systems is a key
element of sustainable urban development
strategy and the transition toward climate-
neutral mobility.
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STRATEGIC MANAGEMENT OF SUSTAINABLE DEVELOPMENT OF
TRANSPORT INFRASTRUCTURE AS A COMPONENT OF THE
ECONOMIC SECURITY OF UKRAINE

Viktor Koval, Larysa Soroka, Tetiana Metil, Iryna Honcharova, Oleh Kior, Serhii Khakhlov.
«Strategic management of sustainable development of transport infrastructure as a component of the
economic security of Ukraine». Infrastructure provision is a key factor in the efficiency of the transport service
system for consumers. Therefore, in the process of implementing strategic management for the sustainable
development of transport infrastructure, scientific issues arise that require a comprehensive solution. This study
is devoted to determining priorities in the process of forming the concept of strategic management of
sustainable development of transport infrastructure of Ukraine in general, and maritime transport
infrastructure in particular, since it is precisely on the ability of maritime transport to ensure export-import
operations that the economic security of Ukraine, and in some cases the global system of economic security,
depends. The article proposes a scheme for interaction among various participants in the strategic
management of sustainable maritime transport infrastructure development. The system of organizational and
economic measures to enhance the efficiency of maritime transport infrastructure is also analyzed. The level of
provision of the system of various transportation with maritime transport infrastructure depends on Ukraine's
economic security and its image as a reliable partner in the process of implementing international agreements,
which are the basic motives for the formation of sustainable infrastructure development.

Keywords: transport infrastructure, maritime transport infrastructure, strategic management,
sustainable development, economic security, food security, fixed assets, transport services, grain exports,
water transport, maritime transport.

Bikmop Koeans, Jlapuca Copoka, TemsaHa Memine, IpuHa lon4yapoea, Onez Kiop, Cepeiti
Xaxneoe. «CmpameziyHe ynpaeniHHA cmanumM po36UMKOM MPAHCNOPMHOI iHppacmpykmypu Ak
cKknadoea eKoHoMiyHOi 6e3neku YKpaiHu». [HpacmpykmypHe 3a6e3neyeHHs € OOHUM 3 20J108HUX
YUHHUKI8 ehekmusHOCMi cucmemMu MpPAHCNOPMHO20 006C/1y208y8aHHA CNOXUBAYiB, Momy 8 npouyeci
30iliCHeHHs CcmpameziyHo20 yNpPAasaiHHA CMAauM po3BUMKOM MPAHCNOPMHOI  iHhpacmpykmypu
nocmarome HAyKo8i NUMAHHA, WO nompebyromes KOMNJIEKCHO20 supiweHHsA. Lia cmammsa npucssayeHa
BU3HAYeHHIO npiopumemis y npoueci OpMys8aHHA KOHUenuii cmpameziyHo20 ynpasniHHA CManum
pO38UMKOM MPAHCNOpmMHoOI  iHhpacmpykmypu  YkpaiHu 83a@edni, ma MOPCbKOI mMpaHcnopmHoi
iHppacmpykmypu 8 4acmuj, OCKinlbKu came 8i0 CNPOMOXHOCMI MOPCbKO20 MpaHcnopmy 3abesnedysamu
eKCNOpMHO-iMNOPMHI  onepauii 3anexums eKOHOMiYHa 6e3neka YKpdiHu, ma y Oedkux eundokax
302a/1bHOCBIMOBA cUCMeMa eKOHOMIYHOI 6e3neku. ¥ cmammi 3anponoHO8AHO cxeMy 83deMOOIi pi3HUX
YUYACHUKI8 CMpameziyHo20 ynpassiHHA Cmaaum po38UMmMKOM MOPCbKOI mpaHcnopmHoi iHpacmpykmypu.
Takox npoaHasnizoeaHo cucmemy opeaHi3ayitiHo-eKOHOMIYHUX 3ax00i8 U000 nidBUWEHHA eheKmusHOCMI
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BUKOPUCMAHHA MOPCbKOI MpAaHcnopmHoi  iHpacmpykmypu. Bio pieHa 3a6e3neyeHOCMi MOPCbKOHO
MPAHCNOPMHOI0 iHHPACMPYKMYpOoro cucmemu Pi3HOMAHIMHUX Nepese3eHsb 3a/1eXUmb eKOHOMIYHA 6e3neka
YKpaitu, imiox depxxasu AK HAOitiHO20 napmHepa 8 npoueci BUKOHAHHA MiXXHAPOOHUX Y200, W0 € 6a3UCHUMU
Momusamu 00 hopMy8aHHA CMaAsio2o po3sUMKY iH(pacmpykmypu 83azani.

Knioyoei cnoea: TtpaHcnopTHa iHPPaACTPyKTypa, MOpPCbKa TpaHCMOpTHa iHbpacTpyKTypa,
CTpaTeriyHe ynpaefiHHA, CTanuin PO3BUTOK, eKOHOMiIYHa 6e3neka, npofgoBosibya 6e3neka, HEOOOPOTHI

aKTUBW, TPAHCNOPTHI NOCNYrK, 3€PHOBUIN €KCMOPT, BOAHI BUAW TPAHCNOPTY, MOPCbKUIN TPaHCNopT

Introduction. The formation of the
country's economic security is based on a
strategic combination of various factors and
components, including both physical and
virtual elements. However, it considers the
formation of various components of
economic security. A system of indicators is
created, most of which depend on the quality
of transport services, since transport service
operations accompany any  physical
movement of goods, and in some cases,
services. That is, the level of development of
transport infrastructure has a directimpact on
the formation and degree of ensuring the
country's economic security.

In Ukraine, the transport infrastructure is
quite developed, but in conditions of military
and geopolitical threats, it requires significant
use of strategic development, since the
requirements for its condition and quality of
transport services are constantly changing,
which creates the need for a fundamentally
new approach to strategic management of
transport infrastructure development.

The growth of demand for multimodal
transportation, the presence of special
requirements for the conditions of
transportation and storage of goods, bringing
information support for freight and passenger
transportation in line with consumer
requirements leads to the need to improve all
components of the transport infrastructure,
both directly on transport. and in the field of
providing related services [1].

The creation of new approaches to the
formation of the offer of transport services on
the market of these services forms updated
algorithms of actions in the context of
determining consumer  characteristics,
forming a system of requirements, and

creating infrastructure components in
accordance with consumer expectations.
Ensuring high-quality strategic

management in the field of improving
transport infrastructure has specifics for
different types of transport. For land
transport, the basis is measures to improve
highways, since the level of consumer
satisfaction in transport services depends on
the degree of coverage of the transport
network. Of particular importance for the
development of transport infrastructure as a
set of material and technical means is
maritime transport infrastructure, since the
level of its development depends on the
country's export capacity [2].

The purpose of writing the article is to
determine the priority areas for the
development of  maritime  transport
infrastructure as an integral part of the overall
infrastructure system.

In the process of achieving the set goal,
the current state of infrastructure provision
for export-import operations in the seaports
of Ukraine was determined, and what
measures are envisaged by the National
Transport Strategy of Ukraine for the period
until 2030 to improve the infrastructure
provision for export-import operations in the
seaports of Ukraine were considered.

Literature review. Many scientists study
the impact of transport infrastructure
development conditions on the economic
security of countries with different levels of
involvement in the international transport
system, especially in the implementation of
agreements aimed at forming a global food
security  system. However, previously
conducted studies do not fully reproduce the
theoretical and methodological provisions,
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the diversification of which is aimed at
improving the system of strategic
management of transport infrastructure
development.

If we consider global trends in the
development of transport and logistics
services, then, as M. Kyrpyk (2021) notes, there
are threats of significant imbalances in the
development of transport services in different
parts of the world, primarily due to different
access to different types of energy sources [3].
V. Yevtushenko and others (2023) note that
for Ukraine in the process of developing
global transport and logistics routes there is a
large transit potential, which is reflected in the
prospects for the development of the logistics
services market in Ukraine [4].

However, according to O. Kalchenko and
A. Belorus (2021), there are a number of
problems in the development of the transport
sector in Ukraine, in particular infrastructure
problems, which arise both due to the
obsolescence of material assets and the lack
of high-quality channels for the circulation of
significant amounts of information, which are
necessary for high-quality information
support when making strategic decisions on
the development of transport infrastructure,
especially as a component of economic
security [5]. V. O. Kopylova and Y. V. Pichugina
(2024) provided interesting proposals for the
use of cooperation between different types of
transport, which should contribute to the
qualitative improvement of transport and
logistics systems operating in Ukraine,
including taking into account the
characteristics of maritime transport [6].

To improve the quality of use of Ukraine's
transit potential, T. Bernevek and V. Prokhorov
(2024) propose to expand the degree of
integration of Ukraine's maritime transport
system into global transport networks,
however, the authors do not focus on the
components of strategic management of
transport infrastructure development as a
whole, which does not fully reflect the
possibilities of using maritime transport
infrastructure in the process of improving
Ukraine's economic security [7]. D.M.
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Zagirnyak et al. (2021) focus on ways to
ensure the competitiveness of transport
services, but do not take into account some
features of strategic management of
transport infrastructure development [8]. V.
Stepanenko and Y. Shtyk (2022) when
studying the areas of increasing the
competitiveness of Ukraine's maritime
transport infrastructure also do not take into
account the features of  strategic
management of the complex development of
various components of transport
infrastructure, as a result of which Ukraine's
economic security may be limited [9].

Considering various components of
building strategic management models in the
process of forming a  sustainable
development system by various components
of  transport infrastructure, different
researchers offer different concepts of this
management. V. Koval et al. (2023) offer ways
to manage an integrated model of
innovations in maritime transport [10].

M. Penev et al. (2024) consider
multimodality as an integral part of the
modern system of transport provision for
consumers, therefore emphasize the need for
timely  adaptation  of infrastructure
components to the provision of services in the
process of multimodal transportation [11]. Y.
Klyus et al. (2023) propose to apply various
analytical approaches to the choice of
directions of strategic management of
innovative development of enterprises in the
region, including transport, which makes it
possible to form a unified approach to
measures aimed at increasing the economic
security of Ukraine [12]. These separate
components need to be generalized in order
to create effective recommendations for
improving the system of strategic
management of transport infrastructure
development as a component of Ukraine's
economic security, since there are certain
threats that are reflected by L. Zaborsky and
D. Shaposhnykov (2024) in the process of
studying the security of transport provision of
Ukrainian grain exports [13].
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In addition to purely economic security
issues, balanced strategic decisions are
needed in the process of managing the
development of transport infrastructure on
an ecological basis, since, as noted by V. Koval
et al. (2024), there are a number of problems
with the development of environmentally
dangerous and economically feasible
solutions in the field of transport
infrastructure development on the basis of
the digital economy [14]. V. Koval et al. (2025)
note that there are certain threats when
imbalances arise in the development of
various components of transport
infrastructure [15].

Therefore, the process of optimizing the
conditions for making balanced decisions in

the course of implementing strategic
management of transport infrastructure
development is one of the important

components of Ukraine's economic security.
However, since the processes of forming the
components of strategic management of
sustainable development of maritime
transport infrastructure are constantly
improving, they require additional study.

25-33
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Presentation of the main material.
Strategic management of the improvement
of various infrastructure components is based
on the principles of systematicity, complexity,
priority, application of innovative solutions,
sustainable development, partnership and
coordination, economic feasibility, flexibility
and adaptability, and territorial balance.
Infrastructure improvement should be carried
out in a comprehensive manner, which is of
particular importance for the economic
security of Ukraine. Infrastructure
development measures should cover all
levels, such as technical, organizational,
institutional, and financial. The effectiveness
of strategic management of sustainable
development of  maritime  transport
infrastructure is significantly affected by the
formation of interaction between various
participants in the processes of supporting
measures to modernize infrastructure
components. Figure 1 shows a general
scheme of interaction between participantsin
the strategic management of sustainable
development of  maritime  transport
infrastructure.

State level: Ministry of Development of Communities and Territories of Ukraine; Ministry of Economy,
Environment and Agriculture of Ukraine; Verkhovna Rada (Committee on Transport and Infrastructure,
Committee on Environmental Policy and Nature Management); State Service of Maritime and Inland Water
Transport

regional development agencies

Regional and municipal level: Regional state (military) administrations, local authorities (port cities),

v

Operational level: Seaport authorities, private stevedoring companies, shipping
companies, logistics operators, construction and engineering companies

A

v

Scientific, educational and expert sector: Maritime universities, scientific and
research institutes, expert and consulting organizations, project institutes

Public <

A 4

International partners

Figure 1 — Scheme of interaction of participants in the strategic management of sustainable
development of maritime transport infrastructure.
Source: summarized by the authors
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Transport provision is of particular
importance for the formation of a balanced
system of general infrastructure renewal.
Therefore, one of the priority tasks in the
process of comprehensive infrastructure
renewal is the renewal of transport
infrastructure and modernization of the
existing fleet of vehicles, which will allow for a
systematic approach to strategic planning of
the modernization of other components of
economic infrastructure [16].

Ukraine has certain problems with
comprehensive infrastructure renewal, which
is characterized by significant volumes of

25-33
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assets, the original cost of which is fully
depreciated, namely, in 2019 this cost
amounted to 1138.6 billion UAH., in 2020 -
1376.8 billion UAH., in 2021 - 879.4 billion
UAH. Unfortunately, similar studies have not
been published by the State Statistics Service
of Ukraine for the periods before 2019 and
after 2021. If we consider the original cost of
non-current assets for which depreciation has
been fully accrued, then for the period from
2019 to 2021, the average indicators of the
composition of the original cost are shown in
Figure 2.

Engineering
structures
6%
Other tangible
assets
2%
Non-residential
buildings
%

Tangible assets
52%

Investment property

0%

Machinery,

equipment and

inventory
28%

Vehicles
5%

Figure 2. Structure of fully depreciated non-current assets, average figures for 2019-2021
Source: [17]

Significant volumes of obsolete non-
current assets that do not meet the conditions
for effectively ensuring the economic security
of Ukraine create challenges for urgent
solutions to infrastructure issues. According
to the World Bank, in 2021, infrastructure
projects worth 1.4 billion euros were
implemented in Ukraine in the transport
sector, with 7% of investments in innovative
projects coming from the state budget, 8%
from local budgets and loans, 3% from foreign
investors, and 82% from private investors,
which demonstrates the great interest of
private business in improving transport
infrastructure. However, during the full-scale

invasion, the transport infrastructure suffered
significant damage. Most of the Ukrainian
ports were affected by the strikes and were
partially or indefinitely withdrawn from full
round-the-clock support in a functional state.
The main ports remain the ports of Greater
Odessa, namely Odesa, Pivdennyi and
Chornomorsk, which operate under increased
risk and with damaged infrastructure. The
total cost estimate for the reconstruction of
critical port infrastructure is about 500 million
euros according to estimates by independent
experts. The «cost of a complete
modernization of the port infrastructure has
not been determined, since information on
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the strategic needs of the ports is not
systematized. At the same time, significant
investment projects for the entire port
infrastructure are being implemented in the
Black Sea region, especially in the Romanian
port of Constanta, which diverts part of the
cargo flow that was previously transported
through the ports of Ukraine. Due to partial
damage to berths and port cranes, a shortage
of warehouses and capacities, weak logistical
support, and increased operational risks,
Ukraine is losing confidence in its
international positions as a reliable transport
partner, so there is an urgent need to improve
transport infrastructure.

To streamline measures to update
transport infrastructure and to determine the
main measures for strategic management of
transport infrastructure development as a
component of Ukraine's economic security, in
2024 the Cabinet of Ministers of Ukraine
adopted the National Transport Strategy of
Ukraine until 2030. The main measures of the

25-33
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Strategy are aimed at bringing the level of
infrastructure support closer to European
standards. General measures aimed at
modernizing transport infrastructure for the
high-quality functioning of water transport,
including sea and river, consist of creating
infrastructure capabilities for cargo handling,
security, and integration with other modes of
transport. It is also proposed to increase the
institutional capacity of port management
[18].

Despite the obsolescence of the
infrastructure support of the transport system
of Ukraine, in order to streamline the
measures that will be implemented within the
framework of strategic management of the
development of transport infrastructure as a
component of the economic security of
Ukraine, the following organizational and
economic measures aimed at increasing the
efficiency of the use of maritime transport
infrastructure are currently relevant (Table 1).

Table 1. Main organizational and economic measures to increase the efficiency of the use of

maritime transport infrastructure

Direction

Main activities

Implementation of corporate governance principles

Improving port

Optimization of organizational structure

management

Creation of a single digital port management center

Implementation of the "single window" system

Development of public-private partnership models

Economic and

Attracting private investors

investment

Differentiation of tariffs and port dues

mechanisms

Optimization of port capacity utilization

Creation of free economic zones

Automation of port processes

Technical and

Intelligent cargo flow management systems

innovative

Reconstruction of berthing facilities

modernization

Development of intermodal transport hubs

mplementation of "green port" technologies

Optimization of logistics routes

Logistics and

Creating marketing strategies for ports

marketing policy

Development of transport and logistics clusters

Increasing the share of high-yield cargo

Staff training

Personnel and

Implementation of a staff motivation system

institutional measures

Development of scientific and educational centers

Harmonization of the legal framework with EU requirements
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International Participation in international transport corridors
cooperation and Involvement of international financial institutions
integration

Source: summarized by the authors

The listed organizational and economic
measures will make it possible to take into
account modern global trends in strategic
management  of  maritime  transport
infrastructure development at the stage of
forming the prerequisites for creating a high-
quality environment for the development of
transport infrastructure as a component of
Ukraine's economic security.

Conclusions. Creating conditions for
high-quality and timely strategic
management of sustainable development of
transport infrastructure is one of the main
factors of Ukraine's economic security, since
the quality of ensuring many processes in the
state's vital activity system depends on the
flexibility —and  adaptability of this
management. This multi-component and
multi-vector process has a large number of
stakeholders, each of which ensures the
effectiveness of the implementation of
management decisions at its own level.

However, the overall effectiveness of
sustainable development of transport
infrastructure depends on the formation of
the strategic management system itself,
which should encourage those responsible
for making management decisions to pay
increased attention to each of the
infrastructure elements.

A special role in the formation of
domestic Ukrainian and global economic
security systems is played by components of
maritime transport infrastructure, which
creates the necessary conditions for
managing components of maritime transport
infrastructure, since the quality of sustainable
development of both individual elements and
the industry as a whole depends on this. High-
quality strategic management of sustainable
development of transport infrastructure
allows for the formation of an effective
infrastructure environment, which is a
necessary condition for ensuring economic
security.
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DEVELOPMENT OF ROAD ELECTRIC TRANSPORT AS A KEY
ELEMENT OF GREEN LOGISTICS, ITS IMPORTANCE IN THE CONTEXT
OF ACHIEVING SUSTAINABLE DEVELOPMENT GOALS

Viadyslav Marchenko. «Development of road electric transport as a key element of green
logistics, its importance in the context of achieving sustainable development goals». In this work, a
complex analysis of the development of road electric vehicles as a key element of green logistics was carried out,
and its significance in the context of achieving key sustainable development goals was described. Based on
different authoritative sources, the main years and events in the history of electric transport development were
indicated, with the aim of demonstrating how this industry evolved from the first experiments to the formation
of a full-fledged segment of the global market. In the article, it was explained in detail what modern electric
transport represents, and its key technological foundations were described. Thanks to the conducted analysis,
the key advantages of road electric transport were summarized. An equally important step in the work was
explaining the global status of the road electric transport market, revealing the share of electric transport in the
transport sector, and listing the key players of this market. Also, in this paper, the key challenges that stand on
the way of the development of road electric transport were systematized. Based on the conducted research, a
conclusion was made regarding the need to continue comprehensive study and development of this sphere.

Keywords: development, ecology, sustainability, technologies, efficiency, prospects, electricity,
transport, logistics, management

Bnaducnae MapueHko. «Po38umok 00poXHb020 eJleKmpu4yHo20 MpaHchopmy, AK KJl0408020
e/lemeHmy 3eJleHOI JoeicmuKu, Ui020 68aXIUBICMb Yy KOHMeKCMi 0ocA2HeHHA uinel cmasnozo
po3sumky». Y pobomi 30ilicHeHo KOMnJIeKCHUU aHAsi3 po38UMKy OOPOXHiIX esleKmpomobinie AK KIo4o8020
esieMeHmy 3es1eHOl J102iCcMmUKU ma ONnucaHo U020 3HAYeHHA 8 KOHMeKCMi OOCA2HEeHHA K/4osux uinel
€mano2o possumky. Ha ocHosi pizHux asmopumemHux oxepen 6ys0 8KA3AHO OCHOBHI poKU Ma nodii 8
icmopii po3sumky enekmpompaHcnopmy, 3 Uinao 0eMoHCcMpauii, AK U 2asy3e esoNoyioHy8ana 8io nepLuux
ekcnepumeHmie i ax 00 (POPMyBAHHA NOBHOUIHHO20 CezMeHMa 2a06asibHo20 puHKy. B cmammi 6yno
0emasnbHO NOACHEHO, WO X COb60O NPedcmassae Cy4acHUl enekmpuyHul mpaHcnopm, onucaHo (ozo
K/1I0408i MexHO/02iYHi OCHOBU. 3a80AKU NpPoBeOeHOMY aHanizy 6ys10 niOCyMOBAHO KJIHOYO8I nepesadzu
00pOXHbO2O esleKmpompaHcnopmy. He meHw 8axusum Kpokom 8 pobomi cmasno NoACHeHHs 2106a/1bHO20
CMAHy pUHKY OOpPOXHbO20 e/leKmpompaHcnopmy, po3KpUMmMsA 4acmku esiekmpompaHcnopmy y
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MPAHCNOPMHOMY CeKmopi ma nepeducsieHHs K/lo408UX 2pdsyié 0aHo20 PUHKY. Takox y pobomi 6yno

cuCMemMamu308aHO K/I0H08i BUK/TUKU, WO CMOAMb HA WIIAXY pO38UMKY 00POXHbL0O20 e/leKmpompaHcnopmy.
Ha ocHosi 30ilicHeH020 0ocnioxeHHA 6yn0 ChopMynbO8AHO BUCHOBOK U000 HeobXiOHOCMI NPOO0BXKeHHA

8CECMOPOHHBLOR20 BUBYEHHSA MA PO38UMKY OdHOT cihepul.

Knrouoei cnoea: po3BUTOK, €KONOrifA, CTanicTb, TEXHONOT T, ePeKTMBHICTb, NEPCNEeKTUBY, eNEKTPUKA,

TPaHCNOPT, NOriCTUKA, MEHEKMEHT

Introduction. Over the past centuries,
humanity has come an incredible way in all
spheres of life. However, despite all the large-
scale achievements and accomplishments, it
is necessary to remember about the serious
global challenges that accompany this
process. Ecological, economic, and social
problems have continued their
transformation and have become even more
acute and relevant than ever before.
Environmental pollution, climate change, the
gradual depletion of natural resources,
energy crises, the destruction of natural
ecosystems, and the loss of biodiversity are
just the beginning of a wide list of serious
difficulties that humanity faces at present.
With the passage of time, the negative
anthropogenic impact on the planet has
continued to grow. Rapid industrialization,
inefficient use of resources, and irrational
energy consumption have led to a situation
where natural systems have begun to
degrade, simply unable to recover. Today, the
global economy's dependence on fossil fuels
remains extremely high. It is therefore not
surprising that attitudes toward the use of oil,
coal, and natural gas are slowly changing. In
our time, their use is not considered anymore
as an innovative solution, but rather as an
outdated idea that should step by step
become a thing of the past. The need of
finding new harmonious practices of global
development has prompted humanity to
create and massively apply the concept of
sustainable development, which aims to
balance environmental, economic, and social
factors. One of the most important areas for
its implementation has become logistics. It is
inextricably linked to the transport sector,
which is currently one of the key sources of
environmental  pollution and energy

consumption, and therefore the question of
its comprehensive green modernization was
notlong in coming. The idea of green logistics
emerged as a decisive response to society's
demand to find more modern approaches to
development. As a concept, it was aimed at
minimizing the negative ecological impact of
logistics on the environment through the use
of green technologies, ecological practices,
and new standards. By balancing ecological,
economic, and social aspects according to a
sustainable principle, it allows us to identify
the most effective strategies for reducing the
negative impact of logistics on the
environment and bring them to life. In our
time, one of the most important elements of
green logistics is undoubtedly the use of
electric transport. The idea of developing this
direction has already had the opportunity to
demonstrate its effectiveness and high
prospects in practice many times. By using all
possible electric scooters, electric cars, electric
buses, and heavy-duty electric vehicles, we
are not only actively countering climate
change, but also significantly reducing the
global economy's dependence on traditional
fossil fuels. The active development of electric
transport can become the driving force
behind a new ecological, economic, and
energy revolution. Since it has truly enormous
undiscovered potential, it is important today
to continue researching this direction in the
scientific community and to look for modern
ways to support and develop it.

The purpose of the article is to explain
why road electric transport is a key element of
green logistics, indicate its importance in the
context of achieving sustainable
development goals. This article will reveal the
role of electric transport for the modern
world, key periods in the historical
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development of electric vehicles, the basic
technological foundations of electric
transport, main advantages of road electric
vehicles, the current situation on the global
road electric transport market and barriers
that stand on the way of its development.
Presentation of the main results.
Humanity has spent a lot of time and effort
searching for an effective response to the
above-mentioned ecological, economic, and
social challenges. The concept of sustainable
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development has become one of the most
efficient and promising ideas, the realization
of which would enable society to counter
these global threats. Sustainable
development is development that meets the
needs of the present without compromising
the ability of future generations to meet their
own needs [1]. It is based on an optimal
balance between three pillars: environmental
resilience, economic growth, and social
justice, as clearly illustrated in Fig. 1.

SUSTAINABLE

Economic

Figure 1 - The 3 pillars of sustainability
Source: Developed by Vladyslav Marchenko

At present, many scientists see the
concept of sustainable development as a new
ideology for the future. It has gained such
unprecedented popularity since it aims to
create a system where economic, ecological,
and social aspects are harmonized. And that's
why the gradual introduction of the above-
mentioned concept into the logistics sector
was only a matter of time.

For decades, experts have been looking
for ways to make the transport industry more
eco-friendly and sustainable. The reality
where it is one of the biggest sources of

environmental  pollution and energy
consumption didn't suit modern society,
forcing it to find more sustainable approaches
to its development. Green logistics has
become a decisive response to this problem.
It aimed to seriously reduce the negative
ecological impact of this industry on the
environment.

The idea of implementing sustainable
development principles in the field of
transport and supply relied on the use of
modern  ecological  practices, green
technologies, and new standards. In order to
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minimize the negative anthropogenic impact
on the environment, it was decided to place
greater emphasis on optimizing logistics
systems, reducing greenhouse gas emissions,
and increasing the efficiency of operational
processes through more productive use of
energy resources, the application of eco-
friendly transport, and the establishment of a
circular economy. All these decisions are
extremely important for preserving our planet
for future generations.

Green logistics is known worldwide for its
use of unconventional technologies,
methods, and standards. It has clearly
indicated that the success of countering
modern global challenges directly depends
on how creative, innovative, and
comprehensive the tools used by humanity
are. A modern example of such an instrument
is the development of eco-friendly transport
systems. Twenty years ago, the widespread
use of electric transport was considered as a
science fiction, but today this direction is our
reality, an important element of green
logistics, and a necessary means for achieving
sustainable development.

Electric road transport is one of the major
keys to the efficient transformation not only
of the logistics industry, but also of cities and
entire regions. Electric transport
encompasses all modes of transportation
powered by electric engines, including
electric cars, e-bikes, e-scooters, and even
electric buses and trucks [2]. Its role for the
modern world is of unprecedented
importance. Unlike transport vehicles that run
on fossil fuels and pollute the atmosphere, it
is an eco-friendly tool that can replace them
in the long term perspective. Due to its
environmental friendliness, economic and
energy efficiency, it has become one of the
key elements essential for achieving
sustainable development goals. Research,
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development, and further improvement in
this direction are important steps towards
ensuring a sustainable future and overcoming
the existing global challenges that humanity
faces.

Based on the above mentioned data, it
was decided to explain in more detail in this
article the development of road electric
transport as a key element of green logistics,
its importance in the context of achieving
sustainable development goals. The first
element that needs to be more fully disclosed
after this initial theoretical basis is the
significance of road electric transport in the
task of achieving sustainable development
goals. The United Nations has identified 17
sustainable development goals (SDGs) that
are designed to ensure a balance between
modern society and nature, as clearly
demonstrated in Fig. 2.

The development of the sphere of road
electric transport allows to implement various
aspects of this concept, ranging from
promoting economic growth and improving
the level of the population's well-being to
reducing the negative impact on the
environment.

The factor of public well-being and health
cannot be underestimated. They represent
important elements that guarantee its
effectiveness and coherence. And electric
transport plays a key role in achieving SDG
Ne3, «Good health and well-being».
Traditional road transport modes that run on
fossil fuels have a serious negative impact on
human health. This is especially well
understood by citizens living in densely
populated urban areas with a large number of
such vehicles, as high noise levels and air
pollution increase the risk of diseases related
to the respiratory and cardiovascular systems.
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Figure 2 — 17 Sustainable Development Goals
Source: Developed by Vladyslav Marchenko

Equally important are SDG N28, «Decent
work and economic growth», and SDG N29,
«Industry, innovation, and infrastructure». The
use of electric road transport effectively
contributes to the achievement of each of
these tasks. The development of the sphere of
electric transport not only guarantees the
creation of a huge number of new jobs now,
but also aims to ensure tangible economic
growth for companies in the long term. The
creation of new technological innovations in
this area and the development of already
existing directions has a positive impact on
increasing the competitiveness of countries
on the international arena.

It is also worth noting SDG N°11,
«Sustainable cities and communities», as
electric road transport is a key element in this
system, which guarantees the creation of
high-quality, safe, quiet, comfortable, and
clean settlements. The development of this
direction allows to significantly increase the
mobility of the population and comfort for all
its residents. Citizens particularly appreciate

the fact that the introduction of electric
transport contributes to a reduction in noise
levels and carbon dioxide emissions into the
atmosphere.

It is impossible not to mention SDG N212,
«Responsible consumption and production».
At present, the goal of preserving the planet's
natural resources is one of the highest
priorities. Electric transport is a solution that
guarantees a more sustainable future for
humanity. It not only provides an opportunity
to reduce dependence on non-renewable
fuels, but also implements renewable energy
sources in its activities.

The task of minimizing greenhouse gas
emissions also requires attention. That is why
it is important to highlight the key role of
electric transport in achieving SDG N°13,
«Climate action». Today, due to large carbon
dioxide emissions into the atmosphere,
traditional fossil fuel-powered transport is
considered one of the most serious sources of
environmental pollution. Scientists have
concluded that the decision to develop the
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transport sector in the direction of electric
transport can counteract climate change and
slow down the rate of global warming.

This list can be extended further, but even
the examples mentioned above are sufficient
to emphasize that modern electric transport is
a truly powerful strategic solution that allows
to effectively achieve many sustainable
development  goals. Its  application
corresponds to the new principle of balancing
ecological, economic, and social factors of
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development, which is so important in our
time.

The second important task that is
necessary for a complete disclosure of the
chosen topic is a detailed study of the history
of the development of road electric transport,
its key years, scientists, inventors, events,
tendencies and achievements. Key years and
events in its history are presented in Table 1.

Table 1. Key years and events in the history of electric transport development

Date Events
1828 Anyos Istvan Jedlik was a Hungarian engineer, physicist and Benedictine priest. In 1828, he created a
primitive electric motor and used it to power a small model vehicle.

Thomas Davenport was blacksmith and inventor from Vermont. In 1834, he developed a battery-

1834 powered electric motor. It was used to operate a small-model car on a short section of track. This action
paved the way for the further electrification of streetcars.
1832- | Robert Anderson was a Scottish inventor. Between 1832 and 1839, he designed a carriage powered by
1839 electricity.
1859 Gaston Planté was a French physicist. In 1859, he invented a lead-acid battery. This type battery was
the first rechargeable battery. This was an important step in the direction of practical energy storage.
1881 Gustave Trouvé was a French electrical engineer and inventor. In 1881, he debuted with an electric
tricycle (Trouvé Tricycle) at the International Exhibition of Electricity in Paris.
Andreas Flocken was a German entrepreneur and inventor. In 1888, he created one of the first
1888 . .
successful electric vehicles, known as the «Flocken Elektrowagen».
1897 Walter Charles Bersey was a British electrical engineer. In 1897, he introduced the first electric taxis,
dubbed «hummingbirds» because of their relatively quiet buzz.
1899 Camille Jenatzy was a Belgian inventor and race car driver. On April 29, 1899, La Jamais Contente,
designed and driven by him, became the first electric car to exceed a speed of 100 km/h.
1959 In 1959, the Henney Kilowatt electric car debuted on the US market. Many people call it the first
«modern» American electric car.
1966 In 1966, the US Congress introduced the first bills recommending the use of electric transport as a
means of reducing air pollution.
1973 The 1973 oil embargo led to a significant increase in interest in electric vehicles. The number of
promising new researches in this area has grown significantly.
1996 General Motors started delivery of the EV1. At that time, this electric vehicle was a real technical
achievement.

In 2010, Nissan released the world's first mass-market electric vehicle (Nissan Leaf). This decision

2010 marked the beginning of the world's transition to zero emissions from motor vehicles and carbon
neutrality.
2012 In 2012, Tesla introduced the Model S sedan. It changed the electric transport market and became one
of the best-selling electric vehicles in 2015 and 2016.

2013 - This period was marked by the popularization of lithium-ion batteries and was memorable for a
2018 significant drop in prices for them.
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Date Events
2022 In 2022, the US president signed Inflation Reduction Act. This decision was one of the most important
steps taken by Congress in the field of clean energy and climate change in the history of this country.
According to the IEA, in 2023, the global electric car sales volume reached almost 14 million. This is 35%
2023 i
more than in 2022.

Source: created by the author based on [3-19].

The conducted analysis of the history of
electric transport has shown that it has passed
a very complex and difficult route, starting
from the emergence of the idea itself and the
very first experiments, up to the current high-
tech and very promising innovations. Today,
this direction has already become a real
global market, but an analysis of the recent
history of electric transport has shown that its
position has not always been stable and
peaceful, but quite the opposite. Its
development has had quite distinct wave-like
periods. Growing interest in electric transport
and rapid progress were followed by a decline
in this trend and doubts about its feasibility.
For many decades, the traditional internal
combustion engine dominated all other
solutions, and only a combination of serious
global challenges, such as climate change,
environmental pollution, depletion of natural
resources, and energy crises, forced society to
continue searching for other possible
alternatives. The critical nature of the existing
threats and the corresponding development
of the lithium-ion batteries sector have
become the preconditions for today's electric
transport transformation. The current century
has been marked by the emergence of
effective innovations, the appearance of new
electric transport manufacturers, and even its
full-fledged competition with traditional cars.
Now, the sphere of electric transport is
confidently gaining momentum and
qualitatively integrating into the global
logistics network.

No less important task for revealing the
chosen topic of the article is a brief
explanation of what modern electric
transport actually is and its key technological
foundations. Today, its main components
include accumulators, electric motors,
appropriate  software, and charging

infrastructure. This set of elements ensures its
environmental friendliness, high
performance, quality, and reliability.

The first element that fundamentally
distinguishes  electric  transport  from
traditional transport is the accumulator. The
source of energy for electric transport is not
fossil fuels, but powerful accumulator
batteries. The key technical characteristics of
electric transport, such as speed, acceleration,
transportation range, etc., mainly depend on
how modern and productive the battery is.
Currently, lithium-ion batteries are the most
popular type of accumulator. They have
become so widespread because of their long
life cycle, high capacity, and good charging
speed. But it should be noted right away that
technologies in this field are not standing still,
and many scientists and experts are already
discussing the prospects of using solid-state
batteries. = Compared to lithium-ion
accumulators, these batteries are even more
reliable, have a longer service life, charge
quickly, and offer even greater capacity with
the same weight, which is a very serious
argument in their favor.

The second element of electric transport
is the electric motor. It is an integral center
that connects all the systems of the vehicle.
Compared to traditional transport, it is
notable for its simplicity, compactness, high
energy efficiency, and uncomplicated design.
Electric motors perform fast torque, which
increases the maneuverability and dynamics
of transport. The most common types of AC
motors include permanent magnet motors
and asynchronous motors. They are respected
for their wide torque range and high
efficiency. In comparison with traditional
transport, it is worth mentioning such an
advantage as the absence of complex
mechanisms, as this undoubtedly simplifies
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the service maintenance of electric transport
and minimizes the risk of the occurrence of
different breakdowns.

The third element of electric transport on
which manufacturers are placing special
emphasis in our time is the appropriate
software. Practically all modern models are
equipped with it to a certain extent. Different
software modules work nonstop in order to
guarantee the optimal operation of all
transport systems, ensure the correct
functioning of all elements during the driving
process, and provide high-quality feedback to
the driver. Battery management, engine
management, energy recovery, heat
management, car charging, GPS, and
autopilot are all absolutely possible functions
nowadays. All these steps are aimed at
ensuring driving comfort and increasing the
overall level of safety during movement.

The last but not least important element
of modern electric transport is the charging
infrastructure. The extensive and powerful
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network of charging stations is the key to
ensuring the smooth operation of electric
transport. In our time, there are several types
of charging stations according to the
electrotechnical principle and the
corresponding charging speed: slow and fast.
Although now, ultra-fast stations known as
High-Power DC (HPC) are also often
distinguished separately. «<AC», that are slow
charging stations, are designed, in most cases,
for common household use. They can charge
a vehicle accumulator in afew hours. As arule,
«AC» stations have a power of 2-22 kW. «DC»,
that are fast charging stations, are designed in
most cases for use in public and various
commercial locations. They can charge a
vehicle battery to 80% in less than an hour,
which is of course much better result
compared to ordinary «AC» chargers. As a
rule, «kDC» stations have a power of 50-120 kW.
The direct difference between the «AC» and
«DC» chargers is shown in Fig. 3.

Alternating Current (AC)

Direct Current (DC)

Onboard charger

" ACtoDC

- e
@

Figure 3 - Difference between AC and DC chargers
Source: https.//www.petalite.io/resources/insights/what-is-dc-charging

And undoubtedly, the best ones today
are ultra-fast charging stations. High Power

Charging (HPC) is a subtype of «<DC» and is
characterized by much higher power. They
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are capable of charging a vehicle's battery in
just 20-35 minutes, which is very important
for time-sensitive or simply long-distance
routes. Usually, HPC stations have a power of
150-350 kW.

Taking into account all of the above-
mentioned information, it can be underlined
that, compared to traditional transport,
electric transport clearly stands out with its
innovative solutions and technologies in the
field of accumulators, electric motors,
software, and charging infrastructure.
Significant progress in these spheres has
made it possible to adapt electric transport to
the expectations of buyers and the global
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challenges that humanity faces. This has
contributed to its widespread use in our time.

Electric transport is changing the
traditional mobility system and making it
more advanced. In comparison with
traditional transport powered by fossil fuels, it
has a wide range of advantages. Many of
these advantages cover ecological, economic,
and social aspects, which are undoubtedly
important for the development of humanity
in the direction of green logistics and
sustainable development. That is why the
decision was made to briefly summarize the
key advantages of road electric transport in
Table 2.

Table 2. Key advantages of road electric transport

Type

Advantages

Ecological

- Minimal level of environmental pollution.

- Absence of greenhouse gas emissions.

- Reduction of noise levels.

- Possibility of integration into renewable energy systems.

- Reduction in the use of fossil fuels.

- Stimulation of the development of innovative solutions.

- Reducing the carbon footprint through the use of renewable energy sources.

Economic

- Lower maintenance costs.

- Lower operating costs.

- Stable electricity prices.

- High energy efficiency.

- No direct dependence on gas stations.

- Availability of government incentives (in many countries).

- Reduced customs duties (in many countries).

- Presence of a wide range of investors who are ready to invest in the development of this area.

Social

- Raising environmental awareness of the society.

- Development of innovative transport infrastructure.

- Increased mobility of citizens.

- High accessibility of transport for people with disabilities.

- Quiet urban space.

- Modernization of cities and communities.

- Stability and enhancement of national security.

- Improvement of citizens' health by reducing the level of air pollution.

- Creation of a huge number of workplaces in various high-tech industries.

Source: Developed by Vladyslav Marchenko

Based on all of the above information, it
can be emphasized that road electric
transport not only allows to reduce the
negative impact of society on the
environment, but also provides a wide range
of economic and social benefits for citizens. Its
high-quality implementation in the logistics

system positively contributes to humanity in
its task of achieving sustainable development
goals.

The next step towards a full-fledged
disclosure of the chosen topic of the article
was a brief explanation of the global state of
the road electric transport market,
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presentation of the share of electric transport
in the transport sector, and listing of key
players in this market. At present, the road
electric transport market is developing at a
very rapid pace and shows a serious growth
trend. Such intensive and even dynamic
development is connected with different
innovations in this field, the creation of the
appropriate transport infrastructure, an
increase in citizens' demand for energy
independence, the strengthening of
environmental legislation, and the
polarization of this type of transport among
the population.

Electric car sales neared 14 million in
2023, 95% of which were in China, Europe and
the United States [21]. This is an
unprecedented indicator. Experts agree that if
the political course of key players in this
market remains positively oriented towards
green development, then by 2030 the share
of electric vehicles in light transport sales
could reach up to 40% which is a phenomenal
result. The situation with electric freight
transport is more complicated. Although its
sales are also growing, it is clear to everyone
that this results are undoubtedly dependent
on the development of a new charging
infrastructure. To ensure the smooth
operation of freight transport, appropriate
large capacities, well-equipped charging
hubs on highways, and modern depots are
needed. Such changes obviously have a
strong impact on the energy market and are
therefore  being implemented rather
gradually. Electricity consumption continues
to grow, while demand for fossil fuels is
expected to slowly decline in the future.

Today, even those companies that had
previously not taken these tendencies into
account have begun to consider electric
transport as an integral part of the logistics
sector. We are now seeing the intentions of
many market players to start investing their
funds in this direction, especially in the
creation of new transport models and the
production of accumulator batteries. Those
representatives who have already created
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production capacities are planning to
improve and expand them in the future.

An important factor was the emergence
of global competition in these sectors, since
20 years ago this entire field was practically
empty and most of its niches were simply free.
But now competition exists not only with
traditional car companies, but also within the
electric transport market itself.

The course towards green logistics is
becoming increasingly entrenched in the
policies of many developed countries. Every
year, they find more and more different
opportunities to stimulate the mass
production of electric transport vehicles and
the development of the corresponding
charging infrastructure. This manifests itself
not only in the form of increased direct
investments, but also in various support
programs for this area. The most successful
examples of such initiatives include tax
incentives,  subsidies, localization of
production, zero-emission standards, etc.

Experts predict that if current conditions
continue and government representatives
maintain their positive political will toward
such changes, the number of electric vehicles
on the roads will exceed 100 million units in
the coming years. The share of electric freight
transport will also increase, as its use is crucial
for commercial operations and reducing
humanity's dependence on fossil fuels.

Therefore, based on the above-
mentioned information, it can be highlighted
that the road electric transport market
continues to grow and improve. This is clearly
evident not only in the number of new electric
vehicles and strong competition in the global
market, but also in the development of all
possible new technological solutions. Despite
the existence of serious challenges on this
path, it is clear that the prospects in the field
of electric transport are simply enormous,
especially in the light and heavy transport
segment, the development of which could
change our lives forever.

An essential step towards the full
exploration of the article's topic is the analysis
of the share of electric transport. After
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conducting a relevant study of trustworthy
open sources of information, it can be
confirmed that today the sales of this type of
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transport demonstrate rapid growth, which
can be clearly seen in Table 3.

Table 3. Approximate sales of electric vehicles in 2020-2024

Year Sales of electric vehicles
2020 ~ 3 million units
2021 ~ 6,6 million units
2022 ~ 10 million units
2023 ~ 14 million units
2024 ~ 17 million units

Source: created by the author based on [22-26].

However, at the same time, it should be
emphasized right away that the specified
number of electric transport vehicles is a total
amount, and sales rates vary depending on
the specific segment. In other words, sales
rates for passenger cars are fundamentally
different from those for freight transport.

There were about 58.1 million electric
vehicles in operation worldwide in 2024 [27].
With the acceleration of the pace of
introduction of low-carbon technologies in
transport, their number continues to grow.
Passenger cars are currently the most popular,
mass-market, and developed segment that
exists at the current time. In 2024, China was
the absolute leader in this market, with the
United States and the European Union
remaining in second and third place.

The electric freight transport segment is
also in incredible demand on the market, but
it still lags significantly behind in sales due to
its technical limitations. Logistics companies
want to immediately receive full-fledged
vehicles with powerful accumulators that can
not only ensure reliable transportation for
long distances but also charge quickly.
Therefore, electric trucks are currently actively
used on short urban and regional routes.

The spread of electric public transport
shows quite good results. Electric buses have
already proven their effectiveness in practice
many times around the world. Such countries
as China, South Korea, India, and the

Netherlands are actively implementing this
type of transport as part of their green city
policies.

A similar situation can be found in the
case of taxi electrification. This has become
extremely common in large cities where the
appropriate  modern infrastructure and
services have been created. Developed cities
such as Shenzhen, London, New York,
Hamburg, and others are particularly famous
for this.

Thus, based on the above data, it can be
underscored once again that the share of
electric vehicles in the transport sector
continues to grow. This growth is irregular
and depends on the specific segment.
Currently, passenger transport is developing
most actively, while the electric truck
segment still requires appropriate
technological development.

A very important element of this article is
the disclosure of key players of the electric
vehicle market. After analysing open sources,
it becomes clear that China, the US, and the
European Union remain the undisputed
leaders in this field today. China has a simply
colossal electric transport market, which is
significantly ahead of all its competitors. It is
not only famous for its large number of local
manufacturers, but also for its strong state
support. The electric transport market in the
US is also growing strongly. Investments are
being made in new technologies, innovative
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solutions, and the construction of high-
quality infrastructure. The European Union is
known for its active work on the
implementation of environmental legislation
and green standards. The development of
electric transport in the EU is achieved
through significant subsidies, investments,
and flexible tax policies.
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Speaking about charging infrastructure
manufacturers, it is worth mentioning such
well-known companies as: ChargePoint, Tesla,
ABB, Siemens, EVBox, EO Charging, Blink
Charging, BYD, Star charge ta NIO.

And, of course, some of the most famous
and largest electric vehicle manufacturers are
shown in Fig. 4.

p————,

r=sLnm

STELL

BMW
Hyunori GROUP

Figure 4 - Famous electric vehicle manufacturers
Source: Developed by Viadyslav Marchenko

Therefore, summarizing the above-
mentioned information, it can be noted that
the electric transport market continues its
active development. The transformation of
the transport industry is proceeding
successfully and gradually. More and more
companies see replacing traditional transport
powered by fossil fuels as an important step
towards building a sustainable future.

The next essential step in this article is to
explain the current challenges that stand on
the way of the development of electric road
transport. Although significant progress has

been made in recent years in improving
electric transport and its high-quality
integration into the global transport network,
it must be acknowledged that this process has
not been easy. A large number of complex
problems have stood and continue to stand
on this path. This list of challenges is truly
massive and diverse. It starts with economic
and political barriers and ends with
technological difficulties. A complete list of
key challenges that stand on the way of the
development of electric transport is shown in
Table 4.
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Table 4. A list of key challenges that stand on the way of the development of electric transport

economic challenges

Category Challenge
Limited range
. Expensive accumulators
Technological Gradual battery degradation
challenges
Poor development of the sphere of accumulator recycling
Reduced reliability in cold climates
High price of electric vehicles
Lack of competition in the market for critical raw materials
Market and

Poorly formed electric transport sector in developing countries

Not fast enough renewal of vehicle fleet models

High dependence of manufacturers on government support

Infrastructure
challenges

Inconsistent distribution of charging infrastructure across cities and regions

Still low number of charging stations

Higher pressure on the electric grid

Lack of clear standardization of charging connectors

Small quantity of fast chargers

Energy challenges

Many countries use fossil fuels to generate electricity

Low share of «clean» electricity that is used in charging networks

Need to upgrade the power grid system

Difficulty in establishing local battery production

Legal and regulatory
challenges

Complexity of certification and customs barriers

Fundamentally different levels of government support for electric transport

Lack of a long-term strategy for the development of electric transport in many countries

Different regulations in terms of battery recycling

Poor coordination of existing charging infrastructure standards

Behavioural and
social challenges

Long-term adaptation of businesses to the new direction of logistics development

Public scepticism about electric transport and its reliability

Outdated stereotypes about the extremely high cost of maintaining electric transport

Lack of experience in using this type of transport and lack of reliable information

Source: Developed by Vladyslav Marchenko

Thus, the analysis of existing challenges
has shown that the development of road
electric transport does indeed face a complex
set of serious, interrelated challenges.
Although these problems are significant at
present, they can all be overcome over time
through technological progress, active
participation of the private sector, and

government support. Implementation of
various measures to reduce risks requires
sufficient costs [28]. The development of
electric transport relies entirely on the
systematic coordination of actions by the
state, technology companies, businesses, and
society.
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Conclusions. The result of this article was
the achievement of all previously identified
goals. In this work, it was clearly stated that
today humanity faces such global challenges
as environmental pollution, climate change,
and depletion of natural resources. Their
gradual worsening has led to terrible
consequences, prompting scientists to seek
all possible solutions that could contribute to
the sustainable development of humanity.
The widespread adoption of the new concept
of green logistics has had a positive impact on
the current situation. Electric road transport
has become an example of an effective tool
for countering the global threats mentioned
above and has emerged as a key instrument
necessary  for  achieving  sustainable
development goals. The analysis performed in
this paper confirmed this, showing electric
transport as a key element of green logistics
and indicating its importance in the context of
achieving sustainable development goals.
The conducted research revealed the
importance of electric transport for the
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modern world, demonstrated its high
relevance, showed basic technological
foundations and explained the current
situation on the global road electric transport
market. The analysis showed that modern
road electric transport has had a rather
complex history. Its development has been
quite long, difficult, and multi-layered,
including periods of rapid growth as well as
periods of declining interest in this area. The
study of the main advantages of road electric
transport and barriers that stand on the way
of its development clearly demonstrated that
despite significant progress in this sphere,
humanity still has a lot of work to do in this
regard. If global trends remain in place or
even intensify, there is no doubt that these
obstacles will gradually decrease. Today,
electric transport opens up serious
opportunities for achieving a sustainable and
environmentally friendly future. That is why it
is so important to continue to focus the
scientific community's attention on this topic.

References

37. International Institute for Sustainable Development. (n.d.). Sustainable development.
https://www.iisd.org/mission-and-goals/sustainable-development

38. Yunex Traffic. (n.d.). Electric transport: The future of sustainable transportation?
https://www.yunextraffic.com/newsroom/electric-transport

39. CPG. (n.d.). Long before Tesla—197 years ago, a Hungarian engineer, physicist and priest
proved that electric cars were possible. https://en.clickpetroleoegas.com.br/Long-before-Tesla--

197-years-ago--a-Hungarian-physical-engineer-and-priest-proved-that-electric-cars-were-

possible

40. Electric Vehicles News. (n.d.).

History  of the

electric car: Part |l.

https://www.electricvehiclesnews.com/Footer/History/historyearlyll.ntml

41. Hankook. (n.d.). Timeline: History of the electric car.

https://www.hankook-

precisionworks.com/en/innovation/innovation-225.do

42. Innovation.world. (n.d.). Lead-acid battery. https://innovation.world/invention/lead-acid-

battery
43, |IAA  MOBILITY. (n.d.). The

e-volution of the automobile.

https://www.iaa-

mobility.com/en/newsroom/news/e-vehicle/the-e-volution-of-the-automobile



https://www.iisd.org/mission-and-goals/sustainable-development
https://www.yunextraffic.com/newsroom/electric-transport
https://en.clickpetroleoegas.com.br/Long-before-Tesla--197-years-ago--a-Hungarian-physical-engineer-and-priest-proved-that-electric-cars-were-possible
https://en.clickpetroleoegas.com.br/Long-before-Tesla--197-years-ago--a-Hungarian-physical-engineer-and-priest-proved-that-electric-cars-were-possible
https://en.clickpetroleoegas.com.br/Long-before-Tesla--197-years-ago--a-Hungarian-physical-engineer-and-priest-proved-that-electric-cars-were-possible
https://www.electricvehiclesnews.com/Footer/History/historyearlyII.html
https://www.hankook-precisionworks.com/en/innovation/innovation-225.do
https://www.hankook-precisionworks.com/en/innovation/innovation-225.do
https://innovation.world/invention/lead-acid-battery
https://innovation.world/invention/lead-acid-battery
https://www.iaa-mobility.com/en/newsroom/news/e-vehicle/the-e-volution-of-the-automobile
https://www.iaa-mobility.com/en/newsroom/news/e-vehicle/the-e-volution-of-the-automobile

The electronic scientifically and practical journal 34-49
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”, v.34 (2025)
ISSN 2708-3195 https://smart-scm.org

44. V2C. (n.d.). History of electric cars: The evolution from the first model to the present day.
https://v2charge.com/history-of-electric-cars-the-evolution-from-the-first-model-to-the-

present-day
45. Times of Ukraine. (n.d.). History of London taxi. http://news.timesofu.com/?p=1422

46. MOBA. (n.d.). The electric car in history. https://get-moba.com/en/the-electric-car-in-
history-la-jamais-contente

47. HotCars. (n.d.). Here’s how the Henney Kilowatt electrified American roads back in 1959.
https://www.hotcars.com/-a-detailed-look-back-at-the-henney-kilowatt

48. EBSCO. (n.d.). Hybrid vehicles and energy security. https://www.ebsco.com/research-
starters/power-and-energy/hybrid-vehicles-and-energy-security

49. Scientific American. (n.d.). 40 years later: Electric cars and the OPEC oil embargo.
https://www.scientificamerican.com/blog/observations/40-years-later-electric-cars-and-the-
opec-oil-embargo

50. WIRED. (n.d.). Dec. 4, 1996: GM delivers EV1 electric car.
https://www.wired.com/2009/12/1204gm-ev1-electric-car

51. Nissan. (n.d.. Nissan Leaf, pioneer in the journey to zero emissions.
https://nissan.com.my/nissan-leaf-pioneer-in-the-journey-to-zero-emissions

52. CarWale. (n.d.). Tesla reveals updated Model S. https://www.carwale.com/news/tesla-
reveals-updated-model-s-gets-a-new-powerful-plaid-variant

53. Smart Electric Power Alliance. (n.d.). Lithium-ion battery prices are declining, powering
growth and opportunity in the U.s. energy storage market.
https.//sepapower.org/knowledge/lithium-ion-battery-prices-are-declining-powering-growth-
and-opportunity-in-the-u-s-energy-storage-market

54. Biden White House. (n.d.). Inflation Reduction Act  guidebook.
https://bidenwhitehouse.archives.gov/cleanenergy/inflation-reduction-act-guidebook

55. Virta. (n.d.). The global electric vehicle ~market overview in 2025.
https://www.virta.global/global-electric-vehicle-market

56. Petalite. (n.d.). AC and DC chargers compared.
https://www.petalite.io/resources/insights/what-is-dc-charging

57. International Energy Agency. (n.d.). Trends in electric cars.
https://www.iea.org/reports/global-ev-outlook-2024/trends-in-electric-cars

58. International Energy Agency. (n.d.). How global electric car sales defied COVID-19 in 2020.
https://www.iea.org/commentaries/how-global-electric-car-sales-defied-covid-19-in-2020

59. Atlas EV Hub. (n.d.). [IEA—Global sales 2021. https://www.atlasevhub.com/resource/iea-
global-sales-2021

60. International Energy Agency. (n.d.). Demand for electric cars is booming.
https://www.iea.org/news/demand-for-electric-cars-is-booming-with-sales-expected-to-leap-
35-this-year-after-a-record-breaking-2022

61. International Energy Agency. (n.d.). Trends in electric cars.
https://www.iea.org/reports/global-ev-outlook-2024/trends-in-electric-cars



https://v2charge.com/history-of-electric-cars-the-evolution-from-the-first-model-to-the-present-day
https://v2charge.com/history-of-electric-cars-the-evolution-from-the-first-model-to-the-present-day
http://news.timesofu.com/?p=1422
https://get-moba.com/en/the-electric-car-in-history-la-jamais-contente
https://get-moba.com/en/the-electric-car-in-history-la-jamais-contente
https://www.hotcars.com/-a-detailed-look-back-at-the-henney-kilowatt
https://www.ebsco.com/research-starters/power-and-energy/hybrid-vehicles-and-energy-security
https://www.ebsco.com/research-starters/power-and-energy/hybrid-vehicles-and-energy-security
https://www.scientificamerican.com/blog/observations/40-years-later-electric-cars-and-the-opec-oil-embargo
https://www.scientificamerican.com/blog/observations/40-years-later-electric-cars-and-the-opec-oil-embargo
https://www.wired.com/2009/12/1204gm-ev1-electric-car
https://nissan.com.my/nissan-leaf-pioneer-in-the-journey-to-zero-emissions
https://www.carwale.com/news/tesla-reveals-updated-model-s-gets-a-new-powerful-plaid-variant
https://www.carwale.com/news/tesla-reveals-updated-model-s-gets-a-new-powerful-plaid-variant
https://sepapower.org/knowledge/lithium-ion-battery-prices-are-declining-powering-growth-and-opportunity-in-the-u-s-energy-storage-market
https://sepapower.org/knowledge/lithium-ion-battery-prices-are-declining-powering-growth-and-opportunity-in-the-u-s-energy-storage-market
https://bidenwhitehouse.archives.gov/cleanenergy/inflation-reduction-act-guidebook
https://www.virta.global/global-electric-vehicle-market
https://www.petalite.io/resources/insights/what-is-dc-charging
https://www.iea.org/reports/global-ev-outlook-2024/trends-in-electric-cars
https://www.iea.org/commentaries/how-global-electric-car-sales-defied-covid-19-in-2020
https://www.atlasevhub.com/resource/iea-global-sales-2021
https://www.atlasevhub.com/resource/iea-global-sales-2021
https://www.iea.org/news/demand-for-electric-cars-is-booming-with-sales-expected-to-leap-35-this-year-after-a-record-breaking-2022
https://www.iea.org/news/demand-for-electric-cars-is-booming-with-sales-expected-to-leap-35-this-year-after-a-record-breaking-2022
https://www.iea.org/reports/global-ev-outlook-2024/trends-in-electric-cars

The electronic scientifically and practical journal 34-49

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”, v.34 (2025)
ISSN 2708-3195 https://smart-scm.org
62. International Energy Agency. (n.d.). Executive summary.

https://www.iea.org/reports/global-ev-outlook-2025/executive-summary

63. Statista. (n.d.). Estimated number of electric vehicles in use worldwide between 2010 and
2024. https://www.statista.com/statistics/1101415/number-of-electric-vehicles-by-type/

64. Bugayko D.O., Reznik V.V.(2023). New challenges for logistics in the conditions of military
operations. Intellectualization of Logistics and Supply Chain Management: Electronic scientific and
practical journal, vol. 21, p. 33-42. DOI: https://doi.org/10.46783/smart-scm/2023-21-4



https://www.iea.org/reports/global-ev-outlook-2025/executive-summary
https://www.statista.com/statistics/1101415/number-of-electric-vehicles-by-type/
https://doi.org/10.46783/smart-scm/2023-21-4

The electronic scientifically and practical journal 50-58
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”, v.34 (2025)
ISSN 2708-3195 https://smart-scm.org

DOI: https://doi.org/10.46783/smart-scm/2025-34-5

UDC 339.9:658.7:005.334
JEL Classification: F52, R40, D81, Q54.
Received: 7 November 2025

Harazha O.P. Doctor of Sciences (Economics), Professor, Professor of the Air Transportation
Organization Department of Faculty of Transport and Logistics of State Non-Commercial
Company «State University «Kyiv Aviation Institute» (Ukraine)

ORCID - 0000-0001-9986-6231
Researcher ID -

Scopus author id: - 57638991900
E-Mail: oasissun@ukr.net

Shevchuk D. O. Doctor of Technical Sciences, Professor, Professor of the Air Transportation
Organization Department of Faculty of Transport and Logistics of State Non-Commercial
Company «State University «Kyiv Aviation Institute» (Ukraine)

ORCID - 0000-0002-3334-2563
Researcher ID -

Scopus author id - 55635404700

E-Mail: dmytro.shevchuk@npp.nau.edu.ua

ADAPTATION OF GLOBAL LOGISTICS SYSTEMS TO
GEOPOLITICAL AND CLIMATE CHALLENGES: STRATEGIES OF
RESILIENCE, DIVERSIFICATION AND RISK MANAGEMENT IN
CONDITIONS OF INSTABILITY

Olena Harazha, Dmytro Shevchuk. «Adaptation of global logistics systems to geopolitical and
climate challenges: strategies of resilience, diversification and risk management in conditions of
instability». The article analyzes the adaptation of global logistics systems to geopolitical and climatic
challenges based on a strategy of resilience, diversification and risk management in conditions of instability.

The economic stability of national economies, entire industries and individual enterprises is under threat
due to dependence on certain suppliers and transport routes, lack of diversity of supply sources, low level of
implementation of digital technologies in risk management processes and leveling of environmental
conditions. The current challenges are the processes of developing strategies that can adapt global logistics
systems to the latest requirements of the modern world by creating comprehensive approaches to sustainability
based on the use of various transport corridors and suppliers, the use of the latest innovative technologies for
forecasting and risk management, the introduction of alternative environmentally safe solutions, the formation
of flexible levers for crisis management. Therefore, the main problem is to adapt global logistics systems to
geopolitical and climatic challenges through a balance of sustainability, flexibility, efficiency, economic security
and benefits taking into account local needs and global interests. Ultimately, to solve it, it is necessary to take
into account a set of economic, technological, environmental, and political instruments with a rethinking of the
participation of logistics as the main instrument of global stability in the conditions of uncertainty of the modern
global economy.
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The aim of our work is to study the adaptation of global logistics systems to geopolitical and climatic
challenges based on the application of a strategy of resilience, diversification and risk management in
conditions of instability.

The disclosure of the goal and the solution of the tasks were carried out on the basis of a comprehensive
and systematic methodological approach with a set of methods of induction and deduction, abstraction,
concretization, formalization and analogy. The scientific developments of domestic and foreign scientists,
standards and rules served as reference material.

According to the results of the study, three main directions of adaptation of global logistics systems to
geopolitical and climatic challenges were identified: strategies of sustainability, diversification and risk
management in conditions of instability. It was found that the sustainability strategy combines the sectors of
the national economy, legal government activities and coordination of transport processes and international
transport organizations. It was proven that the sustainability strategy includes diversification, transparency of
logistics processes, reserves and flexibility, planning and risk management, strategic partnership and
cooperation with international partners. It was found that diversification involves the creation of a strategy
based not on a single activity, but on the multidimensionality of different types of business in the global market.
It was substantiated that territorial diversification is able to place production in different countries, which
eliminates the risks of temporary closure of individual regions, climate change or sanctions. The risk
management of global logistics systems is characterized, which involves a comprehensive approach to
identifying, monitoring, analyzing and controlling the international delivery of goods under conditions of
uncertainty with the aim of fast, safe delivery with minimal losses.

The key provisions for adapting global logistics systems to geopolitical and climate challenges in an
environment of instability are resilience, diversification and risk management strategies that take into account
geopolitical challenges and sanctions, climate change and natural disasters, transition to green logistics, create
backup routes and expand the supplier base, implement anti-crisis strategies, insure logistics risks and improve
staff qualifications.

Keywords: sustainability, strategy, climate, instability, diversification, international cooperation,
transport, cargo

OneHa [lapaxa, [mumpo llleguyk. «Adanmayia anobanvHUX no2icmMu4HUXx cucmem 00O
2eonoslimuYHUX ma Kaimamu4Hux 8uKuKie: cmpamezii cmitikocmi, oueepcudpikayii ma ynpaeninusa
pusukamu 8 ymosax HecmabinbHocmi». ¥ cnammi aHaniayemesca adanmayisa 27106as16HUX J102iCMUYHUX
cucmem 00 2e0NOAIMUYHUX MA KIIMAMUYHUX 8UK/IUKI8 Ha 0CHO8I cmpamezil cmitikocmi, dusepcucpikauii ma
YNpasniHHA pu3uKamu 8 ymoeax HecmabineHocmi.

EkoHOMiYHa cmabinbHicMs HAUiOHANbHUX eKOHOMIK, Uisiux 2asiyzeli ma OKpemux niOnpuemcms
nepebysae nio 3a2po30t0 Yepes 3aseXHiCMb 8i0 NesHUX NOCMAYasIbHUKI8 MAa MPAaHCNOPMHUX Mapuwipymis,
8i0CYmHicmb  pi3BHOMAHIMHoCcMi  OXepesl NOCMAYdHHA, HU3bKUU pigeHb 8NpoBaOXeHHS UYugposux
mexHoso2ili 8 npoyecu ynpasniHHA Ppu3uKamu mMa HiBe/l08AHHA €eKOJI02i4HUX YMOB. AKMYyanbHUMU
BUK/IUKAMU CMArmmeo npoyecu po3pobKku cmpamezit, AKi Marome 3mo2y adanmyeamu 2106as16Hi 102icmuyHi
cucmemu 00 HOBIMHIX 8UMO2 Cy4ACHO20 C8iMY WJIAXOM CMBOPEHHA KOMNJIEKCHUX Ni0x00ig 00 cmilikocmi Ha
OCHO8i 3dCMOCYBAHHA PI3HUX MPAHCNOPMHUX KOpudopig i nocmayaabHUKi8, 3dcmocy8aHHA HOBIMHIX
iHHOBAUIUHUX ~MexHoM02il w000 NPO2HO3Y8AHHA MA YyNPAsiHHA  PU3UKAMU, B8NPOBAOXKEHHS
aslbmepHamuBHUX eKoJs102iYHUX 6e3neyHuX pilleHb, POPMyBAHHA 2HYYKUX 8AXeNi8 ynpasiHHA Kpu3osumu
cumyadyismu. Biomak, ocHosHa npobnema nonszae 8 adanmauii e/106aibHUX 102iCMUYHUX cucmem 00
2e0NONIMUYHUX MA KiIMamuyHuUx 3a0a4 Yyepes 6a1aHc cmiltikocmi, 2Hy4Kocmi, e(heKmusHOCMi, eKOHOMiYHOT
6e3neku ma suz200u 3 Ypaxy8aHHAM JIOKA/IbHUX nompeb ma 2no0banbHUXx iHmepecis. 3pewimoto, 0na ii
supiwleHHA mpeba 8paxo8ysamu CyKynHiCme eKOHOMIYHUX, MexHOJI02iYHUX, eKOJI02iYHUX, NOJIIMUYHUX
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iHcmpymeHmig 3 nepeocMUC/IEHHAM y4acmi J102iCMUKU AK 20J/108HO20 iHCMpymMeHmy 2106a16HOI
cmabinbHOCMi 8 yMo8ax HEBU3HAYEHOCMI Cy4acHOi 27106a16HOT eKOHOMIKU.

Memoto Hawoi pobomu € 8usYeHHA adanmayii 2106a16HUX JT02ICMUYHUX cucmem 00 2e0N0SIIMUYHUX
ma KiMamuyHUX 8UKJ/IUKI8 Ha OCHOBI 3acMOoCy8aHHA cmpameeii cmilikocmi, dusepcudpikayii ma ynpasniHHa
pu3UKamu 8 yMog8ax HecmabineHocmi.

Po3kpumma memu ma supitieHHa nocmasseHux 3ae0aHb nposedeHo HA OCHOBI KOMNJIEKCHO20 ma
cucmemamuyHo20 Memo00102i4HUX NiOX00i8 i3 CyKynHicmio memodis iHOyKyii ma 0edykuil, abcmpazy8aHHs,
KoHKpemus3auil, opmanizayii ma aHanoeii. [Josiokosum mamepianom ciy2y8anu Haykosi po3pobku
8iMYU3HAHUX | 3aKOPOOHHUX 84eHUX, cCmaHdapmu ma npasuna.

3a pesynemamamu 0o0cCniOxeHHA BuUOileHO mpu OCHO8i Hanpamu adanmaduii i 2no6anbHUX
J102icmuy4HUX cucmem 00 2e0NOJIIMUYHUX MA KAIMamu4HUX 8UK/IUKiB: cmpamezil cmilikocmi, dugepcuikayil
ma ynpassiHHsa pusukamu 8 ymosax HecmabinbHocmi. BusgneHo, wo cmpamezis cmilikocmi noeoHye 2asnysi
HAyioHanbHOI eKOHOMIKU, Npagosy ypAaoosy OifA/lbHICMb MAa KOOPOUHYBAHHA MPAHCNOPMHUX npouyecis i
MiXXHAPOOHUX MPAHCNOPMHUX op2aHizayit. [JosedeHo, ujo cmpamezis cmitikocmi ekrouae ousepcugikayito,
npo3opicme Js102iCMUYHUX hpouecis, pe3epsu ma 2eHy4YKicme, NIAHY8AHHA MA YNnpaeniHHA pusukamu,
cmpameziyHe napmHepcmMa8o ma cnignpauylo i3 MixkHapoOHUMU napmHepamu. BuseneHo, ujo ousepcudgpikayis
nepedbauae cmeopeHHs cmpamezil, Wo 3dcHOB8AHA He HA 00HiU disislbHOCMI, a 6azamomipHOCMi pi3HUX 8Udi8
6i3Hecy Ha cgimogomy puHKy. O6rpyHmosaHo, wo mepumopianeHa ougsepcugikayia cnpPomMoxHa
po3mMicmumu 8upobHUYMBA y pi3HUX KpaiHax, Wo ycysde pu3uKu 8i0 mumydcoso20 3aKpumms OKpemux
pe2ioHis, KaimamuyHux 3miH abo caHkyil. Oxapakmepu308aHO YNPAB/iHHA PU3UKAMU 2/106a/1bHUX
Jl02icmuydHUX cucmem, Wo nepedbayaomMe KOMNIEKCHUU nioxio 00 8U3HAYEHHS, CnOCMepeXeHHs, aHani3y
ma KOHMPpOJII0 3G MiXXHApPOOHOI 00CMABKOI MO8Apie 8 YyMOo8aX HeBU3HAYEeHOCMi 3 Memolo WeUOKO,
6e3neyHoi docmasku 3 MiHiManbHUMU 36UMKamu.

Knrouyosumu nonoxeHHAMU adanmauia 2106abHUX JI02ICMUYHUX cucmem 00 2e0NnOJliMUYHUX ma
KNIMamuy4HUX BUKJIUKI8 8 yMogax HecmabineHocmi cmaiome cmpamezii cmitikocmi, dusepcudgpikayii ma
yNnpasniHHA pu3uKamu, AKi ypaxosyoms 2e0noAimuyHi 8UK/IUKU MA CAHKYil, KNiMamuyHi 3MiHuU ma npupooHi
kamacmpoghu, nepexodame 00 3e/IeHOI JT02iCMUKU, CKNaoarome pe3epeHi Mapwpymu ma po3wupiooms 6a3sy
NnocmMayasnbHUKie, 8nposacxyroms AaHMUKPU308i cmpameeii, cmpaxysaHHa Jf102icMudYHUX puckie ma
nioguwyrome keanicgikauito nepcoHary.

Knrouoei cnoea: crinkicTb, cTpateria, KniMaT, HecTabinbHicTb, AnBepcudikalis, MiKHapoaHe
CNiBpOGITHULTBO, TPAHCMOPT, BAHTaX

to military conflicts, traditional logistics
supply chains are being disrupted, posing a

Introduction. Modern transport
management is influenced by global

processes of the world economy. Constant
transformations and globalization of logistics
systems are due to geopolitical and climatic
changes. The stability of transport corridors,
transparency of international relations, a
small degree of natural risks form the basis of
the traditional model, which is not flexible in
the conditions of uncertainty of modern
world development. Given the combination
of negative factors of geopolitical tension,
trade competition, the introduction of
sanctions, blocking of transport networks due

threat to the continuity of the production
process and ensuring the availability of
commodity products on the global market. At
the same time, climatic changes are taking
place in the world, which significantly affect
logistics processes due to the intensification
of extreme weather phenomena, rising sea
levels, increasing droughts and floods,
reducing the efficiency of sea, river and land
transportation, the need to modernize
transport infrastructure, and increasing the
cost of insurance services. Therefore, modern
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logistics  systems are immersed in
multidimensional instability and uncertainty
with a set of interacting and complementary
risks of a complex nature. Today shows that
the vast majority of modern logistics models
do not meet the standards of sustainability
and flexibility for effective functioning and
rapid response to these challenges, which is
the current problem of this study. The
economic stability of national economies,
entire industries and individual enterprises is
under threat due to dependence on certain
suppliers and transport routes, lack of
diversity of supply sources, low level of
implementation of digital technologies in risk
management processes and leveling of
environmental conditions. The current
challenges are the processes of developing
strategies that can adapt global logistics
systems to the latest requirements of the
modern world by creating comprehensive
approaches to sustainability based on
diversifying the use of transport corridors and
suppliers, applying the latest innovative
technologies for forecasting and risk
management, implementing alternative
environmentally safe solutions, and forming
flexible levers for managing crisis situations.
Therefore, the main problem is to adapt
global logistics systems to geopolitical and
climatic challenges through a balance of
sustainability, flexibility, efficiency, economic
security and benefits, taking into account
local needs and global interests. To solve it, it
is necessary to take into account a set of
economic, technological, environmental,
political instruments with a rethinking of the
participation of logistics as the main
instrument of global stability in the
conditions of uncertainty of the modern
global economy.

Analysis of recent research and
publications.  Adapting global logistics
systems to geopolitical and climatic
challenges is the subject of scientific
developments and achievements of many
domestic and international  scholars.
Christopher S. Tang, Hau L. Lee, Jing-Sheng
Song [1] investigated climate change, which
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creates systemic risks for global supply chains,
increasing the frequency of extreme weather
events, disrupting transportation networks
and threatening the reliability of suppliers.
Along with this, they indicate that firms
should apply resilience strategies, such as
diversifying supply locations, investing in
predictive analytics and collaborating with
stakeholders. Paul R. Kleindorfer, Yossi Sheffi
[2] examined the physical impact of climate,
which reduces suppliers' revenues and
negatively affects downstream customers,
demonstrating the interconnectedness of
risks in global networks and the urgent need
for adaptive logistics strategies. Olena Koval,
Andriy Petrenko [3] examined the military
conflict in Ukraine, trade conflicts between
the US and China, and instability in the Middle
East, which are forcing companies to change
supply routes, increase insurance costs, and
reconsider the diversification of supply
chains. Maria Beske, Thomas Seuring [4]
examined climate change, which requires
comprehensive strategies that combine
environmental sustainability with economic
efficiency, highlighting the role of logistics in
balancing sustainability and competitiveness.
Daniel Miller, Sophie Hartmann [5] examined
the logistics sector, which plays a crucial role
in global trade but faces serious challenges
related to geopolitical instability and climate
risks, requiring new models of crisis
management and resilience. Peter Wagner, Li
Zhang [6] examined global supply chains that
are becoming increasingly uncertain due to
constant changes in international trade and
geopolitical upheavals, making resilience and
diversification of utmost importance. Alan
McKinnon [7] analyzed logistics, which is both
a contributor to and a victim of climate
change, but can also play a key role in
decarbonization and adaptation strategies.
tukasz Bednarski, Samuel Roscoe, Constantin
Blome, Martin C. Schleper [8] studied the
impact of geopolitical upheavals on supply
chains, which can be mitigated through:
reorganizing supply chains, including
regionalization, backshoring, and moving
away from just-in-time supply models, as well
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as implementing new technologies such as
blockchain, 3D printing, and artificial
intelligence to increase supply chain
transparency and  develop  modular
manufacturing. Seyed Ashkan Hosseini
Shekarabi, Reza Kiani Mavi, Flavio Romero
Macau [9] identified three distinct research
clusters: supply chain resilience optimization,
supply  chain  technology resilience
implementation, and fault tolerance and risk
management strategies. Mariia Hryhorak,
Alona Dimitrova [10] identified effective risk
management techniques such as supply
chain diversification, alternative routing, and
insurance mechanisms. They examined risk
management in the import of industrial
fasteners, illustrating the stages of
cooperation with freight forwarders and
carriers, partner selection, and response to
faults, demonstrating approaches that can be
used to minimize the impact of risks.
However, the adaptation of global logistics
systems to geopolitical and climatic
challenges requires in-depth study, based on
scientific developments by scientists from
different countries of the world, which shows
the relevance of the topic under study. The
main areas of adaptation of logistics systems
are: strategies of sustainability, diversification
and risk management in conditions of
instability.

The purpose of the article is to study the
adaptation of global logistics systems to
geopolitical and climatic challenges based on
the application of a strategy of resilience,
diversification, and risk management in
conditions of instability.

Presentation of the main research
material. Geopolitical challenges are modern
problems that are formed at the intersection
of geography, economics, politics, security of
entire states and individual territorial entities
within them, trying to adapt strategies to
protect national interests at the state level in
terms of using resource potential and
competitiveness on the world stage from war,
conflicts, migration crises and energy
dependence. International logistics systems
are losing their own supply chains and
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increasing  operational risks due to
geopolitical tensions and military conflicts.
Therefore, in international logistics there is a
need for risk management, analysis and
planning, comprehensive interaction
between state bodies, logistics and
international institutions to increase the
effective operation of logistics systems in
complex geopolitical systems. Increasing
costs for logistics procedures and disruption
of trade processes of international deliveries
can cause sanctions, increased tariffs and
trade barriers. Logistics companies have to
look for additional delivery methods due to
the increase in customs tariffs, which affects
the cost of trade. At the same time, the
transportation of goods and international
trade may be significantly reduced due to
sanitation restrictions that affect trade flows
and the competitiveness of suppliers.
Therefore, these complex tasks may prompt
the development of new strategies and
flexible cooperation between different
organizations to form optimal logistics
solutions for the elimination of trade barriers.
It is very important for logistics companies to
retain and increase the range of customers,
but political stratification and armed conflicts
in cargo transportation areas cause delays
and losses, changes in routes and supply
chains. In some conflict areas, borders are
closed and transport routes are stopped, so it
is necessary to develop new ways of
delivering goods and increase the cost of
logistics services. Big business finds itself in
conditions of uncertainty and under the
influence of many risks, which require new
ways of developing optimal supply strategies
and routing cargo delivery. The impact of
political complications and military conflicts
on the supply chain can be mitigated by
implementing risk management strategies,
implementing additional protection
conditions and multifaceted routing. Along
with this, the establishment of global
international relations and the deepening of
globalization processes will develop stability
and security in the regions, contributing to
their sustainable development and socio-
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economic stability. At the same time,
international  logistics companies are
developing on the basis of various trade
agreements while adapting to the variability
of the geopolitical situation on the world
stage. The growth of demand for logistics
services occurs by creating favorable
conditions for free trade and the
development of export-import relations,
attracting investments in trade and
warehouse infrastructure. At the same time,
wider opportunities are opening up for
entering new markets, increasing trade
turnover, which causes an increase in demand
for logistics services for clients who aim to
expand their business by attracting the latest
technologies and reaching the international
level of trade and operational activities.

The sustainability of global logistics
systems is based on cooperation between
government organizations and departments,
various sectors of the national economy and
international transport organizations. Timely
exchange of information and joint training on
transportation safety in regions with a conflict
situation consolidates the development of
initiatives in common standards that regulate
emerging risks and the safety of cargo
transportation in hot regions. To manage and
predict risks, instantly respond to unforeseen
events, and eliminate the crisis from
instability, the latest innovative technologies,
artificial intelligence and investment in
transport and warehouse infrastructure are
being introduced into global logistics
systems. Strengthening the sustainability of
logistics systems is based on cargo insurance
in case of delays or loss of goods and
appropriate financial measures to prevent
possible losses from geopolitical conflicts.
Sustainability strategies are based on:

1. diversification, which involves reducing
dependence and risks that have a common
route or supplier. Diversification of suppliers
involves eliminating disruptions in the supply
chain when one supplier or region drops out.
Therefore, several suppliers of raw materials
located in different territories of the country
are involved. Diversification of routes and
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modes of transport involves involving
different modes of transport and transport
corridors, ports and distribution centers for
logistics activities with the possibility of
changing the route in case of blocking the
first route.

2. transparency and visibility of logistics
processes. Implementation of the latest real-
time tracking technologies based on loT
sensors, GPS trackers, blockchain and control
tower systems (Control Towers) in order to
continuously monitor the location of goods,
their stock levels in the warehouse and
possible risks along the entire supply chain.
Timely exchange of data between customers,
manufacturers, suppliers and logistics
operators. Conducting analytical actions and
forecasts regarding the processing of large
data sets and predictive modeling in order to
eliminate possible risks (delays due to climate
change or political crisis).

3. reserves and flexibility. In order to
quickly respond to unforeseen circumstances,
reserve capacities are created. To avoid
shortages of goods during disruptions in
supply chains, stocks and back-ups of critical
goods are placed in warehouses and
distribution centers. Thus, additional volumes
of goods are created that can be quickly
changed and sent to different supply chains in
the event of their breakdowns or new
warehouse facilities are added. An additional
important  element is the  multi-
professionality of the working staff, who
reacts to changes and ensures the continuity
of work processes.

4. Planning and risk management.
Constant audit and analysis of shortcomings
in supply chains, such as climatic and
territorial risks, dependence on technologies,
points of failure, help to form rules for the
rapid elimination of such shortcomings. The
use of simulation modeling methods checks
the reliability of the selected route and
provides possible new paths in case of
emergencies.

5. Strategic partnership and cooperation
with international partners. In this case,
sustainability places responsibility on all
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participants in the logistics process. Carriers,
suppliers and forwarders form strong and
trusting relationships aimed at streamlining
operations and reducing uncertainty through
planning, forecasting and increasing
inventories of goods.

The main indicators of resilience are
recovery time after a failure, transparency in
the supply chain, reliability in providing stable
work between suppliers and carriers in the
provision of transport services. To implement
resilience strategies, the latest artificial
intelligence and machine learning
technologies are used to forecast demand
and supply, optimize given routes and
identify risks and climate disruptions.
Additionally,  digital twins can be
implemented to test risks and the possibility
of eliminating them. In order to quickly
distribute and access information anywhere
in the world based on cloud technologies.

Diversification of global logistics systems
involves creating a strategy that focuses not
on a single activity, but on the
multidimensionality of different types of
business in the global market. Territorial
diversification tries to place production in
different countries, which eliminates risks
from temporary lockdowns of individual
regions, climate change or sanctions.
Diversification of hubs and routes involves
cooperation with different ports and
channels, combining different types of
transport, developing new corridors and
routes. Diversification of partners and carriers
through the distribution of transportation
between different lines and forwarders,
forming their own fleet of vehicles in logistics
units to gain independence from market
prices and lack of places on transport.
Diversification of stocks and warehouses is
based on the creation of a network of smaller
warehouses located closer to sales markets,
and the concentration of stocks in
warehouses to ensure continuous operation
for several months in the event of a disruption
in the supply chain. The problems of
diversification consist of increased costs,
reduced quality control and standards,
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negative  environmental consequences.
Diversification provides insurance against
risks, but increases the cost of the product in
stable times, but prevents the liquidation of
the company during crisis years.

Risk management of global logistics
systems involves a comprehensive approach
to identifying, monitoring, analyzing and
controlling the international delivery of
goods under conditions of uncertainty with
the aim of fast, safe delivery with minimal
losses. Risk management is based on four
main areas: 1. ldentification, which finds
unstable chains (dominance of one carrier,
cyberattack risks). 2. Analysis, which provides
an assessment of the occurrence of an event
and the consequences of losses. 3. Methods of
counteracting negative situations, which
include insurance, avoidance or resolution of
the risk. 4. Monitoring the environment on an
ongoing basis to avoid new threats. To
address the negative impact, operational
methods (strategic redundancy, logistics
diversification and flexibility), technological
methods (Al - analytics, digital twins,
cybersecurity), partner methods (3PL and 4PL
operators), collaborative planning are used.
The most commonly used strategies are
avoiding risky activities, reducing the
likelihood of consequences through the use
of GPS trackers on containers to prevent theft,
transferring responsibility to a third party
through insurance or outsourcing, and taking
on risk to make a profit based on the unique
price of a new supplier.

Conclusions. Modern economic
development requires new conditions for
transport activities and transportation of
goods, cargo and passengers. The rapid
development of logistics companies in
conditions of uncertainty and under the
influence of economic globalization creates
the basis for the adaptation of global logistics
systems to the variability of geopolitical
changes and climatic conditions based on
strategies of sustainability, diversification and
risk management. Therefore, the first element
of the adaptation of global logistics systems is
sustainability, which combines the sectors of
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the national economy, legal government
activities and coordination of transport
processes and international transport
organizations. The development of modern
sustainability  strategies, which include
diversification, transparency of logistics
processes, reserves and flexibility, planning
and risk management, strategic partnership
and cooperation with international partners.
At the same time, the sustainability strategy
includes the terms of recovery after a break in
supply chains, transparency of work
performance by the supplier, reliability of
transport services and stable cooperation
between suppliers and carriers. The next
element of the adaptation of global logistics
systems is diversification, which involves the
creation of a strategy based not on a single
activity, but on the multidimensionality of
different types of business in the global
market. One of its types is territorial
diversification, which is able to place
production in different countries, which
eliminates the risks of temporary closure of
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sanctions. The peculiarity of diversification is
that it provides insurance against risks, but
increases the cost of the product in stable
times, but prevents the liquidation of the
company during crisis years. A crucial element
of the adaptation of global logistics systems is
the risk management of global logistics
systems, which involves a comprehensive
approach to the definition, monitoring,
analysis and control of international delivery
of goods in conditions of uncertainty for the
purpose of fast, safe delivery with minimal
losses. Risk management is based on four
main areas: identification, analysis, methods
of countering negative situations, and
observation.  Promising  directions for
adapting global logistics systems to
geopolitical and climatic challenges based on
the application of a strategy of resilience,
diversification, and risk management in
conditions of instability are the deepening of
international ties and regulatory support, the
application of world experience in
transparency, and international cooperation.

individual regions, climate change or
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THE ROLE OF HUMAN CAPITAL IN A PROACTIVE APPROACHTO
MANAGING ECONOMIC SECURITY THREATS: INTEGRATING AGILITY
AND RISK MANAGEMENT

Ganna Gurina, Serhii Podrieza, Oleksii Tseluiko, Nazarii Liskovych. «The role of human capital in
a proactive approach to managing economic security threats: integrating agility and risk


mailto:hanna.hurina@npp.kai.edu.ua
mailto:serhii.podrieza@npp.kai.edu.ua
mailto:katya_373@ukr.net
mailto:nazarii.liskovych@npp.kai.edu.ua

The electronic scientifically and practical journal 59-65
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”, v.34 (2025)
ISSN 2708-3195 https://smart-scm.org

management». The article explores the role of human capital in a proactive approach to managing economic
security threats during martial law in Ukraine. The processes of integrating agility and risk management at
enterprises are analyzed. The focus is on aviation enterprises and the human capital of this industry. In modern
conditions, human capital is not only the core of national security, but also the foundation of a proactive
approach to managing threats to economic security. Instead of a reactive response to crises, strategic
investment in education, vocational training and healthcare forms an intellectual resource capable of
anticipating the challenges of military and post-war recovery. This provides the state with the tools necessary
for effective identification and elimination of both traditional and new threats in a dynamic environment. The
development of human capital directly integrates the principle of agility into the economic system. Highly
qualified aviation specialists, possessing advanced technologies and a deep understanding of global markets,
ensure the agility of state policy in the civil and defense sectosr. Their ability to quickly adapt to changes in
international law and the global political environment enhances the country's influence and economic
resilience.

Keywords: human capital; economic security; proactive management; risk management; agility;
aviation enterprises; aviation personnel; national security; post-war recovery; strategic investment;
vocational training; technological competence; economic resilience; defense sector; adaptation

lFanna TypiHa, Cepeiti [Moope3a, Onekcili Ljenyiiko, Ha3apit Jlickoeuy. «Ponb nodcbkozo
Kanimany e npoakmueHomy nioxodi 00 ynpaeniHHA 3a2po3amMu eKOHOMIYHili 6e3neyi: iHmeapayisa
2HYYKOCMi ma ynpaeniHHA pusukamu». Y cmammi 00CTiOKyeEMbCA posib IOO0CbKO20 Kanimany 8
npoakmueHoMy nioxodi 00 ynpassiHHA 3a2po3amu eKOHOMIYHOI 6e3neKku nio 4ac B0OEHHO20 CMAHyY 8 YKpaiHi.
AHanizyromocsa npouecu iHmezpayii 2Hyykocmi ma ynpassiHHa pusukamu Ha nionpuemcmeax. CGhokycosaHa
yine Ha asiayitiHux nionpuemMcmaax ma to0cbKoMy Kanimani came yiei 2anysi. B cydacHux ymosax noocekuli
Kanimasn sucmynae He luwe CMpuXxHeM HayioHabHoI 6esneku, a i hyHOameHmMoM NPOAKMUBHO20 NiOX00y
00 ynpasniHHA 3azpo3amu eKOHOMIYHIl 6e3neyi. 3amicme peakmugsHo20 ped2y8aHHA HA Kpu3u, cmpameziyHe
iHsecmysaHHsA 8 ocsimy, npogeciliHe HABYAHHA MA OXOPOHY 300p08's hopmye iHMenekmyaneHUl pecypc,
30amHull  8unepeoXamu BUKJIUKU BOEHHO20 i NOBOEHHO20 8iOHOB8JNEHHA. Lle 3abe3neuye oOepxasy
iHcmpymeHmapiem, HeobxiOHUM 071 ehekmuesHoI ideHmMuikayii ma Hieento8aHHA Ak mpaduyitiHux, mak i
HoBUX 3a2po3 y OUHAMIYHOMY cepedosulwyi. Po3sumok 1100cbk020 Kanimany 6e3nocepedHbo iHmezpye
NpuHYuUN 2Hyykocmi 8 eKOHOMIYHy cucmemy. Bucokokeanighikosani ¢haxieyi asiayitiHozo npoginto,
80/100i04U nepedosUMU MEXHO02IAMU ma 2IUOGOKUM pPO3yMIHHAM 27106a/1bHUX pUHKi8, 3abe3nedyomeb
2Hy4Kicmb 0epXdeHoI NoiMuUKU 6 YueilbHOMYy ma 06OPOHHOMY cekmopax. Ix 30amHicme WeudKo
adanmysamucs 00 3MiH y MiXXHapoOHOMy npasi ma 27106a/16HOMy NOSIIMUYHOMY Ccepedo8UWYi NOCUTIOE 8NJ1U8
ma eKoHOMIYHy cmitikicmb KpaiHu.

Knioyoei cnoea: niofcbKkunin Kanitan; eKoHoOMiYHa 6e3neKka; NpoaKkTUBHE YNpaBiHHA; YNpaBiHHA
pU13MKamu; FHYYKiCTb; aBialiliHi NignpyeMCcTBa; aBiaLliiHUIA NepcoHan; HalioHanbHa 6e3nekKa; NicIABOEHHe
BiAHOBMIEHHSA; CTpaTeriYHi iHBeCcTULii; NpodeciliHa NiaroToBKa; TeXHONMOrYHa KOMMNETEHTHICTb; EKOHOMIYHA
CTiNKiCTb; 06OPOHHUI CeKTOp; aganTauia

Introduction. Investments in the only mitigates internal risks but also emerges

intellectual and physical development of the
population constitute a fundamental element
of the state-level risk management system. By
enhancing the skills and knowledge of
citizens within strategic sectors, a nation not

as an active agent in ensuring global stability.
This approach demonstrates that human
capital development is not a matter of
arbitrary choice but a non-alternative strategy
for any state striving to secure a prosperous
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and safe future. The dividends of such
investments are manifested in improved
macroeconomic indicators, the reduction of
social inequality, and the formation of a
political system resilient to external shocks.
Simultaneously, the implementation of this
strategy under martial law necessitates a
specialized approach to risk management. It is
imperative to account for critical threats such
as migration processes, the depletion of
human potential, and the destruction of
educational infrastructure. These factors
render the integration of risk management
into the processes of human capital
reproduction vital for preserving the
economic security of the state.

Literature review. Significant
contributions to the conceptualization of
human capital development and specific
aspects of its management have been made
by such prominent Ukrainian scholars as V.
Antoniuk, K. Bodnar, O. Grishnova, L.
Shevchuk, and others. In recent years,
scholarly focus has increasingly shifted
toward the challenges of human capital
management under wartime conditions and
during the post-war recovery period.

Purpose and objectives. In the
contemporary landscape of global instability,
human capital has emerged not merely as a
social category but as the fundamental core of
national security across multiple dimensions.
Strategic investment in the intellectual and
physical development of the population
constitutes a vital element of the state-level
risk management system, providing the
necessary tools to address both persistent
and emerging threats. This is particularly
evident in high-tech strategic industries, most
notably the aviation sector, where the quality
of human capital-comprising  highly
specialized engineers, pilots, and technical
personnel-directly determines a nation’s
technological sovereignty and its capacity for
rapid crisis response. The transformations of
the past five years have fundamentally altered
the paradigm of human capital perception,
evolving it from a secondary resource into a
central element of proactive economic
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security management. Modern public policy
is increasingly anchored in a global
consensus: investment in highly specialized
skills is a foundational prerequisite for
fostering "economic agility." In the aviation
industry, this agility is manifested through the
ability of personnel to adapt to rapid
technological shifts, stringent international
safety standards, and the complex logistical
challenges imposed by wartime conditions.
Academic discourse, supported by the
foundational works of Ukrainian scholars such
as V. Antoniuk, O. Grishnova and many others,
convincingly proves that human-centric
development creates a "systemic immunity"
against external perturbations. However,
implementing such a strategy under martial
law necessitates a specialized approach to risk
management. The aviation sector faces
unique and critical threats, including the
massive migration of certified specialists, the
destruction of specialized educational
infrastructure, and the erosion of professional
competencies due to the suspension of civil
flights. Integrating risk management into the
reproduction of aviation-related human
capital is therefore vital for preserving the
state’s long-term economic security. By
strengthening skills in such strategic sectors,
a country transitions from passive
consequence mitigation to proactive security
contour modeling. Ultimately, fostering a
resilient and innovation-oriented workforce
in aviation and other high-stakes industries
serves as the primary instrument for post-war
recovery, transforming potential risks into
opportunities for a profound technological
and social leap.

Results, analysis, and discussion. The
transformations of the past five years have
fundamentally altered the paradigm of
human capital perception, evolving it from a
secondary resource into a central element of
proactive  economic  security  threat
management. Modern public policy is
anchored in a global consensus: investmentin
the nation’s intellectual and physical
potential is a foundational prerequisite for
fostering economic  agility. Academic
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discourse over the last fifteen years
convincingly proves that advancements in
education and healthcare not only enhance
individual productivity but also cultivate
"systemic  immunity" against external
perturbations, ensuring stability at both
national and regional levels.

The adoption of this approach is critically
relevant for Ukraine, where the formulation of
new public policy must be grounded in the
principles of strategic risk management. In
the context of post-war recovery, the human
factor becomes the primary instrument for
neutralizing economic threats. Qualified,
healthy, and innovation-oriented citizens
serve as the bearers of adaptive potential,
enabling the state system to maintain
flexibility amidst pervasive uncertainty.
Integrating  human  capital into a
comprehensive security strategy facilitates a
transition from  passive  consequence
mitigation to proactive security contour
modeling. A high level of human resource
development bolsters the nation’s overall
recovery capacity and resilience, transforming
potential risks into opportunities for a
technological and social leap. Consequently,
investment in people emerges as the most
effective method for managing long-term
threats to economic stability. In the academic
discourse, the position presented in [2, 3]
appears well-founded, as it conceptualizes
human capital as a fundamental determinant
of economic and social development. Human
capital encompasses not only an educated
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labor force but also a system of advanced
knowledge, intellectual and managerial tools,
as well as institutional conditions that ensure
the effective utilization of this potential within
public administration and the processes of
economic  socialization.  Within  this
framework, the contemporary concept of
societal development—grounded in theory
and oriented toward the practice of public
governance—proceeds from the
understanding that social progress should
not be assessed solely through the lens of
material  well-being. Increasingly, the
development of the individual, their
professional competencies, and their capacity
for innovative activity is regarded as a key
indicator of societal advancement.

These considerations acquire particular
relevance in the aviation sector of Ukraine,
where human capital plays a strategic role in
maintaining the security and resilience of
enterprises.  Aviation  personnel—pilots,
engineers, air traffic controllers, and technical
specialists—possess  highly  specialized
expertise and undergo lengthy professional
training, making the loss of such personnel
especially detrimental for the industry. Under
wartime conditions, the need to preserve,
develop, and adapt this human capital
becomes even more urgent, as the
competence and resilience of aviation
professionals directly influence the ability of
enterprises to counter economic threats and
sustain the critical functions of aviation
infrastructure.
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Category Description

. Reduction due fo casualties, displacement, and emigration, including loss of

Population Loss X e
trained aviation personnel.

Brain Drain Highly skilled aviation engineers, pilots, and technicians leaving the country
for safer and more stable employment abroad.

. Interruptions in aviation training programs, closure or relocation of aviation
Disrupted Education P e

academies, and limited access to simulators and equipment.

Physical Trauma

Psychological Trauma

Injuries and disabilities among aviation specialists working in high-risk
operational environments.

Stress, burnout, and PTSD among pilots, air fraffic controllers, and technical

crews operating under wartime pressure.

Labor Market
Instability

Infrastructure
Damage

Social Fragmentation g
aviation sector.

Sector-Specific
Vulnerability

Reduced demand for civil aviation services, job losses, and reallocation of
aviation staff to military needs.

Destruction of airports, training centers, airfields, and maintenance facilities
critical for aviation workforce development.

Disruption of professional communities and mentorship networks within the

Loss of unique expertise due fo the long training cycle of pilots and
engineers, making replacement extremely difficult.

Figure 1 — Destructive factors impacting the state and development of aviation human capital
during wartime.

Within the framework of a proactive
approach to threat management, it is critically
important to understand why the
degradation or insufficient funding of human
capital constitutes an existential threat to the
economic security of the state. An untimely
response to risks in this area leads to the
systemic vulnerability of the nation:

- Loss of economic agility: The greatest
danger lies in the loss of the economy's
capacity for rapid adaptation. Without highly
qualified personnel capable of continuous
learning, both public and private institutions
become rigid. In the event of new threats
(technological shocks, pandemics, or military
challenges), a country with a low level of
human capital agility cannot promptly
reorient its production or management

systems, which leads to a prolonged
recession.

- Risk of "brain drain": Under conditions
of martial law and global competition for
talent, human capital migration transforms
from a demographic issue into a direct threat
to national security. Economic security is
based on the ability to create added value.
The departure of specialists (especially in
STEM, aviation, and medicine) deprives the
country of its "innovation engine." This
creates a situation where state investments in
education made previously effectively
subsidize the economies of other countries,
leaving the domestic system in a state of
resource deficit for recovery.

- Degradation of social resilience:
Inequality in access to human capital
development creates social rifts. When a
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significant portion of the population is
excluded from professional development
processes, levels of social tension and political
populism rise. This makes the political system
vulnerable to external hybrid influences and
internal destabilization, which serves as a
direct threat to economic security.

- Technological lag as a strategic risk:
Proactive risk management requires constant
modernization. A lack of investment in human
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capital makes the implementation of
innovations impossible. The country becomes
technologically dependent. Under martial
law, this translates to an inability to develop
and maintain independent defense and
energy solutions, making national security
critically dependent on external suppliers.

To visualize how human capital (HC)
influences security, the following functional
relationship can be utilized:

Secon = f(HC - A- RM)

where:
Secon — level of economic security;

HC - level of human capital (education, health, skills);
A - agility index (speed and flexibility of adaptation);
RM - effectiveness of risk management (ability to mitigate or neutralize threats).

Any decline in the HC indicator
automatically nullifies efforts in the realms of
agility and risk management. Consequently,
investment in human development should
not be viewed as a budgetary expense, but
rather as a form of national risk insurance.

Conclusions. Human capital plays a
decisive role in a proactive approach to
managing economic security threats,
especially within Ukraine’s aviation sector.
Aviation enterprises rely heavily on highly
skilled pilots, engineers, air traffic controllers,
and technical specialists whose expertise
cannot be rapidly replaced. In wartime
conditions, proactive risk management
requires aviation companies to strengthen
agility in workforce planning and operational
decision-making. The ability to anticipate
disruptions - such as personnel shortages,
infrastructure damage, or cyber threats -
depends directly on the competence and
adaptability of aviation professionals.
Ukrainian aviation enterprises face unique
challenges, as many specialists are mobilized,
displaced, or forced to relocate abroad. This
increases the urgency of retaining critical
talent and developing flexible training
systems that can operate even under
instability. Agility becomes a strategic asset,

enabling companies to reconfigure teams,
redistribute responsibilities, and maintain
essential operations despite uncertainty.
Human capital also drives innovation in safety
protocols, digitalization, and remote
operational capabilities, which are vital for
economic resilience. Proactive risk
management in aviation requires continuous
upskilling, especially in areas such as crisis
response,  cybersecurity, and  aircraft
maintenance under constrained conditions.
Ukrainian aviation specialists demonstrate
high adaptability, which strengthens the
sector's capacity to withstand economic
shocks. However, the loss of experienced
personnel poses long-term risks to national
economic security. Aviation enterprises must
therefore invest in talent retention programs,
psychological support, and competitive
career pathways. Collaboration  with
educational institutions is essential to ensure
a steady pipeline of new aviation
professionals. Ultimately, the integration of
agility and risk management transforms
human capital into a protective shield for the
aviation industry. By empowering aviation
specialists, Ukraine enhances both sectoral
stability and broader national economic
security.
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DIGITAL TRANSFORMATION STRATEGY OF THE CUSTOMER
RELATIONSHIP MANAGEMENT SYSTEM

Tirlea Mariana Rodica, Nataliia Trushkina, Oleh Harmash, Yuliya Shkrygun. «Digital
transformation strategy of the customer relationship management systemn». In the contemporary digital
economy, customer relationship management is undergoing profound transformations driven by changes in
consumer behavior, intensifying competition, and the rapid development of digital technologies, data analytics,
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and artificial intelligence. Despite the widespread adoption of CRM systems, business practice still demonstrates
a fragmented and instrumental approach to the digitalization of customer-related processes, which limits the
ability to create long-term customer value and sustainable competitive advantages.

The purpose of this article is to substantiate and develop a digital transformation strategy for the
customer relationship management system as an integrated managerial concept focused on the alignment of
customer value, customer experience, business processes, data, digital technologies, and organizational
change. The methodological framework of the study is based on systemic and process-oriented approaches, as
well as methods of analysis and synthesis, structural-logical modeling, and the generalization of scientific
publications and expert assessments in the field of digital transformation and CRM.

As a result of the study, a structural-logical model of the CRM digital transformation strategy is proposed,
built on the principle of concentric levels with a vertical integrating axis, reflecting the interrelationships
between customer value, customer experience, the process-and-data core of CRM, digital technologies, and the
strategic and organizational management framework. It is demonstrated that effective digital transformation
of CRM should be considered a continuous adaptive process aimed not only at automating customer
interactions but also at transforming managerial practices, organizational culture, and the system of personnel
competencies.

The scientific novelty of the research lies in the improvement of approaches to shaping a CRM digital
transformation strategy through its interpretation as an integrated managerial architecture. The practical
significance of the results consists in the possibility of applying the proposed model to the design and
implementation of customer-oriented development strategies for enterprises operating in the digital economy.

Keywords: digital transformation; customer relationship management; CRM strategy; customer
value; customer experience; omnichannel interaction; customer journey; data management; Big Data; data
analytics; artificial intelligence; digital platforms; strategic management; organizational culture; digital
competencies; customer orientation; sustainable development.

Uupna Mapiana Podika, Hamania Tpywkina, Onez lapmaw, KOnia LikpueyH. «Cmpameais
yugpoeoi mpancpopmayii cucmemu ynpaesniHHA 63A€EMOBIOHOCUHAMU 3 KJliEHmamu». Y cyqacHil
yughposili eKoHOMIUi ynpassiiHHA 83aEMOBIOHOCUHAMU 3 KJIEHMAMU 3d3HAE 2UbOKUX mpaHcgopmaduid,
3yMOBJIeHUX 3MIHAMU Yy NOBeOiHYi CnoXueauyis, NOCUNIEHHAM KOHKYPeHUii ma cmpiMKUM po38UMKOM
yugposux mexHosnoeitl, aHanimuku 0aHux i wmy4yHoz2o iHmenekmy. [lonpu wupoke 8npogadxeHHa CRM-
cucmem, 0inosa npakmuka U Haoasni 0eMOHCMpye ppazmeHmapHul ma iHcmpymeHmasneHul nioxio 0o
yugpposizauii knieHmcoKux npoyecis, Lo 06MeXxye MOX/IUBOCMI CMBOPeHHA 00820CMPOKOBOI YiHHOCMI 0714
KnieHMIg i cMilikux KOHKYpeHMHUX nepesae.

Memoto cmammi € 06rpyHmysaHHa ma po3pobnieHHA cmpameeii Yyugposoi mpaHcgpopmauii cucmemu
yNnpasniHHA 830EMOBIOHOCUHAMU 3 KITIEHMAMU K iHMe2po8aHoi ynpassiiHCbKOI KoHUenyji, opieHMo8aHoi Ha
y3200XKeHHA YiHHOCMI 0717 KJlieHmMa, KnieHmcokozo 0oceidy, bisHec-npoyecis, 0aHux, yugposux mexHonozit
ma opzarizayitiHux 3miH. MemoodonoeziuHy ocHosy 0OCTIOXeHHA CMAHossAMs cucmemHul i NnpoyecHo
opieHmoeaHul nioxoou, a Makox mMemoou aHasizy U cuHmesy, CmpyKmypHO-/102iYH020 MOOe08AHHA Ma
y3az2anbHeHHA Haykosux nybnikauid i ekcnepmHux oyiHoK y cghepi yugposoi mpaHcgopmayii ma CRM.

Y pe3synomami 00cnioxeHHA 3anponoHOBAHO CMPYKMYPHO-/102i4Hy mMoOesb cmpamezii Yugposor
mpaHcgpopmayii  CRM, nobydosaHy 3a npuHUUNOM KOHUEHMPUYHUX PpigHi8 i3 8epmuKaabHOI0
iHMe2pysanbHOIO 8icClo, W0 8IDOOBPAXKAE B3AEMO38 A3KU MiX YiHHICMIO 08 KJTIEHMA, KITIEHMCbKUM 00C8I00M,
npoyecHo-0aHum a0pom CRM, uugposumu mexHoMO2ISMU mMa cmpameziyHo-opeaHizauitiHum
ynpasniHceKum Kapkacom. [losedeHo, wo egekmusHy yugposy mpaHcgopmauito CRM  OdouinbHo
po3senig0amu sk 6e3nepepsHuUl adanmusHuli npoyec, CNPAMOBAHUU He Jluule Ha dgmomMamu3ayito 83aemooii
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3 KiliEHMamu, a U Ha MpaHcphopmMayito ynpasaiHCbKUX NPAaKmMuK, op2aHi3ayitiHoi Kyslemypu ma cucmemu
KoMnemeHmMHocmeu nepcoHany.

Haykosa Hosu3Ha 00C/iOXeHHA nosif2ae 8 yOOCKOHAseHHi nidxodie 0o ¢opmysaHHA cmpameaii
yugpposoi mparcgopmauii CRM winaxom it mpakmysaHHs aK iHme2pos8aHoi ynpasniHcyKol apximekmypu.
lMpakmuy4Ha 3Hayywicme pe3y1bmamis NOJIA2ae y MOXJ/IUBOCMI 3ACMOCY8AHHA 3aNPONOHOBAHOI MOOesi 051
NPOEKMYBAHHA MA 8NPOBAOXKEHHA KJIEHMOOPIEHMOBAHUX cmpamezili po38UMKY nidnpUeEMcMS, Wo
yHKUiOHYIOMb Y 4UPPOBILi EKOHOMIU.

Knioyoei cnoea: undposa TpaHchopmalia; ynpasniHHA B3aeEMOBigHOCMHaMK 3 KrieHTamu; CRM-
CTpaTerif; LWiHHICTb ANA KNiEHTa; KNIEHTCbKNI OCBIA; OMHiKaHanbHa B3aEMOSif; WAAX KNIEHTA; yNpasiHHA
JaHnmuy; Big Data; aHaniTvka JaHuX; WTYYHUIA iHTenekT; uMdpoBi nnatpopmu; CTpaTeriyHe yrnpasiHHS;

opraHizauiriHa KynbTypa; LndppoBi KOMNETEHTHOCTI; KNIEHTOOPIEHTOBAHICTb; CTaNUI PO3BUTOK

Introduction. In the modern conditions
of the digital economy, customer relationship
management acquires a qualitatively new
meaning, which is due to the transformation
of consumer behavior, increased competition
and the rapid development of digital
technologies. Customers increasingly expect
personalized solutions, prompt response and
seamless interaction through various
communication channels, which significantly
increases the requirements for customer
relationship management systems and the
logic of their development [1-3].

The relevance of the above-mentioned
issues is confirmed by the results of
international expert assessments and applied
research. Thus, according to a survey by
Accenture Digital [4] conducted among more
than 13 thousand consumers, two thirds of
customers change their service provider in
case of unsatisfactory quality of service.
Gartner [5] analysts note that about 90% of
companies in the service sector compete
primarily on the quality of customer
interaction, while Salesforce [6] research
shows that 76% of consumers expect
companies to have a deep understanding of
their individual needs and a personalized
approach to communication.

Consulting and analytical reports also
indicate the strategic nature of the digital
transformation of customer processes.
According to the results of a survey by IDG
Communications [7], digital transformation is
considered by management in 46% of cases

as a tool forimproving the quality of customer
service. Altimeter-Prophet [8] research
showed that more than half of experts
associate digital changes primarily with
improving the system of contacts with
consumers. At the same time, Econsultancy
[9] experts emphasize that only 58% of
companies integrate customer orientation
into their digital strategies, while the majority
is limited to the implementation of individual
technological solutions.

An important argument in favor of a
strategic approach is the economic effect of
developing customer relationships.
According to Bain & Company [10], up to 65%
of companies' revenues are generated by
existing customers, and increasing loyalty by
even 5% can provide a significant increase in
profitability. PwC studies [11] show that
companies that invest in the digital
transformation of customer processes
demonstrate higher revenue growth rates
compared to competitors focused exclusively
on operational efficiency. At the same time,
the practice of operating companies shows
that the implementation of CRM systems and
digital tools is often fragmentary and is not
accompanied by the formation of a holistic
digital transformation strategy. In such
conditions, CRM is reduced to a technical
platform for automating interaction with
customers and does not perform the function
of a strategic management tool [12]. This
necessitates the transition from an
instrumental approach to developing a
strategy for the digital transformation of a
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customer relationship management system
that can provide long-term competitive
advantage and sustainability of the business
model.

Literature and researches review. In
the scientific literature, the issue of customer
relationship management is formed within
the framework of an interdisciplinary
discourse that combines marketing, strategic
management, logistics and behavioral
economics. Initial studies considered CRM
mainly as a tool for supporting sales activities
and automating customer contacts. In the
works of P. Kotler, K. Keller [1], C. Gronroos [2],
J-J. Lambin [13], the emphasis is on the
formation of long-term value relationships
with consumers as a key condition for
increasing the competitiveness of enterprises.
The further evolution of approaches is
associated with the transition to strategic
management of customer assets. In particular,
A. Payne and P. Frow [3] interpret CRM as an
integrated system of strategic processes
aimed at creating mutual value for customers
and the company. A similar logic is traced in
the works of R. Kumar, V. Reinartz [14], where
customer relationship management s
associated  with  customer lifecycle
management and maximizing its long-term
value.

With the development of digital
technologies, CRM research is increasingly
focused on the use of data, analytics, and
intelligent algorithms. The works of T.
Davenport, J. Harris [12] emphasize that
analytics and data-driven approaches expand
the possibilities of personalizing customer
interactions, but do not replace the need for
strategic integration of digital solutions into
the management system. This led to the
formation of the digital CRM direction, within
which the role of  omnichannel
communications, platform solutions, and big
datais analyzed [15].

In recent years, research has intensified
on the impact of artificial intelligence on
customer relationship management. The
works of M. Ngai, E. Hu, Y. Wong [16] show the
potential of machine learning for predicting
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customer behavior and improving service
quality. At the same time, bibliometric
reviews show that most publications focus on
the technological aspects of CRM, while the
issues of strategic transformation of the
customer relationship management system
remain insufficiently systematized [17].

A separate area of research is related to
the concepts of customer and digital
customer experience. In the works of B.
Schmitt, K. Lemon, P. Verhoef [19] CRM is
considered as an infrastructural basis for
customer experience management, covering
all points of customer interaction with the
company. At the same time, in studies of
digital business transformation (D. Rogers
[20], G. Westerman et al. [21]) CRM is usually
considered as a functional element of the
overall transformation, and not as an

independent object of strategic
management.
Thus, the analysis of scientific

publications indicates the evolution of
approaches to CRM from instrumental models
to customer-oriented and digitally enhanced
concepts. At the same time, the strategic
dimension of the digital transformation of the
customer relationship management system
remains insufficiently disclosed, which forms
a scientific gap and justifies the feasibility of
further research in this direction.

Aim and objectives. The outlined
problem determined the purpose of this
article, which is to substantiate and develop a
strategy for the digital transformation of the
customer relationship management system
as a holistic management concept that
ensures  the integration of digital
technologies, customer-oriented processes
and data management in the context of long-
term development of enterprises.

Achieving the set goal involves solving a
set of interrelated scientific tasks that logically
follow from the chosen subject of research. In
particular, the work summarizes modern
scientific approaches to the interpretation of
customer relationship management and
digital transformation of business processes;
justifies the feasibility of the transition from
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instrumental use of CRM to strategic
customer relationship management;
formulates the author's interpretation of the
strategy for the digital transformation of the
customer relationship management system;
develops a structural and logical model of the
specified strategy; identifies key areas and
practical recommendations for its
implementation in the activities of
enterprises, taking into account modern
digital challenges [3; 12; 201].

The methodological basis of the study is
a set of general scientific and special methods
of cognition, the application of which ensures
the comprehensive and systemic nature of
the results obtained. In the process of the
study, a systemic approach was used to
consider the  customer relationship
management system as a multi-level dynamic
system that is transformed under the
influence of digital technologies and changes
in the external environment. Methods of
analysis and synthesis were used to
generalize scientific approaches and identify
key elements of the digital transformation of
CRM, while induction and deduction allowed
the formation of author's generalizations and
theoretical conclusions [2; 15].

To identify the dominant scientific trends
and evolution of research in the field of
customer relationship management,
methods of comparative analysis and
generalization of the results of modern
scientific publications were used. Structural
and logical modeling was used to build an
author's model of the strategy for the digital
transformation of the customer relationship
management system, which reflects the
relationship between strategic,
organizational, technological and customer-
oriented components. Elements of expert
analysis were used to interpret practical
aspects of CRM digital transformation and
formulate applied recommendations for
management practice [16; 19].

The information base of the study
consists of scientific publications of foreign
and domestic scientists, analytical reports of
international consulting companies, results of
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expert surveys and research, as well as
materials of open professional and scientific
sources.

The use of the specified methodological
tools allowed to ensure the validity of the
obtained results, their scientific novelty and
practical significance in the context of
developing a  strategy for digital
transformation of the customer relationship
management system.

Results, analysis, and discussion. In the
digital era, the customer relationship
management system ceases to be a set of
isolated information solutions and is
transformed into a multi-level managerial
system integrated with the corporate
development strategy of the enterprise. In
this context, the digital transformation of CRM
should be considered not as a technological
project but as a long-term strategy of
organizational, process-related, and
behavioral change aimed at creating
customer value and enhancing the resilience
of the business model.

The analysis of contemporary scientific
and applied approaches indicates that most
enterprises focus on the implementation of
digital tools for customer interaction while
neglecting the strategic coherence of such
solutions. As a result, digital initiatives in the
field of CRM are often fragmented,
insufficiently integrated into the managerial
decision-making system, and unable to
deliver long-term effects. Therefore, the
digital transformation strategy of the
customer relationship management system
should be based on a systemic vision of CRM
as a key element of managing the enterprise’s
customer capital.

Taking this into account, the article
proposes an author’s interpretation of the
digital transformation strategy of the
customer relationship management system,
which is defined as an integrated managerial
concept of the long-term development of
CRM that involves the alignment of digital
technologies, customer-oriented business
processes,  data management,  and
organizational change in order to ensure
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personalized customer interaction, increase
customer loyalty, and create sustainable
competitive advantages for the enterprise.

Unlike traditional approaches, the
proposed strategy is oriented not toward the
automation of individual functions but
toward transforming the entire logic of
customer relationship management. It
implies a transition from a reactive model of
customer interaction to a proactive and
predictive-analytical one based on the use of
Big Data, intelligent analytics, and digital
communication channels. In this context,
CRM acts not only as an information platform
but also as an institutional foundation for
managerial decision-making.

The digital transformation strategy of
CRM has a multidimensional nature and is
implemented through the alignment of the
enterprise’s strategic goals with the customer
strategy, organizational structure, digital
infrastructure, and management culture. Its
implementation involves the creation of a
unified information space for customer
interaction, the integration of data from
multiple channels, ensuring transparency of
customer-related processes, and establishing
feedback mechanisms that allow managerial
decisions to be promptly adapted to changes
in consumer behavior.

An important component of the
proposed strategy is the reconsideration of
the role of customer experience in the
customer relationship management system.
Within  the  framework of  digital
transformation, customer experience is
interpreted as the result of coordinated
interaction among technological, process-
related, and behavioral components rather
than as a side effect of individual customer
contacts. This implies that the digital
transformation strategy of CRM should
encompass all customer touchpoints and
ensure their consistency and integrity.
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The implementation of the digital
transformation strategy of the customer
relationship management system also
requires the transformation of organizational
and managerial practices. This includes
changes in approaches to planning,
monitoring, and evaluating customer-related
performance, as well as the development of
new personnel competencies in the fields of
data handling, digital tools, and customer
analytics. Without appropriate institutional
support and employee engagement, the
digital transformation of CRM risks remaining
merely formal.

Thus, the digital transformation strategy
of the customer relationship management
system  should be considered a
comprehensive process that combines
technological, organizational, and managerial
changes and enables the transition to a
customer-oriented, data-driven, and
sustainable enterprise development model in
the digital economy.

Accordingly, the proposed digital
transformation strategy of the customer
relationship  management  system s
implemented as a multi-level managerial
framework that integrates the strategic
development priorities of the enterprise with
operational mechanisms of customer
interaction and analytical support for
managerial decision-making. This approach
makes it possible to avoid the fragmentation
of digital initiatives and to ensure coherence
between digital transformation objectives,
organizational structure, business processes,
and customer experience.

In this context, it is appropriate to
distinguish the levels of implementation of
the CRM digital transformation strategy, each
of which performs a specific function while
simultaneously forming part of a unified
strategic framework (Table 1).
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Table 1. Levels and Key Components of the Digital Transformation Strategy of the Customer

Relationship Management System

Level Content of Strategic Decisions Key Components
Formation of a customer-oriented vision of enterprise Customer strateav: didital
Strategic development and determination of the role of CRM in o 9y, dig
o vision; value proposition
achieving long-term goals
, Alignment of CRM with the corporate governance C“Stf’mer management policies;
Managerial - . . KPls; customer value
system and decision-making mechanisms
management
. . . . Omnichannel processes;
Transformation of customer interaction business . )
Process . . customer journey; channel
processes based on digital solutions ) )
integration
Technological Provision of digital infrastructure for the CRM platforms; data analytics;
g implementation of the CRM strategy artificial intelligence
: Development of data-driven management of customer | Big Data; predictive analytics;
Analytical . . -
relationships personalization
. Formation of a customer-oriented culture and digital Training; employee ,
Behavioral . engagement; transformation of
competencies of personnel . .
managerial practices

Source: developed by the authors based on analysis and generalization of [1; 2; 14; 20; 21; 22-27].

The identified levels are not isolated but
operate in close interconnection, forming an
integrated architecture of the CRM digital
transformation strategy. The implementation
of such a strategy implies a sequential
transition from shaping a strategic vision to
deploying specific digital solutions and
transforming managerial practices. In this
regard, it is appropriate to consider the stages
of development and implementation of the
digital transformation strategy of the
customer relationship management system
(Table 2).

The logic of phased implementation
makes it possible to interpret the digital
transformation of CRM as a continuous
adaptive process rather than a one-time
automation project. At this stage, the strategy
moves from a declarative level to practical
implementation and becomes an effective
instrument for managing customer value.

To summarize the presented provisions
and to visualize the interrelationships among
key elements, it is appropriate to present a
structural-logical model of the digital
transformation strategy of the customer
relationship management system (Figure).

Table 2. Stages of Development and Implementation of the CRM Digital Transformation

Strategy
Stage Content Expected Results
Diagnostic Assessment of CRM maturity, digital competencies, | Identification of strategic gaps
and customer-related processes and growth points
Conceptual Formulation of goals and principles of CRM digital | Aligned strategic vision
transformation
Design Development of a roadmap for digital transformation | Clear logic of change
implementation
Implementation Deployment of digital solutions and transformation | Integrated customer
of processes management system
Analytical- Monitoring of results and strategy adjustment Increased efficiency and
Adaptive adaptability

Source: developed by the authors based on analysis and generalization of [3; 12; 14, 18; 19; 22-27].
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Figure 1 - Structural-Logical Model of the Digital Transformation Strategy of Customer
Relationship Management System

Source: developed by the authors based on the results of their own previous research [22-27], using
Artificial Intelligence tools.

The proposed figure visualizes a
structural-logical model of the digital
transformation strategy of the customer
relationship management (CRM) system and
is based on the principle of concentric levels
supplemented by a vertical axis representing
digital transformation as a continuous
process. Such a configuration makes it
possible to demonstrate that CRM digital
transformation is not limited to the
implementation of a software product but
constitutes a coordinated architecture of
strategic, organizational, process-related, and
technological changes oriented toward the
creation and reproduction of customer value.

At the center of the model is the
customer and customer value as the key
object of management. This implies that the

CRM digital transformation strategy should
be derived not from the internal logic of
automation but from the logic of the value
proposition and the target effects for the
customer. The specifying attributes of the
core (personalization, loyalty, trust) indicate
that the outcome of transformation should
not be a “digitized contact” but the
sustainable reproduction of behavioral and
relational effects, such as customer retention,
repeat purchases, recommendations,
reduced price sensitivity, and tolerance for
service failures. Thus, the core of the model
defines the criterion for the overall
effectiveness of the strategy, namely the
system’s ability to increase the long-term
value of the customer and for the customer.
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The second concentric level forms the
customer experience and interaction layer. Its
immediate proximity to the core emphasizes
that customers “encounter” the enterprise
primarily through their experience at
touchpoints; therefore, CRM management in
the digital economy should begin with the
design and alignment of the customer
journey and omnichannel communication.
Within  this layer, three interrelated
components are distinguished: omnichannel
interaction, which ensures channel
consistency, a unified service logic, and
continuity of communication regardless of
the channel; the customer journey as the logic
of sequential customer steps (need — search
— choice — purchase — use — support —
repeat decision); and touchpoint
management as a mechanism for ensuring
service  quality, speed, accessibility,
personalization, and  unified  service
standards. Consequently, this layer functions
as an “interface” between the customer and
the enterprise while simultaneously defining
the requirements for processes, data, and
technologies at subsequent levels.

The third level is process-analytical and
demonstrates a fundamental idea: CRM is
primarily a system of processes and data
rather than merely a software product. This
level comprises three basic pillars of
manageability: CRM processes (customer
acquisition, conversion, service, retention,
reactivation, customer development,
complaint handling, etc.); a unified customer
profile resulting from the integration of data
from all channels, departments, and
interaction points (sales, service, logistics,
marketing, support); and data management
(quality, timeliness, completeness,
accessibility, access rules, security, and
compliance), which ensures the reliability of
analytics and personalization. The logic of this
layer lies in the fact that CRM digital
transformation will be effective only when
data and processes form a single manageable
system in which interactions are not
duplicated across departments, decisions are
based on a single version of the data, and
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customers perceive the company as an
integrated entity rather than a set of
fragmented contacts.

The fourth level reflects the technological
foundation of digital transformation,
including CRM platforms, Big Data, analytics,
and artificial intelligence tools. Its position
above the process-and-data core emphasizes
that technologies should support processes
and data rather than “replace” strategy. The
functional role of this layer is to enable
personalization (recommendation systems,
segmentation, next best action/offer,
personalized communication scenarios),
forecasting (churn probability, customer
lifetime value prediction, demand
forecasting, = communication  response),
automation (triggers, scenarios, chatbots,
robotic assistants, automated task creation
and lead management), and analytical
support for management (dashboards,
channel performance analytics, CX/CSAT/NPS
measurement, attribution, etc.). Accordingly,
digital technologies are interpreted in the
model as an instrumental base for achieving
objectives defined at the level of customer
value and customer experience.

The outer level forms the governing
framework that ensures the sustainability of
transformation in the long term. This level
includes the digital transformation strategy
(goals, priorities, roadmap, initiative portfolio,
metrics), corporate governance
(responsibility allocation, product and data
ownership, decision-making rules, change
management), organizational culture
(customer centricity, data culture, cross-
functional interaction, readiness  for
experimentation), and digital competencies
of personnel (analytics, CRM usage, service
design, cyber hygiene, product and process
management). It is precisely this framework
that transforms digital transformation from a
one-time IT project into an organizational
capability for continuous adaptation, process
renewal, experience enhancement, and
scaling of data-driven solutions.

The vertical arrow intersecting all levels
highlights that CRM digital transformation is
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an end-to-end process integrating all
elements of the model. It reflects the logic of
a “continuous improvement cycle”: strategic
alignment — redesign of interactions and
processes — data development —
technological enhancement — measurement
of effects — adjustment and scaling. Thus, the
strategqy does not end with the
implementation of a CRM platform but
continues through the monitoring of
customer value indicators, experience quality,
and process efficiency.

Overall, the figure demonstrates that the
CRM  digital  transformation  strategy
integrates behavioral (value/loyalty/trust),
process-related  (customer journey/CRM
processes), data-oriented (unified profile/data
management), technological
(Al/analytics/platforms), and organizational-
managerial (strategy/culture/competencies)
dimensions into a single coherent managerial
architecture.

Conclusions. As a result of the
conducted research, it has been established
that in the context of the digital economy the
customer relationship management system
undergoes profound transformation that
goes beyond the automation of individual
functions and acquires a strategic nature. The
digital transformation of CRM is increasingly
determined not by the mere implementation
of technological solutions but by the ability of
enterprises to integrate customer value,
customer experience, business processes,
data, digital technologies, and organizational
change into a single manageable system. The
effectiveness of a  customer-oriented
development model and business resilience
under conditions of intensifying competition
and changing consumer behavior largely
depend on the coherence of these elements.

The scientific novelty of the obtained
results lies in the improvement of the
scientific and methodological approach to
shaping a digital transformation strategy for
the customer relationship management
system, which is based on interpreting CRM as
an integrated managerial architecture rather
than as a standalone tool or information

66-78
v.34 (2025)
https://smart-scm.org

platform. The understanding of CRM digital
transformation as a continuous adaptive
process encompassing strategic, process-
related, technological, and behavioral
dimensions of management has been further
developed. For the first time, a structural-
logical model of the CRM digital
transformation strategy has been proposed,
built on the principle of concentric levels with
a vertical integrating axis, which makes it
possible to formalize the interrelationships
between customer  value, customer
experience, the process-and-data core of
CRM, digital technologies, and the strategic
and organizational management framework.

The obtained results have significant
practical value and can be applied by various
stakeholder groups. For top management
and business owners, the proposed strategy
provides a methodological basis for
transitioning from fragmented digital
initiatives to an integrated customer-oriented
development model, in which CRM serves as
a tool for managing customer capital and a
source of long-term competitive advantages.
The use of the structural-logical model
enables the alignment of enterprise strategic
objectives with the customer strategy, the
formation of a portfolio of digital initiatives,
and the assessment of their effectiveness
through indicators of customer value and
customer experience quality.

For heads of functional units, including
marketing, sales, service, and logistics, the
research results provide a foundation for
redesigning customer interaction business
processes based on a unified customer
journey logic and omnichannel interaction.
The proposed process-and-data-oriented
approach to CRM helps eliminate functional
duplication, increase transparency of
customer-related processes, and form a
unified customer profile, which in turn creates
prerequisites for service personalization and
improves the effectiveness of managerial
decision-making.

For IT departments and digital
transformation specialists, the results of the
study make it possible to reconsider the role
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of digital technologies in CRM as instruments
for supporting strategic and process-related
changes. The proposed model emphasizes
the necessity of combining CRM platforms,
Big Data analytics, and artificial intelligence
tools with clearly defined managerial
objectives, data governance rules, and
mechanisms of cross-functional integration.
This reduces the risks of technological
redundancy and increases the return on
investment in digital solutions.

For enterprise personnel and specialists
involved in customer interaction, the practical
significance of the research lies in
substantiating the role of organizational
culture and digital competencies as critically
important factors for the success of CRM
digital transformation. The implementation of
the strategy proposed in the article involves
fostering a culture of customer orientation,
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data-driven thinking, and cross-functional
collaboration, which contributes to higher
employee engagement and improved quality
of customer service.

Prospects for further research are
associated with the deepening of methods for
the quantitative assessment of the
effectiveness of CRM digital transformation
strategies,  particularly  through  the
development of indicator systems for
measuring  customer value, customer
experience, and the economic outcomes of
digital change. Of particular scientific interest
is the empirical testing of the proposed
structural-logical model using data from
enterprises of different industries and scales
of activity, as well as the analysis of the impact
of artificial intelligence tools on customer
relationship management under conditions
of high uncertainty.
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