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Abstract: The main goal of the study is to substantiate dieceptual aspects of the implementation of bloakch
technologies in logistics with argumentation of thain problems and development prospects. A ckitind scientific-
methodological analysis of existing learning in fteéd of introduction of blockchain technologielfoaved us to argue
the relevance and relevance of this learning. catiand scientific-methodological analysis ofstixig learning in the
field of evolution of blockchain technologies alledvus to argue the relevance and relevance ofdbéarch. Current
trends in the introduction of blockchain technoksgand their application in all areas and typeactifities of modern
companies at the global level are stated. The #Begraages and disadvantages of blockchain techieslage structured.
The main directions and types of blockchain tecbgiels with their subsequent introduction in thadbigs activities of
companies are argued. To argue the specifics demgmting blockchain technologies in logistics @fehtifying the
main problems and evolution prospects, multidimemeali cluster analysis tools were used. The tremtise evolution of
logistics activities in countries around the woldsed on blockchain technologies are assessed.akzeth main
prospects for the development of blockchain teabgiek in the logistics activities of companies. Titwn business cases
for the use and integration of blockchain technigedn logistics by world-class companies are diass The obtained
learning results have their practical value andmaaendations for company managers regarding thetefé assessment
and organization of processes for the applicatibrblockchain technologies in the logistics actwsti of current
companies.

1 Introduction acceleration, and optimization of complex business

The digital transformation of modern business dad iProcesses in supply chain management, ensuring the
transition to online formats of interaction withecits and reliability and openness of information for making
counterparties leads to a rethinking of the essesfce management decisions. Blockchain technologies, in
logistics as a basic tool for managing supply chaind addition to optimizing business processes redustsday
creating value and justifying the directions of mhes that Mitigating potential risks and eliminating unprabte
must certainly be carried out in logistics undee thtransactions for clients. Based on what has beesepted,
influence of technology. The intensive evolution oft should be noted that technology in the curnentld acts
technologies, their scaling into all directions dnginess as a driving mechanism for the introduction ofthisiness
segments, leads to their detailed study, determitiie environment of any company, which confirms the
main features, advantages and disadvantages flevance and relevance of this study. Currentisémthe
companies. Blockchain technologies are relevant, Rvolution of technologies and their key tools confthe
demand in modern realities, which provide maximurfect that the application of blockchain technolsgie the
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logistics activities and supply chains of companies chain of blocks, which were needed to store doctsnen
relevant and in demand. with a time and date stamp. Subsequently, this
The logistics industry is constantly looking forwne development was expanded to include Merkle trebighw
ways to optimize work, and one of the innovativiesons  improved its efficiency, which was ensured by aileg
is blockchain technology. It allows you to effeeliysolve several documents into one block [1]. However, the
problems with documentation, which complicates angdroposed technology was not used in practice aed th
slows down processes and leads to costs. Mapgtent was lost in 2004, which was due to the eemag
international companies successfully use blockchaof Reusable Proof of Work. Scientist Harold Thomas
technologies in logistics and the establishment dfinney Il in 2004 introduced a system called RPoW,
commodity flows and supply chains, optimizing budge Reusable Proof of Work, which operated by obtairang
Ensuring the efficiency of logistics with the hetf  non-fungible or non-fungible Hash cash token based
blockchain technologies is ensured by the use of moof of work and signed in RSA, which could them b
distributed registry, which provides visibility andtransferred from person to person. person. It pif@ant to
information security, automation of processeshttsd be state that RPoW solved the problem of double spgrialy
noted that there is a need to consider the featfitb® use maintaining ownership of tokens registered on atéa
of blockchain technologies in the logistics actest of server that was designed to allow users arouneohiel to
companies, which in turn will help to identify thin pain  verify its correctness and integrity in real tifibe RPoW

points, problems and development prospects. system was the very first and earliest incarnatiothe
Global trends towards fundamental changes ardstory of crypto currency development [2].
transformations lead to a flexible management systed The next step in the evolution of the blockchairs wee

adaptation to new challenges and application afitiation of a white paper in late 2008 that inttwed a
technologies that are directly related to currentesses. decentralized peer-to-peer (P2P) electronic castesy-
Along with this, the application of blockchain texthogies Bitcoin, in which cryptography was sent by mailngsthe

in the activities of modern companies, which have pseudonym Satoshi Nakamoto. Based on the Hash Cash
number of advantages for strategical management amebof-of-work algorithm, but instead of using a daare
evolution, is quite relevant and in demand in therent trusted computing function like RPoW, Bitcoin's tia+
world. Taking into account what has been provided; spend protection was provided by a decentralized-fue
important to state that logistics activities in readtimes peer (P2P) protocol for tracking and verifying
are a key link in the mechanism of the global ecopdhe transactions [3].

efficiency and optimality of business processesvbich The next stage in development was the emergence of
directly affect the results and stability of theolghl Bitcoin in 2009, the first Bitcoin block was credtéy
economy as a whole. Technological aspects in opitigi  Satoshi Nakamoto. The first recipient of Bitcoinsnidal
logistics business processes based on the implatient Finney, who received 10 Bitcoin’'s from Satoshi
of blockchain technology are relevant in the modeond Nakamoto, in the world's first Bitcoin transactitm2013,
and require the development of conceptual appraaithe Vitalik Buterin, a programmer and one of the foursdef
assessing the impact of these technologies ontilegyis Bitcoin magazine, stated that Bitcoin needed apsog
determining their key advantages, disadvantaged, alanguage to create decentralized applicationswibput
development trends. It is also important to studgteng receiving consent from the community, he began
scientific approaches to the implementation of ktbain developing a new, distributed, blockchain-based
in the logistics activities of companies to arguedf unified computing platform, Ethereum, which featured sexpt
view and methodology for determining basic aspaats functionality called smart contracts. Smart cortgagre
recommendations. Increasing attention and demarttido programs or scripts that are applied and executeth®
implementation of blockchain technologies in theldiof Ethereum blockchain and can be used, for example, t
logistics activities determines the need and relegaof complete a transaction if certain conditions aré Bmart

this study. contracts are written in specific programming leaqges,
compiled into a byte code, which can then be readl a

1.1 Theory of development and formation executed by a decentralized virtual Turing macleaiéed
of blockchain technologies the Ethereum Virtual Machine (EVM) [4]. In 2019,eth

Constant modernization and optimization based dAtensity of technology implementation and innovati -
technology and its implementation with innovaticavé 9ave rise to the massive emergence of DeFi (fimhnci
led to the emergence of a new era of technology Services {ind instruments that are baseq on blogkcha
blockchain technology. The first fundamental destn  technologies) and after that blockchain became a
and imp|ementation of blockchain techno|ogy Wa§0mpet|t0r to the traditional financial System ardithe
prepared in 1991 by researchers Stuart Haber argtit world. It is important to note that in modern cdiuatis, the
Stornetta, who implemented a computationally peatti Use of blockchain technologies is not limited tgpto
solution for time-stamped digital documents to eashat currencies; with the help of many advantages, firey
date and time cannot be tampered with. The propostt€ir application in all areas of the global ecogof].
System was based on the use of a CryptographiqabcuTherefore, it should be noted that the use of ldbaln is
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not limited to the sphere of administrative andaficial for making management decisions using a quantativ
management. The use of blockchain is most effeatiedl  approach. This approach allowed us to determirietiiea
areas where the reliability and immutability ofesldy most important criteria in logistics are securiipenness
recorded information is required, for example: rogd, and audit, the most feasible logistics operatioresew
education, real estate, legal system, property tgightransportation, loading and unloading, warehousimder
management, data management, trade, logistics aot mprocessing and fleet management in a possible thadk
more. Based on this, it should be noted that blogkcin  application. The developed methodology allows us to
today's business is a technology that facilitatesl aassess the feasibility of blockchain in logistipetions
increases the efficiency of company resources. &helsut does not reveal the essence of their applitatith the
issues require more detailed definitions and detextion  argumentation of the main trends in their evoluytion
of the role, influence and prospects for applicaiinthe advantages and disadvantages, which requires
logistics activities of companies. improvement of this approach and further research.
[7] The features of the dependence of the financial

1.2 Theory of development and implementation results of Islamic banks on the application of ficial

of blockchain technologies in logistics technologies are revealed. The role of FINTECHgadol

The demand for improvements and the search for nédgnerating income for the financial system is readzaand
approaches to effectively manage the logistics ofienn @ separate block of blockchain technology is hagtted,
companies is inextricably linked with the applicatiof Which simplifies business processes and improves th
new technologies and tools such as blockchain. J,od#luality and security of transactions. This approash
blockchain is a complex mathematical algorithm thd€levant and fundamental in terms of organizing the
ensures security and confidentiality in data exgean financial activites of companies based on new
through peer-to-peer networks. The main idea dechnologies - blockchain technologies but doeseatal
introduction blockchain technologies is a chairblaicks the main aspects of logistics activities and fezgtuof
with information about each transaction, whichtésed in ~ blockchain application, which requires detailectigtand
each unit of the computer network. The demand fé¥pansion of the research area. _
improvements and the search for new approaches to [8] Is based on identifying key aspects of the iotjud
effectively manage the logistics of current companis digitalization and innovation on marketing and &igis of
inextricably linked with the introduction of new companies. This approach is unique in that it stires
technologies and tools such as blockchain. Todafgchnologies depending on their impact on aspetts o
blockchain is a complex mathematical algorithm thgt0mpanies’ activities, combining them into a single
ensures security and confidentiality in data exgean marketing and logistics system. The features afvation
through peer-to-peer networks. The main idea @nd digital technologies in the marketing and logss
application blockchain technologies is a chain locks ~Strategies of current companies are revealed, bet t
with information about each transaction, whichtesed in ~ specifics of the implementation of blockchain tenlogies
each unit of the computer network. Blockchain as @re not highlighted, which requires further improesnt
technology provides effective and reliable dataqmtion ~and research in this area. 3
from hacking and third-party interference in the [9]Based on determining the specifics of the
information exchange process. Blockchain is the tmofinctioning of marketing and logistics in the woddring
important and effective method for the exchange o Pandemic. This approach is unique in that it yes
information between several parties. Taking intcomnt trends in the evolution of marketing and logisticeder
what has been presented, it is necessary to Corajucf:onditions of restrictions and substantiates thetse
thorough analysis and learn of existing scientifi¢estrictions have led to the intensive growth oé th
approaches to the study and formalization of tleufes technology market, including blockchain. The opierz!
of the application of blockchain technologies ine thneed to optimize and increase the efficiency otesses
logistics activities of companies. It is importémnote that has led to the rapid introduction of blockchairalhareas
in scientific literature there are many approachesl Of activity. It is important to note that this appch is
scientific views regarding the study of the evalntin of general and determines only development trendsldes
blockchain technologies, their introduction and thain  hot reveal the specifics of using blockchain inidtigs,
aspects in a particular environment. The studk fa ~ Which requires a more detailed study. _
account only those that relate to the general jplies of [10-11] The study is aimed at identifying trendghe
the evolution and formation of blockchain technagsg €volution of logistics, its transformation and atddion to
and the features of their application in logistid®g the changes that are taking place in the globah@og.
substantiate scientific and practical recommendatand The integration of logistics systems of developing
formalize the basic approach to implementing blbeke ~countries into international logistics channels eoa®n
in logistics, attention should be given to the daling innovative technologies, including blockchain,ustjfied.
studies: This approach defines the basic aspects of scalgistics

[6] Reveals the possibility of using and implemegti activities based on the technological aspects & th
blockchain technok)gies in |Ogistics Companies asis introduction of innovative technologies. Howevehge t
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features of blockchain technologies in logistice aot literature. There is no single approach and metiogydor

fully disclosed, the specifics and main problemsl andetermining the role, specifics and features of the

advantages of their application are not determimgtdch implementation of blockchain technologies in thgidtics

requires further research. activities of modern companies, which requires itita
[12] The focus is on blockchain technologies agw k research and elaboration of this area.

catalyst for reverse logistics in the automotivduistry.

The need to reduce disruptions and improve opewtio 2 M ethodology

efficiency in the automotive industry has been fiied, Peer review process

which requires the application of innovative tedoges The modern stage of functioning of companies'

to improve the flow of information and safety. Thisy,siness strategies leads to the mandatory applicat

approach substantiates the role of blockchain wolgfes  echnological innovations, which are caused by new

and their impact on the main processes of compabi#s (echnologies and their tools. Technological innimres

does not reveal their impact on logistics actigitiehich play an important role in the global economy, agidtics

requires further research. and supply chain management cannot remain aloaf fro

[13] Research focused on the Block Supply projecipis process. To argue the conceptual aspects f th
which is a groundbreaking initiative that aimseéemagine - 5ppjication of blockchain technologies in logistidh the
supply chain management by using blockchain tedyyol g pstantiation of the basic problems and prosptests
to provide real-time monitoring of product moven®and ey|ytion, a number of tools were used in the study
improve transparency, security and traceability.isTh ¢, argue the relevance and necessity of the stdy
approach is relevant in modern conditions and @used  geientific and methodological analysis of ~scieatifi
as a basis for the application of blockchain inidtigs. approaches and views in the field of research theo
However, the features of logistics activities basacdthe theory of blockchain development and its implemeoita
application of blockchain technologies and the maify |ogistics was carried out. The main most impatrand
problematic and promising points in evolution ha@® |eaqing studies that served as the theoreticak biasihis
been disclosed, which requires improvement andhdurt study are highlighted. The lack of a methodology fo

research. _ determining the humidity of blockchain technologias
[14] Focuses on the features of using smart Cdmra%gistics was noted.

based on blockchain in logistics and supply chains.”_ girycturing modern trends in the development of
Features of application, deployment, audit andaf@ral  p|ockchain technologies and their implementatioralin
aspects of smart contracts on the blockchain appibe 5reas and types of activities of current compaatethe
land, sea and air logistics networks. This approacélobm layer. For the first time, focus groups hdeen

conceptualizes aspects of blockchain applicatisupply  formed on the areas of development of blockchain
chains, while improving interactions and transadiwith technologies and their application.

counterparties, which is relevant and valuable ademn - Scientific generalizations and analysis made it
conditions. It is important to note that the pragbs ,sssible to identify and formulate the key advaetagnd
approach can be applied in practice as recommem$atl  gisagvantages of blockchain technologies in current
organizing a flexible supply chain based on bloékeh .yngitions.
technologies but does not reveal the specificshefrt - Critical analysis and argumentation of the fezguof
application, taking into account all the problemsy|qocychain technologies provided justification floe main
advantages and disadvantages in their developmBithh  tyhes of blockchain technologies with their subsetu
requires improvement and in-depth research. _ evolution in the logistics activities of companies.

[15] This research aims to use block_c.h_am technetog  _ Multidimensional cluster analysis made it possital
to expand the supply chain capabilities of modergpstantiate the features of the application otkubain

companies. Importantly, from a practical and thBo&€ tachnologies in logistics and identify the main hjemns
perspective, this study shows the development gfq development prospects.

blockchain technologies to shed. Iiglht on chal.lenges Multidimensional cluster analysis tools are a
opportunities, and prospects, contributing to ¥@l&ion  iidimensional statistical procedure that coliedata
of new interdisciplinary supply chain research anfoniaining information about a sample of objects
practice. However, this approach does not reveatain (| ggistics Performance Index (LPI) for countries thé
trends in the development of blockchain and it§ord), and then organizes objects into relatively
implementation in the logistics of companies, whicthomogeneous groups (structuring countries of theldwo
requires a more detailed and in-depth study. 50 homogeneous clusters according to the layer of
Conceptgallzmg the_ presented resu_lts of sc_lemulfld logistics efficiency. Cluster analysis is not a ghn
methodological analysis of research in the fieldtlté 5,gorithm, but a general problem for the solutibrvbich
theory of blockchain evolution in logistics, it shd be \5rious approaches are used. In particular, cinster
noted that in modern conditions this area is relgvin algorithms can differ significantly in terms of
demand, which does the number of scientific appT@8C ngerstanding what to include in one cluster andt to
and views confirm. However, despite this in sci@mnti effectively search for them. Among the popular epts
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of clusters are groups with elements that are deeel on
the basis of measuring the distance and the payaneas
between them, taking into account the periodicitd a
statistical distributions. Therefore, clusteringn cée
formulated as a multi-criteria optimization problebet X
be the set of objects (countries classified acogrdd the

than 2/3 of the runs) are retained, then the aldseides
to accept what remains.

3 Resultsand discussion
The modern global logistics industry is a key link
organizing the mechanism for moving goods and sesvi

global logistics efficiency index; be the set of numbers around the world. Traditional supply chain managame
(the name of the structural indicators of logisticssystems often face challenges related to trangfmria

infrastructure, customs, international deliverisyistics

efficiency, and business process tracking. All loése

competence, tracking and tracing and timelinessghallenges will fundamentally change the logistioscess

Additionally, the evolution trend of

blockchain and lead to increased operating costs, delaysa 4k of

technologies and their introduction is consideredl a trust between various stakeholders involved insineply

affects logistics systems in the world. The funti®mset to
interpose between objects (1):

p (x,x) (1)
end selection of objects (2):
X = {xq, 0,2y} ©€X 2

Taking into account what has been presented,
selection was then carried out on non-intersecuigsets,
which are called clusters (countries accordinchlayer
of the global logistics efficiency index), so tleaich cluster
consists of objects that are close in the metriand the
objects of different clusters were significanthffelient.

chain. The emergence of blockchain technologies has
opened up many opportunities to solve these prabberd
open up new possibilities for managing logisticsaim
integrated and efficient manner. Blockchain techgs

act as a decentralized accounting system, ensuring
transparency, security and stability of processed a
transactions between parties without the need for
intermediaries. The relevance and demand for bluaikc
technologies is confirmed by the constant growth of
igterest in the world as an innovative technologat tis
used for storing and transmitting digital data. §idaring

the above, it should be noted that the blockcHaim(the
English “block” - “block”, “chain” - “chain”) — a
classification of a global database of data frohoer the
world, which is stored as a chain of blocks. Ealdtib

For any skin object; € X,, a number is assigned tocontains information about the volumes of transastiand

the cluster y

data from the previous block, and thus they are all

The stagnant clustering algorithm is an aloproad’ﬁterconnected. Global digitalization and theadtrction

function (3):
aX->Y 3)

For any object of investigation € X set the alert to
the cluster numbey €Y.

The multiplicity Y in some cases is obvious from

behind, so the task is more often to determineofitenal
number of clusters, depending on the criteriorustering
efficiency. An important aspect in conducting a tiaul
world cluster analysis is those that are similathi data,
and themselves: objects are not guilty of cornetptivith

each other; objects loom but are dimensionless; t

distribution of objects is close to normal; the esftg of
guilt exhibit significant stability, which meanstpresence
of influx on their values of temporary officials;hé&
selection of data must be uniform [16-17]. The ltesti
multi-world clustering is a group of objects, uditly the
same characteristics and characteristics in thegoay of
clusters of regions according to the efficiencyagfistics
and the trend of influx of blockchain technology tbem.
The verification of the stability of the isolateldistering is
limited to verification of its reliability. Here ¢hbasic rule
of thumb is that there is a constant typology wiiefining
clustering methods. The results of cluster analsisauld
be checked using iterative cluster analysis an#-itneans

method. When aligning the group, more than 70% émo

of blockchain technologies have significantly tfensed
supply chains, driven by the advent of tools SLEIGRS
tracking, radio frequency identification (RFID),rbades,
smart labels, location-based data and wirelessosens
networks. Implementation of the presented toolstaeit
further integration with web services that havepbtential

for unification of information and business pro@sss
ensuring openness and traceability of logisticvities of
companies in current conditions. It is importarstate that
from a supply chain management perspective, blaikch
technologies provide security and trust in the psscof
information exchange between stakeholders [18]. The

}f]%nctioning of a modern business is inextricablykéd

with long-term evoluyion, planning and an effective
logistics management system, which ensures theylifte

of goods and services. It is important and relevarthe
modern world to ensure the optimality, transpareawgt
ease of business processes of companies, including
logistics. It is impossible to imagine achieving gtrategic
goals and business objectives of modern logistics
companies without the application of blockchain
technology. Considering what has been presentsiutid

be noted that the application and intensity ofisgalip of
blockchain technologies in the world is becausesghe
technologies, in addition to the global optimizatiof
business processes and increasing operationaieeffic
pave a number of advantages that provide this. The

~ 243 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 239-251 ISSN 1339-5629
Implementation of blockchain technologies in logistics: modern challenges, problems and prospects

Safa Suliman Al-Olimat, Rasha Mohammad Rathan Alraqqad, Hassan Ali Al-Ababneh, Olga Popova, Olena
Mizina, Olena Amelnytska

conceptual advantages of blockchain technologies in
modern conditions are presented in Figure 1.

Immutability,
Efficiency of Transportability of accuracy and
transactions withoutf|— transactionsand |——> reliability of
intermediaries interaction transactions on the
blockchain

V

Decentralization and
—> data security
resilience

Interactions without

Low transaction costg—— the need for trust

Figure 1 The conceptual advantages of blockchain technol ogies in modern conditions

It is important to note that the world economy dile is possible in blockchain technologies, since they a
depends on international logistics; this globaliesss consolidated tool that optimizes and improves &y k
process is quite complex technically and finangifll9]. stages of logistics. Processing time and requests a
In modern realities, the technological sphere dotallow significantly optimized, while the quality of logiss
us to fully comprehend the emerging problems armskervices, their transportability, and accessibilitye
difficulties in the delivery process, which leadsthe fact improved, which increases their profitability. Bdsen
that most participants increase the final pricgadds and what has been presented, the authors structurelethe
services. There are also problems with tracking amtinciples of blockchain operation in the company’s
moving goods, where information is not always cotresnd  logistics services using the example of transport
updated. Considering what has been presenteduiosol transportation, which are present in Figure 2.

Seller <

BLOCKCHAIN TECHNOLOGIES

Customer orders Logistics Goods-delivery Logistics

and contracts | | order: note | history
A A A

Manufacturer Carrier \
L y

Consumer

Logistic company

Figure 2 Srructuring the key principles of blockchain operation in logistics services of companies (using the exampl e of transport
transportation)

Based on what has been presented, it should bedirgwhich effective optimization of the work of modern
that the arrows show the process of interactiowéet companies is impossible. Blockchain technology asd
transport structures and the main participants hie tapplication in the logistics business processes of
logistics process. It can be seen that at any gives any companies simplifies cargo tracking, concludinggldarm
link can view information about a particular progesd contracts, processing transactions, and condudimg
track its parameters. All transactions are safsdparent, audits and observations by auditors. Consumers can
the possibility of fraud is eliminated the efficnand independently track at any time the location amdehtire
rationality of resource use increases, which cordithe logistics path taken by the product. In currentditons,
peculiarity of blockchain as a transfer technolegthout company strategies should be based on blockchain
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technologies, which allow for real-time accountiagd

application in the business segment of the modeval|

tracking, what is still relevant and necessary yodablockchain also has its drawbacks, which are stated

However, like all existing technologies that haveit

Implementation timeranges

Personnel training and
optimization of companies’
business processes through
blockchain implementation

J

4
I ntegration of blockchain into
thelogistics network of
companies

For companies to operate
effectively, it is necessary to useg
the blockchain by all participating
companies in the supply chain/

VY

N/

presented by the author in Figure 3.

Standar dization of business
processes

To implement blockchain,
standardized processes are requirgd,
optimization of non-transparent an

complex stages
.
S

(l mmutability of smart contracts

Suppliers need the ability to change
contract terms. This can happen due
to conditions beyond their control

but smart contracts do not allow
\ changes to be made.

Figure 3 Classification of key disadvantages of blockchain technologies in the logistics activities of companies

It is important to state that blockchain in the [@yp
chain performs a number of important functions tiuis
transparency, traceability and speed. These tecbiesl
are characterized by transparency, which is an itapb
criterion when collaborating with partners and &

6 IBM Corporation
5 Microsoft
Corporation
4 Oracle
Corporation
3 Amazon Web
Services Inc.
2
SAP SE
1
0
) ® Blockchain Supply Chain Market Leaders
a
50,00%
45,00% BFSI
40,00% Government
35,00%
Healthcare
30,00%
2500% Media...
20,00%
15.00% Retail/~~ Travel
10,00%
o Other
0,00%
-5,00%
Global blockchain technology market, billion dollars.
0) USA

since data protection is guaranteed. Based onhvelsdteen
presented, it is necessary to consider the maidsri the
evolution and application of blockchain technolsgiethe

world, which are structured and presented by tliecasiin

Figure 4.

b)

6 A.P. Moller -
Maersk CMA CGM
5 Deutsche Post
DHL Group
4 FedEx
3 United Parcel
Service

2

1

0

® Market leaders in cargo transportation and logistics
250,00
1.1.2024
200,00
1.1.2023
150,00
1.1.2022

100,00

50,00

0,00
Global blockchain technology market, billion dollars.
d) USA

Figure 4 Srructuring of conceptual trends in the evolution and introduction of blockchain technologiesin the world (a - Leaders of
the blockchain supply chain market; b - Leaders of the cargo transportation and logistics market; ¢ - Global blockchain technol ogy
market, billion dollars. USA; d - Global blockchain technol ogy market, billion dollars USA)
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Conceptualizing what has been presented, it sHmld instability. The implementation of blockchain tectogies

noted that the global size of the blockchain tetbmo
market is estimated at 197 billion US dollars ir220lt is
important to state that from the previous trendsisi

requires a radical approach and global restruguaind
standardization of business processes, which mléaads
to increased profitability, reduced operating coatsd

observed that the average annual growth rate afethebusiness scaling.

technologies and their use in the global econony i§%.
The high interest and demand for these technoldgiats

The present results of conceptualization of kegdse
in the development of blockchain technologies iatiic

to a rapid increase in the number of blockchainraise that the blockchain technology market is developinder
Blockchain are often referred to as trust technplogthe influence of such factors as the growing demfand

because they do not have a single point of faikmd

secure and efficient digital transactions, the néed

cannot be changed from a single computer. In awmiditi transparent supply chains and the growing intenest

blockchain enables the use of tools such as smaitacts,

decentralized finance (DeFi) applications [22]. Gdes in

which can potentially automate manual processesn fr the legislative framework of many countries conttéto
processing claims and grievances to distributing ththe development of this segment of the world market

contents of a will. These are some of the desirigalires
that are driving the BFSI industry to embrace bibekn
[20].

It should be noted that blockchain technology resgui
huge investments to create the appropriate infretsire
and its maintenance. The important fact is thatBtbain-
as-a-service offerings are transforming the BF8ustry,
with banking institutions and financial servicesnganies
among the key investment companies. This is beaaitise
a plethora of high-value decentralized applicatiahss
giving rise to new business models in various aseah as

According to international studies, about 77% op to
managers of modern companies believe that blockchai
technology will become a new era in the developneént
the global economy in the coming years. This fact i
confirmed by the growing potential of blockchain
technologies themselves, which are causing dramatic
revolutionary transformations in many sectors efglobal
economy. Itis important to note that the presestadture
of blockchain technology development trends indisat
that the payments segment occupies a dominantqosit
the blockchain technology market, occupying momnth

cross-border payments, remittances, exchangesneonld4% of the share. This is due to the fact thatkabain

banking, and trade finance. However, it is stilhatascent

technologies and their advantages that blockchain

stage in the market due to which banks and financitechnology offers for making payments, such aseinsed

institutions are exploring the viable opportunit@sthis
technology and investing in it, which is likely doive the
growth of the market. Although global freight volam
grew 3.6% year-on-year in 2022, supply chain bogtiks
continue to impact road freight transport. Logsstis one
of the priority areas of the global economy, whish
actively implementing blockchain technologies irite
efficient organization [21]. Supply chains undechanges

security, transparency and reduced transactions.cost
Blockchain does not require intermediaries, opténiz

business processes and makes payments faster than

traditional banking systems. This capability is exsally
useful in cross-border transactions, where blodkcban
significantly reduce processing time and fees. gifwavth
of blockchain implementation in payments is sthiet
growing acceptance of crypto currencies and thevigigp

and transformations every year, which are cause@ bydemand for more efficient payment solutions in @asi

number of global factors: pandemics, uncertaintgysy

[ Trending directions of development
Cryptocurrency [ Digital identity I
Vote Smartcontracts ]

A

Supply chain management

_——f

sectors of the global economy.

in

N
The emergence of new professions and directions

busines
\ J

Blockchain penetration into educational systems

( D
Strengthening the security of transactions and social
L network: )

=~

based on diaitalizatic

Expanding the list of goods and services offerei

\

~——

Figure 5 Sructuring key devel opment trends and identifying the promising potential of blockchain technologiesin the world

As world-class companies and consumers see@lption for increasing the security and transpareaty

alternatives to traditional payment methods, witieh be
slow, costly and prone to fraud, blockchain repnese
viable solution. Its ability to provide immutablansaction
records and instant verification has made it aractite

transactions, including in logistics, an industnywhich
payment plays a significant role in the global emogp
[23]. Based on what has been presented, it shoeld b
emphasized that the process of intensive evoludiot
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scaling of blockchain technologies in the globareamy Trends in the development of blockchain technokwgied
is increasing and growing every day. To argue artieir scaling in the world indicate their scalingida
structure the key development trends and deterttiee increased growth. Considering that logistics atitigiare
promising potential of blockchain technologies imet rapidly developing and are the main artery of thabg
world, the author presents the main ones in Fi§ure economy, the implementation of blockchain technieleg

Having stated the above, it should be noted th& relevant and in demand. Considering the relevaml
blockchain technology is a relatively new techngltlgat demand for blockchain technologies and their appiba
has potential for volatility in many industries Wdwide. in the logistics of current companies as part efribed to
In today's environment, crypto cards are a popdgment optimize business processes and achieve strategjicdss
instrument in terms of currency conversion. Thekefibis  objectives, the author has structured practicaigas of
not surprising that payments using crypto currefay the application of blockchain technologies in tbgistics
goods or services instead of paying with reguladsare of excellent companies, which are presented inerabl
gaining popularity and scaling across business satsn

Table 1 Sructuring of key cases of implementation of blockchain technol ogies in the | ogistics activities of modern world-class

companies

COMPANY

WORLD ECONOMY
SEGMENT

CHARACTERISTICS OF THE IMPLEMENTATION FEATURES OF
BLOCKCHAIN TECHNOLOGIES

VISA

MASTERCARD

Launching our own payment servicB2B Connect. Thanks to this tool, busine
and companies can directly make crbesder payments for large amounts faste
cheaper without intermediaries and additional cossions, which improves t
quality of interactions betweecounterpartie

Financial sector

which is focused on increasing the level of seguwittransactions, tracking, &

The Crypto Secure system based on blockchain téadiee has been implement

blocking transactions on exchanges with an inccbaisk of fraud, which help
prevent fraud, theft of personal information andeottypes of financial crime

WALMART

NESTLE

MEDILEDGER

The introduction of blockchain technologies has enadpossible to implement
tracking platform based on the VeChainThor blockehath more than 100 prody
lines and service

Retail and logistics
support

Implementation of the Food Trust platform basedbtsckchain technology f
managing ingredient supply chains, which allows stwners to study th
composition of product

Implementation of a distributed registry to manaige supply of medications
accordance with EPCIS standa

MAERSK

FedEx

single secure blockchain network and provides seaocess to information.

Implementation based on the TradeLens blockchaisystem for tracking transp
and the supply chain. The platform consolidates iatehrates cargo data intq

Logistics and shipping

with state contro

Implementation of blockchain and smart contractsraok and store records
planning purposes amteate a consolidated register for participansuiply chain

DOLE, TYSON, GSH
UNILEVER,
MCCORMICK,
KROGER,
DRISCOLL'S,
MCLANE

Logistics and food
supply system

transparency and traceability of food supply chaypsreating end-tend “stories
of each product. Today, the IBM Food Trust is atradyplatform that can bjeined
by any manufacturer, supplier, retailer or otherkeg participant who wants

food supply chail

IBM, based on the application of the Hyperledgebrfeadistribution registry
launched the IBM Food Trust ecosystem, which isedimat increasing tf

increase consumer brand trust and create a snmadeg,sustainable and transpa

KUEHNE, NAGEL

DLA

Logistics and Supply
Chain

Verified Gross Mass (VGM) logistics portal, whichopesses more than 800,
transactions per month. The new technology is mspte for the safety a

of document flow.

Blockchaintechnologies have been implemented to optimizeofiezation of th

immutability of information passg through the portal, as well as for the auto

The US Defense Logistics Agency (DLA) has impleredrilockchain technologi
in logistics and supply chain management for théreetdS military, as well &
severafederal agencies and international al

DHL

management

Postal provider DHL and Accenture have implemerdeprototype of an ops
platform for collecting information on productiorfomulation, ingredient
Logistics and inventorjtechnologies and equipment), transportation anthgéo specifics of medicing
Access to the databaser fmanufacturers, warehouses, distributors and

participants, who together with the blockchain vélhisure the integrity of t

information
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For example, payment options with crypto are offeretheir efficiency and effectiveness, which in tueads to an
by such global brands as KFC, Burger King, Subwagconomy of time and financial waste and profit&pili
Starbucks, Microsoft, PayPal and many others. Agrowth. To implement blockchain technologies in the
important blockchain technology is digital idergdtion, logistics activities of modern companies, it is netessary
which ensures the creation of secure digital idiesti to develop their own solutions; today there areymaady-
protected from unauthorized access. National gowents made solutions from tech giants such as (IBM, MiofY
to create a secure and openness electronic vogsigns and crypto projects (VeChain), which optimize tharkof
can also use Blockchain technologies. It is impurta all parts of the supply chain, regardless of theetand
create a register of transactions in the supplynchad specificity of the activity companies [23,24].
logistics of companies. Blockchain technology aloyou Having structured the conceptual features of the
to safely create and execute programs in a dedieatta introduction of blockchain technologies in the kigis
manner such as smart contracts, which can be wsedattivities of companies with the argumentation efy k
automate many types of agreements: the purchassaéend advantages, disadvantages and problems in scaling,
of goods and services, financial management amdultidimensional cluster analysis should be carced
investment. It is important to state that blockohaiThe information base of the study was the struttura
technologies can be used in any activity to in@ehe indicators of the logistics activities of compan#&® the
efficiency of business processes, optimize them aribnds in the evolution of blockchain and its aggdiion in
increase their level of profitability. Based on whas been logistics. To substantiate the features of the
presented, it should be noted that the numberezEsaof implementation of blockchain technologies in logstand
application of blockchain technologies and thepydarity  identify the main problems and development prospect
in the world is constantly growing. From the prasen multidimensional cluster analysis tools were usEde
examples of the introduction of blockchain techg@s in  main results of multidimensional cluster analysisthe
logistics activities, it should be emphasized t#hiblarge features of the application of blockchain technegn
world-class companies have introduced these teopiesl the logistics activities of countries around therldare
into their business processes, at the same timeasing presented in Table 2.

Table 2 The main results of multidimensional cluster analysis of determining devel opment trends and application of blockchain
technologiesin the logistics activities of countries around the world

STRUCTURAL
INDICATORS OF MINIMUM RANGE OF RANGE OF CLUSTER LEVSIF‘ I_OCI):GDIE'I\'/IECLSO:I{\IADENT
LOGISTICS/ VALUE MAXIMUM AVERAGE NUMBER BLOCKCHAIN
BLOCKCHAIN RANGE VALUES VALUES IMPLEMENTATION
IMPLEMENTATION
BLOCKCHAIN 3.5C 45 3.35 1 High level
IMPLEMENTATION 251 3.0 242 2 Average leve
2.5C 2.99 2.38 3 Low leve
3.01 4.5 3.20 1 High level
LPI 251 3.0 242 2 Average leve
2.50 2.0 2.29 3 Low level
2.5C 5.0 3.55 1 High leve
CUSTOMS 239 3.0 244 2 Average leve
2.13 1.8 2.02 3 Low level
2.9¢ 45 3.65 1 High leve
INFRASTRUCTURE 2.50 3.0 2.46 2 Average level
244 1.65 2.01 3 Low leve
INTERNATIONAL 2.8¢ 4.0 3.01 1 High leve
DELIVERIES 2.55 3.1€ 245 2 Average leve
2.38 222 2.03 3 Low leve
LOGISTICS 3.10 4.5 3.15 1 High level
COMPETENCE 245 2.9€ 2.55 2 Average leve
2.49 2.07 2.31 3 Low level
3.1C 45 342 1 High leve
TRACK AND TRACE 235 29 232 2 Average leve
2.54 1.94 2.03 3 Low level
3.47 45 3.52 1 High leve
TIMELINESS 2.86 35 2.94 2 Average level
2.1C 3.0 245 3 Low leve

*High level - Cluster of countries with a high level of efficiency in logistics and implementation of blockchain technol ogies; Average
level - Cluster of countrieswith an average level of efficiency in logistics and implementation of blockchain technologies; Low level -
Cluster of countries with low efficiency in logistics and implementation of blockchain technol ogies.

Having stated the presented results of @troduction of blockchain technologies in the kigs
multidimensional cluster analysis of trends in thectivities of countries around the world, we should
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consider the structure of each cluster, which es@nted
by the author in Figure 6.

Latvia
Saudi Arabia
Cyprus
Oman
Lithuania
Chile
Turkey
Thailand
Poland
Portugal
Ireland
New Zealand
Australia
Luxembourg
Switzerland
United States
Japan
Belgium
Germany

mBlockchain implementation levem LPI Score
Customs u Infrastructure
= |nternational shipments Logistics competence

a) mTracking & tracing mTimeliness

Moldova
Jamaica
Mali
Algeria
Bangladesh
Maldives
Montenegro
Sri Lanka
Dominican. =
Paraguay
Kazakhstan
Peru
Ecuador
Serbia
Rwanda
Kenya
Malta
Kuwait
Bulgaria

m Blockchain implementation levelmLPI Score

Customs m[nfrastructure
® International shipments Logistics competence
m Tracking & tracing mTimeliness

b)

Moldova

Belarus

Algeria

Albania

Montenegro

Morocco

Paraguay

Jordan

Ecuador

Tanzania

Kenya

Egypt, Arab Rep.

Bulgaria
mBlockchain implementation level
Customs
m International shipments

C) mTracking & tracing

mLPI Score

mInfrastructure
Logistics competence

mTimeliness

Figure 6 Sructure of clustersfor multidimensional analysis of trends in the application of blockchain technologiesin the logistics of
countries around the world (a - Cluster of countries with a high level of efficiency in logistics and implementation of blockchain
technologies b - Cluster of countries with an average level of efficiency in logistics and implementation of blockchain technologies;
¢ - Cluster of countries with low efficiency in logistics and application of blockchain technologies)

Having stated the above, it should be summarized thand manageability and improve their revenue sidbas
the introduction of blockchain technologies progidebeen proven that the modern logistics strategy of

increased transparency and security of the supmync
which, in turn, increases the efficiency of proesssThe
application of the technology is complex, but tleadfits

of blockchain outweigh these problems, as evidertmyed

the results of the resulting clusters.

4 Conclusions

companies requires new technologies and approdohes
build optimal business processes and supply chamts
play a strategic role in the global economy.

The main theories of the evolution of blockchairaas
technology are stated with the argumentation ofbidsc
stages and their role in the applications prodeksas been
proven that blockchain technologies are rapidliynigg

The conceptual results of the survey are that tHgomentum and scaling into all spheres of human Afe
features and key trends of the need to implemef€ientific and methodological analysis of existaegentific

blockchain technologies in the logistics activitie$
modern companies have been identified. The intemdit
evolution and scaling of blockchain technologiesaih
industries and segments of the global economy
generating demand for these technologies, as thayre
the efficiency of business processes, their traespy,

approaches and views was carried out as part of the
formation of the theory of the development of tremehd
the introduction of blockchain technologies in tbgical
getivities of companies in current conditions. Taek of a
unified approach and the need for further researth
trends in the development of blockchain technologied
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their applications in logistics are highlighted, i is
characterized by increased interest and demandgtopn
managers of companies.

Formalization of key tools and directions for thd8] AL-ABABNEH,

evolution of blockchain technologies with argumefus
their key advantages and disadvantages. Struchasid
principles of operation of logistics of a road spart
company based on blockchain
transparency, controllability and safety of builglisuch

technology. The

TechnologyEducational Administration: Theory and
Practice, Vol. 30, No. 5, pp. 4321-4333, 2024.
https://doi.org/10.53555/kuey.v30i5.3631

H.A., DALBOUH, M.AA,
ALRHAIMI, S.A, SIAM, .M.,
IBRAGIMKHALILOVA, T.: Digitalization,
innovation and marketing in logisticActa
logistica, Vol. 10, No. 4, pp. 615-624, 2023.
https://doi.org/10.22306/al.v10i4.440

logistics processes are highlighted, which is imded and [9] BAJAR, K., KAMAT, A., SHANKER, S., BARVE,

necessary in modern conditions. The necessity inigus
tools for multidimensional cluster analysis of @lerin the

applications of blockchain technologies in the d&igs of

countries around the world
information base for multidimensional cluster as#&yhas
been defined, which includes structural indicatofs
logistics and its efficiency and the level of implentation
of blockchain technologies by country of the worldhe

main examples of the applications of blockchain

technologies in logistics by world-class companées
conceptualized. The obtained research resultsanplete
and valuable and can be applied in practice whddibg
strategies for logistics companies based on blaikch
technologies to achieve strategic goals, improvagss
control and transparency.
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