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Abgtract: Digital transformation of supply chain managemisrtecoming a key competitiveness factor for congzan
around the world. The introduction of modern tedbges such as the Internet of Things (loT), auii intelligence
(Al), blockchain and robotics significantly affeéicformation flows and the efficiency of businessgesses, reducing
costs and improving the quality of customer seraicé logistics. But still, there is not yet a gehapproach to assessing
the potential impact of these technologies on tipply chain. The main contribution of the propoapg@roach is that it
integrates firm digital transformation in the supphain such as Amazon, Walmart and DHL throughaestive and
flexible assessment tools. The approach providegusbthe measurement of current situation but alediction for
future situation, so it can be utilized as a powlddgistics and supply chain management stratplgioning tool. The
findings suggest enhanced supply chain performahéenazon, Walmart and DHL by virtue of digitalizat. time in
the warehouse by 30-40%, increased inventory acguta 99% and reduced delivery costs by 25-40%.s&he
modifications verify that digital transformation$iness processes in logistics work. Digitizing symbains results in
so many benefits in terms of increased operatiefi@diency, lower costs and better service to cusis. Their
replacement by newer technologies has made thensysbre flexible and responsive to changes in sugpd demand.
The study results emphasise the importance of fiecating digital offerings to remain competitive imernational
markets.

1 Introduction improved demand forecasting precision, better itamgn
Digitalization in supply chain management is f1andling, and higher investment and operation
component of forming strategic development of th&ansparency. In the period of global changes and
business in context of globalization, strengtheninfistability, when significant changes are takingcel in
Competition and consumer preferences updates_a'rrﬁé r |nternat|0na|.p0|ltlcs and economics, while envmtal
convergence towards digital technologies is a gané®allenges introduced challenges for companies that
changer for logistics and product operations, amel trequire a quick response, and digitalisation hasie the
interaction between all entities in the supply ohai basic instrument of adapting to these changestiagon
suppliers, distributors, partners and end consumeRglps companies become more flexible and robusored
Introducing technologies such as loT, Al, blockehai Mmore quickly to shifts in demand, and anticipate
cloud computing and robotics can dramatically trams ~ requirements by tapping data analytics. In factoirations
the way supply chain management is done, optimi§Ch as machine learning, big data provide theilpibiss
processes, improve productivity and cut costd0 enhance the precision for demand forecasting,ta@
Digitalization of supply chain is the hot theme in@pplication of robot systems in warehousing male th
Contemporary researchesi bringing a lot to prod;hes automation of the warehouse operations and |OgiStiC
manufacturing logistics. Digitalization of supphhains delivery becomes more frequent, which leads to the
necessitates deviating and changing the orchestratid decrease of the time and cost for the order prougss
control of planning activities to allow focusingtpatial for However, the integration of new technologies anstesys
the implementation of quicker speed up to delitenes, —faces several challenges, for which a scientifipoase is
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needed. Back up: Rewind back to COVID-19 inther@pr digitalization doesn’t just boast a technological
of 2020 and we see what's really behind digitatequirement, but also to organizational shifts.
transformation: It's that our supply chains - nowltiple = Organizations need to prepare their employees éov n
and complex - must be more efficient. Today's sypplcompetences and foster a digital way of thinkirgyall
chains comprise several layers and partnees attune internal processes to the new reality TRis
communicating through different mediums. This ressil  implies an integral plan and also scientific wofsused

a more difficult to manage situation in terms opgly on the good judgement when incorporating digital
coordination, inventory monitoring and maximizirapyd technologies in the operation and management of
customer service levels. Digitalization providesay for companies. One clear message: Digital changedaime g
organizations to predict demand more precisely,agan and value of the supply chain, not only a technplog
inventories better, and optimize their logisticeqasses transformation, but an organization transformation

[1]. The use of blockchain technologies makes la#ise organizations. The fact of the matter is that digit
operations transparent and secure — which is wgggitant  solutions are still the way to go, as well as théitg to

in a globalised world since it can be hard to tridekorigin - enhance effectiveness in operations, and decreste &s

of goods and their authenticity. Utilization of theT, and well as enhance business agility and resilience.
sensors, presents real-time information about gootievertheless, in addition to the obvious advantafges
anywhere along the supply chain, thus enablingoaenpt  very significant obstacles have restricted its tgyment
response to unexpected events or failures in taategpn. and implementation costs, hard to connect existing
Further, organisations that are running digitahtetogies systems, and security aspects. More researchsrsplaice
which they implement can benefit from being morés required to provide solutions that will assistnpanies
competitive through better inventory management improving their supply chain capabilies and
processes, shortened lead-times for orders andnemhaminimizing risks in the competitive digital economy
customer service. Nowhere is this more prevaleant for

businesses in fiercely competitive markets suaktad, e- 1.1 The  theoretical basis of digital
commerce and logistics. Nevertheless, in spite tef i transformation in supply chain
obvious benefits, introducing digital technologiggo management: essential  features  in
supply chain management is not without its chakeng contemporary society

One of th?”" is the high cost .Of new te_chnlcal Today, supply chains have become intricate multi-
'T“p'?m?f?ta“onsr and small a.nd me_d|um-3|zed eNSEPT yiered networks that span the entire gamut of proflow
find it difficult to overcome this barrier. Lack aefdequate _ ¢\ raw material suppliers to consumers. Effitie
resources also hinders many firms to deploy d'g't@upplychain has a straight influence on the proyiticof

.SOIUt'Ot?S at Ascarl1e aﬂd" compete - with :%rge markghe ‘Company, costs and competitiveness. To solige th
Incumbents. Another challenge Is to consolidate issue, there is a need for the redefinition of sitzd

technolqgies with the old systems. The majori.ty 0 ethodologies for chains management due to
companies already possess a large number of SORIBSE i, 10 mentation of digital technologies. This hagegi rise

information systems that support the operations arégatrend that is referred to as the digital tramsation of
management of ~supply chain processes, and tQg,,y chain management. Digitalisation in this ssen

mtr_oductlon of nem:jt_echnologmbsl ma_yhenr:all CO‘IﬂS.bu;ur;ts refers to the consistent use of digital technolegseich as
to Interconnect and interoperable with them. S Internet of Things, Al, machine learning, big datlud

into costly emplo_y ee _training and infrastructurajms. platforms and blockchain) in order to improve
The process of dlgltallzapon can also lead to diaﬂmgg trgnsparency, speed, flexibility, adaptability and
gnd cyb_er menaces being a menace. For protection ¢ iciency of the overall logistics system. Sudhansition
information and safeguard fr_om hacker;, Compamh is not only technological, but it also involves nbas of

to use security systems, which results into thé ltigst. ), .osses husiness models, organizational cutttare,

Forhsupply fgh?ms, tt.h's blst problerrllatlc, as tger:;fs Digital transformation of the supply chain is aforond
exchange ofinformation between a farge numbecioa change in the entire logistics and resource mmanege

who can ﬂ” CE?]US%.II':IfOIrmatIO? Ieakz_ige. Ift IS alsm_w system of a company through the introduction and
mention that the digital transformation of supplyal  ;nieqration of modern digital technologies [3]. 3hi

management is still at the advancingl stage a_nd feYhenomenon cannot be viewed solely as a technalogic
technologies have become matured. This makes tihell upgrade. It involves rethinking strategic approache

morr]e clrumal for bu5|r|1e_sse_s to Srt]'” look forr]naw(tjtcs "’;?d management, organizational structures, businesls)od
technology to revolutionize the way they do things, jnteractions between all participants in thgislics
Specific elements that could benefit from mor

. ) rom - MO etywork. In theoretical terms, digital transfornoatiof the
comprehensive research and practical applicaticlude supply chain is studied within the framework ofesel key
use of artificial intelligence to predict and pldeliveries,

i"a blockehain t K i ' i conceptual approaches. First of all, it is congdeas a
using blockchain to make operations more transpaged o hitastation of systemic evolution. According teet

au;o:natlon dof é;oods tral\r/llsportatlon and lst?ragegu&s stemic approach, the supply chain is a complesiiyc
robots —an rones. oreover, —compiete arOunzgi/lstem that includes many interconnected elements:
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suppliers, manufacturers, logistics operatorsyitligiors, organizational - help to more deeply understand#uses,
retail chains, customers, and regulators. Thedejpants mechanisms and consequences of this process. In the
are linked by flows of information, material resoes, and context of global instability, growing uncertaingnd
finance. Digitalization enhances the coherence arntensifying competition, digitalization of the quip chain
manageability of the system, creating conditions fds becoming not just a competitive advantage, Hattor
functioning in real time. Information flows takeigmity in the survival and sustainable development of comgs.

over physical ones, and management decisions atle ma

based on timely and reliable information. Thus,apgem 1.2 Theory
moves from reactive management to a proactive model
based on forecasting and scenario modelling. of modern companies

Digital transformation is also _closgly related teet _ Digital transformation of supply chain management i
Resource-Based View (RBV), which views a companyg process of strategic and technological restringuof
internal resources as the basis for sustainabl@eive  :,mpanjes' logistics and production systems in rotde
advantage. Within this theory, digital technolog@® jncrease their flexibility, transparency, sustaifigband
considered unique and difficult to replicate resesrthat ,stomer focus. he theoretical understanding oftaig
can significantly improve the efficiency of busiBes tyansformation in supply chain and logistics managet
processes. Consequently, the digital maturity of &8 pased on a combination of several interdiscipjin
organization becomes part of its strategic cap#all 5pnr0aches that reflect the evolution of practicel a
determines the ability to adapt to rapidly changirternal  ggientific thought. Modern theories of digital

of devdopment of digital
transformation of supply chain management

conditions [4]. The organizational and behaviosglexct of
digital transformation is no less important. Inestific
literature, it is often associated with the theasy

organizational change, according to which any ®ldic

transformation requires personnel training, changes

corporate culture, the introduction of new forms o

leadership, and increased flexibility of internabgesses.

Digitalization of supply chains changes the logit o

transformation of supply chains are based on tineejat
of an evolutionary transition from traditional Isgcs to
intelligent digital ecosystems:
Automation (Digitalization 1.0): implementation
f IT inventory management systems (ERP, WMS, TMS),
implification of document flow.
Integration (2.0): data consolidation between

| : ke th hasis shifts f " departments, creation of a unified information
employees -work: Iheé emphasis - Shilts from ' routing, ironment,  electronic  data exchange between
operations to analytics, data-driven decision-mgkand compani
: . . . . panies.
cross-functional interaction. This requires new

competencies - digital literacy, the ability to Wwawith
analytical tools, an understanding of the princpté Al
and machine learning. Resistance to change, ladigibél
skills, fear of automation - all this can becomsegious
barrier to digitalization. In this regard, the sess of the
transformation depends not only on the level

technology, but also on the company's readiness for

institutional and cultural changes. In terms okasig the
level of digital transformation, digital maturity adels

(Digital Maturity Models) are actively used in the

theoretical field, such as the models of Deloi@artner,

PwC and Capgemini. These models describe the stdges

digital transformation from basic automation anspdirate
implementation of IT solutions to full digital irgeation,

end-to-end analytics and autonomous decision-makin

Maturity assessment includes such parameters dsvitle
of digitalization of processes, integration withtpars, the
use of cloud platforms, the presence of a cengdldata
warehouse and the use of Al to optimize operatidhs.
theoretical significance of these models is thay tallow
guantitatively and qualitatively measuring the pess of
digital transformation, comparing organizationshngach
other, and identifying bottlenecks in their digititategy.
Thus, digital transformation of supply chains is
multifaceted and interdisciplinary process thatustidye
analysed not only as the implementation of tectgiek)
but also as a strategic restructuring of the eihigestics
architecture. Theoretical approaches - systemgguee,

- Digital coordination (3.0): implementation of 10T,
real-time analytics, platform approach, increasédirc
transparency.

Intelligent ecosystems (4.0+): use of Al, digital
twins, blockchain and predictive analytics for angmous

0§upply chain management [5].

This transition reflects the movement from locajitil
improvement to end-to-end transformation, in which
decisions are made based on data and with theipatton
of all links in the chain in a single digital space
The supply chain is definitely a complex adaptive
system in which each element (supplier, manufagture
distributor, retailer, consumer) is interconnect®gstems
eory allows us to consider supply chains as a&mryb
ysical system controlled by information flows.
Digitalization enhances coordination and reduces
transaction costs. Of no small importance is tlseuece-
capability theory (RBV), according to which compasi
achieve sustainable advantage by possessing unique
resources. In the context of digital transformatiench
resources are digital platforms, data, digital cetapcies
and algorithms. Digital transformation allows uscteate
ifferentiating capabilities: demand forecastiregjuction
of delivery cycles, risk management. The theory of
organizational change provides for the fact thay an
transformation is, first of all, a change in thehaeior,
culture and structure of the company. Digital
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transformation of supply chains requires a new tgpbe medium-sized companies from implementing these
leadership, agile organization, readiness for ewmmts technologies. Much research has been carried othen
and cross-functional interaction. The success & thuse of specific technologies especially includintetnet
transformation depends on the ability of compan@s of Things (loT), Big Data, Al, Blockchain, RPA, Digl
manage change and learn during the implementatidiwins, Cloud based technologies and ML-based swisti
process. The theory of sustainable supply chainanin IOT is viewed as one of those vital frameworks e
unstable external environment, digital transforomati physical entities - be it machinery, vehicle or eause —
becomes a tool for increasing the resilience ofpsup to digital world. 10T is the enabler of the revatut of
chains: identifying risks, responding in real timelogistic industry. However, the 10T has made itgioke to
developing alternative scenarios. Here, digitalirahelps gather real-time information, to make decision gsin
adapt the system to external shocks (COVID-19gsris updated information49 [7]. In doing so, it also antes
sanctions, etc.). Current conditions significamtiffuence demand forecast, inventory planning and supplyestat
the content of digital transformation. Among they ke monitoring. Big Data plus predictive analytics are
features: therefore regarded as the indispensable founddton
- Global disruptions in logistics and demandagile and adaptable SCM. It is however noted that t
require companies to quickly adapt and developilflex power to store and manoeuvre massive volumes of
digital solutions. structured and unstructured information such agssal
- The ESG agenda and sustainability are pushirfgrecasts, weather information and social netwars
for the implementation of tracking technologiesjueing greatly extend the capabilities of logistics systefar
emissions and supply transparency. analyses [8]. However, as some researchers have
- The digital ecosystem and platform approach afécognized, e.g., [9], effective Big Data utilizati
becoming the dominant model: companies are uniting depends not only on technology, but also on alerin
digital networks where they exchange data and ljointorganizational culture and staff competencies. Gfnibe
manage risks and chains. most discussed technologies is blockchain, which is
- The growing role of data and analytics:considered as a tool for increasing transparendytaist

management is becoming proactive, based on bigaata N Supply chains. Blockchain ensures immutability o
predictive analytics. records, automation of contract execution (via $mar

contracts) and decentralized management, which is

The theory of digital transformation of supply ahai €SPecially important for complex international sypp
management is based on a comprehensive interdgaipl  chains [10]. However, a critical analysis of these
approach that combines system, organizationalureso Publications shows that the use of blockchainnstéd to
and behavioral analysis. It reflects the transifrom local  Pilot projects so far, and there are many unresbissues,
digital improvements to the creation of fully intaged including scalability, legal support and energy tsos
digital ecosystems that are able to adapt, leatrpaedict Digital twins are a relatively new but rapidly défing
changes. In conditions of increased uncertaintgoncept. According to research [11], digital twitow
sustainability requirements and rapid technologicdnodelling and predicting the behavior of logistiystems
evolution, digital transformation is becoming natsj N the digital space, which increases the accuray
desirable, but necessary for the survival and drouft decision-making and reduces operational risks. This

companies. technology is especially relevant in conditionsin$table
supplies, when it is necessary to quickly respood t
2 Literaturereview failures, find alternative routes and redistribrgsources.

It should be noted that many publications emphatsize
interrelation of technologies. For example, digitahs are
impossible without integrating data from loT dewand
processing them using Big Data and Al. Thus, thg ke
challenge of digital transformation and supply osas the

Digital transformation of supply chains is
multifaceted process of implementing modern infdiara
technologies to improve the efficiency, transpayernd
sustainability of logistics and production systemsecent

decades, this topic has attracted the attentiogsefarchers need to create a sinale digital architecture canalil
and practitioners, resulting in a significant vokinof 9 9 &

scientific literature. One of the focuses of reshais combining disparate tools into a single system .[12]

understanding the fix and the degree of method tljl-éowever, despite the high activity of scientific

implementation of technologies as Internet of Thirigjg &ueat%%tg?gs.églth;;rii" t_r;irael ?.r;.?a?grrgbelzgr];?cigt
Data, Artificial Intelligence, Blockchain, and Clbu 9! pirt Imitations. - FIrstigy

Computing have in supply chain management, ar%udie; are conceptual _in nature and rely on tItiea_re
logistics [6]. By leveraging IoT and Al, we can anle a modelling or case s’gud!es that are not accompa}p_jed
much higher degree of accuracy when forecastingadem répresentative quantitative data._ Secondly, thentioic

and reduce delivery time on the last mile. Butateption ?eliﬂrjﬁcszli?n acri(ejar%;nh;vﬁia?n cgrr]nba(ljigﬁs beot;/vezri] itg]le
of these technologies involves great investment amd 9 P 9

o : ; ansformation. Most publications focus on the
organizational shift that might deter the small ané:rharacteristicsoftechnologies,while much letndibn is
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paid to the problems of organizational resistanbhenges
in corporate culture, transformation of businessle®and
managerial competencies. This is especially ndileem
comparison with classical works on strategic mamaage

number of companies, which does not allow for ganer
conclusions to be drawn about the trends and coesegs
of digital transformation at the scale of industrier
economies. Thus, there is a need for empiricallseta

in logistics [13], which emphasize the need to raliginterdisciplinary research that combines managerial

technological innovations with the goals and stiretof
the organization. A critical analysis also reveatiguity
in assessing the effects of digitalization. Somedists
demonstrate impressive results: reduced delivenedj

technological, and economic approaches. This Wilihe
gap in understanding how digital transformation actg
the sustainability and competitiveness of supplgichin
the long term. Thus, the scientific literature oigital

lower operating costs, and improved forecast acyura transformation of supply chains shows a steadyeas® in

However, other publications, including peer-revidwe interest,

practice-oriented journals, highlight that digitaliion
often comes with hidden costs associated with ciibks,
technical failures, compatibility issues, and theed to
constantly update the IT infrastructure. In addifid is
noted that digital technologies do not always l¢ad
increased profits - in some cases, IT investmergaat
justified due to weak operational
Empirical studies show that digital transformation

but remains fragmented, methodologically
heterogeneous and often divorced from the realities
everyday logistics practice. Significant advances i
theoretical understanding and technical modelingeha
been identified, but there is an obvious lack dftegmatic
empirical research covering a wide range of congmni
industries and regions. Promising areas for funthsearch

integration [14]include the development of adaptive digitalizatinadels

for companies with different degrees of digital ordy,

logistics and supply chain management is uneveanalysis of the cost-effectiveness of digital inwemnts,
According to the World Economic Forum, about 70% o$tudying the impact of digitalization on sustaitigpand
large companies in the G20 countries have alreadigks, as well as the creation of interdisciplinapproaches
implemented elements of digital logistics, while incombining IT, logistics, HR management and sustdea

developing economies this figure does not excee?520
[15]. This is confirmed by the results of comparati
studies, which show significant differences in linel of
digital maturity between regions and industriesod~and
pharmaceutical supply chains turned out to be déslhec
vulnerable to digital disruptions, which became appt
during periods of crisis. Clearly, digitalizatioarcincrease
inequality, both between companies of differenesiand

development. Digital transformation of their supply
chains is an elaborate and multi-faceted exerdisg t
requires the introduction of emerging technologesl
changes in structures and work culture. Although
substantial progresses have been made in thigeggane
bottlenecks and limitations exist, such as highesgsvide
implementation costs, the quality of data, threditsyber
security and staff training etc. The success ofdigéal

between regions. Moreover, the use of Al and theansformation depends on a holistic strategy doger
automation of decision-making give rise to issuds dechnological, organizational and societal aspects.

responsibility, transparency of algorithms and geaibeacy
[16]. It is also necessary to note the progresshin
standardization of digital processes in logisticsading

3 Methodology
3.1 Peer review process

international organizations such as ISO and GS1 are | the context of the growing digitalization of bl

developing unified protocols for electronic datzleenge,
product tracking and supply chain verification. Humer,
research shows that the level of adoption of te&s®dards

remains low among SMEs, which hinders large-scajg,

transformation of the sector. A review of the stifen

logistics processes, companies are massively unting
innovative technologies — from loT and blockchain t
digital twins and Al systems. However, without early
fined methodology for assessing their economit an
operational efficiency, such implementations may pay

literature on the topic of digital transformatiohsupply  off |ead to distorted management decisions orsibie
chain management reveals significant advances én thsks Given the above. it should be noted that the

analysis of the implementation of individual digita methodology is based on the integration of priresipior

technologies, such as blockchain, the Internet nhds
(loT), big data, and artificial intelligence. Mostudies
focus on the technical aspects of integrating tkekédions
or improving the efficiency of individual links ithe
supply chain. However, there remains a noticeahjeig

assessing the effectiveness of IT investments (ROD)
and supply chain management metrics [17,18]. It is
important to take into account not only the difazancial
effect, but also non-financial benefits, including
sustainability, transparency, flexibility and riggduction.

the study of systemic management transformatiorenwhUndoubtedwi the implementation of the presented

digitalization is viewed not as a tool, but as etsgic
paradigm that changes the structure and logiceoéttiire
supply chain. Insufficient attention has been paidhe
study of the complex impact of digital initiativemn

sustainability, adaptability, risk management, sindtegic
planning in global chains. In addition, most exigtstudies
are based on theoretical models or case studee$rofted

methodology is necessary for conducting a quaivitat
assessment of the impact of digital solutions enstipply
chain management system (cost, delivery time, servi
level, etc.); comparing the costs and benefitedfimology
implementation; strategic adjustment of digitatiatives;
evidence base for investments in IT infrastructdirds
important to note that the methodology is basedhen
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integration of principles for assessing the effentess of (microefficiency: speed, accuracy, transparencyppty

IT investments (ROI, TCO) and metrics of the sumbigin chains as a whole (macroefficiency: adaptability,
management system [19]. It is important to takeo intsustainability, cybersecurity); financial returrc¢g@omic
account not only the direct financial effect, blgoanon- efficiency - ROI, NPV, IRR, etc.) [20]. Key metriesd
financial benefits, including sustainability, trgasency, indicators for assessing the effectiveness of aligit
flexibility and risk reduction. The methodology cée technologies in supply chain management of modern
applied at the level of: business processesmpanies are presented in Table 1.

Table 1 Key metrics and indicators for assessiegetiectiveness of digital technologies in suppbirt management
of modern companies

KEY METRICS

DIRECTION AND INDICATORS CALCULATION METHODOLOGY
ROI (Return on Net Benefit
Investment) Investment - 100%
ECONOMIC TCO (Total C.:OSt of Direct + Indirect + Hidden Costs of the Life Cycle of Digital Technology
Ownership
Payback Period Initial Investment
(Payback Period) Cash Flow for the Year
OTIF (On-Time In- . R
Full Delivery) percentage of timely and full deliveries
Inventtl)?rgti'lgurnover inventory turnover
OPERATIONAL -
Lead Time L .
. reduction in time between order and delivery
Reductiol
Order Fulfiliment order fulfillment cycle
Cycle Time Y
Level of Q|gltal assessment according to SCOR, Gartner, BCG, etc.
maturity
STRATEGIC Quality of Qata in the rate of errors, incomplete records, etc.
chair
GNID) MOINS Level of
FINANCIAL Level of transparency and traceability
transparency
Adaptiﬁgitry of the response time to failures

To substantiate the final results of the methodglitg effectiveness of digital transformation (DTEI — e
is necessary to use the integrated indicator of theansformation Efficiency Index) (1):

AKPloper AKPI, Sgual
DTEl =a- 2 c——econ 4, 20udl 5. p (1)
AKPIpgse AKPIpgse Sma[
oper econ

Where: AKPIqper - change in operational indicatorssteps enable us to effectively answer the reseprestions
(delivery time, turnover, errors, etcAKPl..on - change in posed, as they cover both strategic and operatispacts

economic metrics (revenue, margin, TCO, etS)u - Of digital transformation. This approach helps deritify
score assessment of non-financial benefits (onxaere the real-world consequences of implementing digital
scale: transparency, flexibility, sustainability§;nex -  Solutions in supply chain management, including the

maximum possible scor& - level of digital risks (e.g. impact on sustainability, adaptability, and produitt.

cyber threats, integration failures, IT instabijty,,y,6 -  The analysis of practical examples allows us tceustdnd

weighting factors determined depending on the caryipa which technologies provide the greatest value, tred

priorities. comparison of data from different companies allewgo
The methodology for assessing the effectiveness igfentify common patterns and differences. This jules a

digital technologies presented above was applied @gep and balanced understanding of change processes

analyze the results of implementing such technekgis reflecting both general trends and industry spegifi the

loT, Al, Big Data, Blockchain and Robotics in largiebal ~ context of the digital economy.

companies such as Amazon, Maersk, DHL and Fedix. Al

companies using these technologies in supply chath Resultsand discussion

management have demonstrated significant improvesmen Digital transformation of supply chain management i

in both operational and financial efficiency. Thedested a comprehensive process of implementing and using

~
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modern digital technologies to optimize, automatel a technologies and tools. These include the inteofet
improve the efficiency of all aspects of logistitssentory  things, artificial intelligence, machine learnifgg data,
management, transportation and interaction betweanalytics, blockchain, cloud and robotics. Thesev ne
supply chain participants. In recent years, thedttewards technologies target each aspect of supply: fromnfey
digitalization has been spreading across all amfas and procurement to delivery and after sales sefdtg
business, and supply chains are no exception. Thbe digital transformation of supply chains is dunyg but
introduction of innovative technologies allows camgs one-size-fits-all and depends a great deal onrttiestry,
to increase the speed of order fulfiment, improveompany size, the level of digitalization, amoneus.
forecasting accuracy, reduce costs and increaseegso The features and the specifics of digitalisation thud
transparency. Digital transformation in supply chaisupply chains of the contemporary enterprises are
management requires the integration of many adwhncpresented in Figure 1.

4 h 4 ) ( D (. )
Complex supply Security challenges:
chains: . As the number of
Cor;temhpprary The Reg;tlgement 9 ﬁgltﬁltjlziloﬁg? cogn{ehcted devi?e?I
> heliide many Standardization: e Pl data it works with
different players Cost effective data transformatlon IS rows, there's a
procedu?esyand exchange betwee et @ity stz Iy ghighér risk of
technologies and various systems ang B e oy, |21 cyberattacks
are thus difficult to| SC partnersis chqnglng g 2 Measures should bg
ital supported by the business actually K hol F
Gransformation standardization in fHnEHonS e 4 data protection. |
makes it possible t¢ data exchange FENGE e TEE including such as i
create common protocals, rules and employee, the form of
information space formats such as gl i efficient
where transaction'< GS1 anq EDI, __company o cybersecurit
: J making different implementing new A 1Y
are easily information business processeb systems to mitigate
o o digialse e e e
participants are compatible. iR syst%ms
transparent. ) L ) L ) L malfunction.

Figure 1 Features and specifics of digital transfation of supply chains of modern companies

Based on the presented features of digitadrocess - on the contrary, it is evolutionary irtuna,
transformation of supply chain management, itéscthat requiring constant adaptation and revision of bessn
this process is not just a technological upgradg, & models [21,22]. The significant complexity of dait
comprehensive strategic transformation of the entisupply chains and the involvement of a large nunaber
logistics and operational infrastructure of compani participants require the implementation of univeesad
Features of digital transformation, such as mealiel compatible solutions that comply with international
integration of participants, the need to standardizstandards, as well as the company's ability to tadapew
processes and data, a high level of complexityupply technologies and quickly change strategy in respdas
chains, the introduction of cloud solutions andrtked to changes in the external environment. Thus, theifeatof
adapt the corporate culture, indicate the systewiicre of digital transformation emphasize its critical imjgorce for
the changes. Digitalization of logistics requiresanly the increasing  the  sustainability,  efficiency  and
modernization of technical means, but also a complecompetitiveness of modern logistics systems. Igmpri
transformation of approaches to management, plgnnithese features can lead to loss of control, redaeedce
and interaction within the company and with extérnajuality and loss of market positions. Companies hiaae
partners. In addition, digital transformation intably recognized these features and competently adaped t
entails increased attention to cybersecurity, getgection  strategies receive significant advantages in thgitadli
issues, change management and improving the digitdonomy.The main aspects of digital transformation of
competencies of personnel. These aspects, beieifispe supply chain management of modern companies are
emphasize that transformation is not a linear @-time  presented in Table 2.

Table 2 Key moments of digital transformation gfgy chain management of contemporary enterprises

DIRECTION FEATURES OF SUPPLY CHAIN MANAGEMENT TRANSFORMATION
INTEGRATION OF The integration of multiple digital solutions irsengle system that helps to manage efficientlpatiply
chain concerns in real time is at the base ofaigiansformation. This includes leveraging theinét
DIGITAL . . 7
of Things to monitor the status of goods and vekieind-to-end. These parameters are not only egetian
TECHNOLOGIES - ; .
among several information systems (ERP, WMS, TM8),even among several actors in a supply ¢

s
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using cloud platforms and software as a servica$pa his makes the management more efficiently
accurate.

AUTOMATION OF
PROCESSES

The use of automation, as such, of course coredifoart of the digitalization of activities. Thiancbe
anything from warehousing processes that have aitombots in them, to planning and logistics wh

and

ch

are automated with the help of Al and machine iegrnFor instance, robotic warehouses can clearly

manage inventory, packaging, sorting and delivenproducts, thus making saving on labor 3
improving effectiveness. Transport is another field automation where such mass utilization

automated vehicles or drones (delivery-to-doorast-inile delivery) is the major factor in reducing

logistics costs and service tir

Prediction plays a crucial role in digitalizatiof supply chains. Leveraging big data analytics

nd
of

and

machine learning models can greatly enhance derfaardasting and optimize logistics and supply

because they don’t need the kind of he investment in hardware that has been requiredeip#s.

BLOCKCHAIN AND

Data protection is a fundamental part of digital@a In this context, blockchain technology offamvel
solutions for maintaining transparency, reliabiland irrevocability of transactions. By doing so

chain. By aggregating data sources (loT devicesisaiction data, social media, purchase data, etc.),
FORECASTING businesses can now predict future product needsnblyzing current product usage patterns, reduce
AND ANALYTICS inventory, prevent stock-outs, and expedite oreévery. Leveraging analytics tools to track andlsme
data likewise supports enhanced forecasting byiigadt past data and trends. This, in turn, mingsia
number of logistical risks, such as the risk ofihgwo supplies or the risk of running out of protu
that are sold ot
Supply chain risk management can benefit from figéadl transformation process. Real-time supply
RISK chain monitoring using data analytics, Al and lo®ioring every part of your supply chain in régcle
MANAGEMENT means you can rapidly see when things go wrong thgh¢hat's a delay, a breakdown, an accident, a
supply break — and do something about it. BlocktHaicking the origin and state of goods also helps
to build trust in the supply chain and reduce thsspility of fraud
Supply chain digitalization benefits from cloud wns. They provide organizations across |all
CLOUD geographical locations with access to required dathapplications, who experience improved progess
PLATFORMS AND | flexibility and greater collaboration among supphain members. This is increasingly significarthis
ECOSYSTEMS age of globalization and geographic diversificatibtusiness. Cloud systems save on capital dosts

in

logistics we provide a solution where we can ofiespecific way to guarantee the reliability of that

customer, supplier and logistics system operattir an enhanced form of interaction.

Digital transformation of supply chains is a nedgsa
today's environment. Globalization, increased cditipe
and increasing consumer demands require compamies t —
take a more flexible and efficient approach to $yppain

the

SECURITY information on supply, to avoid fraud, to optimirethe contract management and eventually boos
trust of the parties involved in the supply chéiiis important for transnational shipments in gaitar to
guarantee tt security and safety of data all along the transpourte
Present-day mobile technologies can bring aboutatgleal of freedom and flexibility for companies.

MOBILE AND Mobile applications alone, for instance, facilitai@cking of goods and updating of order statuseie

FLEXIBLE allowing notifications about potential malfunctioasd enabling on-the-fly planning. Mobile solutions

SOLUTIONS are playing a significant role in the digitalizatiof the supply chain and provide all involved e

competitors who are using innovations to improveirth
logistics infrastructure and improve operationdicefncy.
Risks uncertainties: In a fast-changing world, with
global economic turmoil and with threats such as th

management. Structuring the benefits that comparsias COVID-19 pandemic, companies have to be nimble and

gain from digital

transformation of supply chainagile enough to react to changes in the supplynchai

management and logistics systems of modern conpani@igitalisation enables supply chain agility and ustmess,

includes:
- Improved

customer
consumers demand faster, more accurate delivagegell
as greater transparency and information abouteheedy

which is a critical aspect to stay competitive [23]
Today's
example for resilience, efficiency and flexibilitfor

experience:

Digital reshaping of supply chain management As an

logistics and supply management, the digital repsttaof

process. Digital transformation helps companiesrav@ supply chains is an essential component. Moderitatlig
their operational performance, which leads to higheechnologies are enabling organisations to foctigisoon
improving processes but also increasing the level o

customer satisfaction.
costs

- Reduced

and increased

efficiencyservice to their customers, reducing costs and giaga

Automation of processes, use of data analytics amigk. With globalisation, more competitive markeisd
optimization of logistics operations help reduce tiosts greater uncertainties companies have little chbigeto
of storing, transporting and handling goods, arekdpup engage in the digital transformation of their besiif they
are to remain competitive and survive in the lang it is

order fulfillment.

- Competitiveness:

Companies that do

noworth mentioning that the digitization of supplyadfs is a

implement digital technologies risk falling behindnecessity today for any company that wants to gain
competitive advantage, as well as reducing costs an
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improving  durability.  Deployment of  disruptive assess the effectiveness of digital technologiesupply
technologies like Al, blockchain, cloud solutionschains, official data from companies such as Amazon
automation, among others allows for new possiegiiin  Maersk, DHL and FedEx were used as input data.
process optimization, enhanced customer experiande However, it is important to understand that aceudsdta
development of entirely new business models. It fsom commercial studies or official reports areeoftnot
important to note that successful digitalizatioguiees not publicly available, and companies often share only
only the implementation of technologies, but alsarges generalized results, which does not always allavihigh-

in corporate culture, personnel training and revisof quality analysis and evaluation. The input datamfro
business processes. Companies that can effectivelympanies to assess the effectiveness of digital
integrate digital solutions into their supply clewmill have technologies in supply chains to support key tresold
significant advantages in today's market conditiofs prospects is presented in Table 3.

Table 3 Input data from companies to assess thetaféness of digital technologies in supply ch&rsupport key trends and

prospects
COMPANY
IMENCATRER AMAZON | MAERSK | DHL FEDEX A
TECHNOLOGY TYPE loT, Al | Blockchain] '°TBig Digital ;
Date Twins
INVESTMENTS IN DIGITALIZATION 200.0( 120.0( 150.0( 180.0( $ million
DIRECT COSTS 120.00 80.00 100.00 110.00 $ millidn
INDIRECT COSTS 20.00 20.0( 30.0( 20.00 $ million
HIDDEN COST< 20.0 20.0( 20.0( 30.0( $ million
CASH FLOW FOR THE YEAI 45.0 30.0( 50.0( 60.0C | million/year
EXPECTED NET BENEF! 90.0( 60.0( 75.0( 90.0( $ million
ORDERS FULFILLED PER YEAR 200 000.00 5000000 DP00.00] 150000000  Orders
LllgEs O OESI'DEFNSFFL?LLLF'LLED ONTIME | 1 960 000.00 480000.00 116400000 1 425 00.000rders
ORDER LEAD TIME (before implementatic 3 12 5 4.t day:
ORDER LEAD TIME (after implementatio 1kt 8 3.2 3 day:
AVERAGE INVENTORY LEVEL ($ million) 500.0( 400.0( 300.0( 350.0( $ million
COST OF GOODS SOLD (COG 2100.0( 3000.0( 2550.0( 2730.0( $ million
DIGITAL MATURITY LEVEL (SCOR/BCG, . . s . .
max. 5 pOIntS
SHARE OF CORRECT DATA IN THE | 98.00% 95.00% 97.00% 96.00% %
DATA ENGINEERING EFFICIENCY INDE> 0.8t 0.9C 0.8¢ 0.87 from 0 10 -
TRANSPARENCY (on internal company scale 95.00% 00% 94.00% 93.00% %
AVERAGE RESPONSE TIME TO FAILUR 2 3 2E 2 hours

Source: consolidated data based on sources [21-24]

The key results of assessing the effectivenesigitdl Amazon, Maersk, FedEx have a high level of digital
technologies in supply chain management of modematurity, which indicates the deep implementatidn o
companies are presented in Figure 2. technologies in their operational processes. Higklk of

Conceptualizing the presented results, it should heansparency and traceability indicate that teabgiel
noted that all companies using digital technologiesuch as Blockchain and loT are successfully helping
demonstrated a high ROI (50% for all companies)clvh track goods and information at every stage of thgply
confirms the cost-effectiveness of supply chaichain [26]. Adaptability also demonstrates that all
digitalization. At the same time, the payback pgraries companies can quickly respond to disruptions, miriimg
from 3 to 4 years, which is the norm for large playsuch downtime and losses. Regarding data and DTEI, data
as Amazon and FedEx. OTIF indicators for all congman quality and DTEI remain high for all companies,
remain high (from 95% to 98%), which indicates theonfirming the successful use of data for managémen
accuracy of order fulfilment. This is a key indimain  decision-making and supply chain optimization. This
logistics, confirming that digital technologies jpeto comprehensive analysis shows how supply chain
minimize errors and improve service quality [25]digitalization can significantly improve key opecaial
Inventory Turnover Ratio also shows good resultsiclv  and financial metrics, increasing company efficienkt
means effective inventory management and fast ptodwshould be clearly noted that the advantages of the
turnover. It is also important that all companieswsed a developed methodology for assessing the effectasené
significant reduction in order fulfilments time, igh digital technologies in supply chain managementitre
confirms the effectiveness of loT, Al and othecomprehensiveness, systematicity and adaptabditye
technologies in accelerating processes. Compan@sas realities of modern logistics and digital transfatian. In

s
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the context of the growing complexity of global plyp technological dimensions. It combines traditiomamcial
chains, high competition, market instability andand economic indicators (ROI, TCO, Payback Peratt)
technological challenges, companies require not trd  metrics reflecting logistics efficiency (OTIF, Leddme
implementation of digital solutions, but also a megful, Reduction, Order Fulfilment Cycle Time, Inventory
justified and measurable approach to their assegsifiee Turnover), as well as with new indicators of dibita
proposed methodology meets these needs of busindss maturity, data quality, level of transparency and
the scientific community [27]. The key advantagetted adaptability of the chain. Thus, the assessmentois
methodology is its multi-criteria nature, which calls limited to one aspect of digital technology implertadion
assessing the effectiveness of digital technolagi¢®nly — it covers the full scope of their impact on sypghain

in financial, but also in operational, organizatiband management.

250 900,00%
o — 800,00%
200 700,00%
600,00%
150 500,00%
S —
100 400,00%
300,00%
50 200,00%
100,00%
0 — — — - 0,00%
Amazon Maersk DHL FedEx
mmm Agility (hours) = Digital Maturity (1-5) = TCO ($M)
=@=—ROI (%) Payback Period (years) =@=—OTIF (%)
=@=|nventory Turnover Lead Time Reduction (%) == Order Fulfilment Time (days)
=@=—Data Quality (%) =@=—DTEI (0-1) —@=Transparency (%)

Figure 1 The key results of assessing the effeetsseof digital technologies in supply chain managye of modern companies

The methodology is based on widely recognizefurther development and integration into businesstre
standards, such as SCOR (Supply Chain Operatiooan be identified. Firstly, with the development of
Reference), digital maturity models by Gartner, BCQGechnologies and their increased availability, rdigital
McKinsey and others, which makes it universal anthdicators can be built into the methodology, retfley
comparable with international practices. This makes work with artificial intelligence, digital twins, lantum
possible to use it for benchmarking, assessingtalligi computing, and other breakthrough solutions. Téugiires
transformation in dynamics, as well as for intedtigtry constant updating of the model and adaptation @ ne
and inter-country comparison. The approach is &dbfor  technological realities. Secondly, a promising aeethe
companies of various sizes and levels of digitéira inclusion of ESG indicators in the assessment sy§28)].
allowing you to flexibly vary the depth of analysisGiven the transition to sustainable supply chadigital
depending on the available data and assessmerd. gochnologies are increasingly used to monitor
Special attention in the methodology is paid t@dptality environmental and social parameters (e.g. carbatpriot,
and the Digital Technology Efficiency Index (DTEI),fair working conditions, ethical origin of raw matds).
which is especially relevant in the context of tiagid The integration of these aspects into the methggoldll
growth of information volumes in logistics and theed for allow us to assess not only the economic but hkssocial
its fast and correct processing [28]. This allowesi ynot value of digitalization. Another important vectorf o
only to record the technical availability of didismlutions, development is the modelling of supply chain resite
but also to analyze how effectively they are useldat using digital indicators. For example, the adapisbi
value they create, and how much they support mamege index, the speed of recovery from failures, cylesilience
decision-making. The uniqueness of the methodoliegy and fault tolerance can be made part of the overall
in the fact that it can be used both in retrospedcinalysis assessment [30]. This is especially relevant inctivgext
(to evaluate already completed digital projects) anthe of global shocks, when companies are looking foysita
planning or technology selection stage. This makes strengthen their logistics networks.
important strategic management tool: it can be used In addition, the methodology can be supplementéa wi
compare different implementation scenarios, cateulavisualization and business intelligence (Bl) toaldich
projected payback, and select the most effectieasaof will open up opportunities for automating analysis,
digital investment. From the point of view of sdiin and  building interactive dashboards and generatingrtepn
applied prospects of the methodology, several aséés real time. This will enhance the practical valueté
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approach for managers, consultants and logisticiatrensparent sectors, and the reliance on selftegpaiata,

working in practice. In general, the proposed madtthagy
offers a holistic approach to assessing the effectss of
digital transformation in supply chains. It helgsmpanies
not only measure the effectiveness of investménitsalso
strategically build the digital development of thepistics
infrastructure, making processes more
transparent,
contribution of this study is the development dfddistic

which may affect objectivity. Future research sddokus
on cross-industry benchmarking, ESG integratiogijtali
twins, Bl-based monitoring tools, and Al-driveniliesice
modelling. This work thus provides a solid foundatfor
ongoing theoretical and practical exploration ine th

flexiblegligitalization of supply chains.
sustainable and customer-oriented. The
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