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Abstract: Understanding the role of informal agreements can help delivery services prioritize customer preferences,
leading to improved service quality and customer satisfaction. Unfortunately, where there are gaps either on general
understanding of communication stand in-between the different of failure and success. This qualitative research study
delves into the dynamics of informal contracts between customers and package delivery agents, and their impact on the
efficiency of the shipping process. The research aims to gain a deeper understanding of how these unwritten agreements
affect various aspects of the delivery process from both the customer and delivery agent viewpoints. Through in-depth
interviews and thematic analysis, this study sheds light on the nuances of these informal arrangements and their role in
shaping the overall shipping experienthe study revealed that informal agreements play a significant role in package
delivery experiences. Patrticipants described unspoken arrangements formed through trust and effective communication.
Adherence to these agreements positively influenced service efficiency, with prioritized deliveries and improved
accuracy. However, deviations from agreements led to emotional reactions such as frustration and disappointment,
impacting the perceived trustworthiness of the delivery service. Additionally, the study highlighted cultural variations in
the adoption of informal agreements and the importance of clear communication in establishing and maintaining these
arrangements.

1 Introduction Occasionally, these entities may generate sales for

The courier service represents the final and pivotdfholesale enterprises, whilst in other instances, they are
stage within the Internet shopping procedure [1]. Registémployed for the purpose of facilitating the transportation
Courier services frequently assumed the dual responsibil@y goods. Regardless of the circumstances, they are
of packaging and transporting or delivering goods. THeonsistently valuable.
demand for courier services in Malaysia has witnessed a There is a lack of research on both the standard
surge during Covid-19 pandemic [2]. The increasing nedperating practices that these package delivery agents
for Shipping has piayed a Significant role in the formatioﬁdhered to and th?lr Operatlon as a result .Of the fact that
of numerous entities Courier services [3]. The current stdféese package delivery agents are not registered and that
of affairs has advanced to the extent where courier fir#eir business does not follow any formal procedures. They
are now engaging in collaborations with agents. The agef#§0 deliver their services on a "Informal Contract” basis,
are responsible for the transportation and delivery #fhichis the fundamental reason why they do not yet have
packages, as facilitated by courier services. In Malaysi@,standard operating procedure in place. Considering the
agents refer to individuals or small groups who undertai®tential problems that may result from “Informal
the task of collecting parcels on behalf of courier servicesontracts” associated with package delivery services,
These agents engage in a door-to-door approach R@blems include the possibility that packages may be
facilitate the delivery and collection of shipmentsdelivered late, lost, damaged, or in the wrong location [4].
Subsequently, the package is transferred to a courigis study believes it is vital to analyse, from the
service for transportation, whereupon the individualgustomer's point of view, the shipping operation efficiency
involved receive a remuneration from the courier servicef package delivery agents who work on informal contracts
Moreover, they generate a profit from their customers #3 order to determine how effective their shipping
well. The individuals in question lack a valid busines§perations are. _ _
license and mostly engage in transactions with their De Oliveira et al. [5] have demonstrated that in Brazil,
immediate social circle and relatives, or by affiliatinglespite the existence of legal regulations governing
themselves with different wholesale entities. Due to tH&otorcycle courier activity, a considerable fraction of the
high level of trust bestowed upon them by their consumetorkforce involved in this sector operates informally. The
the latter refrain from engaging in any formal contractudfficiency of motorcycle couriers is adversely affected by
agreement when entrusting their items for delivenjhe imposition of delivery charges, suggesting that the
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implementation of a fee-free delivery policy may providéCommunication Theories," and "Trust Theory." The
favourable outcomes in terms of delivery performance amdtionale behind the adoption of theories stems from the
the overall count of motorcycle couriers. Thefact that the "Social Contract Theory" delves into the tacit
implementation of training programs focused on financialgreements and standards that regulate interactions within
and career management has the potential to enhance @hgiven society [11]. The concept can offer a theoretical
productivity levels of motorcycle couriers. There is a neestructure for comprehending the emergence of informal
to establish trust when it comes to logistic operation [6¢ontracts as unexpressed agreements rooted on commonly
Specifically, in delivery services, to the point wheréheld cultural norms [12]. In a similar vein, the field of
currently based on trust, drone-based package delivéfyommunication Theories" provides insights into the
logistics systems are produced [7-10]. Considering thptocesses by which participants in communicative
their interest in optimizing package delivery service withiexchanges transmit and interpret messages [13].
the research communities. The main aim of this study is téihderstanding how clients and delivery agents negotiate
examine the effects of informal contracts formed betweemd develop informal agreements is crucial in this context
package delivery service personnel and clients on tfi4]. The concept of "Trust Theory" posits the framework
whole shipping process. The contemporary e-commeroé "Trustworthiness-Trust-Credibility" as a means to
environment has experienced a notable increase in #leicidate the process of establishing and sustaining trust
transportation of packages, and the contacts betweeithin interpersonal connections [15]. The examination of
clients and package delivery agents have emerged tasst's role in the establishment of informal contracts holds
crucial factors in influencing the effectiveness of thaignificant relevance in comprehending this phenomenon
shipping procedure. Formal contracts are common[i6].
employed to regulate business transactions, although the Regarding research objective 2, the assessment of the
influence of informal agreements and implicit expectationspact of Informal Contracts on shipping efficiency and
is as noteworthy inside this sphere. The objectives of thisistomer satisfaction incorporates the utilization of several
study are: theories. These theories include "Service Quality
To Investigate the Formation and Nature of Informalheories," "Expectancy Disconfirmation Theory,"
Contracts in Package Delivery Services "Agency Theory," and "Behavioural Economics Theories."
To Assess the Impact of Informal Contracts ofhe rationale behind the adoption of these theories stems
Shipping Efficiency and Customer Satisfaction from their ability to evaluate service quality characteristics
These two objectives of study would synergisticalland customer happiness, as evidenced by the Service
contribute to a holistic comprehension of the role anQuality Theories [17]. The approach presented herein
impact of informal contracts in the package delivergffers a theoretical lens through which to examine the
process. The primary aim of the initial objective is tgotential influence of informal contracts on key
examine the fundamental mechanisms that underpin themensions such as responsiveness, reliability, and
agreements. Conversely, the subsequent objective aimassurance within the context of package delivery services.
explore the tangible consequences and ramifications tfja8] The concept of "Expectancy Disconfirmation Theory"
these agreements have on the diverse players engagedliidates the process by which customers develop

the shipping process. evaluations of satisfaction by comparing the disparity
between their initial expectations and the subsequent real
2 Theoretical framework experiences [19-20]. This study aims to investigate the

There exist numerous theories pertaining to the concéptpact of adherence to informal contracts on customer
of "Informal Contract.” When examining its application insatisfaction. Moreover, the concept of "Agency Theory"
the context of package delivery services, as well as tR8rves to investigate the dynamics of the principal-agent
agents involved in facilitating these services and theiteraction and its use in analysing the impact of informal
customers, additional theories emerge that elucidate @ntracts on the behaviour of customers and delivery
potential impact and provide a practica| framework foworke.rs [21] The utilization of this approach facilitates the
implementation. Given the purpose of adopting theories &amination of matters such as moral hazard and the extent
facilitate the attainment of specified research objective® Which informal agreements effectively align incentives
this study aims to select theories that align with thel22]. The concept of "Cultural Theories" pertains to the
potential to contribute to the realization of the suggestédudy of culture and its characteristics, aiming to elucidate
research objectives. Therefore, in order to accomplish tHe influence of cultural elements on the perception and
two research objectives pertaining to the impact dfalization of informal contracts, particularly in cross-
informal contracts on shipping efficiency from thecCultural settings [23]. The theories of "Behavioural
Standpoint of Customer-package de”very agents, it ECOHOIT“CS" offer valuable insights into the decision-
necessary to consider several theories from diverse field§aking processes of individuals when faced with unclear

Regarding the study's objective 1, which pertains to tidrcumstances [24]. This aspect holds significance in
examination of the development and characteristics 6#mprehending the impact of informal contracts on
informal contracts in package de"very ServiceS, th@GClSlon-maklng within the realm of dellvery Interactions.
theories employed include the "Social Contract Theory,"
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These theories can be employed in conjunction witkatisfaction [28]. The examination of the human-centric
each study objective to build a comprehensive theoreticdpects of logistics and delivery services, encompassing
framework that guides the research design, data collectithe importance of empathy, communication, and
analysis, and interpretation of results. The aforementionedrsonalized encounters, holds promise for providing a
findings serve to situate the research within the existifglistic comprehension of the ramifications of informal
scholarly literature, providing insights into the complexagreements. By  utilizing  qualitative  research
dynamics related to informal contracts and their impact onethodologies within the fields of consumer behaviour and
shipping effectiveness and customer contentment. service interactions, relevant studies can provide useful

While a multitude of causes can conceivably basights into the subjective experiences, feelings, and
associated with these research. The theories employedrintivations demonstrated by both consumers and delivery
this study are oriented towards achieving the research airasiployees.

Other theoretical frameworks that can be associated with
the examination of the influence of informal contracts 08  Research methodology

shipping efficiency, particularly from the perspective of The qualitative research methodology is a research
customer-package delivery agents, encompass “Bpproach that prioritzes the comprehension and
commerce and Logistics theory” and "Customer-ServiGterpretation of the fundamental meanings, patterns, and
Provider Interactions”. The academic discipline of "Emntricacies of human behaviour, experiences, and social
commerce and Logistics theory” has established a robgslenomena. Qualitative research is predicated upon the use
framework for examining the overarching trends in thef non-numerical data, encompassing textual information,
growth of e-commerce and the simultaneous advancemgpual representations, direct observations, and interviews,
of logistics and package delivery services [25]. This stud) order to comprehensively investigate the intricacies and
comprises an examination of the challenges encounteredjgpth of a certain subject matter [29-30]. The research
the final stage of delivery, sometimes referred to as lasfrethodology employed in this study is qualitative in
mile delivery. It also investigates the preferences arnghture, aiming to explore and gain insights into the intricate
demands of customers in relation to this aspect of th@wpoints, experiences, and behaviours of consumers and
delivery process. Furthermore, it explores the role arghckage delivery workers. Specifically, the focus is on
impact of delivery agents within the larger e-commercgnderstanding the impact of informal contracts on shipping
ecosystem. The theoretical framework referred to asficiency. The research methodology utilizes many
"Customer-Service Provider Interactions” has been creatgféthodologies, including in-depth interviews, open-ended
to analyze the intricacies of communication, customefrveys, and thematic analysis, in order to gather
contentment, and the determinants that impact the overg§mprehensive qualitative data. The objective of this
delivery experience, particularly in the realm of deliveryesearch is to elucidate the fundamental motivations,
services [26]. emotions, and social dynamics that influence the
Conducting research on service quality, efficiency, angktablishment of informal contracts and their consequences
customer perceptions in the logistics and delivery industeh many facets of the package delivery procedure. This
can provide significant insights into the multifacetedtudy aims to employ qualitative research methods in order
factors that impaCt the overall delivery process. This may gain a Comprehensive and profound Comprehension of
involve inquiries regarding the efficacy of deliverythe intricate dynamics and subjective perceptions

velocity, accuracy, tracking systems, and the influence gkrtaining to informal agreements within the shipping
technology within the given framework. The investigatiofndustry.

into trust-building strategies between clients and delivery

agents is of considerable importance in the present sett ;
[27]. The examination of the initiation and perpetuation 0?_% R ch design

trust in delivery interactions, together with its implications The present study utilizes a qualitative research
ery » 109 > IMp approach, facilitating a comprehensive examination of the
for the efficacy and proficiency of deliveries, has

. D . , c?mplex dynamics associated with informal contracts.
considerable academic importance. The incorporation L ; : .
. . ; : ualitative research is well-suited for comprehending the
cultural and sociological elements in research provides

more holistic framework for understanding the impact O§ubject|ve experiences and viewpoints of persons.
informal agreements on customer expectations and § 1
conduct of delivery agents. It is crucial to do an analysis 0f ™

the legal and ethical aspects pertaining to informal : o LTS
L X . necessitates a limited number of representative individuals
contracts within the domain of electronic commerce ar}rrl‘;

the transportation of goods. This may entail discussion m a given community. Typlqally, the population under
) . . o study is estimated and pertains to the total number of
regarding consumer rights, duties, and obligations. Studies;. - . . .
; . . Ihdividuals or topics being examined. The procedure of
that focus on the customer experience, satisfaction, and. g ' P
estimating the study population involves the identification

their perceptions of service quality during delivery . L S
interactions have the potential to offer useful insights int%f potential participants who are individuals employed as

. ) . ackage delivery agents, as well as their consumers. In
the impact of informal agreements on their overall level gt 9 y ag

Population of the study and sampling
Given that this study is qualitative in nature, it

~ 341 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 3 Pages: 339-348 ISSN 1339-5629

Informal contracts' influence on shipping efficiency: a customer- perspective of package delivery
agent
Maryam Karamba, Adiza Alhassan Musah

particular, those situated inside the Malaysiaithere are ten individuals who serve as package delivery
environment, whether residing in Malaysia or utilizingservices agents, while six individuals assume the role of
Malaysian delivery services for the transportation of thegustomers for these delivery agents. All clients who
packages either from Malaysia to any location or from arparticipated in the study got package deliveries from
location to Malaysia. The topic under consideration hold$elivery agents representing different service providers.
significance in relation to the research problem. Therefore, this particular technique is referred to as
The determination of sample size in qualitative researgiurposive sampling, which is employed to guarantee the
is guided by the "Principle of Theoretical Saturation." Thenclusion of a diverse variety of experiences.
concept of theoretical saturation can serve as a valuable
framework for doing qualitative research. EmpiricaB.1.2 Development of interview questions
evidence suggests that in certain situations, a sample sizeThe interview question is specifically designed to align
of 12 may be sufficient to achieve data saturation withinweith and serve as a subset of the study objectives.
generally homogeneous community [31]. According td@herefore, two sets of interview questions have been
Hennink and Kaiser [32], the point of saturation wadevised to gather data that will fulfil both research
achieved with a range of 9-17 interviews or 4-8 focus growgbjectives 1 and 2. All of the questions included in the
talks. In a phenomenological study, Creswell [33}tudy are open-ended in nature and have been subjected to
suggested conducting between 5 and 25 interviews, whieigorous validation process involving three subject matter
for a grounded theory study, a range of 20-30 intervievexperts. As a result, a collection of interview questions that
was advised. Based on the aforementionethve undergone validation and correction was later
recommendations, the present study has successfudignerated (refer to Table 1 and Table 2).
recruited a sample size of 10 participants for the interview.

Table 1 The research interview questions map to respective research objectives
Research Objective 1 Interview Questionsinvestigate the Research Objective 2 Interview Questions

Formation and Nature of Informal Contracts Assess the Impact of Informal Contracts |on
Shipping Efficiency and Customer Satisfac
Expected Theme:Formation of Informal Contrac Expected Theme:impact on Shipping Efficien

1| Could you provide an analysis of tacit agreements betyvelve you observed variations in the rate| of
clients and delivery agents? What were the specific terms theltvery and level of precision in relation to the
were involved in the matter under consideration? existence of informal agreements? What is [the
impact of these factors on one's level |of
satisfaction
2 | What is the role of communication in the establishment\What is the effect of adhering to or deviating from
informal contracts? Please provide instances wham informal agreement on one's emotional
communication has influenced these agreen experience during deliver
3 | The present inquiry seeks to examine the various aspects\Whadt is the impact of informal agreements on the
lead to the establishment of trust between consumers emahmunication dynamics between consumers|and
delivery agents. Additionally, this investigation aims |tdelivery agents?
explore the relationship between trust and informal cont
4 | What is the influence of cultural or environmental elements©@ould you please provide an example of a situation
the interpretation of informal agreements in packagewhich a departure from an informal agreement
deliveries? led to discontentment? What were the
circumstances that led to this occurrel
5 | Are there variations in informal agreements among diffgrit what extent can informal agreements impact
sorts of products? What is the influence of this on théire perception of predictability and reliability
formation’ within the delivery proces
6 | lllustrate cases in which informal agreements were | Mghat is the impact of informal agreements on the
honored. What were the underlying factors that contributecotobability of future utilization of the same
these outcomes, and in what ways did they influence ydaetivery service provider?
cognitive interpretatior
7 | What is your perception of the negotiation process involveddould you please cite instances that illustrate|the
these informal agreements? Are there variations in| thfuence of adhering to informal agreements|on
expectations? one's overall trust in the delivery agent and
provider’
8 | To what extent do prior interactions with agents or providétsw can informal agreements impact one's
shape individuals' expectations and the establishmentcapacity to offer feedback or express issues
informal agreement regarding the delivery proce:
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The research approach employed in this study entafarticipants are encouraged to divulge their individual
the use of in-depth semi-structured interviews with selfiarratives. The interviews were performed with each and
initiated expatriates, human resource managers, aedery participant. The individuals who met the research
organizational executives. The interview questions focubjectives and sampling criteria were contacted by
on the participants' personal experiences, their perspectitelephone and face-to-face communication methods. They
of package delivery services, and the influence of informalere provided with an introduction and explanation of the
contracts in relation to the behaviours they havstudy's purpose, and were asked to participate.
encountered. The interview questions are well aligned with Prior to conducting the interview, the researchers
the established study objectives. Consequentlfyrnish the participants with a consent document that
considering the two research inquiries that have beeelineates the study's objectives, the interview
presented, a series of interview inquiries was produced imethodology, the participants' entitlements, and the
each of them. Likewise, the forthcoming themes that asafeguards implemented to ensure confidentiality. All
predicted to emerge following the completion of datparticipants thoroughly read and comprehended the
collection for both the research goal 1 questions ambntents of the consent form, and afterwards provided their
research objective 2 questions have been formulated. Tignature as an indication of their voluntary agreement to
framework for research question 1 is to investigatearticipate in the study. All interviews were conducted
individuals' perceptions regarding the establishment amdilizing an online platform, with each participant
characteristics of informal contracts. The objective ofonducting their interview at a different time. The
study question 2 is to investigate the perception regardipgrticipants have reached a consensus to record the
the influence of Informal contract on shipment efficiencynterviews in order to assure precise transcription at a later
and customer satisfaction. stage.

3.1.3 Data collection 3.2 Dataanalysis

The primary method employed for data collecting in  Thematic analysis was employed as a methodological
this study is the utilization of interviews. The interviewapproach to discern and ascertain repeating patterns,
process encompasses a sequence of procedures aimeagledhes, and categories within the dataset obtained from the
actively involving participants, collecting data, andnterviews. The analytical method encompasses a series of
acquiring a deeper understanding of their experiences dtefative stages that include coding, categorization, and
viewpoints. This will enable the study to capture theopic development. Table 2 presents the main topic
perception of informal contracts within the specific settingformation of informal contracts” together with the
of package deliveries. The utilization of interviews in thigignificant subthemes that have emerged, the linked

context offers a valuable opportunity to delve intquotations, and the coding created for this study.
emerging themes and foster an environment where

Table 2 The analytical extractions of the findings main theme “formation of informal contracts”

Subthemes Sample Quotations Code

1 | Some examples of informal deals and remember once leaving the package withe find mutual
the terms of those agreeme neighbor when customer was out of tov understandin

2 | How communication affects the way'When | inquired... it was a foregoneEffective  negotiation
informal deals are mac conclusion. through communicatic

3 | How trust and making informal dealsTrust is crucial... reliable." Trust enhancing
are relatet informal agreemen

4 | Culture has an effect on how informaCultural differences are less frequent. Cultural influence | on
deals are interprete agreement norn

5 | How different kinds of products"For fragile items... an unspoken rule." Item-specific agreement
affect making informal dea nuance

6 | What people think when informalOnce the product is complete... commitment irust end by breaching
deals are broke these agreements er agreemen

7 | A participant's view on how informal"I've discovered... ensures a smooth operatipon." Agreement negofiation
deals are negotiate dynamic:

8 | How events from the past affect] had a great... without a formal agreement " Agreements shaped by
making informal agreemen historicalexperience

In a similar vein, the primary themes of "Impact orsubthemes, together with the corresponding quotations and
Shipping Efficiency" have given rise to several significarthe coding system employed, in Table 3.
subthemes. This study has identified and presented these
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Table 3 The analytical extractions of the findings main theme “impact on shipping efficiency”

Subthemes Sample Quotations Code

1 | informal deals affect how fast and happlit's like they prioritize... stick to it." Improved  service  apd
customers are with delive contentment

2 | Emotional experience tied to whether or ndwWhen the delivery agent... trust we byilEmotional impact of
informal deals are kept or brok was broken." agreement outcomes

3 | informal deals change the way people talk tblaving a clear agreement... focused.Structured and focused
each othe efficient.” communication

4 | Unhappy because an informal deal wasrilt wasn't home... it was raining,|.Disappointment due to
kept disappointed.” agreement breach

5 | Informal deals have made things moré&Vhen there's an agreement... secure.” Increased reliability | and
predictable and reliab confidence

6 | informal deals affect the choice of servicBWVhen they respect our agreements.Rositive experience shaping
provider in the futur choose them again.” loyalty

7| Trust is increased when people stick | tdVhen the delivery agent fulfills... careTrust enhancement through
informal deals about delivering a good service." agreement fulfillment

8 | informal agreements supply feedback "I didn't want to complain... awkward fqr Feedback reluctance due tto

future deliveries." agreements

4 Presentation of the results and discussion and delivery personnel duly acknowledge them, it fosters a
In the context of qualitative research, it is commoffCit agreement that manifests a mutual comprehension.
practice to condense the fundamental aspects bRis approach provides insight into the underlying
participants' experiences and viewpoints into concigdocesses of negotiation that extend beyond the apparent
sentences that effectively capture the key themes of thtgfms. The concept of TEIA refers to the dynamic
responses. These interpreted statements offer a framewitationship between trust and informal agreements. The
for comprehending the subtleties and complexities of tH@rticipants place significant emphasis on the notion that
research goals. This essay explores the interpreted phrd&ést plays a pivotal role in the establishment of these
that are formed from interview responses, emphasizing thgreements.  Customers establish a perception  of
valuable insights that can be obtained from thegéependability that extends beyond basic transactions by
condensed formulations. confiding in delivery personnel with their items and
preferences. The aforementioned expression denotes that
4.1 Theprincipal finding on the formation and Fhe. _existence of trust amplifigs the inclination of
nature of informal contracts individuals to partake in implicit agreements, hence

The primary finding pertaining to the first Study.sfacmtatlng more seamless interactions.

objective centers around the concepts of "Mutual Among some of t_he key perceptions of th_e participant
Understanding and Arrangement (MUA)" "Effective® Informal contract instances and the terms involved, one

Negotiation through Communication (ENC)", and "TrusParticipant reveals that:
Enhancing Informal Agreements (TEIA)" as the ultimate -
themes after undergoing pre-processing. The acrony Yes, we agfeed that 'f. 'm not home, they could leave
MUA refers to the concept of mutual understanding ange pqckag§‘W|§h my neighbor. We never really talked
arrangement, which commonly serves as the foundation outit, butit's kind of become a r_ule. They agrelfled to leave
the establishment of informal contracts between clients atd'ext door and leave me a note in my mailbox.

delivery agents. This situation illustrates the implicit but . .
mutually understood agreements that evolve over a perigd Th'S.Sh,OWS th_at an informal CO”tF‘?Ct can b_e made even
of time, embodying the confidence and dependability th ithere isn't a written deal. Instead, it's more like a mutual
parties attribute to such arrangements. This highlights t Qderstandmg_that has grown over time. As part ofthe.deal,
significance of communication, encompassing both verb e package wil be Ieft_ next door an_d the customer will be
and nonverbal forms, in facilitating such agreementg?ld by a note left |r_1_th_e|r mailbox. This arrangement shows
thereby guaranteeing the fulfilment of client wishes eve ow trust and familiarity can lead to a practical agreement

in the absence of formal written records. The significantfga,t make(sj |’f6‘|ea3|erhto give sometk:nng dwlhen the reC|p|er(1jt
of communication in influencing informal agreements i n'taround. Also, when it came to how delivery agents an
emphasized by ENC. The experiences of the participarﬁﬁe'rcusmmers communicated about informal contracts for
highlight the significance of excellent communication iffl0-delivery services, one responder said that:

facilitating the negotiation process. The concept of ., . .
Effective Communication and Negotiation (ENC) posits Its important to talk. Once, | asked if they could

that when customers effectively express their preferencdgliver after 6 PM, and the service person said yes. Since
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then, they text me every time | get a package to confirm tBentract Theory, researchers can learn more about the
time. It's like an unwritten agreement that we've made bbgasons, rules, and underlying principles that lead these
talking things out." unspoken agreements.
"Effective Negotiation Through Communication" is a
This shows that good communication is very importadink to "Communication Theories" Communication
in this situation. Because of this, the person delivering tliBeories explain how successful communication shapes
packages now sends a text message to the customehdw people interact with each other. In the context of
confrm when the package will be delivered. ThisEffective Negotiation through Communication," these
unspoken agreement, which was made possible by cl¢aeories help reach the study goal by showing how shared
communication, shows how a shared understanding haganing, clarity, and understanding are key to making
been reached, making arrival times more accurate andimfiormal agreements work. When researchers use
sync. Also, when asked about the things that helpommunication Theories, they can look at how people talk
customers and delivery workers build trust and how truabout their views, negotiate terms, and come to agreements
relates to informal contracts, some respondents gatrgough good communication, which leads to the formation
similar answers. One of them said, of unspoken contracts.
"Trust Enhancing Informal Agreements" is a map to
"Trust is very important in this process. We trust therfiTrust Theory" Trust Theory focuses on how trust affects
more the more times they've done what we've askedhdiw people deal with each other and with the world. In the
works both ways, and when we trust them to do what wentext of "Trust Enhancing Informal Agreements," this
ask, we're more likely to make these informal deals witheory helps reach the goal of the study by explaining how
them because we know they'll keep to them”. trust is the basis for these agreements. This phrase makes
it clear that trust is important for unspoken deals to work.
This shows that trust is an important part of deliverin@y using Trust Theory, researchers can find out what
packages. It says that trust between the sender and ithekes people trust each other, what role past events play,
receiver grows as the delivery people always follow thend how trust affects how willing people are to sign
recipient's wishes. When people trust each other, they daformal contracts.
make informal deals. It's the idea that if they trust the
delivery people to do what they ask; they'll be more likel.2  The principal finding on the impact of
to go along with these unspoken agreements because they informal contracts on shipping efficiency
know the delivery people will listen to their wishes. Lastly, and customer satisfactions
one respondent says this about the role of cultural or Aq the final themes, “Improved Service and

contextual factors: Contentment (ISC)," "Emotional Impact of Agreement
. ] . Outcomes (EIAO)," and "Structured and Focused
Cultural factors do play a part. I noticed that leavingcommunication (SFC)" are the most important results of
a package with a neighbour wasn't as usual when | wag, gy objective 2. In terms of ISC, it shows how informal
abroa_ld. So, it _reaIIy depends on how.people in that plaggais affect how well shipping works and how happy
do things. It might not be as common in all places.”  cystomers are. By sticking to informal agreements,
] ] delivery workers make sure that certain customer
This shows that different cultures have an effect on ”Eﬁ'eferences are given the most attention. This leads to
way people leave items with their n_eighbours. It might. NQetter service, higher speed, and, in the end, happy
be accepted by everyone. Leaving a package with @stomers. The phrase shows that informal deals aren't just
neighbour might not be as usual in other places. Thig,ot keeping to the terms of the agreement, but also about
happens more or less often depending on cultural noriging the customer what they want. EIAO shows how
and local habits. This shows how important it is to thinktormal deals can have an emotional side. It emphasizes
about cultural factors when trying to understand whita¢ these deals have a direct effect on how the people
informal agreements are used for package deliveries. jnyolved feel. When people follow or break informal deals,
Theories can be linked to the finding. It was shown thatmakes them feel something, which affects how they think
"Mutual Understanding and Arrangement” is a map tghe service is and how trustworthy the provider is. This way
"Social Contract Theory” The Social Contract Theory sayst |goking at it stresses how important these agreements are
that people in a society make unspoken deals to WOEk shaping how customers feel about the delivery process.
together for the good_of all. This idea fits with the wordgrEc shows how informal deals affect how people talk to
“Mutual - Understanding and Arrangement." Peoplgach other. Participants say that these agreements structure
involved in the delivery process make deals that aren't sgjghir relationships and help them talk about things that have
out loud but are similar to social contracts. The theogy 4o with delivery. The phrase emphasizes that informal
helps reach the goal of the study by giving a framework fgfy eements make communication easier, making sure that
figuring out how mutual benefits, trust, and sharedhiis are purposeful and in line with what's expected in
expectations lead to informal agreements. By using Sociglms of delivery. This, in turn, makes work more efficient.
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One responder said, "It was frustrating to be disappointed, even if it was
fixed later, because at first you feel like everything is over
"Definitely. When we have a deal, they seem to give ragd there's nothing you can do about it."
packages more attention. They try to follow the rules we've
set up, which makes things much faster and more accurate. This shows that initial sadness makes people feel like
It makes me feel better and makes me more happy witiey've lost control and can't do anything about the
their service." situation. The customer says that the first feeling of sadness
is so strong and overwhelming that it overshadows the fact
This suggests that an informal understanding has a cl¢aat the problem was eventually fixed. This idea shows
effect on how the delivery service treats the packages twdw the effects of emotional reactions can last even after
customers. With a deal in place, it seems like the delivepyoblems are solved. "Improved Service and Contentment"
service pays extra attention to the packages of customemaps to "E-commerce and Logistics Theory." "E-
The delivery agents try hard to follow the rules that havwwommerce and Logistics Theory" is especially important to
been agreed upon by both parties. This makes deliverlésmproved Service and Contentment." This idea is about
happen faster and more accurately. This level d¢fow to improve the customer experience by making the
commitment and adherence to the rules gives customersupply chain work better. For this study goal, it helps to
feeling of security and satisfaction, which makes theirnderstand how following informal agreements can
overall experience with the service a good one. In a similemprove service efficiency by making the delivery process
way, one respondent said, run more smoothly. By studying the principles of logistics
efficiency, researchers can figure out how keeping deals
"One time they didn't follow the deal, and it waselps make deliveries faster and more accurate, which
frustrating. | thought they would leave it with my friendmatches what people expect and makes them happier
but they left it on my porch instead, where it got wet in theverall.
rain. It felt like the trust we had built up had been broken,
and | was very upset." "Emotional Impact of Agreement Outcomes" is a map
to "Affective Events Theory" The Affective Events Theory
This suggests that breaking the agreement made pediitte well with the term "Emotional Impact of Agreement
unhappy, especially if the customers had counted on tBeitcomes." This theory says that events cause emotional
delivery workers to keep their end of the deal. When thegactions, which then change how people act. For this study
didn't, they were disappointed. The situation showed hogoal, the Affective Events Theory helps researchers
important trust is in these kinds of arrangements and hawderstand how emotional responses are caused by
its loss can lead to bad feelings. On the other hand, ostecking to or breaking informal agreements. Researchers
respondent said this about the effect of informatan find out how people feel when their expectations are
agreements on how customers and delivery agents talkmet, surpassed, or not met because of agreement results.
each other: This helps us understand how these feelings affect loyalty,
future actions, and total interactions between customers
"Having a clear understanding sets the tone for ouand service providers.
conversations. | know what to expect, and they know what
is important to me. So, we can talk to each other more "Customer-Service Provider Interactions" is a link to
clearly and effectively. It seems like we've always been tructured and Focused Communication." The idea of
the same page." "Customer-Service Provider Interactions" fits perfectly
with the phrase "Structured and Focused Communication."
This suggests that when customers and delivery ageiitsis theory looks at what happens when customers and
have a clear agreement, it has a good effect on how thegrvice companies talk to each other. For this study goal, it
talk to each other. This clear understanding sets up a waglps to understand by showing how informal agreements
for people to talk to each other. The customer knows whstructure how people talk to each other. Researchers can
to expect, and the service people know what's mdsiok at how the agreements guide the conversations of the
important to the customer. So, they can talk to each othmzople involved, making sure that the talks stay on
in a more focused and efficient way. This sharedelivery-related topics. When you know how these
understanding makes it easier for the two people to talk @@mmunication patterns work, you can see how efficient,
a way that gets to the point. It's almost as if both sides stBrtused conversations lead to better service.
their interactions with the same idea, which makes
dialogue easier and more effective. From a different poist  Conclusion
of view, one respondent said, In summary, this study explored the intricate realm of
informal agreements established between package delivery
agents and consumers, revealing a multifaceted network
encompassing trust, communication, emaotions, and service
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effectiveness. By conducting interviews and performinf2] HARAHAP, A.Z., ATIQAH, N.F., ABDSUKOR,
analysis, this study has provided insights into the genesis, H.A.,, RAHIM, M.K., SAEDON, A.Z.: Business
impact, and dynamics of these implicit agreements, thereby Process Innovations For Courier Service Sector: Case
enhancing our comprehension of their significance within Study In J&T DungunJournal of Technology and
the contemporary package delivery industry. The results Operations Management/ol. 18, No. 1, pp.70-88,
revealed two notable research aims. Initially, the 2023. https://doi.org/10.32890/jtom2023.18.1.7
examination of the establishment and characteristics [@ TANG, R.Q., TAN, Y.J., TAN, Z.X,, TAN, Y.T.,
these informal contracts revealed the significance of ALMAWAD, G., ALOSAIMI, A.: A study of courier
mutual comprehension, effective communication, and service quality and customer satisfactilernational
cultural subtleties in developing these arrangements. The Journal of Applied Business and International
participants recounted situations in which trust and Management (IJABIM)Vol. 7, No. 1, pp. 137-50,
familiarity facilitated the development of implicit  2022. https://doi.org/10.32535/ijabim.v7i1.1447
understandings, obviating the necessity for explicfd] BAEZ-CAMARGO, C., LEDENEVA, A.: Where does
conversations. The importance of efficient communication informality stop and corruption begin? Informal
has been identified as a crucial factor in the establishment governance and the public/private crossover in Mexico,
of these agreements, serving as a means to negotiateRussia and Tanzani&Slavonic & East European
preferences, terms, and expectations. Furthermore, theReview, Vol. 95, No. 1, pp. 49-75, 2017.
evaluation of the influence of informal contracts on the https://doi.org/10.5699/slaveasteurorev2.95.1.0049
efficiency of shipping operations and the satisfaction ¢6] DE OLIVEIRA, L.K.,, DE OLIVEIRA, IK,
customers highlighted the interconnectedness between theNASCIMENTO, C.D., CORDEIRO, C.H., MEIRA,
adherence to contractual agreements and the quality of L.H., RABAY, L., DA SILVA, F.G.:. Identification of
service provided. The participants provided accounts of factors to improve the productivity and working
situations in which these agreements resulted in the conditions of motorcycle couriers in Belo Horizonte,
prioritization of delivery, precise implementation, and Brazil, Case studies on transport poljcyol. 9, No. 4,
increased levels of satisfaction. On the other hand, when pp. 1737-1745, 2021.

there were deviations from these agreements, it elicited https://doi.org/10.1016/j.cstp.2021.09.003

intense emotional responses, highlighting the delicaf6] MALKUS, T.: Assumptions of trust in logistics
nature of trust between customers and service providers. cooperation,Acta logistica,Vol. 4, No. 3, pp. 1-4,
The findings of this study have broader ramifications that 2017. http://doi:10.22306/al.v4i3.6

beyond the domain of package delivery. The authors plajgd BENARBIA, T., KYAMAKYA, K.. A literature
significant emphasis on the significance of establishing and review of drone-based package delivery logistics
sustaining trust within service encounters, while also systems and their implementation feasibility,
noting the influence of cultural diversity and recognizing Sustainability, Vol. 14, No. 1, pp. 1-15, 2021.
the emotional aspects of customer experiences. This studyhttps://doi.org/10.3390/su14010360

functions as a persuasive appeal for delivery services[8 SUNG, I., NIELSEN, P.: Zoning a service area of
give priority to client preferences, allocate resources unmanned aerial vehicles for package delivery
towards effective communication techniques, and swiftly servicesJournal of Intelligent & Robotic Systenv&gl.
rectify any deviations in order to cultivate enduring 97, No. 3-4, Pp. 719-731, 2020.
connections. As this exploration of informal agreements in https://doi.org/10.1007/s10846-019-01045-7

the realm of package delivery draws to a close, it becom@& SAWADSITANG, S., NIYATO, D., TAN, P.S,
apparent that these implicit arrangements extend beyond WANG, P.: Joint ground and aerial package delivery
simply logistical considerations. These entities symbolize services: A stochastic optimization approatBEE
the intricate fabric of human engagements, intricately Transactions on Intelligent Transportation Systems,
intertwined with elements such as trust, anticipation, and Vol. 20, No. 6, pp. 2241-2254, 2019.
communication. By acknowledging the importance of http://doi.org/10.1109/TITS.2018.2865893

these insights and implementing corresponding actior{40] LU, S.H., SUZUKI, Y., CLOTTEY, T.: The last mile:
service providers can initiate a journey towards providing  Managing driver helper dispatching for package
customized, streamlined, and emotionally impactful  delivery services,Journal of Business Logistics,
experiences that surpass mere package delivery and Vol. 41, No. 3, pp. 206-216, 2020.

establish enduring relationships with their clientele. https://doi.org/10.1111/jbl.12242
[11] ELLIS, B.: Social Contracts,In: On Civilizing
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Abstract: Public procurement plays a crucial role in national economies, as it represents a significant share of public
spending. Governments can thus use this considerable purchasing power to promote environmental sustainability, social
responsibility, and economic efficiency, while encouraging the supplier market to innovate and adopt more sustainable
practices to remain competitive, and to generate more resilient supply chains. Given the interdisciplinary nature of the
subject of sustainable public procurement (SPP), the documentation is abundant and diverse, hence the need for an
updated literature review especially in the aftermath of the COVID-19 crisis period. This article consists of a systematic
literature review focusing on articles with an empirical approach. The results reveal, among other things, 8 main research
themes subdivided into 19 sub-themes, with a dominance of literature on the obstacles and incentives related to the
implementation of SPP, while those concerning e-procurement and the analysis of the social life cycle remain relatively
limited. The study also underscores the role of local economies and SMEs in public procurement strategies. It highlights
a trend towards geographical diversification, indicating the global significance of SPP, with noticeable differences in
adoption between developed and developing countries. The review calls for future research to focus on developing
practical frameworks and tools for integrating sustainability more comprehensively in public procurement. The findings
illuminate the pivotal role of SPP as a mechanism steering societies towards a sustainable, resilient, and equitable future,
particularly in a post-pandemic world.

1 Introduction works, while considering the environmental, social, and

The COVID-19 crisis represents one of the rar@conomic impacts associated with them. This adds
instances of supply chain disruptions that have devastafe@mplexity to the traditional procurement process in the
the global economy. The pandemic surge led to bord@wblic sector, which is based on selecting the lowest bid,
closures, restrictions in air transport networks, limited ragspecially when significant importance is given to non-
material supplies, and the shutdown of several productiéfonetary criteria. Then, it is particularly pertinent to
units. Therefore, increased vigilance and adaptability ag@nduct an updated literature review on SPP, especially in
required in the future to reduce the risk of potential suppipe aftermath of the COVID-19 pandemic period. This
chain disruptions and to mitigate their consequences. THiBProach would allow an examination of whether and how
involves designing more resilient supply chains, ledfe intellectual territory in this field has evolved in
vulnerable to disturbances, and capable of adapting thegsponse to the new parameters and challenges imposed by
behaviour to enable companies within them to respond‘fﬂibe crisis. _ _
disruptions quickly and cost-effectively, for a return to The present paper involves conducting a state-of-the-
normal functioning or possibly to superior performanceart review of the theme of SPP, by answering the research
This is particularly crucial for supply chains involving thequestions: RQ1: What research has been conducted on
public sector, as it is often the largest procurer within 8PP? RQ 2: What issues have been raised? RQ 3: How has
country. Consequently, the COVID-19 pandemic hafe COVID-19 crisis impacted the literature on SPP
imposed additional responsibilities on public procuremefigsearch? RQ 4: What conclusions can be drawn regarding
(PP) actors to ensure the continuity of public services a#fée exploration of opportunities for future research?
citizens' wellbeing, as well as responding to growing This article stands as a novel contribution to the nexus

demands for increased resilience, fostering innovation, aRiknowledge on SPP, as it embodies the most current and

promoting sustainability. comprehensive effort to synthesize existing literature on
Sustainable public procurement (SPP) refers to tfBe topic to date, offering a fresh and deeply enriched view.

practice of public bodies acquiring goods, services, arde originality lies in the capacity to encompass numerous
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facets, which are often treated in isolation, to form eelevance of future work, which is beneficial in avoiding
structured body of knowledge that is easily navigable feedundancy in studies, and also in enriching the body of
researchers, practitioners, and policymakers grappling wikhowledge on SPP.
the recent challenges of SPP. In order to ensure objectivity and rigor in the
The development of the article unfolds in a methodicalevelopment of the bibliographic synthesis, the literature
sequence, beginning with a literature review, followed bseview conducted is a systematic literature review (SLR).
a detailed exposition of the methodology. The articlé differs from the narrative literature review by using
progresses by presenting the results and engages isyatematic, clear, and reproducible [1] methods to identify,
discussion that critically examines the implications anselect, and critically evaluate relevant research related to a
nuances of the findings within the context of existingpecific research question, as well as to collect and analyse
knowledge and practice in SPP. The article culminates wittata from the studies included in the review [2]. Given its
a conclusion that synthesizes the insights gained and offeetevance, the SLR was initially adopted by medical

reflections on the broader impacts of the study. research in the 1970s, before its application was expanded
to other academic fields such as management, computer
2 Literaturereview engineering, international development specialties, and

According to the World Trade Organization, PFsuUpply chain management.
accounts for an average of 10 to 15% of a country's GDP. The present SLR is conducted in accordance with
This underscores the role of the PP process as a stratégitdSMA (Preferred Reporting Items for Systematic
tool for fostering sustainable and inclusive growth. Givefeviews and Meta-Analyses) guidelines. It is a set of
the pivotal importance of PP in advancing sustainability, @uidelines established in 2009 by a team of clinicians,
is imperative to delve into the subject of SPP to grasp h&gientific journal editors, systematic literature review
it has been approached in scholarly discussions, spot g&pgcialists, and methodologists, with the aim of helping

revealing themes and questions that have not yet bekithors improve the reporting quality of their systematic
sufficiently explored, and ensure the originality andeVviews. It consists of a list of 27 recommendations, spread

over four stages as detailed in the flow diagram (Figure 1).

Identification |:>| Selection |:>| Eligibility ':>| Inclusion

Figure 1 PRISMA flow diagram

3 Methodology 3.2 Inclusion and exclusion criteria for

The goal is to establish the state of the art of SPP based literature selection
on a clear and structured analysis of the available literature, Excluded are duplicate articles and articles written in
in order to identify the various research axes related to thé&iguages other than English or French.

theme. Only journal articles are examined. The filter applied
during the search is: limit to « Document type (Article),
3.1 Bibliography identification Source type (Journal), Language (English, French). The

Keywords used are « Sustainable public procurementexclusion will then concern review articles, book chapters,
« Sustainable public purchas* », « government sustainatileoks, book series, conference proceedings, doctoral
procurement » and « government sustainable purchas*tibeses, symposium articles, etc. Articles for which the full
The selected literature sample consists of articles that haeet is not available will also be excluded.
undergone peer review, up until February 16, 2023 (the The abstracts are read to verify the relevance. Only
date of collection). articles concerning SPP are included. Excluded are the

The databases in question are Web of Science aadicles deemed irrelevant that deal with the following
Scopus. The search on these two databases is conductedpiss: Personal purchasing behaviours; Sustainable
follows: ( TITLE-ABS-KEY ( sustainable AND public development in a general sense (the areas detected are:
AND procurement ) OR TITLE-ABS-KEY ( sustainabletransportation, energy management, buildings, sustainable
AND public AND purchas* ) OR TITLE-ABS-KEY ( cities, land management, art, culture, education, training,
government AND sustainable AND procurement ) ORconomy, investment, financing, banking sector, social
TITLE-ABS-KEY ( government AND sustainable AND issues, child protection, environmental concerns, access to
purchas*)) clean water, food security, access to medical care, rural

After the initial sorting via the bibliographic development, agriculture, aquaculture, fishing, livestock,
Management Tool “Zotero”, the selected articles arforest management, mining, tourism, industry, new
exported to “NVIVO” (Release 1.7.1) a Qualitative Datdechnologies, management, geopolitics, regulation, waste
Analysis Tool. management); Green Marketing; Private Sector; Territorial

Defence; Public-Private Partnership; Humanitarian Supply
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(2

Chain; Public finance in general without focusing on th8.3  Eligibility

specific case of SPP; Supply chains in general without During the meta-analysis phase, the inclusion criteria

focusing on the specific case of SPP; Disposal agreemenig applied to the title and abstract. For the in-depth
The present SLR focuses on articles with an empiricahalysis phase, it involves thoroughly reviewing the

approach (based on surveys, interviews, case studigiortlisted articles to assess their eligibility in the process.

multi-method research, and experiments). This choice is

based on the fact that the conclusions drawn from the3el |nclusion

studies are often more reliable and verifiable than those This final step involves the inclusion of the final

from theoretical research, and are directly applicable to thgticles.

practice of SPP. The exclusion applies to articles that are

based on a conceptual approach (studies focusing g0 Reqylt and discussion

emerging concepts, models, or frameworks, including  his analysis aims to establish a synthesis of the
literature reviews). references (Figure 2).

A total of 2906 2265 references 710 articles 316 articles
references remaining remaining remaining
¢ Extraction *Removal of *Removal of *Reading of *Removal of
of: 1906 duplicates references the selected articles that
references whose articles on contain
fromScopus metadata NVIVO exclusion
and 1000 indicate that criteria or
from Web of they contain whose full
Science exclusion textis not
criteria available
\—— \—— \— \— \——

Figure 2 Flowchart of the selection process

The following word cloud (Figure 3) highlights the provides an overview of the most frequently used words in
dominant trends in the text corpus. It is a visuahtextor a set of texts, thereby drawing attention to the most
representation of textual data, created using NVivo. tecurring themes.

. intepnationsl
strategic
school *

urban . e
rights
" challengos infrastructure by hoaiiy

i odiits management energy s
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e oyl PFOCESS  spp . .
barriers gpp green pUbIIC pO|ICY business \yaste iender
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e industry social sustainable food purchasing =

life o planning
change health environmental ecggc?;gr:c institutiona
+ = Chain design construction MPACt carbon wse
o market contract wuersity
national "

competition
< Stakeholders :

e COUNETIES oqyernment
CD!\SLI"1DT\DI1

w order innovation
selection "

Figure 3 Word cloud

To enable in-depth reading from NVIVO, three coded.1  Descriptive analysis

are created: 'Issue’, 'Methodology’, and 'Result. A1.1 Geographical distribution

condensed matrix is generated. It consists of a reading The geographical distribution of empirical research on

sheet that condenses the key information from each of tBeP is diverse and spread across several regions,

316 articles subject to the final selection, in a concigsighlighting the universal importance of the issue

manner. This approach aids in effectively organizing th@igure 4). 270 articles concern studies carried out at the

extensive body of literature. The subsequent sections of thetional level, with a concentration in certain countries

article will detail the most significant findings derived fromsuch as the UK (26), Spain (18) and Sweden (18). These

the analysis of the condensed matrix. articles cover both developed countries (180 articles for 27
countries) and developing ones (90 articles for 29
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countries). 42 studies are regional or multinational. 5
articles concern comparative studies between two or a set
of countries.

' 4
*

e

L

-~

Optimisé par Bing

Figure 4 Geographical distribution of empirical research conducted at the national level

412 Themesand Sub-themes Research discussing the barriers and motivations
Structuring the information contained in the readingegarding the implementation of SPP dominates with 164
sheet allows for the identification of 8 main themesrticles, indicating a keen interest in understanding the
Figure 5 shows the number of articles citing each themghallenges that prevent certain countries from opting for
with an article potentially falling under one or moreSPP, as well as the factors that encourage others to embark
themes. on this path. Empirical research on e-procurement in the
public sector is less common (11 articles).

innovation EEEE——
life cycle

—
SPP practices
performance T

e-procurement — m—
supplier selection
implementation T —————

Themes

barriers/ motivations

50 100 150 200

Number of articles

o

Figure 5 Number of articles per theme

Each of the eight major themes is subdivided into sub-
themes as shown in the mind map (Figure 6):

KPIs g
LA Lee chieve5PP_Objecthes.

Strategic_Barriers

Operational_Barriers Life_Cycle_Aspects
Barriers_to_SPP Suggested Tools
External_Motivations o
Motivations_for_SPP : Selection_Criteria
Internal_Motivations Social
Innovation
In_Procurement_Process e-Procurement
SPERrackces Compatibility_with_BloT
In_Products/Services
Advantages_and_Challeng
; es
Environmental EeonamiC
Figure 6 Themes and sub-themes
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4.1.3 Chronology EU Sustainable Development Strategy' introduced on July
Figure 7 below highlights the evolution of the numbet6, 2008, is likely the cause of the peak observed in 2009,
of articles on SPP over the years. The trend is upwanhe of its main objectives being environmental protection.
indicating a growing interest within the academicThe European Commission's working document 'European
community. The literature began to focus on issues relat€dde of Best Practices Facilitating Access for SMEs to PP
to SPP from the year 2000, when governments startedQontracts' of June 25, 2008, similarly, encourages the use
pay attention to environmental responsibility, following af life cycle cost assessment, the integration of
G7 meeting on the environment in Canada in 1995, durimgnvironmental criteria, adherence to social provisions, and
which the various countries developed the concept tffe use of sustainable products.
'greening government’; states began to concretely
implement actions in response from 2000. The 'Renewed

80
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Figure 7 Evolution over the years

Six out of eight sampled articles in 2011 focus on theith an overall rate of 50%, this table reveals that half of
United Kingdom. This surge in interest can be attributed tbe articles have been published since 2020, indicating
several key policy developments. The coalitiomgrowing interest and evolving research in this area across
government, formed in 2010, pledged to foster smadlll sectors. With a total of 17 articles and 16 published
business engagement in PP, particularly by aiming since 2020, the public administration sector shows a very
allocate 25% of government contracts to SMEs. ThHaigh rate of recent publication (94%). This suggests a
increase in the number of articles in 2015 may be attributettong focus on SPP in this sector, especially in the recent
to the implementation of the European 'Directiveontext.
2014/24/EU on PP' in 2014. This directive provided For the 156 articles published since 2020, we excluded
national authorities with sufficient flexibility to align 21 articles submitted before or during March 2020, as they
procurement processes with social and environmentapresent a portion of the research that was likely not
objectives. This correlation is particularly evident giveimnfluenced by the pandemic in their initial conception.
that, out of the 15 articles in the 2015 literature sample, Z8nong the remaining 135 articles, 29 explicitly mention
involve European countries. Empirical articles on SPfhe pandemic context of Covid-19. It represents
have seen a significant increase since 2020. This sum@gproximately 21.5% of the articles written after the onset
coincides with the development of recovery plans iof the pandemic. This suggests that the pandemic has had
response to the COVID-19 pandemic crisis, aimed ataanotable influence on research themes in the field of SPP.

sustainable and resilient recovery. It may indicate an increased interest in understanding how
sustainable procurement practices can be adapted or have
414  Businesssectors been affected by the unique challenges posed by the

Empirical articles in the field of SPP touch on severglandemic.
specific business sectors, as shown in Table 1. However,

Table 1 Articles per sector of activity

Atrticles per sector of activity (Part Atrticles per sector of activity (Part 2
Secto Total number of article Number since 202 Secto Total number of articlfNumber since 207
Acquisition of real estate 1 1 Urban development 6 3
Public Administratiol 17 16 Transpor 14 10
Food 38 21 Tourisn 1 1
Furniture 2 1 Textile 2 0
Wooc 1 0 Public & privatesecto 5 0
Construction 57 28 Public Sector 114 49
Infrastructure constructic 10 3 Health 27 11
Energy 7 4 Infrastructure 3 2
Educatiol 9 4 IT Equipmen 1 1
Health & Educatio 1 1 Total 31€ 15€
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The sectoral analysis (figure 8) provides an overviesector follows with 6 articles, which may reflect the
of the focus on the pandemic within research on SP&pecific challenges the pandemic has posed in terms of
highlighting the sectors that have been most affected fmod security, supply chains, and the need for sustainable
most responsive in the context of the pandemic. The pubpcocurement to ensure food resilience. The health sector is
sector is the most represented, possibly due to its diretso significant with 4 articles, given that the pandemic has
impact on public policies and crisis management. The fosgverely tested health systems worldwide.

Public administration

Transport 8 Food
6
Tourism 4 Construction
2
Public Sector (in general) Energy
Health Education

IT equipements

Figure 8 Sectoral analysis of SPP articles where the pandemic context is mentioned

4.2 Thematic analysis public sector to implement SPP, varying between

In this section, the themes identified earlier will b&leveloped and developing economies; 6) Economic
explored in depth based on the information provided by tfgecovery: SPP supports economic recovery by favouring

literature sample. local businesses, fostering innovation, creating jobs, and
promoting social and economic inclusion of disadvantaged
421 Motivationsand Barriers groups, contributing to a sustainable economic recovery.

In the 164 articles addressing the barriers and Internal motivations consist of: 1) Development of
motivations regarding the adoption of SPP, it was notd@cal and regional economies: SPP, especially through
that the motivations are either internal or external, and thiigblic food procurement programs, can boost local
the barriers can be strategic or operational. economies by providing market access to marginalized

External motivations consist of: 1) Governmenproducers or small-scale farmers [9], supporting local
legislation: This is a primary motivator [3], providing cleabusinesses, creating jobs, reducing transportation costs,
standards and criteria for sustainable products and servié& enhancing food security [10]. These programs
[4], stimulating eco-friendly market solutions, introducingencourage sustainable agricultural practices, contributing
financial incentives for suppliers offering sustainablé0 environmental preservation and the long-term health of
products, and imposing restrictions or bans on noical communities [11]. SPP also promotes economic
sustainable purchases. Regulations also foster SPP @sgwth by offering contract opportunities to local SMEs,
creating policies that add social value and improve SmMiestering innovation, and enhancing the competitiveness of
access to public markets [5]; 2) Political Commitment: Thi9cal businesses in broader markets [12]; 2) Cost reduction:
political leanings of a community, as evidenced by votingublic institutions can lower energy consumption and
patterns, can significantly influence local government§Perational costs by purchasing energy-efficient products
commitment to SPP, showing a correlation betweetnd services. Sustainable procurement practices lead to
political preferences and sustainable initiatives [6]; Jjrther savings by minimizing waste production and
Influence of the Private Sector: Government adoption ®fomoting recyclable products, proving to be cost-effective
SPP signals the private sector to adopt greener practidds,the long term due to their durability and low
encouraging environmental certification and innovation ighvironmental impact; 3) Promotion of sustainable
sustainable solutions, which can lead to a more sustainagfsumption: Institutions like universities can encourage
economy [7]; 4) Achievement of Sustainable Developme#t!stainable consumption by integrating environmental and
Goals (SDG): SPP plays a role in shaping sustainalfiécial criteria into their procurement processes, thereby
production and Consumption patternsl promotin rlOfltlZlng eCO-frlendly and ethlca”y sourced prOdUCtS.
environmental, social, and economic criteria inf his involves raising awareness and providing specialized
procurement processes, and Supporting goals ||F(@|n|ng on SPP [13], 3) Culture of the pUbllC Organization:
ecological innovation, diversity, and inclusion [8]; 5)The organizational culture significantly influences the
Pressure from External Stakeholders: Stakeholdepgoption of SPP. The commitment of management to
inc|uding government agencies' NGOs, internationﬁustainability is crucial. Without it, it can be Challenging to
organizations, suppliers, and citizens exert influence on tRgcure the necessary resources or create an environment
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conducive to SPP practices [14]. A culture that valuesttitudes and improves communication can help overcome
sustainability, encourages collaboration, and aligrthis barrier [18]; 4) Immaturity of the Supplier Market: A
objectives across the public sector is vital for the successkatk of awareness about sustainable products and a limited
adoption of SPP [15]; 4) Enhancement of the Image: Byumber of suppliers offering eco-friendly products pose
adopting SPP, public organizations demonstrate thaihallenges for public buyers aiming to implement
commitment to social and environmental responsibilitysustainability criteria, making it difficult to find suppliers
which can enhance public trust, prevent corruption, aridat meet specific sustainability requirements; 5) Lack of
improve the perception of the organization. Accountabilitipecision Support Tools: The absence of tools can result in
in procurement processes shows that decisions are madeunderestimation of environmental costs and decisions
ethically and sustainably. made based on economic criteria alone. This barrier also
The barriers to SPP represent the factors that can limitludes challenges such as excessive time spent
its adoption and the effective implementation of itsinderstanding environmental requirements, a lack of
practices. Strategic barriers highlight the fundamentahderstanding among suppliers of the importance of these
challenges related to the vision and commitment of publiequirements, and difficulties in recognizing the value of
organizations: 1) Lack of Support from Top Managementtata collection and life cycle assessment. Guidelines to
The absence of leadership support for sustainable practiessist public buyers are essential for reducing the
impedes the development of SPP strategies and t@mplexities of navigating procurement processes and
encouragement of innovative ideas among employedacilitating the integration of sustainability into
Organizational resistance to change, often due to a shgtecurement decisions [19].
term focus, prevents the uptake of sustainable procurement
practices; 2) Inadequate Regulation: A regulator$.2.2 Implementation
framework lacking clear sustainability criteria for tenders, The implementation of a SPP process differs depending
or legal clarity on sustainable procurement actions, leaves the context. Political, organizational, and individual
public buyers wary of considering environmental or socidhctors can vary from one situation to another,
impacts in their purchasing decisions [16]. Additionallynecessitating an approach tailored to each context [20].
tender processes prioritizing the lowest price oveBpecific actions have been identified to facilitate and
sustainability criteria can result in the acquisition of lowenable the implementation of SPP processes, including
quality products and services [17]; 3) Economicecognizing the importance of sustainability, legitimizing
Uncertainties: Budget constraints and the perceived hig&PP development work, structuring it, offering expert
costs of sustainable products and services create finangapport for skill development in sustainable procurement,
challenges. Although sustainable options may offer londacilitating peer support, introducing environmental
term savings, a lack of tools and knowledge makes rigquirements in public contracts, setting regulations,
difficult for public institutions to assess and compareollaborating with small producer and conducting regular
lifecycle costs accurately. Furthermore, strict budge&PP monitoring.
limitations can force a competition between various A procurement strategy is an approach that defines how
government priorities and objectives. to achieve the objectives set by the procurement policy,
Operational Barriers are the obstacles that are madrevolving the planning and implementation of specific
concerned with concrete processes, training, and theeasures to promote sustainable procurement practices.
availability of tools: 1) Lack of Transparency: identified a§ hus, a SPP strategy involves documenting how to achieve
a key challenge, as it can lead to public mistrust towardgtimal solutions in terms of cost, sustainability, and
procurement processes, which can compromise thellaboration when acquiring goods, services, and works,
credibility and integrity of PP institutions; because opacitwith the aim of achieving environmental, social, and
can encourage corruption, favouritism, and fraudulesiconomic objectives in line with national priorities. This
practices, which can result in the wastage of publ&trategy also promotes the use of innovative solutions and
resources and the misuse of funds intended for sustainabteourages the creation of value for society, the
procurement and the social, economic, and environmenglvironment, and the economy in line with the circular
benefits that ensue from it; 2) Complexity of theeconomy and sustainable development. Among the most
Procurement Process: Excessive bureaucracy can caused tools to establish a procurement strategy is the Kraljic
delays, deter suppliers, and complicate the modification ofodel, and also the participatory approach [21].
procurement rules. Adopting electronic procurement
systems is suggested as a solution to streamline ah@d.3  Supplier selection
simplify these processes; 3) Procurement Teams: The lack PP is conducted through tendering, and the principles
of training and skills among procurement teams is af tender award are governed by PP law in each country
significant operational barrier. It's crucial to train publiand can vary depending on the nature of the public
procurement officials in sustainability, ethics, andontracts and the evaluation criteria used for the tenders.
professionalism, and to promote their moral developmer8upplier selection in PP is done using criteria such as the
Establishing study groups for standardizing sustainablewest price or the most economically advantageous tender
criteria in tenders and focusing on training that chang€®IEAT). Including environmental criteria in the MEAT

~ 355~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 3 Pages: 349-360 ISSN 1339-5629

Sustainable public procurement for supply chain resilience and competitive advantage
Houda Taoudi Benchekroun, Zoubida Benmamoun, Hanaa Hachimi

evaluation can be a way to promote environmentélansparency. Blockchain also allows for the secure and
sustainability in public contracts. Supplier selection in SPfPansparent tracking of the use of public funds and ensures
is based on the application of sustainable criteria, namehe traceability of processes. This contributes to reducing
the ability to meet specific environmental, social, andorruption and making government services more
economic standards, along with legal compliance. This cémansparent and efficient. By combining blockchain
be defined in the form of binding technical specificationtechnology with the 10T, it is possible to create an
of the product or service such as the use of recyclabigelligent and interoperable PP ecosystem [26]. Da
materials, carbon emission reduction, adherence S8ilveira et al. highlight that by enabling the tracking of the
workers' rights, ..., as requirements for the organizatiamtire supply chain, blockchain facilitates the verification
(qualification), in the form of award criteria, or as aof sustainability criteria required in the tendering process.
performance clause in the contract [22]. Several tools afbis helps to detect environmental and social damages
proposed by the literature to assist public buyers in makisgch as the use of child or forced labour, the use of wood
more informed and sustainable purchasing decisions filom deforestation, counterfeit products, unethical agents,

terms of supplier selection and PP awarding. etc. Moreover, by providing more transparency to the
acquisition process, blockchain promotes open innovation
4.24  e-procurement by allowing stakeholders to collaborate and share

The implementation of an electronic PP systermformation confidently. This can encourage public actors
presents several potential advantages, including: ttee adopt sustainable purchasing practices and to promote
reduction of time and effort required to completennovative solutions to achieve their sustainability goals.
procedures through the automation of procurement
processes, complete traceability of the flow of informatiod.25  Performance
and materials, enhancing transparency and integrity, Performance evaluation occurs at an early stage of the
reduction of costs related to procurement procedures, symocurement process, during the planning and design of the
as printing, storage, and distribution of physicaproject, and before the tendering process is initiated. It can
documents, equitable access to all interested partiatso be conducted during the process or at a later stage,
eliminating geographical barriers and allowing widewhere the sustainability assessment of a procurement
participation, simplification of administrative tasks, speedtrategy is established to measure how well this strategy
and efficiency of communication between stakeholderseets the SDGs, thus identifying areas where
and reduce human errors [23], thus accelerating thmprovements can be made to make the strategy more
procurement process, strengthening compliance wigustainable and aligned with sustainable development
established rules and regulations, reducing the risks pfiorities [27].
misconduct, and securing data, which facilitates the Performance indicators provide an objective basis for
detection of irregularities and fraud. making informed procurement decisions and encourage

Digital transformation facilitates the transition towardsnore responsible practices [28].
sustainability of SMEs, given the advantages offered in
terms of transparency through better traceability ¢f2.6  SPP Practices
transactions which facilitates the detection of fraudulent The selected literature sample mentions several
behaviour, optimization of resources, better collaboraticenvironmental practices to promote SPP. Among these are
between private and public sector actors, which caractices aimed at fostering the transition to more
encourage innovation in terms of sustainability and accessstainable mobility and reducing CO2 emissions, through
to new markets [24]. the introduction of environmental procurement policies,

The main organizational challenges that cathe establishment of a reverse logistics system for the
compromise the success of the adoption of the electrotiackward flow of products to prevent pollution and reduce
PP system are resistance to change from some processte generation, the implementation of sustainability
actors, technical complexity requiring skills and adequatiteria in tender processes, considering psychological,
infrastructure, protection of sensitive and confidential datultural, and infrastructural factors, and encouraging
requiring robust security measures to prevent breaches dndctional specifications rather than specific prescriptions
cyberattacks, and inequality of access since the actafssolutions or materials, to foster innovation and ensure
involved in PP may not have equitable access to thieat suppliers offer environmentally friendly products and
necessary technological resources, which can crea®rvices in the market [29].
disparities and inequalities in the procurement process Social practices within the framework of SPP include
[25]. the inclusion of minority-owned businesses or

The impact of blockchain technology and the Interngharginalized groups [30] in public sector set-aside
of Things (BloT) on PP has been examined. The resuftsograms by allocating a portion of procurement
show that blockchain technology can be used at all stagegpenditures to them while encouraging the economic
of the PP process. For example, it can be used to impralevelopment of these groups, the development of projects
the efficiency of inventory management, eliminateéhat create new opportunities for local communities, the
malicious submissions, and enhance transacti@neation of employment opportunities and the promotion of
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economic empowerment of disadvantaged populatiogevernment regulations, green procurement policies, and
through subcontracting and purchasing from businessesspkcific customer requirements for sustainability; they
all sizes. generally have greater awareness and citizen pressure in
The economic benefits of SPP include long-terrfavour of sustainability, which can lead to a faster adoption
savings from more efficient resource use, the stimulatiaf SPP. NGOs and local media also play an important role
of innovation, the creation of markets for sustainablm raising awareness of sustainability issues. In contrast, in
products, and also regional economic development addveloping economies, coercive measures are often less

building community wealth [31]. binding, and SPP is more often considered a voluntary
requirement. Some developing economies have
427 Lifecycle implemented initiatives to promote SPP, but they may face

Life cycle assessment (LCA) is used as a key tool tegal and operational challenges, which can make the
assess environmental impacts and costs, therebgoption of SPP more difficult, as legal pressures alone are
facilitating the choice of more efficient solutions [32]. Lifeweak due to the absence of sanctions for non-compliance.
cycle cost (LCC)is an economic evaluation method that Since the onset of the COVID-19 pandemic in 2020,
considers all costs associated with the acquisitiothere has been a substantial surge in the volume of
operation, maintenance, and disposal of a product scholarly articles, covering the field of SPP. These
system over its life cycle. Both evaluations (LCA angbublications emphasize the need for emergency
LCC) are considered complementary, as the first helps poeparedness, underlining how the crisis has laid bare the
identify and minimize negative environmental impactdragility of healthcare systems and public finances.
while the second allows understanding and managing the The pandemic has acted as a catalyst for green recovery
long-term economic implications. The integration of thesmitiatives, shifting focus towards sustainable development.
two analyses in procurement and design processes aim# tiaas disrupted urban food systems globally, revealing the
promote more sustainable and economically viabl@eak points in ensuring nutritional security for the more

decisions. vulnerable city dwellers, which proves the importance of
resilient local food systems. This shift not only aids in
4.28 Innovation pandemic recovery but also aligns with broader

Innovation can concern both the purchased product sustainability goals by reducing carbon footprints and
service and the procurement process itself. Indeed, puliscstering community resilience. Additionally, the
demand for solutions contributing to the achievement glandemic unveiled the disproportionate effects on SMEs at
objectives can be a powerful driver of innovation anthrge, with a pronounced impact on women-led SMEs,
facilitate the development of sustainable products amdinority-owned enterprises, and marginalized groups,
services. However, innovation encounters numerousitalysing governmental social innovations in PP that
obstacles such as the difficulty in making innovationgenerate value.
repeatable and sustainable over time, especially in the Delays in project deliveries were commonplace due to
public sector where procurement regulation is often rigidisruptions in supply chains. Furthermore, there has been a
and aims to ensure open and fair competition, resistancentaticeable acceleration in the adoption of teleworking as
change and leadership styles [33]. governments have sought to maintain service continuity;

In terms of the procurement process, innovation this has led to increased IT expenditures. The urgency to
crucial for developing frameworks for innovativeexpand telehealth services has led to substantial investment
procurement [34]. The shift from traditional contracts tan infrastructure and policy adaptation.
integrated contracts, for example, leads to fundamental The pandemic has accelerated the adoption of digital
changes in the interdependencies among actors, resourtashnologies in PP, notably e-procurement and blockchain.
and activities, which can influence innovation anddowever, the full potential of these technologies in the
sustainable development. Smart contracts usimgalm of SPP remains largely untapped and the lack of
Blockchain is also presented as a key technologicaimpirical articles in this regard highlights a neglected
innovation to overcome barriers to sustainability in SPPesearch area. This deficiency underscores a critical need
by offering reliable traceability, improving transparencyfor exploration on how blockchain can improve

and efficiency, and helping to prevent fraud [35]. traceability, transparency, and efficiency in PP while
respecting sustainability principles. The role of 10T in SPP
5 Conclusions represents another area of digital transformation. However,

The results reveal that SPP is gaining popularity due taere is a glaring lack of empirical articles examining the
its potential to foster responsible economic growth arfgPncrete impact and practical applications of BloT in PP.
sustainable development. The SLR highlights a trenthese combined technologies have the potential to
towards geographical diversification, affirming the globalevolutionize PP by enabling better real-time tracking, cost
importance of the subject. However, a difference iduction, and increased efficiency in procurement
observed between developed and developing countriesHPCESSeS.
terms of adopting SPP. In developed economies, coercive It is equally important to note that artificial intelligence
pressures are often stronger and take the form @fl) is absent from most research on SPP, a surprising

~ 357 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 3 Pages: 349-360 ISSN 1339-5629

Sustainable public procurement for supply chain resilience and competitive advantage
Houda Taoudi Benchekroun, Zoubida Benmamoun, Hanaa Hachimi

finding given the extent of its promises. By analysing largeonducting empirical studies. Not to mention the fact that
amounts of data and identifying complex trends, Al coulthis type of study requires concrete data, often in the form
optimize procurement processes, promote informed aoficase studies, experiences, or data collected in the field,
personalized decision-making, and contribute to better rigskhich can take longer to be published due to challenges
management. The introduction of Al could thus transformelated to data access, regulatory constraints, and
PP, making it more agile and strategic. This gapoordination between different stakeholders; therefore,
underscores an urgent need for empirical analyses gtudies may be underway but not yet published.
explore the implications, benefits, and potential constraints In conclusion, the insights garnered from this review
of using Al in optimizing SPP. There is also a lack ohighlight the evolving nature of SPP in ensuring the
empirical articles focused on analysing the risks associategbilience and sustainability of supply chains, especially in
with data security in the digitalization of PP. The existinghe face of global crises like COVID-19. The pandemic has
literature offers little insight into concrete vulnerabilitiesnot only challenged existing practices but also opened new
and security incidents that have occurred in the context pithways for innovation in PP. As the world continues to
electronic PP processes. grapple with the pandemic's aftermath and other global
This research highlights that while there is a focus arhallenges, SPP stands as a pivotal mechanism in steering
evaluating environmental impacts using LCA and LCC isocieties towards a more sustainable, resilient, and
PP practices, there's a notable scarcity in addressing soeiglitable future.
life cycle analysis. This gap hinders a comprehensive
understanding of the social implications of PP decisiorRefer ences

and limits the ability of organizations to make informedf1] SEURING, S., GOLD, S.: Conducting contemtalysis
responsible choices. Additionally, the SLR observes a based literature reviews in Supp|y chain management’
strong inclination towards prioritizing environmental  qypply Chain Management: An International Journal,
criteria over social ones in supplier selection. The difficulty vol. 17, No. 5, pp. 54455, 2012.

in addressing social aspects could be attributed to their https://doi.org/10.1108/13598541211258609
qualitative, subjective nature and the challenges 2] MOHER, D., LIBERATI, A., TETZLAFF, J.,
quantifying them similarly to environmental impacts. This * ALTMAN, D.G.: Preferred Reporting Items for
imbalance underscores the necessity for research to Systematic Reviews and Meta-Analyses: The PRISMA
incorporate social criteria more thoroughly, aligning PP statementAnnals of internal medicine, Vol. 151, No.
with  broader  socio-economic ~ values alongside 4, pp. 264-269, 2009.

environmental considerations to achieve comprehensive https://doi.org/10.7326/0003-4819-151-4-200908180-
sustainability goals. 00135

The implementation of SPP principles througqs] ZAIDI, S.A.H., MIRZA, F.M., HOU, F., ASHRAF,
effective and optimized processes is also not sufficiently’ R u.: Addressing the sustainable development through
documented. This gap in research can be explained by thegystainable procurement: What factors resist the
fact that the methodology for implementing SPP can vary implementation of sustainable procurement in

considerably depending on regulatory, cultural, and pakistan?Socio-Economic Planning Sciences, Vol. 68,
economic contexts, complicating the creation of a uniform p 100671, 2019.

analysis framework or the adoption of a standardized https://doi.org/10.1016/j.seps.2018.11.008

approach. It is therefore essential to enrich the acadenu¢ BAKIR, S., KHAN, S., AHSAN, K., RAHMAN,
corpus and provide case studies, models, and practical toolss : Exploring  the  critical ~ determinants  of
that could guide and facilitate the impIementation of SPP environmenta”y oriented pub“c procurement using the
within public administrations. In the context of the study DEMATEL method, Journal of Environmental
conducted, there is also a lack of articles dealing with the Management, Vol. 225, pp. 32835, 2018.

formulation of procurement strategies, which is an https://doi.org/10.1016/j.jenvman.2018.07.081
important element of a responsible and efficiens) FLYNN, A.: Investigating the implementation of SME-
procurement approach. Moreover, this SLR exposes a lack friendly policy in public procuremenBolicy Sudies,

of papers dedicated to evaluating the sustainability of vol. 39, No. 4, pp. 42243, 2018.

procurement strategies, making it difficult to measure their https://doi.org/10.1080/01442872.2018.1478406
effectiveness, assess whether the expected impact on #)eal KADRY, M.G., TRAMMELL, E., DIMAND, A.-
environment, society, and economy is achieved, and make \.: The power of public procurement: social equity and

improvements based on evidence. ~ sustainability as externalities and as deliberate policy
It is important to draw attention to a notable limitation tgols, International Journal of Procurement

of this SLR, which lies in the choice to include exclusively  Management, Vol. 12, No. 3, pp. 33862, 2019.
empirical articles. This restriction has probably contributed  https://doi.org/10.1504/13PM.2019.099553

to the limited number of articles identified concerning7] GHISETTI, C.. Demand-pull and environmental
innovation in SPP, as researchers often orient themselvesinnovations: Estimating the effects of innovative public

in emerging fields towards theoretical or conceptual procurement, Technological Forecasting and Social
approaches to explore and establish foundations before change, Vol. 125, pp. 17887, 2017.
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Abstract: One of the main issues in the agro-industry supply chain is identifying and ranking different risk factors to
maintain business continuity. This study discusses the agro-food supply chain risk assessment for smoked skipjack tuna
in Ambon. Related literature and expert interviews identify risk factors that arise along the supply chain. These risk factors
are contained in internal risk, company external operational risk, and macro-level risk. This research aims to evaluate
comprehensively the risk factors of the smoked skipjack agro-industry supply chain, which are a priority to be addressed.
The decision-making framework uses the BWM (Best Worst Method) to determine each risk factor's relative weight,
followed by a sensitivity analysis to determine how robust the outcome is. Experts pick the risk factor assessment, and
then an optimization model is modelled to obtain the weight of each risk factor, which is calculated with the help of Lingo
software. The findings show that three risk factors will be prioritized to be addressed out of the eleven risk factors
assessed, namely "Quality of the final product," "Financial instability," and "degradation of fish populc@ensitivity

analysis was also carried out to see the overall robustness of the results achieved. The weight of the selected risk factor
("final product quality (R1c)") has its weight value changed from 0.1 to 0.9 with an increase of 0.1. These findings are
expected to help smoked skipjack tuna agro-industry managers make decisions to reduce supply chain risks and better
administration management to maintain the sustainability of their business processes.

1 Introduction In a business environment that involves many actors in

One of Indonesia's fishery commodities with quitéhe supply chain, different situations in both the time and
promising market potential is skipjack tuna (Katsuwonuglace dimensions will create a situation of uncertainty,
pelamis). Tuna and skipjack tuna fishery commodities cdRereby creating risk agents. Risk can be defined as the
be exported as fresh, frozen, processed products sucH@gsibility of losses arising or unexpected events due to
smoked skipjack [1]. Smoked skipjack tuna is one of théncertain conditions resulting in losses for the company
products processed using a combination of treatment aifet#]- Risk cannot be avoided, but its overall impact can be
the administration of natural chemical compounds froffinimized with appropriate risk management through risk
burning natural fuel. Currently, the skipjack tuna Supp@entlflcatlon,_ evaluation, and mitigation to ensure the
chain in the eastern region is the same as in Ambon, maif0oth running of the company’s business processes [5].
consisting of fishermen - large traders or Fish Managemdfi define risk identification as a systematic process for
Units - small traders - processors, and then consumers [gigntifying and categorizing risks and the causes of risk.
Even though it is a mainstay commodity, the skipjacRccording to [7], Supply Chain Risk Management
fishery supply chain faces risks to business sustainabiliy?CRM) also includes risk identification and evaluation,
such as varying quality, post-catch handling processes at@ich aims to reduce supply chain operational disruptions
handling during loading and unloading, and the use of i@d their negative impacts. Risk evaluation is the stage of
for cooling, which will have an impact on the quality of thdisk measurement and assessment that aims to assist the

smoked fish to be produced. decision-making process in preventing risk [8].
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According to [9], research on Supply Chain Riskisks and assessing the supply chain risks of smoked
Assessment (SCRA) for the agri-food context still needs &kipjack tuna in Ambon. Therefore, this research provides
be improved compared to SCRA research for othewovelty by contributing to the AFSCRA literature by
contexts, such as the manufacturing sector. Several studaentifying risk factors in three aspects, namely macro-
on Agro-food Supply Chain Risk Assessment (AFSCRAgvel risk, operational risk external to the firm, and internal
have been carried out using several multi-criteria decisiorisk, as well as assessing risk factors related to offering
making (MCDM) methods, including Rathore et al. [LOBWM, especially the Skipjack tuna supply chain.
uses the Failure Mode and Effect Analysis (FMEA) Based on the explanation above, the formulation of the
method combined with fuzzy VISekriterijumsko problem presented in this study is how to identify and
KOmpromisno Rangiranje (fuzzy-VIKOR) to determineassess risk factors for the smoked skipjack supply chain
supply chain risk priorities in the foodgrains industry. Thand how priority risk factors help provide practical insights
FMEA method was also used by [11] which is integratefbr company managers. By realizing the importance of
with fuzzy Technique for Order Preference by SimilaritSCRM, the firm can arrange, execute, and manage the
to Ideal Solution (fuzzy-TOPSIS) and fuzzy AnalyticalSCM process to maintain the SC and the sustainability of
Hierarchy Process (fuzzy-AHP) in identifying andthe smoked skipjack agro-industry. This research aims to
classifying supply chain risks in agricultural projectsidentify risk and evaluate the risks of the smoked skipjack
Likewise Suryaningrat et al. [12] used FMEA and AHP iriuna SC using BWM.
determining the risk weight of edamame commodities in
the agricultural industry. Furthermore, [13] use a fuzz  Research methodology

House of Risk (FHOR) approach in identifying and  The methodical processes taken to accomplish the
mitigating agro-industrial sugarcane risks to improvéntended aims are known as research methodology. This
supply chain performance. The AHP based on sphericgl;dy examines the identification and risk evaluation in
fuzzy sets (SF-AHP) approach was used by [14] iAmbon's supply chain for smoked skipjack tuna. This
investigating the impact of risks on agricultural supplyesearch has gone through several stages, including:
chains after COVID-19. Stage 1.ldentify initial supply chain mapping. At this
However, to the best of our knowledge, atage, an initial mapping of the smoked skipjack tuna
comprehensive review of AFSCRA research for fisheryypply chain was done through interviews and previous
products is still very rarely carried out when compared t@search literature studies.
Horticultural products and general food and other foodtage 2Identify potential risk factors. At this stage, risk
products classified by [15]. Several AFSCRA studies fqlactors are identified in three categories, namely macro-
fishery products have been carried out by [16] in assessigel| risk (MR), operational risk external to the firm (OR),
supply chain risks for mackerels by conducting simulationgnd internal risk (IR), which were adapted from [5]. The
using the Colored Petri-Net (CPN) method. Furthermorgjentification process was taken out through literature
[17] carried out risk identification, assessment, angiudies and deep discussions with experts (marine and
mitigation in the tuna industry in three dimensions Ofisheries office of Ambon, industry and trade office of
sustainability using the HoR method. Likewise, [18lmpbon, academics, smoked fish agro-industry groups, and
studied the identification and assessment of risks in tighermen groups) and validated to obtain risk factors
operational aspect of the supply chain in the canned tupgable 1), which will then be used in preparing a paired

industry using the FMEA and VIKOR methods. Thecomparison assessment questionnaire with a scale from 1
current research uses the best worst method (BWM), oRe9 as input to the BWM model.

of the MCDM methods developed by [19], by identifying

Table 1 Risk factorsin the smoked skipjack tuna supply chain
Categories | Risk Factor, Codesand Reference Definitions

Internal Lack of skilled workers (R1¢18] Agroindustry faces a shortage of skilled work
Risk Financial instability (R1b) [20] Circumstances that describe the company's financial
condition in arunstable conditic
Final product quality (R1c) [17,18] Decrease in final product quality that does not comply with

Indonesian National Standard 2725:2013, namely > 60%,
histamine levels > 100 mg/1C

Operasiong Demand uncertainty (R2a) [21] Uncertainty in demand that causes demand to suiddenly
| Risk increase or decres
Supply quality (R2k [4,20] Quality of raw materials supplied from suppl
Supplier delivery delays (R2c) [5] Not being able to deliver raw materials on time causes many
problem:
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Macro Regulations and policies (R3a) [22] Unsupportive regulations and policies, for example,
Level Risk regulations limiting operational hours for catching during a
pandemic, managing fishing permits, increasing fuel p
Conflicts between fishermanConflict between members of society that is compreherjsive

groups/agr-industry groups (R3k[17] | in life

Fish population degradation (R323] | Reduction in fish populations as a resuloverfishing
Damage and contamination (R3d) [18] Product damage and contamination during production and
transportatio
Natural disasters (R3e) [5] Potential losses caused by natural disasters such as bad
weather, power outac

Sage 3. BWM Application. In this phase, risk factors arev. Modeling the optimization model and calculating the
assessed by experts through a questionnaire and will be optimal weight of each risk factor. This stage will
ranked by calculating the average optimal weight for each create an optimization model to calculate each risk
risk factor resulting from BWM. Dr. Jafar Rezaei factor's weight, represented in equation (3). The
developed BWM in 2015, a relatively new MCDM calculation of the weight of apiece risk factor using
technique. BWM uses two pairwise comparison vectors in Lingo software. The formulation to find the optimal
determining the weight of criteria; the first is the one that weight is modeled as follows:
is "best," the most important or most desirable of the other
criteria, and the second is the "worst," such as the least )
desirable or least necessary of the other criteria [19]. BWM min max; { } (3)
consists of several steps, namely: Subject to,
i. Setofrelevant risk factors. In this phase, risk factors Y w =1

are identified from the aspects of and macro-level risk ST

(MR), operational risk external to the firm (OR), W; =20, forall j

internal risk (IR), which experts then validate, and

there are eleven relevant risk factors (see Table 1) Then converted into a linear model as follows (4):
ii. Selected the best and the worst risk factors. The min & (4)

expert will select the "best” risk factor and the "worst”  Subject to,

risk factor from the risk factors that have been |W a 'W'l <& forallj

identified. It can be decided randomly whether the risk BEETI=5 4

factor is the best or worse if there is a tie. The decision- ZJ w; =1

maker's judgment is wholly responsible for this. W; =0, for all j
iii. Determine the preference of the best risk factor over

all the other risk factors. In this phase, a pairwise 3 Result and discussion

comparison assessment is carried out between 88  gmoked skipjack tuna supply chain
"best” risk factor §) and other factorg € .1,2,...,n). The fish supply chain in Ambon starts with fishermen
Then created in a row vector as in equation (1).  \yhg catch skipjack tuna. The number of skipjack tuna
caught by fishermen ranges from 250-1000 in one go to
Ag=(ag,.ag,,...ag, ) (1) sea. Furthermore, the skipjack tuna is sold to collectors or
wholesalers, and some are also sold to the Fish
Where ag; shows the best preference for risk faddor Management Unit (UPI) / cold storage to be used as frozen
compared to risk factgr products. After the fish is distributed to collecting traders,
iv. Determine the preference of all therisk factor over the  the fish is then sold directly to consumers or to agro-
worst riskfactors. In this phase, a pairwise comparisonindustry to be made into smoked fish. Fish that will be used
assessment is carried out between the "worst" rigls smoked fish products are processed by smoking (3-
factor W) and other factorg € 1,2,...,n). Then created 4 hours) using hardwood or coconut shells to maintain the

w,
—-ag

74
wj

wp
— _aB_

’ ]
wj

in a column vector as in equation (2). quality of the product. Next, the smoked fish is directly
distributed to retailers to be sold to consumers and
diw processed into other food products. In general, the smoked
Arw skipjack tuna supply chain is shown in Figure 1.
Ay= (2)
Ay

Whereaw shows the level of preference for the worst
risk factorW compared to risk factgr
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collectors or Selected the best and worst risk factors

wholesalers In this phase, five experts determine the "best" and

"worst" risk variables once given a set of pertinent risk

Fisherma Agro-industri—, retailers — Consumer — factors, Experts were drawn from the provincial fisheries
UPI/Cold and maritime service, city industry service, academics,

Storage smoked fish agro-industry group, and fishermen group,

Figure 1 Smoked skipjack tuna supply chain based on years of involvement and work experience.
Interviews were conducted with experts directly to assess
3.2 Best worst method application risk factors on the questionnaire that had been designed.

BWM will be used to assess risk factors identified he selection of the “best” and “worst” risk factors from
from various literature and verified by experts. The resultge five experts is shown in Table 2.
of expert identification and verification through literature
studies and interviews can be seen in Table 1.

Table 2 The best and wor & risk factors determined by experts

Risk factors Best risk factor | Worst risk factor
Lack of skilled workers (R1: Expert :
Financial instability (R1t
Final product quality (RL Expert 2, 4, and

Demand uncertainty (RZ
Quality of supply (R2t
Supplier delivery delays (RZ

Regulations and policies (R: Expert !

Conflict between fishermen/ag¢-industry groups (R3| Expert 4 and
Degradation of fish populations (R Expert 2 and
Damage and contamination (R

Natural disasters (R: Expert :

Determine the preference of the best risk factor over all  propensities for the best risk factor that had been chosen
the other risk factors relative to the other risk factors. Table 3 illustrates how

In this phase, by using pairwise comparisons on a 1Xxpert 4 chose the best risk factor compared to other risk
rating scale, the five experts were asked to rate théactors.

Table 3 Best risk factor in comparison to other risks (expert 4)

Best to others Rla R1b Rlc | R2a R2b R2c | R3a R3b R3c R3d R3e

Best risk
Expert 4 factor (R1c 7 5 1 7 7 9 5 9 3 5 5

Determine the preference of all the risk factor over the  judgment of their propensity for other risk factors about the

worst risk factors worst risk factors. Table 4 is an illustration of a matrix that
In this stage, using pairwise comparisons and a ratifigcpert 4 evaluated.

scale from 1 to 9, five experts were asked to rate their

Table 4 Wor<t risk factors compared to other risk factors (expert 4)

Expert 4
Otherstoworst (Wordt risk factor R3b)
Lack of skilled workers (R1a) 3
Financial instability (R1b) 3
Final product quality (R1c) 9
Demand uncertainty (R2a) 5
Quality of supply (R2b) 7
Supplier delivery delays (R2c) 7
Regulations and policies (R3a) 5
Conflict between fishermen/agro-industry groups (R3b) 1
Degradation of fish populations (R3c) 1/3
Damage and contamination (R3d) 5
Natural disasters (R< 7
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Modeling the optimization moddl and find the optimal  for each risk factor. The following describes the
weight optimization model for Expert 4:

By completing the optimization model and the
restrictions in Equation 4, this phase finds the ideal weight

min §L
Subject to,
Wi TWrialS & Wrie-SWiis|< & Wiie-IWpi | & lWrpe Twrog|< €
[WiieTWrop|< E Wit IWrae < & 1 IWgse-5Wr3al < E i lwrpe-IWira < €
[Wie-3Wrsel < & 1 IWrie-SWrsal < & 1 lwrpe-Swrsal< &
1Wria-3Wrso < & 1 1Wrip-3Wrap|< & 1 IWgie-9Wr3s| < E 1 Wrog-SWrsp|< & (5)
[Wiop-7Wr3p| < & 1Wroe TWirap|< E 1 Wisa-5Wr3p|< & i lwrap-Twesy < &
[Wr3e-0.33wpsp|< fL;|WR3d'5WR3b|S §L;|WR3e'7WR3b|S fL
WR1a TWRI T WRIe TWR2a TWR2S T WR2e TWR3a T WR3s T WR3 TWR3aTWR3q = 1
WR1wWRIbWRIe WR20 WR2b WR20 WR3a» WR3b WR3e WR3d» WR34 20

Other mathematical models for experts 1,2,3, and 5 aggated by [19], the value of-" for this model may be
carried out the same way for expert 4. This optimizatiogirectly regarded as an indication of the consistency ratio
model is completed with the help of Lingo software. Thef pairwise comparisons, with a value &f near to zero
data processing results with Lingo software obtainegenoting a high level of consistency. The value®6fis

optimal weights for each relevant risk factor from expertgiose to zero based on the output results, so the consistency
1,2,3, 4, and 5 and are shown in Table 5. Addltlona”y, &% the pairwise Comparisons is reliable.

Table 5 Optimal weight for each risk factor

. Optimal weights (w;*)

Risks Factors Expert1 | Expert2 | Expert 3 | Expert4 | Expert 5
R1e 0.11¢ 0.04¢ 0.03¢ 0.057 0.037
R1k 0.19: 0.107 0.132 0.08C 0.112
R1c 0.02¢ 0.322 0.02¢ 0.33C 0.33¢
R2e 0.064 0.04¢ 0.02¢ 0.057 0.04¢
R2k 0.09¢ 0.064 0.132 0.057 0.067
R2c¢ 0.064 0.03¢ 0.02¢ 0.04% 0.04¢
R3¢ 0.04¢ 0.064 0.264 0.08C 0.067
R3k 0.04¢ 0.03¢ 0.03¢ 0.04% 0.037
R3¢ 0.21¢ 0.107 0.08¢ 0.08¢ 0.067
R3c 0.09¢ 0.064 0.08¢ 0.08C 0.067
R3¢ 0.024 0.107 0.132 0.08C 0.112
& 0.07% 0.00C 0.00C 0.071 0.00C

The simple average of the optimal weights producetie final results. Table 6 and Figure 2 show each risk
by the model for the five experts is computed to provid&ctor's ultimate ideal weight and ranking.

Table 6 Optimal weight for each risk factor

Risk Factor Average weight (w;*) Average & | Ranking
Rle 0.05¢ 8
R1k 0.12% 2
R1c 0.20¢ 1
R2¢ 0.04¢ 9
R2k 0.084 6
R2c 0.044 0.029 10
R3¢ 0.10% 4
R3k 0.041 11
R3c 0.114 3
R3c 0.07¢ 7
R3e 0.091 5
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Average Weight Each Risk Factor

Natural disasters (R3e) 0,091
Damage and contamination (R3d) 0,079
Fish population degradation (R3c) 0,114
Conflicts between fisherman groups/agro-..|"0;041
Regulations and policies (R3a) 0,105
Supplier delivery delays (R2c) 0,044
Supply quality (R2b) 0,084
Demand uncertainty (R2a) 0,049
Final Product Quality (R1c)
Financial instability (R1b) 0,125
Lack of skilled workers (R1a) 0,059

0,000 0,050 0,100 0,150 0,200 0,250
Figure 2 Smoked skipjack supply chain

The research results show that “final product qualityreated carefully for the smoked skipjack agro-industry in
(R1lc)" is the most critical risk factor for the smokedAmbon City to operate sustainably. Financial instability is
skipjack tuna supply chain with the highest weight, 0,20@n essential factor for the sustainability of business
This is also reinforced by several previous studies, such@aganizations because financial instability can affect the
those conducted by [4,17,18] which show that the moperformance of business activities [20]. Smoked skipjack
significant risk from fish agro-industry is a decrease in thissh agro-industry players in Ambon City have a small
quality of the final product. The risk of "final productcapital to run their business, so sometimes the fish
quality" shows that the quality management system mayrchased from collectors will be paid after the product is
not function properly from upstream to downstream; thisold out, so agro-industry development becomes difficult
will impact business performance and pose a risk of losimtye to limited capital. For this reason, the
consumers. Rasulu et al. (2020) state that one of the critigalvernment/stakeholders need a critical role in providing
points of the skipjack tuna agro-industry lies in post-catabpportunities for agro-industry to develop [26] such as
handling because it has a product that is easily damageducing burdensome regulations, helping to facilitate
and contaminated with microbes. Apart from that, severaboperation with financial institutions through business
factors can increase the risk of decreasing the quality @flucation, and encouraging subcontracting activities.
smoked skipjack tuna, including: 1) Unhygienic
processing: If the fish is not processed correctly and does The third most significant risk factor, weighting 0.114,
not meet high sanitation standards, then there is tfa@ the supply chain of smoked skipjack tuna is "fish
potential for contamination by bacteria, germs opopulation degradation (R3c)". This is a significant risk
dangerous chemicals. This can hurt the quality of the fisactor because it will impact the number of catches of
and the risk of causing disease if consumed; 2) Lack sKipjack tuna, which will simultaneously affect the amount
cooling process temperature: the cooling centaf smoked skipjack tuna production. [27,28] stated that
temperature must be maintained between 0-&4to overfishing is one of the leading causes of fish population
prevent bacterial growth and histamine formation [25]; 3Jlegradation. Many fishermen engage in irresponsible
Poor quality raw materials: The quality of skipjack tundishing (overfishing), such as using fishing gear that
used as raw material also affects the quality of smokeldmages the marine ecosystem or catching fish still in their
skipjack tuna. If the fish used is not fresh or has problenspawning period. As a result, the number of skipjack tuna
then the quality of the processed fish will also be affectetlas decreased drastically. In addition, habitat destruction
4). Production process that does not meet standards: If #ieo plays a role in the degradation of skipjack tuna
smoked skipjack tuna production process is not carried quipulations. Destruction of coral reefs, mangroves, and
properly or does not comply with established standards, thther coastal ecosystems results in losing places to live and
quality of the fish can decrease. food sources for skipjack tuna. The degradation of skipjack

tuna populations has a broad negative impact on the supply

The following risk factor is "Financial instability chain of smoked skipjack tuna agro-industry. Therefore, to
(R1b)," which comes in second place with a weight advercome the degradation of the skipjack tuna population,
0.125 in the final analysis. This risk element needs to lee government has issued a measurable fishing policy and
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habitat preservation. Apart from that, collaboration
between the government, fishermen, agro-industry Finally, the risk factors "Lack of skilled workers
entrepreneurs, and the community must also be engageda)”, "Uncertainty of demand (R2a)", "Delays in
for the skipjack agro-industry SC to be sustainable. supplier deliveries (R2c)", and "Conflict between
According to this study, the fourth significant riskfishermen/agro-industry groups (R3b)" occupy the eighth,
factor, with a weight of 0.105, was "regulation and policyinth, tenth positions. And eleventh, with their respective
(R3a)". This risk factor may be a key risk factor for theveights tending to be the same, namely 0.059, 0.049,
smoked skipjack tuna agro-industry supply chain, @044, and 0.041. The lack of skilled workers can also
evidenced by regulations restricting fishing hours duringffect the final product produced, so work experience is
the pandemic [4] and policies raising fuel prices [29heeded from workers. Delays in deliveries from suppliers
which have an impact on the high operational costs fatso hurtthe smoked skipjack tuna supply chain, which will
fishermen in fishing. For this reason, the government, adwather reduce the performance of the smoked skipjack tuna
policymaker, needs to formulate a policy that can providegro-industry. Therefore, it is necessary to look for several
a win-win solution for all parties in the skipjack tunasuppliers as suppliers of raw materials for the smoked
supply chain. skipjack tuna agro-industry to maintain the production
process. Furthermore, conflicts between fishermen/agro-
In addition, the risk factors for “natural disastersndustry need to be handled by building harmonious and
(R3e)”, “quality of supply (R2b)”, and “damage anddynamic social interactions in building relationships
contamination (R3d)” are ranked fifth, sixth, and seventtihrough communication with the formation of fishermen or
with respective weights of 0.091, 0.084, and 0.079. [5], Tregro-industry groups [17].
risk factor for natural disasters is the potential loss caused
by natural disasters such as bad weather as a result of3{® Sensitivity analysis
current El Nino storm, blackout of the supply of electrical A sensitivity analysis was performed in this study to
energy, which affects the power source for cold storage fevaluate the general robustness of the results. The risk
skipjack tuna storage. The risk factor for the quality ofactor with the most significant weight value in this
skipjack tuna supply for agro-industry also significantlyensitivity analysis had its weight adjusted from 0.1 to 0.9
impacts the quality of the smoked skipjack produced. THg0,31]. Table 7 below shows the outcomes of changing the
risk factor for damage and contamination is also weight of the "quality of the final product (R1c)" risk factor
significant risk factor for the smoked skipjack supplyensitivity analysis from 0.1 to 0.9:
chain, which requires that the final product produced be in
accordance with the quality of the Indonesian National
Standardization.

Table 7 Weight of each risk factor during sensitivity analysis

. Risk factor preference weight values

FRI?(S 01 | o2 |Normall oo 64| 05 | 06 | 07 | 08 | 09

actors . . (0.209) . . . . . . .
Rlc 0.06¢ | 0.06(| 0.05¢ | 0.057 | 0.04% | 0.03¢ | 0.03( | 0.027 | 0.01f | 0.00¢
R1L 0.14: | 0.12€| 0.12¢ | 0.117] 0.09% | 0.07¢ | 0.06% | 0.047 | 0.03: | 0.01¢
R1c 0.10C | 0.20C| 0.20¢ | 0.30 | 0.40C | 0.50( | 0.60C | 0.70C | 0.80( | 0.90¢
R2¢ 0.05¢ | 0.05(| 0.04¢ | 0.04% | 0.037 | 0.037] 0.02¢ | 0.01¢ | 0.01% | 0.00¢
R2L 0.09¢ | 0.082] 0.08/ | 0.07¢] 0.06% | 0.057 | 0.04: | 0.03: | 0.021] 0.011
R2c 0.051] 0.045| 0.04. | 0.03¢| 0.03<| 0.02¢ | 0.022 | 0.017 | 0.011] 0.00¢
R3¢ 0.11¢| 0.10€ | 0.10¢ | 0.097 | 0.08( | 0.06¢ | 0.05% | 0.04( | 0.027 | 0.01%
R3t 0.04€ | 0.041| 0.041 | 0.03¢| 0.031] 0.02¢ | 0.021| 0.01¢ | 0.01( | 0.00¢
R3¢ 0.12¢| 0.11f| 0.11< | 0.101] 0.08¢| 0.07Z | 0.057 | 0.04% | 0.02¢ | 0.01+
R3c 0.09C | 0.08(| 0.07¢ | 0.07C| 0.06( | 0.05( | 0.04( | 0.03( | 0.02( | 0.01(
R3¢ 0.10<] 0.09:| 0.097 | 0.081] 0.06¢ | 0.05¢ | 0.04¢ | 0.03¢ | 0.02% | 0.01:
Total 1.00C | 1.00C | 1.00C | 1.00C | 1.00C | 1.00C | 1.00C | 1.00C | 1.00C | 1.00C

These results, shown in Table 8 and Figure 3,
demonstrate that each weight varies, and the ranking of risk
factors shows minor fluctuations.
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Table 8 Ranking of each risk factor throughout the sensitivity analysis

Risks Nor mal

Factors (0.209) 01/02|03|04|05|06|07]|08]|09
Rl 8 8 8 8 8 8 8 8 8 8
R1k 2 1 2 2 2 2 2 2 2 2
R1c 1 5 1 1 1 1 1 1 1 1
R2¢ 9 9 9 9 9 9 9 9 9 9
R2k 6 6 6 6 6 6 6 6 6 6
R2c 10 10 | 10| 10 | 10| 10| 10| 10| 10 | 1C
R3¢ 4 3 4 | 4] 41| 4] 4 4 | 4 | 4
R3k 11 11 (11|11 (11|12 | 11|11 | 11| 11
R3c 3 2 3 3 3 3 3 3 3 3
R3c 7 7 7 7 7 7 7 7 7 7
R3e 5 4 5 5 5 5 5 5 5 5

Sensitivity Analysis

1,000
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0,800
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Risk Factors
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Figure 3 Graph of the weight of each risk factor during the sensitivity analysis

A little difference in the rating was discovered at 8.4 Theoretical and managerial implications
weight of 0,1 for the risk factor "quality of the final product  The research's theoretical and managerial implications
(R1c)", with the risk factor "Financial instability (R1b)"are evident. In terms of theory, this research has
receiving the first place, not the second., the risk factgfgnificantly advanced the field by breaking down the risks
"Government regulation (R3a)" got the position third, naissociated with the supply chain for smoked skipjack tuna
fourth, the risk factor "Degradation of fish populationinto three categories: internal, operational, and macro-level
(R3c)" is in second place, not third, the risk factor "Naturalsk. From a methodological standpoint, this study is the
disaster (R3e)" is in fourth position, not fifth, and the riskirst attempt to use the BWM in risk assessment for agro-
factor "Quality of final product (R1c)" is fifth position, not food supply chains. Using the BWM, it is possible to assess
first. Furthermore, no changes were noted during weighisk variables quantitatively and get the most accurate and
variations of 0.2 to 0.9. dependable answers.
This research substantially contributes to the practice
area in the managerial aspect. The results of this study can
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assist professionals in comprehending the risks associated done by avoiding setting meager prices by mediators

with the skipjack tuna agro-industry supply chain and can

direct decision-makers in creating a proactive risk

mitigation strategy to manage the risks already present.

or market intermediaries.
Accelerate the application of renewable energy
technology for fishermen and agro-industry.

Based on the research findings, which are summarized as Accelerating the application of renewable energy

follows, some particular management implications can be

developed:

Tightening the implementation of quality control and
cold chain improvement from upstream to
downstream. This effort is made to improve the quality
and safety of food products involving the supply chain
from the production stage (upstream) to the
distribution and consumption stage (downstream),

technology for fishermen can help increase
productivity, reduce operational costs, and reduce the
environmental impact of fishing businesses. The
government and related institutions can provide
incentives and support to accelerate the adoption of
this technology so that fishermen can access
renewable energy technology more widely and
effectively.

such as implementing strict hygiene and sanitation

standards in processing areas, as well as using standgrd Conclusion and future research

equipment that is kept clean. The AFSCRA has been carried out using the BWM so
Easy access to capital in financial institutions with lowhat several conclusions can be drawn, namely that there
interest. With easy access to capital from financiare 11 risk factors identified from the aspects of internal
institutions with low-interest rates for agro-industry, iTrisk, operational risk, and macro-level risk. Using the
is hoped that more agro-industry will obtain capital tBwM, the weight importance of each risk factor is
develop their businesses sustainably. This will havegbtained, which is a focus for proposed handling strategies.
positive impact on economic growth and improvingrhree risk factors are taken based on ranking as priorities
community welfare, such as utilizing the People'so be handled, including final product quality (R1c) with a
Business Credit Program (KUR), microfinancingweight of 0.29, financial instability (R1b) with a weight of
programs through Savings and Loans Cooperatives@n25, and degradation of fish populations (R3c).
Micro Financial Institutions (LKM), utilizing Furthermore, several managerial implications for more
government programs oriented towards agro-industrgroactive risk mitigation are proposed, including
Application of measurable fishing policies andightening the implementation of quality control and
selectivity of fishing gear. Applying measurableimproving the cold chain from upstream to downstream,
fishing policies and selectivity of fishing gear iseasy access to capital in financial institutions with low-
essential to prevent the degradation of fisinterest rates, implementation of measured fishing policies,
populations. By paying attention to size, quota, fishingnd selectivity of fishing gear, formulating win-win
time, and fishing gear used, it is hoped that the fiskolution policies for all actors in the skipjack tuna supply
population can be managed sustainably so that it dagisain, and accelerating the application of renewable energy
not experience a significant decline. technology for fishermen and agro-industry.

Formulate a win-win solution policy for all skipjack  There are a few limitations to this study. Using BWM,
tuna supply chain actors. This approach can libe eleven risk factors were examined. This study did not
implemented as 1) Empowering Fish Supply Chaiexamine strategies for risk mitigation that would address
Actors: The government must also empower all fisidentified risk factors. The scope of this study might be
supply chain actors through education, training, anidcreased to examine and find risk-mitigation measures for
access to the necessary information and knowledgbe most critical risk variables. This research can also be
By providing adequate skills and knowledge, fistdeveloped by simulating the success of mitigation
supply chain actors can increase their capacity &irategies for risk factors. Furthermore, this research can
manage the fish business, obtain greater profits, aatso be expanded to examine how different risk factors
improve product quality. 2) Infrastructure andinteract in the skipjack tuna supply chain using several
Technology Development: The government caMCDM methods such as Total Interpretive Structural
develop the necessary infrastructure to facilitatdlodelling (TISM), Fuzzy DEMATEL, or rough-
fishing, processing, storage, and distribution activitie®EMATEL. In addition, thorough handling is required to
Improving infrastructure such as fish ports, fistapply the suggested technique.

markets, cold storage, and reasonable access roads willThe BWM method is not only used in solving supply
help speed up the process and reduce losses in the @bhin risk assessment. Still, it can also be applied widely in
supply chain. In addition, the government musseveral research fields, for example, in the manufacturing
support technological innovation in fishing that issector, such as selecting production machines to be
more efficient and environmentally friendly. 3) Fairpurchased, selecting suppliers to supply raw material needs
Price and Profit Setting: The government can set upfer production, and in the transportation sector such as
fair price-setting mechanism for fishermen to ensurevaluate port performance measurements.

sustainable profits in the fish supply chain. This can be
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Abstract: The paper suggests a hybrid model with simplified and extended schemes for evaluating market segments based
on strategic diagnostics methods and fuzzy multi-criteria analysis tools. The developed model's novelty and originality
consist of forming a system of evaluation criteria based on the GROT criteria of I. Ansoff and the five forces of the M.
Porter model (and in the case of an extended calculation scheme — with their decomposition into sets of relevant sub-
criteria) and the use of the latest Fuzzy SBWM method (Fuzzy Extension of Simplified Best-Worst Method) to determine
their weighting factors. Expert linguistic evaluations on a defined 7-level term set, followed by their transformation into
fuzzy numbers with triangular membership functions, are used to evaluate market segments for each identified criteria
(sub-criteria). The Fuzzy SAW method determines fuzzy integral estimates of market segments based on these sub-
criteria. A practical case of evaluating the confectionery market segments of Ukraine for the simplified calculation scheme
is given. The systematic approach makes it possible to determine the attractiveness of market segments for forming
strategic recommendations based on the application of portfolio analysis methods, for developing and implementing

diversification and logistic strategies.

1 Introduction

Uncertainty, dynamism, and turbulence are
characteristic attributes of the modern market environment,
which is constantly influenced by various factors that are
vague and difficult to predict. This significantly
complicates enterprise management processes, especially
in a strategic context. Therefore, the management of
companies faces the task of developing scientifically based
methods of analysis and evaluation and taking into account
the trends of the influence of such factors to respond
adequately and timely to challenges and use the
opportunities generated by the external environment.

Currently, one of the most promising directions of
applied research in management, and in particular in
strategic management and marketing, is the use of methods
and models of the fuzzy-multiple theory, which have a high
adaptability to expert data, are sufficiently flexible and
adequate to input information.

One of the essential components of management is the
evaluation of market segments (MSE) because this
characteristic is one of the most critical factors used:

— in the formation of strategic recommendations based
on the application of portfolio analysis methods;

—in the development and implementation of
diversification and logistic strategies;

— in the formation of investment programs, etc.

As noted by Y. Windand and R. J. Thomas [1], "Market
segmentation and evaluation (MSS/MSE) is a critical
management decision because all other components of a
marketing strategy follow it".

In addition, MSS/MSE plays an essential role in
increasing company competitiveness and flexibility in
interacting with suppliers in the logistics management of
enterprise.

This procedure requires thorough knowledge of
logical-causal relationships in the industry and the
availability of relevant information about the relevant
market segments. As a rule, it is based on expert reasoning
and assessments, which have a "blurry", vague character.
This, in turn, necessitates revising traditional methods,
which need to be more practical considering the nature of
available and forecast information and need a more
transparent methodology.

2  Literature review

Applying the theory of fuzzy sets and fuzzy logic to
solve problems of strategic management and strategic
marketing has recently been a growing trend both in
scientific literature and in practical activities, significantly
expanding the capabilities of classical tools and
demonstrating efficiency and flexibility. We will analyze
the latest scientific works related to the evaluation of
market segments. Authors Duong & Thao [2] propose a
TOPSIS model based on entropy and similarity measures
for market segment selection and assessment, and a new
entropy and similarity measure under a neutrosopic
environment is used to evaluate the weights of criteria and
the relative closeness coefficient in TOPSIS model.

The proposed fuzzy CODAS method in [3] is applied
to an example of market segment evaluation and selection
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problem under uncertainty. A comparison between fuzzy
CODAS and two other MCDM methods (fuzzy EDAS and
fuzzy TOPSIS) is performed to verify the results. Multi-
objective optimisation based on the ratio analysis
(MOORA) method is applied to solve some market
segment evaluation problems [4].

In [5], DEMATEL, CODAS, and Fuzzy Competitive
Analysis methods determine the most critical factors in
assessing market segments and consider competitive
aspects. In [6], a hybrid single-valued neutrosophic multi-
criteria group decision-making (MCGDM) approach with
quality function deployment (QFD) is used to support the
MSS/MSE process.

The authors [7] use Gray Relational Analysis to
identify critical relationships between market segments,
Fuzzy AHP and the COPRAS-G system for MSE. Sarabia
F. [8] proposes a Cost-Benefit Method, Segment-
Marketing Mix Profit Matrix, for evaluating market
segments regarding cost and benefits using cost-benefit
analysis. The systematic approach of Dat et al. [9] consists
of Kotler's Criteria, which include the classic criteria of the
famous marketer Philip Kotler, product-specific variables,
decision support systems for analysis, and decision support
systems. Mohammadi's A. [10] approach uses DSS with
SPACE Matrix, DNP SPACE, and the Dynamic Network
Process method. The hybrid MADM Method with AHP
and TOPSIS [11] is another hybrid method that uses multi-
attribute decision-making (MADM) with AHP and
TOPSIS to evaluate market segments. The indexing
Approach, Latent Discriminant Analysis (LADI), and
Fuzzy Set Model [12] use indexing, latent discriminant
analysis and fuzzy models to evaluate market segments.
Fuzzy Attractiveness of Market Entry (FAME) uses fuzzy
logic to assess the attractiveness of market entry, providing
flexibility in decisions related to market segmentation.
These methods represent different approaches to analysing
market segments, using both traditional statistical methods

and modern, more complex techniques that include fuzzy
logic and hybrid models to understand better and evaluate
market segments, enabling companies to identify the most
attractive market segments to enter or expand their
activities.

3 Methodology

In this paper, the tools of strategic analysis, fuzzy-
multiple theory and fuzzy multi-criteria evaluation are used
to achieve the research goals.

Let us consider some crucial relations and assertions of
the theory of fuzzy sets, which will be necessary for
solving the tasks of this study.

This paper will use the triangular representation of a
fuzzy number. In this article, the tools of strategic analysis,
fuzzy-multiple theory and fuzzy multi-criteria evaluation
are used to achieve the research goals.

Let us consider some crucial relations and assertions of
the theory of fuzzy sets, which will be necessary for
solving the tasks of this study.

This paper will use the triangular representation of a
fuzzy number A = (a,;a,;a;) (Figure 1) with the
corresponding membership functions — formula (1).
However, a representation, for example, in a trapezoidal
form, can also be used.

A
1,0 ~

Figure 1 Graphical representation of a fuzzy number
with a triangular membership function

0,x <ay;
(x —ay)/(a; — a;),x € [ag; az];

“(x) = 1
Halx) (x —a3)/(a, — a3), x € [ay; as]; @

0,x > as.

Note that If 4 = (a;; a,; a;) and B = (by; b,; by) — fuzzy numbers, then (2-7):
A® B = (ay;a5;a3) @ (by; bysbs) = (ay + by;a, + by az + by), ()
4(‘)? = (ay;az;a3)(—)(by; by b3) = (ay — bs;a, — by; a3 — by), (3)
AQ B = (a;;a5;a3) & (by;by;b3) = (ay X by;a, X by;az X b), 4)
A(+)~B = (ay; az; a3)(+)(by; by; b3) = (a1/b3; az/by; as/by), (%)
¢ X A=cx(a;a,a;3) = (cay;cay;cas),c =0, ¢ — const, (6)
c XA =cx(ay;aya3) = (cas;cay;cay), c <0, ¢ — const. (7)
IfAL = (ali; ayi; a3i), i= 1,_n, then (8)

1A = @OL( a5 a3) = (Ul @y 5 Xiq Qg Xiq A3;) (8)
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The ratio of the COA (Center Of Area) method (9) is used for the defuzzification of a fuzzy triangular number A =

(a;az;a3):

A%l = ((ag—a,)+(a,—a,))/3+a, -

The method of fuzzy multi-criteria analysis Fuzzy
Extension of Simplified Best-Worst Method (Fuzzy
SBWM) [13] is used to solve the problem of calculating
weight coefficients of criteria (sub-criteria) for evaluating
market segments in this study. Note that BWM was
proposed by Rezai J. [14] for multi-criteria decision-
making problems based on pairwise comparisons, and in
the works of Hafezalkotob A. [15], this method was

©)

I. Ansoff's methodical approach (GROT approach) and
P5FM are used to form a system of criteria for evaluating
market segments.

4 Result and discussion

To consider subjective, informal, vague input data,
opinions and judgments of experts, formulated
qualitatively in natural language, a systematic approach

extended for the theory of fuzzy sets, in particular, using
triangular fuzzy numbers.

The integral estimates of market segments are
calculated using fuzzy additive weighting (fuzzy SAW
method).

developed by the authors is proposed. The main stages are
shown in Figure 2.
Let us consider these stages in more detail.

Stage 1. Strategic analysis of the studied market.

v
Stage 2. Strategic segmentation of the studied market.
v
Stage 3. Formation of an expert group for evaluating market segments.
v
Stage 4. Identification of criteria for evaluating market segments.
v

Stage 5. Using Fuzzy SBWM, calculate the importance of the identified criteria for evaluating market
segments.

1. Simplified calc*ulation scheme 2. Advanced cal:ulation scheme

Stage 6. Expert linguistic evaluation of market
segments according to the identified criteria.

7

Stage 7. Calculation of fuzzy estimates of
market segments for each of the identified
criteria.

Stage 6. Decomposition of the identified criteria for
evaluating market segments into multiple sub-
criteria.

| v |
i Stage 7. Calculation using Fuzzy SBWM of the |
1 | weighting factors of the defined subcriteria. i
| v |
i Stage 8. Expert linguistic evaluation of market '

Y
Stage 8. Calculation using the Fuzzy SAW
method of integral values of market segments.

segments according to each of the defined sub-
criteria.

v

Stage 9. Calculation of fuzzy estimates of market
segments according to the identified criteria.

v

Stage 10. Calculation using the Fuzzy SAW method
of integral values of market segments.

2 t ______________________ I

Application of the received information about market segments in the strategic process.

Figure 2 Stages of a methodical approach to the evaluation of market segments
(Source: Authors’ own)
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Market segment evaluation based on fuzzy tools

At stage 1, the company's specialists and analysts, using
appropriate tools, conduct a thorough strategic diagnosis of
the analysed market, its features and existing trends.

For strategic market segmentation at stage 2, the
strategic marketing toolkit or the approach proposed by
I. Ansoff [16]is used based on such parameters as need,
technology, type of client, geographic area or their
combinations. We denote the set of obtained market
segments for evaluation by S = {S;;S,;...;S,} , where is
n — their number.

Stage 3 — forming a working group of experts with
professional knowledge and experience. Including external
experts with relevant competencies and qualifications in
the problem area is also appropriate.

Stage 4. Identification of criteria for evaluating market
segments.

One of the most critical problems in evaluating market
segments is forming a system of evaluation criteria.
Consideration of possible solutions to this problem is given
considerable attention in scientific literature. Specifically,
according to Ou et al. [17], the list of segment evaluation
criteria is formed based on P5FM, and they can be
modified based on marketing information and
retrospective analysis of the implementation of
development strategies. Mohammadi. et al. [10]
supplement the P5FM toolkit with SPACE analysis
criteria. Sarabia F. [8] suggests applying a system of
criteria based on the Kaiser criterion and the VARIMAX
rotating factor matrix; in particular, management, strategic
and segmental criteria groups are highlighted. Based on the
generalisation of information from relevant sources, the
authors Aghdaie M. et al. [18] proposed the following
evaluation  criteria: measurability,  accessibility,
practicality, competitive advantage, segment size, potential
profit, expected growth, competition and business
strengths. A similar approach to the formation of a system

of criteria, additionally using a survey of experts, was also
used in Thao N.[19], the following criteria were
highlighted: profitability, the growth of the market, size of
the market, likely customer satisfaction, sales volume,
likelihood of sustainable differential advantage,
development opportunities and the differentiation of
products. Sollner A. & Rese M. [20]highlight somewhat
different criteria in nature and focus: customer response,
measurability, accessibility, materiality, and temporal
stability. In a study by Dibb et al. [21], the list of criteria
consists of two groups: qualifying criteria that determine
the feasibility of investments in a segment and
attractiveness that assesses the segment's potential. Three
groups of criteria are proposed to be used in Tonks D. [22]:
design (construct validity (relevance), content validity
(relevance), criterion validity
(homogeneity/heterogeneity), familiar, universal,
requirements of other management functions, data
availability, cost); qualification (measurable, accessible,
substantial, actionable, stable, parsimonious, profitable,
unique response elasticities) and  attractiveness
(compatibility with corporate objectives, compatibility
with company competencies, resource requirements, sales
volume, segment growth, relative market share,
competitive intensity, entry and exit barriers, macro-
environmental factors).

In this study, the authors suggest using (Figure 3) as
evaluation criteria:

+ Criteria of the systematic approach of 1. Ansoff [16]:
— growth prospects (G); — rentability prospects (R); —
favorable opportunities (O); — adverse opportunities
(threats) (T) and

+ Five forces of M. Porter's model [23]: — the
bargaining power of customers (BPC); — the bargaining
power of suppliers (BPS); — the threat of new entrants
(TNE); — the threat of substitute products (TSP); — the
intensity of competitive rivalry (ICR).

Market segment evaluation

Figure 3 Hierarchy of the problem of evaluating market segments
(Source: Authors’ own)

The developed methodological approach involves
calculating the importance of the identified criteria for
evaluating market segments, which is carried out at stage 5
using Fuzzy SBWM [13; 24]. (Figure 4).

We will redefine the selected criteria for evaluating
market segments for the convenience of further
application: 6 - C;; R—>C,;, 0 - C5; T - C,; BPC -
Cs; BPS = Cq; TNE - Cy; TSP = Cg; ICR = Cy and

illustrate the application of Fuzzy SBWM in the general
case for a set of criteria C = {C;; C,;...; Cy} . It should be
noted that the Fuzzy SBWM procedure involves the use of
two approaches: the "best" approach and the "worst"
approach, the results of which are combined to determine
the integral values of the importance of the investigated
criteria (Figure 4).
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o Let us first consider the "best™ approach.

In step 1, it is necessary to determine the most critical
("best™) criterion among a set of evaluation criteria. It
should be done based on a consensus by a group of experts.
Let us denote the "best"” criterion as follows: Cyegt-

Further, in step 2, each of the K experts provides a
linguistic evaluation of the importance (priority) of the

"best” criterion compared to the other criteria using the
terms listed in the Table 1 with corresponding membership
functions (Figure 5). It will result in linguistic assessments
Lestj=1,m; k=1 K.

Stage 5. Using Fuzzy SBWM, calculate the importance of the identified criteria for evaluating market

segments.
v v
best-approach worst-approach
v v

Step 1. Identification of

the most important (best) criterion:

Cbest ;

the least important (worst) criterion:

Cworst .

7

Y

Step 2. Paired comparisons by each expert

based on the linguistic scale (table 1) of

Y

SToTT e

the importance of the best criterion with

Y
DD e

the importance of each criterion with
the importance of the worst criterion.

the importance of other criteria
7
| [ Lt =1 m; k=1 K ]

Step 3. Converting linguistic estimates into fuzzy triangular numbers:

(

[ j=Lmik=1K

Ll}ﬁSt s ]?jll)(est ] L | Worst _ Fj\a/orst ) ]_
v 7
Step 4. Calculation of the fuzzy value of the weighting factor:
—[ Cbest : WBk ' [ Cworst : W\Nk' ]_
L7 Y
Step 5. Calculation of fuzzy values of weight coefficients of other criteria:
—{_ @ i-imik-LK, WP =l k=i K.
7 17

Step 8. Checking the group consistency of experts' opinions. —

Step 9. Aggregation of results.

Figure 4 The application scheme of the Fuzzy SBWM method for determining the weighting coefficients of the criteria for evaluating

market segments Source: developed by the authors based on [13]
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Table 1 Linguistic terms for evaluating the importance of evaluation criteria and corresponding fuzzy numbers [25]

Linguistic terms for evaluating the importance of criteria (sub-criteria) Designation Fuzzy Meaning
Equally El (1;1;1)
Weakly Wi (1;2;3)
Moderate Ml (2;3;4)
Moderate plus MP (3; 4;5)
Strong Sl (4; 5; 6)
Strong plus SP (5;6;7)
Very strong VS (6;7;8)
Extreme EX (7; 8; 9)

A B wi mi MP sl SP VS EX

0 1 2 3 4 5 6 7 8 9
Figure 5 Functions of membership of evaluation terms [25]

Conversion of the obtained estimates L"‘fSt into the corresponding fuzzy triangular numbers (Figure 5) is carried out

in step 3 according to the scale of the Table Linthe form: f2est = (afest; Bhest; yhest),j=1, m; k=1, K.
In step 4, the fuzzy importance value of the "best" criterion is calculated using equation (10):

~b t —
( fbest) ® es =1 (10)
From here (11):
~best _ 1 _ 1 . 1 1 _ (.best. . best. best
Wk = gm i im ym 1| T (XBi™"; YBK + ZBK (11)
j= 1fbest ]=1algest Bbest j= 1ybest
Jjk Jjk

Next, in step 5, since ratios must be performed (12:)
g}iSt( )f]best ® le;{est — 0, (12)
then for arbitrary j = 1, m and for k = 1, K have (13):

best Fbest _ bi“ Ygi“ B best. ,,b ¢, gbest

est _ es . . es es es

ij WBk( )f] - (ybest ’ Bbest ’ best) (x]k ’ y]k ]k . (13)
Jjk Jjk @k

o For the ""worst' approach, in step 1, the least important (“worst") criterion is also determined among the evaluation

criteria based on consensus by a group of experts C,, orst-
In step 2, each k-th expert performs a linguistic evaluation of each criterion's importance (priority) compared C

worst
to the terms listed in the Table 1. As a result, we will obtain Lﬁ"“t,j =1 m k=1, K.

In step 3, linguistic assessments are obtained LWorSt transform into corresponding fuzzy triangular numbers according

to the scale of the Table 1 in the form F¥°¢ = (a}y°™*%; BRO"™%; yjo™"),j =1, m; k=1, K.
Step 4 calculates the importance of the w,2™t «worst»- criterion from equation (14):

(@m 1f]\/,lclorst) ® ~worst =1, (14)
From here (15),
~ 1 1 1
W = 1@ 1) = (g g g = G 2 (15)
j= 1y]k Z] 1B]k Z] 1%jk

In step 5, by substituting the weighting factor of the least essential criterion W5 s* into equation (16), it is possible
to calculate the weighting factors of other criteria (17).

WHOTSE (D) Rt @ Wiyt = 0, for arbitrary j = 1, m; k=1, K. (16)
worst f]worst ® Wworst (aworst X xworst ﬁ] worst X yworst’y]vllgorst X Z‘\//]v/zrst —
(x]v,lgorst’y]vllgorst ]v,léorst . (17)

So, in this way, the fuzzy values of the weighting coefficients of all evaluation criteria according to the best- and worst
approaches, respectively, were obtained: whest = (xBest; yhest; zBest) and W™ = (xj™ v 2™ i =1, m; k =

1, K.
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Next, in step 6, it is necessary to check the consistency of the assessments of each expert. For this, you can use the
coefficient CR, , calculated from the ratio (18):
CRk — def (@;‘n: best( )Wworst) ) (18)
or by the deviation coefficient according to the formula (19):

~WOTSf 2

TD, = def | O, ((f,”“t( )“f‘:;’;st) ® (frt =) W)) . (19)

If the values of the calculated coefficients are significant enough, experts need to revise their estimates of superiority
in pairwise comparisons to reach an acceptable range for these coefficients.

If the experts' assessments agree, then at step 7, the fuzzy values of the weighting coefficients of the criteria are
calculated as the arithmetic mean of the fuzzy values of the weighting coefficients obtained based on the best- and worst-
approaches according to the formula (20):

(W]I;CESt + W]y’léorst) — ( (x]bkest worst (y est + yworst); (ZﬁcESt + Z]y}zorst)) —
=( Xiks Yjks jk)- (20)

In step 8, it is necessary to check the group consistency of experts' assessments. For this purpose, it is possible to
denazify the received values of the weighting coefficients and calculate the concordance coefficient. If necessary, the
Fuzzy Delphi procedure can be applied to achieve satisfactory group consistency.

If the group consistency is satisfactory, then at step 9, the results are aggregated according to formula (21):

~ 1 ~ 1 1
Wj = ;@11;1 Wik = Eeallgzl(xjk;ij;ij) = ( he1X Xjk 1 % Zk 1Vjko % Zk 1 ]k) = (%55 %) (21)

Therefore, the result of stage 5 is the calculated fuzzy values of the weighting factors of the evaluation criteria of
market segments.

Next, we will consider two calculation schemes for evaluating market segments: 1. Simplified calculation scheme and
2. Advanced calculation scheme.

+ For the Simplified calculation scheme, at stage 6, an expert linguistic assessment of market segments

S; (i =1, n) is carried out according to the identified criteria. For this, you can use the following term set TS = {EL;
VL; L; M; H; VH; EH} (Table 2, Figure 6):

Table 2 Linguistic terms for estimating market segments and corresponding fuzzy numbers in triangular form
(Source: Authors’ own)

Linguistic terms for market segment evaluation Designation Fuzzy meaning
Extremely High EL (1;1,2)
Very Low VL (1;2;3)
Low L (2;3;4)
Medium M (3;4,5)
High H (4; 5; 6)
Very High VH (5;6;7)
Extremely High EH (6;7,7)

A re(X)
iy EL VL ] LM H __VH EH
0 1 2 3 4 5 6 7

Figure 6 Functions of belonging to the terms of assessment of the level of market segments
(Source: Authors’ own)

So, letbe L;j; — the linguistic assessment by thek -th expert of the i -th market segment according to the j -th evaluation

criterion. Next, these estimates must be transformed using the triangular form of representation: L" - E" = (a”, ij L])

and check the group consistency of the experts' estimates (for example, by calculating the root mean square deviation); if
there are significant differences in them, then it is necessary to revise the corresponding estimates.
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At stage 7, the value of market segments according to each of the identified criteria is calculated using the aggregation
of the received fuzzy estimates of experts according to the following formula (22):

7 _1mnk 57— _(lvyk ik ik e A
Ej = % Dk=1 Ej = (_Zk=1 aijk';2k=1 bijk';2k=1 Cijk ) = (aij'bijﬂcij)-

K

(22)

Further, at stage 8, using the Fuzzy SAW method, we find the integral values of market segment estimates. To do this,
first, taking into account the monotonicity of the objective function of each of the criteria (C;, C,, C5 — profit criteria (7);
C,4,Cs,...,Cqy —cost criteria (N)), we normalise the obtained fuzzy values according to the formulas (23-24):

By == QD o (%2000 = (g by ciy) — for profit criteria (= 1,3), (23)
and Ej; = 1()E;; = 1(+)(ayj; biji ¢ij) = (%ia—u) = (aj;; bi;; c;;) —forcostcriteria = 4,2 9).  (24)
Integral values of market segment estimates are calculated at stage 8 using the formula (25):
~ 9 - 9 9
E; = ]@IVV; QE; = ]@l(xﬁyj'izj) ® (ajj; bij;cij) = ],ejl(xj X ai;;¥; X bij; z; X ¢jj) =
= (A;B;; Cy). (25)

+ For the Advanced calculation scheme, at stage 6, the identified criteria for evaluating market segments are

decomposed into a set of sub-criteria (Figure 7).

Market segment evaluation

| BPC

| BPs

BPC;

— BPS;
— BPS;

Figure 7 Hierarchy of the problem of evaluating market segments in the Advanced calculation scheme
(Source: Authors’ own)

Note that the sub-criteria and their number for each
evaluation criterion must be determined by the expert
group based on the characteristics of the analysed market
and its existing trends.

At stage 7, using Fuzzy SBWM, the weighting factors
of the defined subcriteria are calculated. Let ¥; =
(pji;qj; ) be the weighting coefficients of the |-th
subcriterion of the j-th evaluation criterion (1 = 1,n;;j =
1,2,...,9), computed using Fuzzy SBWM.

Stage 8. Expert linguistic assessment of market
segments by subcriteria uses the TS term set (Table 2). So,
let L, be the linguistic assessment by the k-th expert of
the i -th market segment according to the | -th subcriterion
of the j-th valuation criterion. Next, these estimates must

be transformed using the triangular form of representation

(Table 2, Figure 6): Ly, @— Ejj = (@juc; ijic s Ciji ) » and

the group consistency of experts' estimates. In the case of
a satisfactory result, the aggregation of the obtained fuzzy
expert assessments is carried out according to the following
formula (26):

~ 1 ~
Eijl = ;@11;1 Eijlk =
1 1 1
(;legﬂ Qijue 5 ;legﬂ biji; ;legﬂ Cijlk) =
(aijzi biﬂi Cijz)- (26)
Then, at stage 9, using the Fuzzy SAW method, we find

the fuzzy integral values of market segment estimates for
each criterion (27):
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n
J
Ey; = 16_91 Uy ® Ey = l@l(Pﬂi CIﬂZT’ﬂ) ® (aijzi bijzicijz)
L=
I(Pﬂ X @jji; qj X biji i X ¢ijy) = (agj; byj; ¢i5)

i=1nj=12...9. (27)

Il
~.

~
1l

Stage 10 of the Advanced calculation scheme is similar
to stage 8 of the Simplified calculation scheme.
Accordingly, taking into account that C,,C,, C5 — profit

criteria, C,4,Cs,...,Cq — cost criteria, formulas (23) and
(24) are applied, respectively, to normalize the obtained
fuzzy values Eij and further, using formula (25), the
integral values of market segment estimates are calculated.

For the practical application of the proposed systematic
approach to facilitate the computational process, a
framework was developed in Excel containing the
following basic units (Figure 8).

Unit 1. Calculation of the weighting factors of the evaluation criteria of market segments using Fuzzy SBWM

1.1. Calculation of weight coefficients of evaluation
criteria according to the best approach

1.2. Calculation of weight coefficients of evaluation
criteria according to the worst approach

v

7

1.3. Checking the consistency of individual
assessments of experts

scheme

v
1.4. Calculation of the integral values of the weighting factors of the evaluation criteria of market segments
v v
Unit 2. Implementation of Simplified calculation Unit 3. Implementation of Advanced calculation

scheme

2.1. Introduction of expert linguistic assessments of
market segments according to assessment criteria and
their transformation into fuzzy numbers

2.2. Application of the Fuzzy SAW method procedure
to determine integral values of marketing segment
estimates

B 3.1. Calculation using Fuzzy SBWM of the
weighting coefficients of the subcriteria of each of
the criteria for evaluating market segments

3.2. Introduction of expert linguistic assessments
of market segments according to evaluation
subcriteria and their transformation into fuzzy
numbers

3.3. Calculating the values of evaluations of
marketing segments according to evaluation
criteria using Fuzzy SBWM

3.4. Calculation of integral values of estimates of
marketing segments using Fuzzy SBWM

Figure 8 Framework blocks for fuzzy multi-criteria evaluation of market segments (Source: Authors’ own)

Case studies. In this study, to illustrate the proposed
systematic approach, an evaluation of Ukraine's
confectionery market segments will be carried out using
the simplified calculation scheme. It should be noted that
the Ukrainian confectionery market was formed long ago.
A high level of competition characterises it due to many
confectionery companies, thanks to which the market has a
relatively wide range of constantly updated products that
meet consumers' requirements. After the coronavirus
pandemic and military aggression conditions, some crucial
enterprises in the industry closed. Many enterprises had to
reorient to other foreign markets. Moreover, at the same
time, due to the decrease in real incomes of the population,
its purchasing power decreased, and, as a result, the
demand for products fell, which led to a reduction in
production volumes. At the same time, trends in the
consumption of new products push manufacturers to
expand their assortment. The main factors affecting the
confectionery market, in addition to those mentioned
above, are:

—rising prices for the primary raw materials for
confectionery production;

—compliance by  manufacturers
requirements for production;

— development of the production of promising
directions (organic chocolate, diabetic products, etc.);

— reduction of the population in Ukraine;

— expansion of the range of products;

— growth of export orientation in the industry;

—the presence of a significant share of shadow
producers on the market;

—the producer's attention to his products and
reputation.

with  higher

In the confectionery market, we will distinguish three
main segments: S; — the sugary confectionery segment; S;
— the flour confectionery segment; and Sz — the segment of
cocoa-containing products.
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Table 3 shows the linguistic evaluations of five experts
according to the scale of the Table 1 of the most critical

Table 3 Expert linguistic evaluations of evaluation criteria (Source: Authors’ own)

specified evaluation criteria is in the Table 4 transformed
into fuzzy numbers in triangular form.

E1 E Es Ea Es

C best worst best worst best worst best worst best worst
C1 best SI best SI best SI best Sl best Sl
C WI MP MI MI WI MP Ml Ml WI MP
Cs MP WI MI MI MI Ml MP WI MP WI
Cy MP WI MP WI Sl El Sl El MP WI
Cs MI MI MP WI Sl El MP WI MP WI
Cs WI MP MI MI MI Ml WI MP WI MP
7 MI MI WI MP WI MP Ml Ml Ml Ml
Cs SI worst SI worst SI worst SI worst SI worst
Co MI MI WI MP MI Ml El Sl Ml Ml

Table 4 Fuzzy evaluations of evaluation criteria when applying best- and worst (Source: Authors’ own)
E E1 E> Es Es4 Es

C best worst best worst best worst best worst best worst
C1 (1;1;1) (4:5;6) (1;3;1) (4;5;6) (1;1;1) (4:5;6) (11,1 (4:5;6) (11,1 (4:5;6)
C2 (1;2;3) (3;4;5) (2;3;4) (2;3;4) (1;2;3) (3;4:5) (2;3:4) (2;3:4) (1;2;3) (3;4:5)
C3 (3;4;5) (1;2;3) (2;3;4) (2;3;4) (2;3;4) (2;3:4) (3;4:5) (1;2;3) (3;4:5) (1;2;3)
Cq (3;4;5) (1;2;3) (3;4;5) (1;2;3) (4;5;6) (1;1;1) (4;5;6) (1;1;1) (3;4:5 (1;2;3)
Cs (2;3;4) (2;3;4) (3:4;5) (1;2;3) (4;5;6) (11,1 (3:4;5) (1;2;3) (3:4;5) (1;2;3)
Cs (1;2;3) (3:4;5) (2;3;4) (2;3;4) (2;3;4) (2:3;4) (1;2;3) (3:4;5) (1;2;3) (3:4;5)
Cr (2;3;4) (2;3;4) (1;2;3) (3;4;5) (1;2;3) (3:4;5) (2:3;4) (2:3;4) (2:3;4) (2:3;4)
Cs (4;5;6) (1;3;1) (4;5;6) (1;1;1) (4;5;6) (1;1,1) (4:5;6) (1;1,1) (4:5;6) (1;1,1)
Co (2;3;4) (2;3;4) (1;2;3) (3;4;5) (2;3;4) (2:3;4) (1:1,1) (4:5;6) (2:3;4) (2:3;4)

The calculated fuzzy values of the weighting
coefficients of the evaluation criteria according to the best
and worst approaches of Fuzzy SBWM are shown in
Tables 5 and 6. Calculating the coefficients of consistency

of each expert's estimates according to formula (18)

0.090, CRs = 0.153) made it possible to conclude the
satisfactory consistency of these estimates CR; < CR" =
0.2. An expert panel selected the value CR"=0.2
according to the Fuzzy SBWM methodology.

(CR, =0.148, CR, =0.169, CR;=0.132, CR, =
Table 5 Weighting coefficients of evaluation criteria according to the best approach (Source: Authors’ own)
E: E> Es E4 Es
C1 | (0.185;0.270;0.335) (0.037;0.270;0.335) (0.191;0.278;0.343) (0.194;0,246;0,280) (0,191;0.277;0.341)
C2 | (0.062;0.135;0.335) (0.046;0.090;0.168) (0.063;0.139;0.343) (0.048;0,082;0,140) (0.063;0.138;0.341)
Cs | (0.037;0.068;0.112) (0.046;0.090;0.168) (0.048;0.093;0.171) (0.039;0.061;0.093) (0.038;0.069;0.114)
Cs4 | (0.037;0.068;0.112) (0.037;0.068;0.112) (0.032;0.056;0.086) (0.032;0.049;0.070) (0.038;0.069;0.114)
Cs | (0.046;0.090;0.168) (0.037;0.068;0.112) (0.032;0.056;0.086) (0.039;0.061;0.093) (0.038;0.069;0.114)
Cs | (0.062;0.135;0.335) (0.046;0.090;0.168) (0.048;0.930;0.171) (0.065;0.123;0.280) (0.063;0.138;0.341)
Cz | (0.046;0.090;0.168) (0.062;0.135;0.335) (0.063;0.139;0.343) (0.048;0.082;0.140) (0.048;0.092;0.170)
Cs | (0.031;0.054;0.084) (0.031;0.054,0.084) (0.032;0.056;0.086) (0.032;0.049;0.070) (0.032;0.055;0.085)
Co | (0.046;0.090;0.168) (0.062;0.135;0.335) (0.048;0.093;0.171) (0.194;0.246;0.280) (0.048;0.092;0.170)
Table 6 Weighting coefficients of evaluation criteria according to the worst approach
E: E> Es =) Es
C1 | (0.114;0.185;0.316) (0.114;0.185;0.316) (0.129;0.200;0.316) (0.121;0.192;0.316) (0.118;0.192;0.333)
C2 | (0.086;0.148;0.263) (0.057;0.111;0.211) (0.097;0.160;0.263) (0.061;0.115;0.211) (0.088;0.154,0.278)
C3 | (0.029;0.074;0.158) (0.057;0.111;0.211) (0.065;0.120;0.211) (0.030;0.077;0.158) (0.029;0.077;0.167)
Cs | (0.029;0.074;0.158) (0.029;0.074,0.158) (0.032;0.040;0.053) (0.030;0.038;0.053) (0.029;0.077;0.167)
Cs | (0.057;0.111;0.211) (0.029;0.074,0.158) (0.032;0.040;0.053) (0.030;0.077;0.158) (0.029;0.077;0.167)
Cs | (0.086;0.148;0.263) (0.057;0.111;0.211) (0.065;0.120;0.211) (0.091;0.154;0.263) (0.088;0.154,0.278)
C7 | (0.057;0.111;0.211) (0.086;0.148;0.263) (0.097;0.160;0.263) (0.061;0.115;0.211) (0.059;0.115;0.222)
Cs | (0.029;0.037;0.053) (0.029;0.037;0.053) (0.032;0.040;0.053) (0.030;0.038;0.053) (0.029;0.038;0.056)
Co | (0.057;0.111;0.211) (0.086;0.148;0.263) (0.065;0.120;0.211) (0.121;0.192;0.316) (0.059;0.115;0.222)
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Therefore, since each expert's assessments are agreed upon. the integral fuzzy values of the weighting factors of the

assessment criteria can be calculated using formula (20) (Table 7).

Table 7 Integral values of the weighting factors of the evaluation criteria (Source: Authors’ own)

E: E> Es Eq Es
C1 | (0.149;0.228;0.325) (0.076;0.228;0.325) (0.160;0.239;0.329) (0.157;0.219;0.298) (0.154;0.234;0.337)
C2 | (0.074;0.142;0.299) (0.052;0.101;0.189) (0.080;0.149;0.303) (0.054;0.099;0.175) (0.076;0.146;0.309)
Cs3 | (0.033;0.071;0.135) (0.052;0.101;0.189) (0.056;0.106;0.191) (0.035;0.069;0.126) (0.034;0.073;0.140)
Cs | (0.033;0.071;0.135) (0.033;0.071;0.135) (0.032;0.048;0.069) (0.031;0.044;0.061) (0.034;0.073;0.140)
Cs | (0.052;0.101;0.189) (0.033;0.071;0.135) (0.032;0.048;0.069) (0.035;0.069;0.126) (0.034;0.073;0.140)
Cs | (0.074;0.142;0.299) (0.052;0.101;0.189) (0.056;0.106;0.191) (0.078;0.138;0.272) (0.076;0.146;0.309)
C7 | (0.052;0.101;0.189) (0.074;0.142;0.299) (0.080;0.149;0.303) (0.054;0.099;0.175) (0.053;0.104;0.196)
Cs | (0.030;0.046;0.068) (0.030;0.046;0.068) (0.032;0.048;0.069) (0.031;0.044;0.061) (0.031;0.047;0.070)
Co | (0.052;0.101;0.189) (0.074;0.142;0.299) (0.056;0.106;0.191) (0.157;0.219;0.298) (0.053;0.104;0.196)

I SSN 1339- 5629

Further, stage 6 of the Simplified calculation scheme in Table 8 shows expert linguistic evaluations of selected
confectionery market segments in Ukraine according to defined evaluation criteria using a linguistic evaluation scale
(Table 1).

Table 8 Linguistic assessments by experts of market segments (Source: Authors’ own)

C1 C Cs Cs Cs Cs Cs Cs Co

S1 H VH M M M H M M VH

E1 Sy VH VH M L M H M M VH
S3 M M VH VH L VH L L H
S1 H VH L L M M H M H

E> Sy H H H L L M M H VH
S3 M VH H H M H M L M
S1 VH H H M L L M M H
Es Sy VH M M L L M L L H
S3 H M H H L VH L L M

Ea S1 H VH M L L M M M VH
Sy H VH H VL M H L M H

S3 M H VH VH L H L M M

S1 M H M M L M M M VH

Es Sy H H H L L M M L VH
S3 L H H VH VL H L M H

Table 9 shows transformed (according to the scale of Table 1) experts' linguistic assessments into triangular fuzzy
numbers for each of the areas of analysis.

Table 9 Fuzzy estimates of market segments in a triangular form (Source: Authors’ own)

Ci C, Cs Cs Cs Cs C; Cs Co
S1 (4; 5; 6) (5;6;7) (3;4,5) (3;4;5) (3;4,5) (4; 5; 6) (3;4;5) (3;4,5) (5;6;7)
E1 Sz (5:6;7) (5:6;7) (3:4;5) (2;3;4) (3:4;5) (4, 5; 6) (3:4;5) (3;4,5) (5:6,7)
S3 (3; 4;5) (3; 4;5) (5; 6; 7) (5;6;7) (2; 3; 4) (5; 6; 7) (2; 3; 4) (2; 3; 4) (4; 5; 6)
S1 (4; 5; 6) (5;6;7) (2;3;4) (2;3;4) (3;4,5) (3;4,5) (4; 5; 6) (3;4,5) (4; 5; 6)
B2 | S | (456) | (456) | (456) | (234 | (234 | 345 | (45 | (456 | (567)
S3 (3;4,5) (5;6;7) (4; 5; 6) (4;5; 6) (3;4,5) (4; 5; 6) (3;4,5) (2;3;4) (3;4,5)
S1 (5;6;7) (4; 5; 6) (4; 5; 6) (3;4;5) (2;3;4) (2;3;4) (3;4;5) (3;4,5) (4; 5; 6)
Es | S | 56:7) | (3345 | (345 | (234 | (234) | (345 | (234 | (2234 | (45.6)
S3 (4; 5; 6) (3;4,5) (4; 5; 6) (4;5; 6) (1;2;3) (5;6;7) (2;3;4) (2;3;4) (3;4,5)
Es S (4, 5; 6) (5:6,7) (3,4:5) (2,34 (2,3, 4) (3;4,5) (3;4;5) (3;4;5) (5.6, 7)
So (4; 5; 6) (5;6;7) (4; 5; 6) (1;2;3) (3;4,5) (4; 5; 6) (2;3;4) (3;4,5) (4; 5; 6)
Sa (3; 4;5) (4; 5; 6) (5; 6; 7) (5;6;7) (2; 3; 4) (4; 5; 6) (2; 3; 4) (3; 4;5) (3; 4;5)
Es S (3;4,5) (4, 5; 6) (3;4:5) (3;4;5) (2,3, 4) (3;4,5) (3;4;5) (3;4;5) (5.6, 7)
S2 (4; 5; 6) (4; 5; 6) (4; 5; 6) (2;3;4) (2;3;4) (3;4,5) (3;4,5) (2;3;4) (5;6;7)
Sa (2;3;4) (4; 5; 6) (4; 5; 6) (5,6, 7) (1;2;3) (4; 5; 6) (2;3;4) (3;4,5) (4; 5; 6)
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Table 10 presents the calculated fuzzy estimates of market segments according to each of the evaluation criteria and
their integral values in a triangular form. The defuzzified fuzzy values of market segment estimates according to the COA

(Center of Area) method ratios according to formula (9) are also given in Table 10.

(Source: Authors’ own)

Table 10 Fuzzy estimates of market segments by each of the evaluation criteria. their integral and defuzzified values

I SSN 1339- 5629

w S1 S, S3
G (0.139; 0.230; 0.323) (0571, 0.714; 0.857) (0.714,0.771; 0.914) (0.429; 0.571; 0.733)
G (0.067; 0.127; 0.255) (0.657; 0.800; 0.943) (0.600; 0.743; 0.886) (0.543; 0.686; 0.857)
Cs (0.042; 0.084; 0.156) (0.429: 0.571; 0.714) (0.514; 0.657; 0.800) (0.629; 0.771; 0.943)
C (0.033;0.061; 0.108) (0.220: 0.283; 0.400) (0.267; 0.367; 0.600) (0.152; 0.180; 0.220)
Cs (0.037,0.072; 0.132) (0.230; 0.300; 0.433) (0.230; 0.300; 0.433) (0.257; 0.350; 0.567)
Cs (0.067; 0.127; 0.252) (0.203; 0.257; 0.350) (0.187; 0.230; 0.300) (0.157; 0.187; 0.230)
Cr (0.063; 0.119; 0.233) (0.193; 0.240; 0.317) (0.220; 0.283; 0.400) (0.240; 0.317; 0.467)
Cs (0.031; 0.046; 0.067) (0.200; 0.250; 0.333) (0.213.0.273; 0.383) (0.230; 0.300; 0.433)
Co (0.078.0.134; 0.235) (0.152; 0.180; 0.220) (0.152; 0.180; 0.220) (0.187; 0.230; 0.300)

F (0.201; 0.449; 0.965) (0.223; 0.470; 1.014) (0.184; 0.425; 0.968)

def (E) 0.539 0.569 0.526

Based on the obtained results, it can be concluded that
the segment of flour confectionery S2 has the highest
rating, followed by the segment of sugary confectionery
S1, and even further, the segment of cocoa-containing
products S3.

In this study, the Fuzzy Extension of the Simplified
Best-Worst Method is used to calculate the weighting
factors of the evaluation criteria (their sub-criteria). This
method has several advantages compared to other fuzzy
methods of multi-criteria analysis that are used to
determine the importance of evaluation criteria, in
particular Fuzzy AHP, the multiplicative method of F.
Lootsma, etc.: ease of application, a much smaller amount
of pairwise comparisons of objects, the presence of two
approaches to the calculation of weighting factors.

A significant positive feature of this systematic
approach is the presence of two calculation schemes, the
first of which (Simplified scheme) can be used in the event
of a shortage of time to obtain "quick” assessments of
market segments, and the second Advanced scheme with
the decomposition of each assessment criterion into
multiple sub-criteria - for more thorough and detailed
analysis of market segments. Another important aspect is
the validity of the proposed model, which is ensured by
procedures for checking the consistency of individual
expert assessments and the group results.

5 Conclusions

Classic tools for strategic diagnostics of the market
environment need improvement due to the ever-increasing
complexity and turbulence of the processes occurring in
most sectors of national economies. Fuzzy modelling
technologies are a modern, potent tool for solving strategic
management and strategic marketing problems, as they
make it possible to consider and process fuzzy input
information about the state of endo- and exogenous factors
of dynamic and difficult-to-predict environments.

In this article, the authors have developed a systematic
approach to evaluating market segments, which is based on

applying the toolkit of fuzzy multi-criteria analysis: Fuzzy
Extension of Simplified Best-Worst Method (for
calculating the weighting coefficients of evaluation criteria
(sub-criteria)) and the Fuzzy SAW method (for
determining the evaluations of marketing segments ). This
approach is implemented in two calculation schemes:
Simplified calculation scheme and Advanced calculation
scheme. It is proposed to use a combination of I. Ansoff's
GROT approach criteria and P5FMare essential for
evaluating market segments. In the case of using the
Advanced calculation scheme, the decomposition of these
criteria into sets of corresponding sub-criteria is assumed.

For the practical application of the approach, a
framework has been developed in Excel, which makes it
possible to carry out simulation simulations depending on
the adjustments of the opinions of experts both at the stage
of determining the importance of evaluation criteria (sub-
criteria) and when directly evaluating market segments
according to them.

According to the authors, the systematic approach can
be a relatively flexible and effective tool when conducting
strategic ~ market  analysis, forming  strategic
recommendations for industry enterprises based on
applying portfolio analysis methods, developing and
implementing  diversification  strategies,  forming
investment programs, etc.

Further research on this topic can be aimed at the
approbation of this systematic approach using the
Simplified and Advanced calculation schemes for various
industries by adapting the subcriteria to the peculiarities of
the studied industries on the application of other methods
of fuzzy multi-criteria analysis (Fuzzy TOPSIS, Fuzzy
COPRAS, Fuzzy VIKOR, etc.) for the comparative
assessment of market segments and the implementation of
consistency analysis of the obtained results; for the
development of a framework and decision support system
using specialised applications that implement the
possibilities of fuzzy modelling, for example, the Fuzzy
Logic Toolbox package of the Matlab computing system.
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Abstract: The importance of anticipating and preventing disruptions is underscored by the increased operational
complexity and vulnerability caused by advancements in supply chain management (SCM). This has spurred interest in
integrating machine learning (ML) and deep learning (DL) into supply chain risk management (SCRM). In this paper, we
introduce a tailored method using ML and DL to improve SCRM by predicting supplier failures, thus boosting efficiency
and resilience in SC operations. Our method involves five phases focused on classifying and predicting supplier failures
in non-conforming deliveries. This involves forecasting failure quantities and estimating total disruption costs. Initially,
data from an automotive company is selected, and appropriate potential features and algorithms are selected, performance
metric aligns with case study objectives, facilitating method evaluation are used such as: Precision, recall, F1-score, and
accuracy metrics assess classification models, while Mean Squared Error (MSE) is used for regression tasks. Finally, an
experimental design optimizes models, assessing success rates of various algorithms and their parameters within the
chosen feature space. Experimental results underscore the success of our methodology in model development. In the
classification task, the Random Forest (RF) classifier achieved 86% accuracy. When combined with the Gradient Boosting
classifier, the ensemble exhibited enhanced accuracy, highlighting the complementary strengths of both algorithms and
their synergistic impact, surpassing the performance of RF, Support Vector Regression (SVR), k-Nearest Neighbors
(KNN), and Artificial Neural Network (ANN). Noteworthy is the performance in regression tasks, where Linear
Regression, ANN, and RF Regressor displayed exceptionally low MSE compared to other models.

1 Introduction With the growing accumulation of data and heightened

To meet delivery deadlines and customer expectatiorlgagement in communication with primary and upper-tier
it becomes crucial for manufacturing companies to predigtippliers, it becomes feasible to anticipate and alleviate
potential disruptions in their upstream SC caused by nopotential disruptions at a more localized level in the SC.
conforming deliveries. this proactive approach ensures thefis is particularly relevant given the increasing emphasis
the assembly process commences as scheduled, ultimafélyleveraging Big Data (BD) and ML in SCM to gain
preventing higher production and operational costs. ~ additional insights into SC operations, ultimately

In essence, non-quality products can trigger a casca@@hancing overall performance and reducing risks [1-6].
of negative effects, ranging from financial losses and Emerging digitalization technologies, including the
operational challenges for manufacturers to safety riskaternet of Things (IOT) and artificial intelligence (Al),
and dissatisfaction for customers. The increasing intrica®jfer new prospects for predicting disruptions in SCM
and fragility of SCs underscore the need for enhancéé9]- Conducting empirical and sophisticated research is
monitoring of SC performance. crucial for a deeper exploration of the potential of ML in

Quality issues within the supplier chain can trigger fprecasting and mitigating risks arising from supplier
chain reaction, disrupting the entire SC. This disruption c&lisruptions. Our contribution involves an extensive case
impede the manufacturer's capacity to source essen@idy that demonstrates the application of Al techniques in
components, leading to production schedule disruptiondCM for predicting disruptions. This study specifically
delays in product delivery, and the potential to compromig@ncentrates on implementing ML and DL to predict
customer commitments. manufacturers may findisruptions related to materials from suppliers, with a
themselves bearing the burden of additional expens@gecific focus on non-quality products. The research
incurred in reworking or scrapping defective product&£mphasis is encapsulated in the following research
significantly impacting profitability. Additionally, non- questions: o _ _ _
quality products often result in customer dissatisfaction, Failure Prediction RQ 1: Can we predict which supplier

manifesting as Comp|aint3’ product returns, an@SUGS are Ilker to occur in the near future based on
unfavourable reviews. historical data, and if so, how can we use this information

to prevent them?
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Number of Issues Prediction RQ 2: Can we predict ho@onversely, [15] and [16] categorize the existing methods
many issues of the same type will occur for a specifiato descriptive, predictive, and prescriptive analytics.
failure, which could help in resource allocation andlescriptive analytics within SCM focuses on
planning? comprehending past events [11-13].

Total Cost Prediction RQ 3: Given information abouta Recent  research predominantly  emphasizes
supplier issue, can we predict the total cost incurred by theescriptive analytics over descriptive and predictive
failure, which would be valuable for cost estimation andnalytics within these three categories [4]. However, in line
budget planning? with the standard practice of data analytics, not limited to

These goals and questions establish a robust foundat®@M, the efficacy of prescriptive models is dependent on
for our research paper. By concentrating research effodsscriptive and predictive models [3,4]. Consequently, the
on quality issues causing SC disruptions, we capreviously mentioned review papers advocate for further
significantly reduce risk propagation and its impact on thexploration in descriptive and predictive analytics within
SC operations. This proactive approach may help BCM. Thus, we enhance the current body of knowledge by
improving supplier performance and maintaining a moratroducing a case study that highlights the significance of
resilient and efficient SC. predictive analytics within the field of SCM.

Each of these prediction questions addresses a specific[17-20] emphasize the fundamental role and
facet of SC issue management. By homing in on theapplication of BD and Al plays a crucial role in the
guestions and leveraging Al models, we can offer valuabbeocurement process's digital evolution, viewed as a
contributions to the following key areas: pivotal element for enhancing the competitive edge,

SC risk identification and assessment: ML modelsffectiveness, and financial success of organizations' SCs.
enable the prediction and early detection of potentidlhe ever-expanding access to a more extensive range of
suppliers issues that may occur in the future, aiding in tldata in terms of volume, speed, and diversity presents new
identification of potential risks that may affect the SC. prospects to transform the influence of data analytics

Cost Estimation: Drawing from historical data, MLmethods [21].Within the broader spectrum of SCM, ML
models estimate the cost of supplier issues, providiramd various data mining methodologies are regularly
valuable insights for budget planning. employed for multiple purposes. These include demand

The structure of the paper is as follows: Section frecasting [22-24] establishing retail prices in SCs and
provides a review to the recent progress in predictive dateanaging financial transactions [25-29]. In the particular
analytics within SCM. Section 3 provides the methodologsealms of procurement and logistics, prior studies primarily
adopted in accordance with ML and DL models, providinfpcuses on selecting potential suppliers for particular
an overview of the case study dataset detailing the choggoducts [30,31]. However, the area of missing materials
algorithms along with their outcomes. Moreover, awdue to delayed deliveries remains an overlooked aspect of
evaluation of the performance of our models is conductegksearch [32] there is a scarcity of models dedicated to
To conclude, a conclusion is presented in the last sectiopredicting suppliers quality issue. [33] introduced a ML

based approach designed to forecast delays in supplier
2 Literaturereview deliveries, the primary focus was on ensuring

Several authors highlight the increasing complexity arifiterpretability to aid decision-making based on the
global nature of SCs, underscoring the growin§redictions. Utilizing an actual dataset from a mult|-t|¢r
significance of anticipating and preparing for disruptiongderospace manufacturing SC, they conducted a comparison
[10,11]. Scholarly discussions have suggested the potenfigtween The effectiveness and clarity of SVM and decision
use of predictive algorithms in SCRM [2,12,13] totrees (DT) Despite slightly inferior performance metrics,
diminish the influence of a disturbance, there are generaff§e authors advocated for the use of DT as the preferred
two choices available. The initial choice involves reducinyIL algorithm, emphasizing their interpretability over
the likelihood of its happening, while the second optioRerformance. [34] conducted a study in an original
aims to establish a robust SC that swiftly reverts to idquipment manufacturer (OEM), where they forecasted
initial state following a disruption.  these alternatives aelays in deliveries from Tier 1 suppliers by analyzing
the focal points of two distinct sectors within SCMhistorical product data. By comparing five ML algorithms,
namely, SCRM and SC resilience. within both the broad#ey determined that the RF algorithm demonstrated
scope of SCM and its associated fields, data analytigyperior performance when compared to SVM, logistic
remains a fundamental and integral tool in operations [14ggression, linear regression, and the KNN algorithm.
Data analytics in SCM is characterized by the application Similar to the findings of [33] more sophisticated ML
of various quantitative and qualitative methods ilgorithms such as ANN might have demonstrated superior
combination with SCM theory. Its purpose is to addred¥erformance but were not explored. Although we
pertinent SCM issues, predict outcomes, and consicdegknowledge the importance of incorporating more
factors such as data quality and availability. Additionallyinterpretable ML approaches in SCM, we assert that it is
they categorize predictive analytics as a segment of d@@ually crucial to investigate other algorithms like
analytics, specifically focused on enhancing SCs arhsemble algorithms or ANN, even if they may pose
reducing risks by forecasting potential future occurrence@hallenges in terms of interpretability. This exploration is
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essential to provide decision-makers with a comprehensiglisruptions that demand immediate handling to prevent
array of options. further propagation.

Numerous approaches center around data analytics in Consequently, the objective is to establish a predictive
SCM. However, the exploration of predictive analyticsystem capable of preemptively categorizing potential
within SCM remains an area that has not receivatisruptions and risk before their occurrence. This will
sufficient attention. A particular aspect requiring furthefacilitate proactive measures for risk mitigation and robust
investigation is the precise identification and quantificationontingency planning, ensuring a proactive and resilient
of non-conform deliveries with potential impact for bothapproach to managing and averting potential disruptions.
manufacturers and customers. Existing methodologies in The focus of our investigation is on pinpointing
issues related to late and non-conform deliveries faseppliers most prone to SC vulnerabilities, specifically in
limitations. terms of delivering bad product quality. As quality issues

Therefore, our contribution to the existing literaturas a critical area for research. Understanding the impact of
comes in the form of a case study in predictive analytitese quality issues and their correlation with SC
within  SCM, employing ML and DL algorithms. disruptions is key to mitigating risks and ensuring a
Specifically, our focus lies in predicting non conformsmoother operational flow. Our principal objective is to
deliveries from suppliers, employing a supervised learniridentify potential failures originating from suppliers
approach and utilizing an authentic dataset from ampacted by vulnerabilities, thereby causing disruptions
automotive manufacturer. In this study, we contrastithin the SC. We seek to estimate the overall costs
straightforward ML and DL algorithms such as Randorassociated with inferior-quality products resulting from
Forest Classifier and Regressor, SVM, SVR, Lineararious disruptions, which include line stoppages, delivery
Regression, KNN, and ANN. delays, as well as addressing customer concerns and
dissatisfaction.

In the pursuit of addressing the complex challenges
outlined in our case study, our methodology, in Figure 1,
unfolds through a series of designed steps, each

contributing to our overarching objective of establishing a
~~ predictive system for preemptively categorizing potential
disruptions and risks in the SC.

Data Collection and Exploration

Initial Feature and Algorithm Selection

(LR, SVM, SVR, ANN, KNN, RF)

3.2 Data collection and exploration

<L To comprehend the nuances of disruptions, caused by
quality issues within our manufacturing company, we
initiated the process with extensive data collection. This
involved sourcing historical data from the manufacturer's
d- Enterprise Resource Planning (ERP) system, The data
covers supplier quality performance concerning 314 of
purchased products over a period of seven
years,incorporating assessments from 429 suppliers across
20 manufacturing plants worldwide. key variables within

Performance Metric Definition

(Accuracy, Recall, Precision, F1-score)

Data Preprocessing

<

Models Optimization and Algorithm
Performance Analysis

(GradientBoosting, GridSearchCV)

the dataset are outlined in Table 1, that comprising multiple
columns containing information relevant to tracking and
managing supplier issues. Additionally, each column is
accompanied by a specific data format and description,
providing insights into the type of information available

within the dataset.

The dataset comprises records of 20,000 quality issues
associated with distinct products. Among these issues,
53.5% were attributed to suppliers responsible for non-
3 Methodology conforming products, 11.46% were linked to suppliers.who
3.1 Casestudy refused to acknowledge failures, and 35.04% of issues

The case under study involves a manufacturingere communicated to suppliers as information for them to
company specializing in producing wiring harnesses faonsider and rectify in their future deliveries.
numerous OEMs. This company extensively sources
millions of components from global suppliers, operatin@.3  Initial feature and algorithm selection
across varied production scales, encompassing both highldentifying suppliers most prone to vulnerabilities,
and low volumes. While individual disruptions, delays, andspecially in delivering subpar product quality, was the
quality issues remain relatively minor, their cumulativéocal point of our investigation. To translate this focus into
impact can escalate, creating a substantial number aftionable insights, we meticulously selected features that

Figure 1 Methodol ogy for predicting supplier risks utilizing ML
and DL techniques
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(A

offer critical information about supplier performance, suchmsights into the expected quantity of failures and

as supplier name, failure description, issue gravity, numbassociated costs.

of issue per gravity, and total cost. To elaborate further on

our approach, we utilized RF Classifier, SVM, KNN, an®8.4 Performance metric definition

ANN for classification tasks, distinguishing and predicting The incorporation of performance metrics is essential

failure descriptions. These models, renowned for theiii evaluating the effectiveness of our models in addressing

robustness, were instrumental in leveraging historical dagapplier quality concerns. In line with the case study's

to foresee potential disruptions. Concurrently, fooverarching goal of estimating failures, their numbers, and

regression tasks, specifically predicting the number efssociated total costs, we have defined key performance

issues and total cost, we employed RF Regressor, SMRetrics. These metrics (1), (2), (3), (4), (5), provide a

Linear Regression and ANN. comprehensive assessment of the models' predictive
As summarized in Table 2. These regression modejapabilities and their ability to contribute meaningful

excel in estimating numerical values, providing valuablgsights to SCM.

Table 1 Overview of the data

Date Forma Descriptior
ID number Alphanumeri Unique code describing supplier issue
Final Customer Texi Short description of the final customer
Supplier PN Alphanumeri Unique supplier product number
Supplier Name Texi Short description of the supplier's name
Failure Description Texi Short description of the failure
Issue Gravity Alphanumeric Indicating where the product is detected as non-conform.

It has three possible values:
e C1: At the final customer
*  C2: At the manufacturer's plant production process
* C3: At the manufacturer's plant in their incoming inspe:

Number of issue per gravity Numbe How many issues from same failure were occurred

Supplier Acceptance Binary Indicating the acceptance of the supplier for the claimed failure (1 for
"Accepted,” 0 for "Not acceptec

Plant Location Number Numbe Number of the plant where the failure was detected

City Texi Representing the city where the plant is located

NOK parts number Numbe Indicating the number of non-conform parts

Creation date Date When the failure was detected in the manufacturer’s plant

NOK parts replacement Binary Representing whether the supplier ensured the replacement of non-
conform parts (1 for "Yes," O for "No'

Replacement time Numbe Indicating how long the replacement process takes

Recurrent Issue Binary Did the issue have been occurred before (1 for "recurrent,” O for "Not
recurrent”)

Total Cost (Euros) Numbe Representing the disruption cost incurred by the failure

Invoice Payment Binary Indicating if the supplier takes charge of the invoice payment (1 for "Yes,"
0 for "No"

Response time Binary Indicating)if the payment is made in time or not (1 for "Yes," O for "No").

Additional Time Numbe Indicating how long the payment takes in delay.

Table 2 ML and DL algorithms selection for regression and classification tasks

Machine Learning /Deep ~ Random Random Support Support Linear KNN  ANN
learning Algorithms Forest Forest Vector Vector Regression

Classifier Regressor Machine Regression

(SVM) (SVR)

Regression (for Number of X X X X
issue prediction and Total
cost
Classification (for Failure  x X X X
prediction

Precision (1): reflects the accuracy of positivestudy, precision signifies the proportion of correctly
predictions made by the model. In the context of our castentified supplier failures out of all predicted failures.
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Precision = frue Positives (1) 3.5 Datapre-processing
True Positives+False Positives After gaining insights into the dataset, our next step

Recall (2): also known as sensitivity measures tHBvolved refining it for our predictive models. Initially, we
model's ability to identify all actual supplier failures. converted categorical data into a numerical format, a

highlights the proportion of correctly identified failures Ouprereq.uisit_e for ML and DL mode[s that cqmmonly process
of the total actual failures. numerical input. One-Hot-Encoding, a widely established

technique, was employed for this purpose. Incorporating

True Positives dates as input features in a supervised learning framework
@) involves training the prediction model on historical dates

along with other relevant features depending on the target
Fl-score (3): is the harmonic mean of precision angriable that we want to predict. In an effort to optimize the
recall. It provides a balanced assessment of a modetisdel's effectiveness, interpretability, and efficiency, we

performance by considering both false positives and falsarefully chose a subset of features from our dataset. The

Recall (Sensitivitys

True Positives+False Negatives

negatives. identification of features required an understanding of the

influence, correlation, and connections between variables,

F1Score = 2 « Lrecision+Recall) (3) offering insights into their interdependencies and potential
(Precision+Recall) impact on the target variables. To mitigate

interdependencies among our input features, certain
Accuracy (_4):_ represents the overall correctness of th&riables were excluded.
model's predictions,defined as the ratio of correct £, hermore, and in order to enhance the performance
predictions to the total number of predictions. of ML and DL models by ensuring the data is well-suited
for analysis and model training. In summary, we chose the
following independent variables to serve as input features
for our models: Number of issue per gravity, Total cost,

tasks : It measures the average squared difference betweerf "€ pair plot highlights a robust positive correlation
the predicted valueg and the actual,. among number of issue per gravity, failure description, and
' total cost, suggesting that a greater frequency of reported

issues in failure description (as depicted in Figure 2) is
linked to higher total costs.

Total Number of Predictions (4)

Accuracy =
Y Number of Correct Predictions

1 "
MSE=_ =1 (Pi—y)* ®)

Pairplot of Numerical Variables
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~ 8 N @
B d & o &

3]

B VDNLE SIS 00N ¢
.

ﬁ__EﬁE=Euﬁ_anE

e MBSO EINeS 08 O @3

= = )
2 o o o o
L | i

[¥]
i

Number of issue per gravity

)
[
i

Total Cost
- )
8 8 8

&3
=}

e - H
0 8 B .s2.%a ® . £ E
0 50 100 150 1.0 1.5 20 0 250 500 750
Failure Description Number of issue per gravity Total Cost

Figure 2 Analysis of issue frequency, failure description and total cost
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Furthermore, the correlation observed between numbg@reights’) and distance metrics ('p') are methodically
of issue per gravity and total cost underscores that tbgamined. Finding the ideal hyperparameter configuration
gravity type occurring more frequently is associated witto enhance classification accuracy is the goal of the grid
higher cost implications. This finding suggests that issusgarch process. Five-fold cross-validation is used in
of this gravity type, identified by the end customer, areonjunction with this optimization procedure to ensure
more likely to result in cost generation. Notably, thesstrong assessment and reduce overfitting.
customer-detected failures, although occurring less The combination of hyperparameter tuning and feature
frequently than C2-type issues, exhibit a heighteneshgineering contributes to a more refined and effective
propensity to generate costs. modeling approach, addressing specific characteristics of

Following the specification of input features for varioushe dataset and improving overall models performance.
prediction models, the data preparation phase was As well, we refined the neural network architecture
successfully concluded. After understanding the availabénployed in this task,this architectureonsists of two
data and outlining the features for our models, waidden layers with ReLU activation functions, followed by
established an experimental plan consisted of two stagdsopout layers with rates of 0.5 and 0.3. The Adam
The first stage focused on a classification task faptimizer is employed with default parameters, and
predicting supplier failures description, where we catraining occurs over 100 epochs with a batch size of
answer RQ 1. The second stage is focused on regress3@pstrikes a balance between complexity and
tasks for predicting the number of issues and total captneralization performance, validated through empirical
prediction and thus is designed to answer RQ 2 and RQe&kperimentation, providing us with an accuracy of 33%.

Applying advanced hyperparameter tuning techniques,
4 Result and discussion we meticulously fine-tuned the RF to achieve superior

This section unveils the findings of our investigatioPerformance. The initial RF model yielded an accuracy of
into predicting failure descriptions, a critical task foi62%. Subsequently, we conducted an exhaustive
anticipating and managing potential disruptions in the Syperparameter search using GridSearchCV, exploring a
The accurate classification of failure scenarios holds ti&rameter grid. This process resulted in a refined RF model
key to informed decision-making and proactive riskvith an enhanced accuracy of 64%, illustrating the
mitigation in SC operations. Our study delves into théignificance of hyperparameter optimization. _
performance of diverse ML and DL models, shedding light In addition, we delved into the potential of Gradient
on their effectiveness in enhancing predictive capabilitie§00sting to further boost model performance.

To find the ideal set of hyperparameters from the

4.1 Modes optimization and algorithms specified parameter distributions, RandomizedSearchCV
performances analysis is utlized. random sampling from the parameter
distributions is done ten times.every possible combination

411 Classification models optimization £ h ; : d i 5-fold
After conducting an in-depth analysis, we explore((.?ali dgtl?gr:pafame ers is assessed using 5-fold cross-

hyperparameter tuning and feature engineering for both th . . . - .
K)l/\le gnd SVM mode?s This rigorousgexplora%ion aimed 1ne Gradient Boosting classifier exhibited exceptional
X curacy, reaching an impressive 86%. This success

to fine-tune the models and enhance their predicti X ; ) : )
P ighlights the effectiveness of Gradient Boosting in

capabilities. L s L2
Grid search is used to find the Optimalcapturmg intricate patterns within the data and maximizing
VRjedictive accuracy.

hyperparameters, which are then used to train a final S h . .
yperp wht . ! I These detailed efforts in hyperparameter tuning,

model. The optimal settings for "C" (regularization . . °. . e
parameter) and "kernel" are used to instantiate the S |I|2|_ng GrldSear_chCV for the RF model and cpnﬂgunng
model. This improved SVM model is then used to genera ?d'.er.“ Bocast:ng, fshowcase dour com_mltmhent to
predictions for cross-validation. By using an iterativé@PlMizing model performance and uncovering the most
effective configurations for the given classification task.

procedure, the model's prediction accuracy an After th del is fitted tth ldati ¢
generalization ability are improved by training it with the erthe model s itted, we carry out the vajidation se

most efficient hyperparameters found by grid search A<Eyaluation and cross-validation.Understanding the model's
; pected performance in real-world with unseen data.

result of these efforts in Table 3, the SVM model achiev sing a 5-fold cross-validation, the cross-validation scores
a significant accuracy of 75%, showcasing the impact ; - T -
parameter optimization. vary from 85.38% to 87.26%, with an accuracy of 86.39%

As well, with hyperparameter optimization, the KNNON average and a standard deviation of 0.77%. The efficacy

model showed progress, with an accuracy of 60% 1gethe Gradient Boosting classifier in forecasting the failure
optimize the KNN model, grid search is used, which entaif€SCriPtions within the dataset is exhibited by these

examining a parameter grid that includes 'n_neighborgl"tcomeS'The model has strong performance on the

which is the number of neighbors taken into account fe{f’alidation set as well as in cross-validation, suggesting that

classification. Furthermore, a variety of weight functiond can g.enf_arah_ze well to prfa\{lously unseen data from the
same distribution as the training data.
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Table 3 Model evaluation metrics for classification task related to failures prediction
Model Accuracy Macro  Macro Macro Weighted Weighted Weighted
Avg Avg Avg Avg Avg Avg F1-
Precision Recall F1- Precision Recall Score
Scor
KNN 60% 0.21 0.23 0.21 0.52 0.60 0.55
SVM 75% 0.35 0.35 0.34 0.75 0.75 0.75
ANN 33% 0.14 0.14 0.12 0.29 0.33 0.28
RF classifie 62% 0.26 0.30 0.27 0.54 0.62 0.56
RF classifier with 64% 0.28 0.32 0.28 0.55 0.64 0.58
GridSearchC'
RF classifier with Gradient 86% 0.58 0.59 0.58 0.78 0.82 0.79

Boostingclassifie

Table 4 Model evaluation metrics for regression task related to number of failures prediction

Regression (Metrics/Models)  ANN Linear Regression Random SVR
Forest
Regressc

MSE ‘Number of Failures' 2.681293342490944e-16  1.87e-33 0.0001 0.05

Table 5 Model evaluation metrics for regression task related to total cost prediction

Regression (Metrics/Models)  Linear Regression Random ForeaNN SVR
Regressc
MSE Total Cost' 1.56e-28 0.023 0.17 0.88

In addition, to assessing the performance metrics of 0ANN stand out with unprecedented in conclusion, our
models, we conducted an in-depth analysis of featuresearch, which delves into the predictive capabilities of
importance to identify the input features that significantjylL and DL models, significantly contributes to the
influence the model's output. This exploration providegroactive prevention of SC disruptions and the
valuable insights into the variables driving the predictivenhancement of supplier performance. By focusing on
capabilities of our models. specific prediction questions, our study empowers

The results of our feature importance analysidecision-makers with valuable insights for issues
underscore the pivotal role of specific variables in thprevention, risk control, and supplier management. The
prediction of failure descriptions. Notably, supplier nameitegration of predictive analytics and innovative
and failure description emerged as features with higherethodologies, as explored in our research, empowers
importance compared to others in the models for the initiafganizations to navigate the complexities of the modern
stage. These variables exert a substantial influence on 8@ landscape with heightened efficiency and effectiveness.
accurate prediction of the failure description, aligning witiThis convergence of SCM with advanced technologies
the nuances of our SC disruption prediction task. establishes a foundation for a more resilient and adaptive

The identification of influential features enhances ouiuture in SC operations. By leveraging predictive
understanding of the underlying dynamics of failureapabilities, organizations can proactively respond to
prediction. These insights can inform decision-makers gmerging challenges and uncertainties, ensuring a robust
the SC, enabling them to focus on key variable faand future-ready SC.
improved risk assessment and proactive mitigation However, it's essential to acknowledge the limitations

strategies. of our study. Future research could explore additional
industry-specific datasets and address potential biases in
412 Regression models performance analysis the selected data. Additionally, the ethical considerations

This part presents a detailed analysis of thef deploying advanced technologies in SCM, such as data
performance metrics for the regression models employedvacy and algorithmic transparency, warrant continued
in predicting the number of failures and total cosattention as organizations embrace these predictive
respectively in Table 4 and Table 5. The models consideredpabilities,predictive accuracy, boasting MSE values of
include Linear Regression, SVR, RF Regressor, and ANN87e-33 and 2.681293342490944e-16, respectively.
evaluated through MSE metric. These exceptionally low errors underscore their

In our quest to predict the number of failures, Ouremarkable precision in capturing the underlying patterns
analysis reveals noteworthy insights into the performanée the data. SVR demonstrates a commendable
of various regression models. Linear Regression and therformance, striking a balance with an MSE of 0.05,
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indicative of solid predictive capabilities. Notably, the RFnanaging suppliers more effectively. Through the
Regressor emerges as the top performer, showcasingiregration of predictive analytics and innovative
exceptionally low MSE of 0.0001. This outstanding resulinethodologies, as explored in our research, automotive
underscores its prowess in capturing intricate relationshipgganizations gain the tools necessary to navigate the
within the data, making it a robust choice for regressiantricate landscape of modern SCs with heightened
tasks. efficiency.

Furthermore, our detailed investigation into feature This convergence of SCM with advanced technologies
significance for our selected models, particularly the Réstablishes a robust foundation for a more resilient and
Regressor, identified gravity issue and number of issuadaptive future in SC operations. leveraging predictive
per gravity as key variables with notably elevatedapabilities empowers organizations to proactively
importance compared to others in the second-stage modedspond to emerging challenges and uncertainties, ensuring
These findings emphasize the crucial roles of theseSC that is both robust and future-ready.
variables in predicting the number of issues per gravity, The specific automotive data provides several
highlighting their substantial importance in our SCMstrengths, it allows for a deep understanding of the nuances
context. and intricacies within the automotive SC. The models

To predict the total cost, Linear Regression continuaieveloped based on this data are likely to be highly tailored
to demonstrate an exceptionally low MSE of 1.56e-28 fdo the specific challenges and dynamics of the automotive
predicting total cost. This indicates very high accuracy anddustry. This specialization can lead to more accurate
precision in its predictions. The ANN model has an MSkredictions and insights, particularly for disruptions related
of 0.17, indicating acceptable performance. While highéo non-quality products from suppliers. Despite its
than the MSE for Linear Regression. The RF Regressor hasilience, the dynamics, challenges and variables
an MSE of 0.023, which is higher than Linear Regressianfluencing disruptions in the automotive SC may be very
but lower than the ANN. SVR has the highest MSE amordjfferent from those in other sectors.Compared to
the models, with a value of 0.88. This indicates a highbusinesses like electronics or pharmaceuticals, the
level of prediction error compared to the other models. automobile sector could have different procurement

[35] The authors employed a variety of regressioprocedures, product lifecycles, or regulatory needs. As a
models, including Simple Regression, Lasso RegressioBsult, models created using data from the automobile
Ridge Regression, Elastic Net, RF, Gradient Boostingdustry might not be directly applicable or accurate in
Machine (GBM), and Neural Network, to predict theother SC scenarios or industries. It's essential to validate
availability of products in the event of disruption. Thehe models developed using data from different industries
results of their experiments showed that tree-based SC contexts. This validation process may involve testing
learning algorithms,RF and GBM in particular,performedhe models with data from companies in other sectors and
better than other models in terms of test error. making necessary adaptations or adjustments to ensure

Overall,the type of data used and the features choseir effectiveness and accuracy. Furthermore,the research
for the study have an impact on the models' performandecus on predicting disruptions from non-quality products
Regression models can exhibit variability in theiwhile excluding other types of disruptions such as
responses to distinct data sets and feature types.Neuogiistical issues and geopolitical events. Logistical issues
networks can perform very well in scenarios wittcould involve problems with transportation, warehousing,
enormous datasets or sophisticated feature interactiarsdistribution, while geopolitical events could include
because of their great degree of flexibility and ability ttrade disputes, political instability, or natural disasters
understand complex patterns in data. Nevertheless, theyacting and changing SC dynamics that can be
may be more prone to overfitting and need carefumfluenced by a wide range of factors the assumption of
hyperparameter adjustments, particularly in cases when #gtationarity may no longer hold true.Changes in SC
dataset is noisy or tiny.In conclusion, elements includingynamics can alter the underlying patterns and
the type of data, the attributes of the features, and theationships in the data used for modeling and
intricacy of the underlying relationships all have an impadbrecasting.For instance,supplier performance may

on the model selection and performance. change, or new SC partners may be introduced. These
changes can affect the model’s accuracy and the statistical
5 Conclusions properties of the data, making it more challenging to

In summary, our research underscores the pivotal rgdécurately predict future outcomes using traditional
that ML and DL models play in transforming SCM.Bystationary models.
delving into the predictive capabilities of these models, we
contribute significantly to the proactive prevention ofReferences
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Abstract: In this article, a field study is conducted to analyze the state of enterprises in Morocco in the face of digitalization
by studying large, small, and medium-sized enterprises. This study focuses mainly on researching the factors that
influence their decision to adopt a digital strategy. Using the AHP multi-criterion method, a precise selection was made
based on the opinions of experts in the field. To make this choice, a precise methodology was used: brainstorming and a
weighted vote. An online survey was conducted, and 34 companies were interviewed to analyze the ways in which they
are adopting digitalization, to present the most commonly used digital tools, and to study the impact, benefits, and
obstacles of a digital strategy. A data analysis was applied by combining R with SPSS. The findings of this study show
that Morocco is beginning to incorporate digitization into its practices, and more precisely, into the supply chain's
operations, but that this use is still quite limited to certain tools and practices. They emphasize the underlying causes,
highlight the benefits of digitization, and compare the levels of corporate maturity compared to digital. Six factors have
been identified to influence this decision. This article contributes to an existing gap in empirical studies that highlight the
integration of digital strategies, focusing on the case of Morocco. It provides useful data that can significantly improve
management methods and encourage the integration of digital strategies, regardless of their size, making it a significant
contribution to researchers and even industries.

1 Introduction "4.0" environment efficiently. Companies adopt

Today's companies face numerous constraints afligitization strategies by focusing on the factors that
challenges daily, requiring flexibility and innovation toinfluence the use of various digitization tools in the supply
remain competitive. chain. This study examines these tools and the influencing

With the advent of the fourth industrial revolution,factors. .
companies of all sizes face the challenge of digitizing their We surveyed large companies and SMEs to collect data
processes, which enables them to exchange data in 1@ajthe state of digitization in Moroccan companies. Our
time, increase productivity, enhance process qua]ity, aﬁ@pulatlon consists of industrial executives with extensive
achieve financial gains (1-2). This challenge has prompté&fowledge and visibility into their companies’ digitization
many companies to join the digital transformation over th&rategies. . . _
past ten years. This work's primary goal is to examine the state of

After a bibliographical study, we noted that som&ompanies in Morocco facing dlgltallzanon: We have set
works were published that treat the state of the companlé two research questions to clarify our main problem.
compared to the digital in various countries, like the works RQZ: In terms of 4.0, where are Moroccan enterprises?
of (3), which focus on the SME of New Zealand; the works RQ2: What are the digitization tools used by these
of (4), which work on the case of the Italian SME, fofompanies? . _ _ _ _
example; and (5), which work on German SMEs. However, This document is organized into sections. Section 2
no work has been found in Morocco, which motivates us ffesents the survey methodology used to achieve the study
work in this direction. However, this work is unique in thaPbjectives, the sample characteristics, and the data
it deals with the same theme, is based on the casecgflection and analysis process. Section 3 presents detailed
Morocco, and focuses on large companies and SMEs at fRéults concerning our target's organizational factors, the
same time. various impacts and benefits of adopting digitization 4.0

In this paper, we study the current state of digitdP0ls, a vision of the digital strategy adopted, and the
companies in Morocco to find out where they stanglifferent elements influencing the latter's choice. _
regarding Industry 4.0, why companies resist introducing Section 4 presents a.dlscussmn of the results, the main
it for several reasons, and how they can move toward$@nclusions of the interviews, and future developments.
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2 Literaturereview comparison is obtained for each pair of criteria. Then, we

The term Industry 4.0 appeared for the first time in the&n go back to the top level to make a decision.

German strategic plan for new technologies (5-6). It The main advantage of the AHP technique is that it
designates the fourth industrial revolution, which i®ffers systematic steps for synthesizing information using
characterized by data analysis, the automation &fstructured hierarchy. According to (26), the hierarchy
manufacturing processes, and the integration of digitdfoups together criteria and sub-criteria, which can
technologies such as the Internet of Things (6). facilitate the understanding and simplification of a problem
encompasses several digital tools whose objective is ¥ Offering better focus when assigning priorities to criteria
provide digitalized solutions (7). Then comes the use @nd sub-criteria.

digital tools and technologies such as robots, artificial

intelligence, the Internet of Things, big data, 3D printing3 M ethodology

and machine learning. (8) This article presents a field investigation of Industry 4.0

Some authors describe Industry 4.0 as systems tfiat Moroccan enterprises. The study collected the opinions
communicate and cooperate, but also with humans, in ordgrindustrial managers in companies on the state of the
to decentralize decision-making (9). latter's digital transformation.

Industry 4.0 is also known as digitization, which A group of research professors who had already worked
involves replacing humans with machines and digitizing afin similar subjects and industry professionals drew up the
processes, thus making manufacturing systems and thaial list of questions. We made the selection of the initial
supply chain intelligent (10). list of questions during a brainstorming session, and then

Several authors, such as (11), have focused their studies applied a weighted vote.
on the impact of Industry 4.0 on quality management and After several rounds of discussions and corrections, we
the challenges facing a transformation to Quality 4.@ompleted the final questionnaire, comprising 31 questions
whereas others, such as (12), have focused on datal covering several aspects, including the level of
management and solutions based on the two digital toatlgitalization of Moroccan companies, the digitalization
deep learning and machine learning. (13) designed a survegls used to date, the main benefits of digital strategy, and
to study the application of smart supply chain technologi¢se impacts and obstacles of digital tools on the
in Moroccan industry, so (5) in turn studied the state afrganization.
manufacturing companies, more specifically small and To select the six influencing factors, we held an online
medium enterprises in Germany. This study, using therainstorming meeting with 10 managers from companies
results of the survey, allowed for a better understanding fat have already adopted a digital strategy. Once a list of
digital technologies by managers and the state &dctors had been collected, a weighted vote was held to
advancement in digital. finalize the list of influencing factors for choosing to

With the aim of identifying the factors that influenceimplement a digital strategy. We then used the multi-
companies to adopt a 4.0 strategy in their practices, wateria method to analyze the results of this section.
launched a study to make this choice. When there is only A survey approach has been adopted, a survey
one evaluation criterion, choosing influencing factors istructured on a website for data collection. It's an online
obvious, but taking several criteria into account makesirvey and polling platform and software that allows the
things more complicated and complex. Various multiereation of surveys to which an unlimited number of users
criteria classification methods have been presented in tb@n contribute.
literature, but in our case, we're going to focus on the AHP We collected a database of companies in Morocco,
multi-criteria method. filtered the companies to remove duplicates, and then

The AHP method, or Analytical Hierarchy Processdecided to focus on large companies and SMEs. To
was developed by (21) and is one of the best-known andmplete this project and obtain consistent and accurate
most widely used multi-criteria classification approachestatistics, the questionnaire was sent and distributed to 72
Its aim is to solve complex multi-criteria decision problemsdustry professionals. The survey must be completed by
with several alternatives and by applying several critergeople with knowledge and visibility on the digitalization
simultaneously, according to (22- 23). This method'strategy used by their companies.
particularity lies in its ability to structure factors while  We then proceeded to contact our target group, sending
offering a relatively simple solution to decision-makingout emails and, after several reminders, collecting 56
problems. It uses pairwise comparison questions to obta@sponses, giving us a response rate of 84%. However, we
a matrix of judgments about the relative preferencenly took into account completed questionnaires, giving us
between each pair of alternatives in relation to ea@# companies that responded in full to the questionnaire,
attribute, as well as a matrix of judgments about the relativehich will be stored for later analysis. The survey
importance of each pair of attributes. According to (24-25)esponses were collected between December 2022 and July
it offers the possibility of analyzing a problem logically,2023.
moving from a higher to a lower level until a simple
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(A

Data analysis was carried out using R software arhd possibly to understand the reasons why companies
SPSS, and the section dealing with influencing factors wasuld be slow to introduce Industry 4.0 into their practices.
analyzed using the AHP multi-criteria method. This work would also enable us to find out where

This questionnaire was designed to find out whetheompanies in Morocco stand with 4.0 and what digitization
companies in Morocco are adopting Industry 4.0 measuresls they are using.

\ Daiabaso! Collection of the
companies
Morocco database
— —
Target

selection

Y
/ Final Elaboration of | _ Brainstorming
uestionnairg the survey
[
' y
Distribution of .| Discussion and

Sho banvey Weighted vote oonelialon

Y
Yes
Database Collectionof | _ Completed — | Analysis and
responses uestionnaire conclusion
Reject END
Figure 1 Structure of the survey
4 Reaultsand discussion automotive and manufacturing industry, and 8.8% to the
This section aims to describe and analyze the questidiﬁ‘SU"a”Cy sector. _
we asked in our survey. The results of the breakdown by business area show

To ensure reliable results, we have kept the namestBft 26.5% of our population is involved in industrial
the companies confidential. We decided to contact tHgoduction, 23.5% in purchasing, logistics, and IT, 14.7%
company managers, as they are the people best suitedNtéechnical services, and the remaining 11.8% in R&D.

answering our survey. We can therefore say that digitization applies to the
company's various processes, which shows that all parts of
41 General analysis the company are concerned with digitization.

Table 1 contains all the demographic data for the o ) ]
companies surveyed, including their distribution by size, We analyzed the distribution of companies according
business sector, and business area. to sector and size. In Table 2, we found that 43% (n = 6) of

For the breakdown of respondents by company size, i 1arge companies belong to the transport and
total sample is made up of 34 companies, divided inf¥arehousing sector, 21% (n = 3) to the manufacturing and
58.8% small and medium-sized companies, with tHgade sectors, and 7% (n = 1) to the consulting and
remainder being 41.2% large companies. automotive sectors.

With regard to the breakdown by company sector, we We found that 55% (n = 11) of SMEs belong to the
decided to diversify the sectors of activity of the companidganufacturing industry sector, 15% (n = 3) to the
that took part in our survey and found that 41.2% belongétomotive industry sector, and 10% (n = 2) to the trade,
to the manufacturing industry, 23.5% to the transport afERNSPort, warehousing, and consulting sectors.

warehousing sector, 14.7% to the trade sector, 11.8% to the W€ can therefore conclude that digital transformation
encompasses all sectors of activity and is not limited to a

few.
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Table 1 Respondents’ descriptive statistics

Fregquency Per centage
Size of company Large compar 14 412
Small & medlL_Jm-S|zed 20 58.8
companie
Business sector Manufacturing Industi 14 41.2
Trade 5 14.7
Transport and stora 8 235
Automotive industr 4 11.8
Consulting 3 8.8
Business Area Studie;, R&D 4 11.8
Logistics, Purchasir 8 235
Technical service 5 14.7
Industrial productio 9 26.5
IT 8 235
Table 2 Distribution by sector of activity & size of company
Small & medium
L arge company sized companies

Businesssector  Manufacturing Industi 21% 55%

Trade 21% 10%

Transport and stora 43% 10%

Automotive industr 7% 15%

Consulting % 10%

4.2 Factorsfor adopting a digital strategy criteria. Each expert is then asked to make a pairwise

We chose 10 expert managers in companies alreagymparison between the different factors by constructing a
using a digital strategy, the aim being to involve expert®atrix specifying a scale ranging from 1/9 to 9 according
who already apply digital in their jobs in this work, so 40 the importance of the parameter (table 3). At this level,
brainstorming meeting was held to collect all the expertéie involvement of the 10 managers is critical, as they are
opinions and views, and a list of 14 factors was taken intd the best position to assess the relative importance of the
consideration. Given that the number of factors was rathesiiteria in pairs.
large, and to keep only what was important according to

our experts, we used a weighted vote to rank all the factars Table 3 Saaty scale AHP
in order of importance and influence. Finally, a six-factgrNumerical value Definition
list was applied to this work. In addition, it is perceived asl Equal importanc
an effective method for identifying and eliminating 3 Moderate importan
imperfections (27). 5 Strong importanc
For the AHP method, we used the following factors: | 7 Demonstrated importan
v Productivity increase (PI) 9 Absolute importanc
v' Cost reduction (CR) 2,4,6,! Intermediate valu
v Job creation (JC)
v Improved customer satisfaction (CS) Equation (1) allows us to calculate the number of
v Improved margins (IM) pairwise comparisons required for each matrix.
v" Enhanced data security (DS). Pairwise comparisons in each matrix (1)

n(n-1)
. . =— 1
The factors selected above were arranged in a hierarchy | L2 . @
based on the AHP technique. We have placed the work " IS the number of criteria in the matrix.

objective at the first level of the hierarchy, followed by the , ,
evaluation criteria at the next level. To understand this, let's take the case of our study:

The factors chosen by the experts are used to build f§' Ve detected six factors that influence the choice of
hierarchy for applying the AHP. A group meeting wa§Ompanies to adopt a digital strategy, so n = 6, applying
organized to set up the AHP. Adapting the guidelines &Auation (1), 6(6-1)/2 = 15 pairwise comparisons.

(28-29), we tried to apply the first step of the AHP, which
is the construction of comparison matrices for each pair of
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Table 4 shows a pairwise comparison of our different The consistency ratio is well below 0.1, confirming that
criteria. The diagonal elements of the matrix have be¢mdgments are consistent at the matrix level. The

assigned the value 1, as aij=1 when i=j. calculation of the scores for the various factors and their
The matrix that contains all of the criteria coefficientsnulti-criteria classification are presented in the following
is as follows: table 6.
Based on the AHP multi-criteria method results, the CS
Table 4 AHP starting matrix factor has the biggest impact on companies' use of digital
Factors Pl CR Cs M DS JC tools, with a percentage of 35.5%. The IM factor comes in
Pl 1 2 12 1/4 2 3 second, with a rate of 22.4%, and then PI with a rate of
CR 172 1 14  1/2 3 3 15.3%, based on the assigned judgments. Finally, JC with
CS 2 4 1 < K 5 5.3% rounds out the top five.
IM 4 2 /32 1 2 3
DS 1/2 /2 13 12 1 2 Table 6 AHP final matrix
JC 13 13 15 13 1/2 1 Factors Pl CR CS IM DS JC
PI 1 2 1/2 1/4 2 3
Once the pairwise comparisons had been completed, CR 1/2 1 1/4 1/2 3 3
they were summarized to determine priority. To CS 2 4 1 3 : 5
accomplish this, geometric mean normalization was IM 4 2 1/3 1 2 3
employed (30). To determine priority, the n elements of DS 1/2 12 113 1/2 1 2
each line were multiplied, and the nth root was calculated. JC 1/3 1/2  1/F 1/3 12 1
The resulting figures were then standardized. Nor malized weight[0.1530.131 0.355 0.224  0.086.053
Before calculating the weighted scores, it is essential to RC = 0.094 |

test the consistency of pairwise comparisons at the matrix
level by calculating the CR consistency ratio using thé.3  Specific analysis
following equation (2): 431 Axesadopted in thedigital transformation
All the participants demonstrated that their companies
crR=%< (2) have a digital strategy and that they are aware of this
R transformation strategy, and they mentioned that to have a
digital strategy, it is necessary to acquire and integrate new
r1<nowledge and skills to implement the company's digital
transformation.
Amax—n We presented our stakeholders with a list of axes that
(== (3)  the company can adopt as part of its digital transformation
with A max: maximum eigenvalue of each factor in thetrategy, with a scale of 5: Absolutely, partially, not really,
matrix table and n the matrix size. not at all, and the company is not concerned. According to
the results obtained, we can see that the development of
Rl is the random index developed by SAATY in 1977digital innovations and the big data policy are the most
as shown in table 5. used with a rate of 100% of our target, then comes the
development of the company's presence on social networks
Table 5 Random coherence index (SAATY, 1977)  at 85% and the digitalization of sales and distribution
n 1 2 3 4 S 6 7 8 networks with a rate of 76%, then we find the adoption of
RI 0 0 0.5¢& 09C 1.1z 1.2¢ 132 141  cloud computing offers with a rate of 58% and the use of a
smart data policy at 44% of responses (Figure 2).
After calculation, we find (4): On the other hand, 14.7% of our population are against
the adoption of cloud computing offers as an axis adopted

With ClI, the coherence index is calculated using t
equation below (3):

CR = imdron  oS887-6 00094 4 by digital transformation, as well as 11.8% against smart
- R T 124 4) policy data and 8.8% against digitalization of the customer
experience.
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=

Development of the presence of the company dh 118 : 85,3
social networks 0209

533]81

Digitalization of the customer experience

Adoption of cloud computing offers ——

o

Big data politics g ! 100

o

Development of digital innovations g ! 100

0
Digitalization of sales and distribution 11.8 76,5
00 -

= 1
Smart policy data L %9;5 44,1
O )

0 20 40 60 80 100 120
% RESPONDENT
'Company NOT concerned m Absolutely = Partially = Notreally =Not at all

Figure 2 Axes adopted in the digital transformation

432 Theimpact of digital transformation & changes in working practices, 87% for the development of
frequency of use of 4.0tools employees' technological skills (including training), 72%
Moving on to present the impacts that digitafor strengthening the information systems function, 65%
transformation has had, or will have in the future (figuréor investment in R&D, and investment in new design and
8), within these companies: 93% see the creation of ngroduction technologies.
jobs as a challenge of digital transformation, 90% for

. " 14,70%
Creation of new positions 0%
i — WYV

Development of skills technological of 15%
. . .. T 320
employees (including training) e 530

60%
Strengthening the information systems functionmsm 14, 70%0
s 67,60%

. . 6%
Changes in work practices === 18%
—— RV

. 26,50%
R&D investment — 23 50%
0%
i i i 24%
Investment in new deglgn and production 5¢%
technologies... e 509
| don't know s No = Yes 0% 50% 100%

Figure 3 The impact of digital transformation
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We presented a set of digitization tools to outhe organization. According to the results of this
respondents to find out what digital tools these companigaestionnaire, we can say that our entire target group
use, so we found that all participating companies use socdfirms that the transformation has improved image and
media, 31 companies use ERP, 21 with IOT, big data, higputation with customers, as well as customer satisfaction,
data analytics, and BI, 29 use simulation software, 1fien 75% of the population confirms as a benefit:
exploit e-commerce in their practices, 12 among the targatprovement in ability to respond to market opportunities
practice artificial intelligence, 15 use CAD/CAM andand also in the success rate of new products, but on the
intelligent supply chains, and 13 employ Productiosther hand the remaining 25% partially agree with this
Management Systems (MES). In addition to the use sfatement, then we have the whole target partially agree
CRM by 18 companies and 11 for predictive maintenancejth the improvement in sales, 50% agree with the
we note the absence of several digital tools, namely: crowidhprovement in the rate of introduction of new products as
additive manufacturing, cloud computing, M2M, anda benefit and the remaining 50% partially agree, and
Cobots. The lack of use of several digitalization tools bipwards the end, 75% totally agree with the improvement
these companies shows that we are still in the ability to respond to market opportunities and in the
implementation phase of a few tools to test the feasibilisuccess rate of new products and 25% partially agree.
of this transformation. After calculating the average, we can deduce that more

than 85% of our target audience agrees totally or partially
4.3.3 Thebenefitsand obstacles of digital strategy with the various benefits presented in the study.

Although implementing a digital strategy within

companies is costly, it has positive impacts and benefits for

Table 7 The benefits of digital transformation

Not at all Not really | Partially | Absolutely

I mprovement margins 8.80% 17.60% 26.50% 47.10%

Improved successrate of new products 5.90% 11.80% 28.40% 52.90%
Improved ability to respond to market opportunities - - 38.20% 61.80%
Improved image and r eputation with customers 5.90% 17.60% 50% 26.50%
Improved image and r eputation with customers - 11.80% 26.50% 61.80%
Improved customer satisfaction - - 41.20% 58.80%

I mprovement sales - - - 100%

Average 2.94% 8.40% 30.26% 58.41%

We have now turned to the obstacles that can disrugligital transformation projects, the lack of technological
digital transformation. Based on our target audienceskills, and the lack of legal skills, while 25% strongly
experience, we found that 25% of our target populatiatisagrees with the lack of technological, managerial, and
strongly agree that the need for a global overhaul of thegal skills as obstacles. We can therefore deduce that,
company's information system is an obstacle to digitathen it comes to implementing a digital strategy in a
transformation, while the remaining 75% partially agreecompany, several obstacles will stand in the way.

25% of our target group still agrees with the complexity of
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(A

Need for a global overhaul of the company's '0— 32.%%0’/50%
information system ‘—|_11,8107/%0%
T 23, %;/%00/
Data security issue — i’ o
s 14,70% '46@

issues 0%
Intellectual property issues V70 26,50%

#3,50%

=[] 9%
Resistance to internal change — s 50%%3%6%
0% '

s 55 900
Lack of financial resources of 44,10%

8%
0%

Lack of legal skills 14,70% 0
0%

Lack of managerial skills e 38 2455%0

s 17,60% '

] o ) ) — 67,60%
Complexity of digital transformation Projects s 11 8060007
0% '

. . e 17,60%
Lack of technological skills

32405

L oiE——
s 14,70%

1 Absolutely = Partially = Notreally =Not at all
Figure 4 Digital transformation obstacles

4.34  Jobscreated and Typesof training adopted During our survey, we focused on digital security, so
by the digital strategy we devoted several questions to understanding whether

As part of the digital transformation of companies, théhese companies are securing the digital tools they have at
latter claimed that several new positions have been creattekir disposal. We found that the entire population has a
90% of our target sees that the position of data scientist tigital policy either implemented or in the process of being
been created thanks to digital transformation; 75% sees thgplemented, and the person responsible for this digital
creation of the position of chief digital officer andsecurity policy is the IT department, according to 90% of
community manager; and on the other hand, all the targbe target, and the rest is a subsidiary of the company that
sees the non-creation of the position of agile coach, so tekes care of it.
can see that digital transformation creates job offers and
opportunities. 5 Conclusions

To implement the company’s digital transformation, it The results of this survey indicate that Morocco has
is then necessary to acquire new knowledge and skilifegun to introduce the basics of Industry 4.0 into its
According to our respondents, the entire target group hggjustry practices, including large companies and SMEs,
carried out in-house training and online training (ewnhile taking into consideration the various existing sectors.
learning, MOOCs), so 88% of the population has used The results show that, regardless of company size or
external training organizations, and 10% has carried osctor of activity, companies adopt a digital strategy or
self-instruction. begin to introduce it into their practices. Our target is aware

We found that our population uses daily means @hat to adopt digitalization, it is necessary to acquire new
communication even before the implementation of digit&nowledge and skills, which are necessary to succeed in

transformation, ~ such as  email,  SMS/MMSthe digitization of processes. These skills must be acquired
videoconferencing systems, and instant messaging/chat.
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either through training organized by the enterprise or evélme creation of new positions, as well as a total or partial
through self-training. modification of working practices, which then shows that
By analyzing the level of use of digital technologies, itnvesting only in the implementation of new technologies
appears that most of our population is not taking the fuh not enough to gain a competitive advantage for your
measure of 4.0 technologies, and this is due to the lackafmpany, but you also need to invest in the workforce
knowledge and overall understanding of the 4.0 concept bither by creating new positions or by training existing
our target, which shows that industry 4. 0 in Morocco in itstaff, because the absence of a digital culture within the
entirety is limited to the use of social networks, eeompany and a lack of training and skills leads directly to
commerce, software simulation, ERP, and the use of the unsuccessful transformation.
two digital tools IOT and big data, which then requires Digitization, then, is a mandatory and essential
investment in the implementation of other digital tools thatansformation step for companies to increase their
will help companies win in terms of productivity andcompetitiveness and flexibility in the face of change and
financial gains, in addition to the need to develop theompetition. Most companies are adopting digital
knowledge and skills of staff to make better use dtrategies in their practices to increase productivity. In the
emerging technologies and gain mass and continudiiist instance, creating a connected factory where machines
benefits from this digital transformation. can communicate with each other, reducing risks, and
For the factors influencing the choice of adoption of thenproving product and process yield and quality—not to
digital strategy, we have found several factors that camention the gains in terms of multi-level cost reduction and
influence this choice, except that only six have beeamproved margins achieved—are all essential factors
implemented as being the most influential, the choice fromfluencing the choice of companies to implement a digital
this list is made taking into account the common strategitrategy in their practices.
objectives among all companies whether their size or their
business sectors, namely, the Productivity increase facRefer ences

because the objective of each company is to increase[if$| |, G., HOU, Y., WU, A.: Fourth Industrial Revolution:
productlwty.to gain in terms of costs and produce more in" technological drivers, impacts and coping methods,
the same time allocated in advance, the second factor Chinese Geographical Scienaéol. 27, No. 4, pp. 626-
chosen is Cost reduction & Improved margins, each 637, 2017. https://doi.org/10.1007/s11769-017-0890-x
enterprise seeks to minimize its costs and expenditures 3pSHARMA, J., TYAGI, M., KAZANCOGLU, Y.:
maximize its profitability, increase its profit margin, which ~ |mpact of digital technologies on the risk assessment in
is more applicable by adopting a digital strategy. Job food supply chain: a wake towards digitalisation,

creation is important because it entails the emergence of |nternational Journal of Food Science and Technology
new jobs in the working world. Digital experts are in high ol 59, No. 5, pp. 3491-3504, 2015.

demand in the labor market. Improved customer https://doi.org/10.1111/ijfs.17035

satisfaction: as more and more customers have new HAMZEH, R., ZHONG, R., XU, X.W.A Survey Study
requirements, they expect to be informed quickly, simply,  on Industry 4.0 for New Zealand Manufacturing

and in atransparent way. The digitalization of the customer Conference Proceedings, SME North American
relationship thus enables us to meet all these expectations Manufacturing Research Conference - NAMRC,

related to the client relationship. In the end, the factor College Station, Vol. 26, pp. 49-57, 2018.

of enhanced data security remains; it isa very https://doi.org/ 10.1016/j.promfg.2018.07.007
sensitive factor because if enterprises do not take d%TORTORA, A.M.R., MARIA, A., VALENTINA,
security seriously, their reputation will be irreversibly ~ p.p. JANNONE, R., PIANESE, CA survey study on
degradedin the case of highly media-based attacks, |ndustry 4.0 readiness level of Italian small and
without forgettlng that data Confldentlallty IS an |mp0rtant medium enterprises Conference Proceeding&
point to control. S International Conference on Industry 4.0 and Smart
Our research has certain limitations that may open the Manufacturing, Vol. 180, pp.744-753, 2020.
door to future work. As already presented, our study https://doi.org/ 10.1016/j.procs.2021.01.321
focused on companies from different industrial sectors, apsi yu, F., SCHWEISFURTH, T.: Industry 4.0 technology
we are well aware that each sector has its own jmplementation in SMEs — A survey in the Danish-
characteristics, which may make future research on each German border region|nternational Journal of

sector separate. . _ Innovation StudigsVol. 4, No. 3, pp. 76-84, 2020.
Another important feature is the selection of factors that  https://doi.org/10.1016/j.ijis.2020.05.001

influence the implementation of a digital strategy. Wes] PILLONI, V.: How data will transform industrial

chose factors using a brainstorming meeting and a processes: Crowdsensing, crowdsourcing and big data

weighted vote, so future work can choose factors studied as pillars of Industry 4.@uture InternetVol. 10, No.

based on a model already existing in the literature. 3, pp. 24, 2018. https://doi.org/10.3390/fi10030024
From the results obtained, we can therefore conclugigj BILAD, A., ZAIM, M., ZAIM, F.: Industry 4.0 tools in

that the adoption of new technologies necessarily requires the industrial sector: A Systematic Literature Reyiew
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Abstract: Logistics and distribution centres are essential to the supply chains of many manufacturing and logistics
companies. Efficiently locating logistic centres involves thorough search for optimal place, prioritizing proximity to
suppliers and minimizing costs. Companies’ management often solves the location problem of new halls, mostly to
minimise the associated costs. Such a problem is solved in the automotive industry as part of the launch of a new
international project. The key factor for the decision of where to locate the logistics centre is the location of the suppliers,
since material deliveries generate a large part of the project costs. The aim of this study is to define a methodology for
the location of the logistics centre, considering several alternative locations and relevant criteria. The location alternatives
and criteria are defined in terms of minimising project costs and sustainability elements. The problem is solved using the
multi-criteria decision-making approach. First, the AHP method is used to assign weights to the criteria. Then the
PROMETHEE method is applied to find a suitable location for the logistics centre and to perform a thorough sensitivity
analysis. The sensitivity analysis is focused on the impact of values of weights on the solution. Consequently, the analysis
proves the correctness of the selected alternative. Based on the case study, a general methodology for locating a logistics
centre is proposed.

1 Introduction to use intermodal transport. When intermodal transport is

Finding a location for a logistics centre, distributiortiSed, the same unit (container) is transported by 3 modes
centre or warehouse is a crucial logistics issue that is beidlgtransport - water, rail and road. The availability of the
addressed by many companies and researchers aroundifmodal transport network plays an important role in
world in different fields. These objects are considered &gnsport efficiency [4]. The importance of the distance of
value generators in the flow of products that influence tHgansport hubs from the logistics centre in relation to the
efficiency of the whole supply chain [1]. The choice ofeduction of environmental impacts has been demonstrated
their location is one of the strategic logistics decisions. i & research paper in [5]. Their research was supported by
logistics strategy that reflects industry and market nee§800 scientific articles. Several of these articles were
leads to higher competitiveness [2]. The choice of locatiginalysed in detail. In addition, the proposed location of the
requires systematic decision-making and forecasting, aslegistics centre should meet the conditions of
establishment involves high investment costs. By makirfg/stainability.  Sustainability includes ~not only
inappropriate decisions, a company can endanger not Oﬁ@wrpnmental criteria, but also economic and social
its economic situation, but also its environment angfiteria [6].
stakeholders [3]. Considering the risks involved in the construction of

Logistics centres have been part of supply chains sint logistics centre and the magnitude of the problem, it
the last century. However, there is no standaiya@s appropriate to solve the location problem
methodology and criteria for determining the location of &cientifically. There are many approaches to solving the
logistics centre [1]. One of the reasons for this is th@cation problem in the literature. However, there is
individuality of needs and input data, which requirdnissing standardised methodology that could be applied
different approaches. The content of this paper is a cdggardless of the specifics and would be less complicated
study in the automotive environment, focusing on thfor companies to use in practice. This could be seen as a
proposal of the logistics centre location for a newesearch gab. .
international project of a major automotive company. The The aim of the paper is to propose a methodology for
production of a car requires the handling of a large numbée location of a logistics centre that works with the
of parts and components supplied by a wide range #ffucture of the supply chain (location of suppliers in
suppliers. This case study is specific in terms of the ne&ference to a case study) and other criteria related to
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minimising logistics costs and supporting the sustainabsipply or demand in considered locatidia = 1,2, ...,n),
development of the company. A methodology is proposethich corresponds to the coordinaties andd,, [12].
to explore relevant factors that represent location

constraints. It also proposes an appropriate approach to n L diw;

differentiate their importance. X= 1)
In order to achieve the objectives given, it was first n ‘j; ;v

necessary to consider the distribution of suppliers in the y = % 2

logistics network when designing the methodology. The LW

reason why their placement is so important is that material ) ) )
supply generates the majority of the total project costs. In the I|terqture, transport costs are oftenincluded in the
Minimising material supply costs was achieved by usingentre of gravity model through a transport rate [13]. This
the gravity centre method. However, other relevant criterfd€thod is applied to obtain the values of one of the
also influence the decision-making process. The individuPortant criteria in the case study.
criteria were selected in relation to the pillars of L )
sustainability. Due to the existence of several criteria, te2  AHP method — deriving the weights
gravity centre method was followed by multi-criteria  The AHP algorithm can be split into two phases. In the
decision making (MCDM) methods. Criteria weights werdi'st phase, the weights of criterig; are found. In the
calculated using the Analytic Hierarchy Process (AHRecond phase, the utility of alternatives is calculated. Since
method [7]. The defined alternatives were ranked using tHee method is used just to derive the weights in this paper,
Preference  Ranking Organisation METHod fothe second phase will not be described here. An interested
Enrichment Evaluations (PROMETHEE) [8]. Thereader canlook at Saaty [14]. The AHP method is based on
combination of these two MCDM methods has beethe hierarchical structure of the problem, and the
already applied by [9] and [10]. hierarchical structure of the criteria. Namely, each criterion
Section 2 contains the theoretical background of afl; out ofk evaluation criteria are split inig sub-criteria
used methods. In Section 3, the methods are applied in the Then, the criteria and each group of sub-criteria are
case study. Section 4 presents the results and providesluated one by one using the Saaty’s matrix. This matrix

recommendations. provides pair-wise preferenceg using the Saaty’s scale
) (1 = indifference, 2, 3, ..., 9 = increasing preferences), for
2 Theoretical background more details [14]. There are more ways how to derive the

This section briefly recalls three mathematical methodwiorities from the Saaty’s scale. The geometric mean
used in this paper. Namely, the gravity centre method forethod [12] is one of them, see (3):
finding the location, the AHP method (only the part of the

method that is necessary to calculate the weights of the (T, si,)l/"
criteria) and the PROMETHEE methods for ranking the wh = = i Vi 3)
alternatives. In all three cases, the reasons for the choice of Zﬁil(l—[?:l Sij)

method are also provided.
wheres;; stands for the element of the Saaty’s matrix.
2.1 Gravity centre method
This simulation method deals with the problem of These priorities are called local weights and denoted as

planning a logistics network in which a transport flow isy! (in case of criteria) ana’ (in case of sub-criteria of
carried out from an initial location to a final location. Thgne criterion i). The final (global) weightsw§ are

me.thod_ is based on the minimisation of transport cos alculated for each sub-criterion in the growgsing (4). In
taking into account the distance and volume of goods X : .
tal, .=, g; = K global weights are calculated. Since the

transported between current facilities. The found gravity. - .
P 9 erarchical structure is not relevant for the rest of the

centre is considered as the optimal point of the logisti : :
node in the system of objects. The method does not ta gorlthm, we can consider the problem as an MCDM

into account the costs generated by the geographi@épblem with flat (single level) structure Kfcriteria.

location of the facility (e.g., land use charges, construction G L .

costs, labour costs). Nor does it take into account the future Wji = WjiW;, Vi, (4)

benefits of the facility. This mathematical technique is ) ) )

often used in practice, for example, to find the ideal The quality of each matrix should be checked using

location for a distribution centre or warehouse [11]. Consistency RatiGR, which can be calculated from (5). If
The coordinates of the gravity centre, determining tHeR < 0.1, then the quality of the matrix is good enough.

appropriate location of the device, are calculated accordif§herwise, the evaluation should be adjusted.

to the formula (1) and (2). The represents the volume of Jmax _

CR= % —DrI

(5)
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PROMETHEE ranking (too much controversy in their
whereA™2* is the greatest real-valued eigenvalue of the profiles exists). If one requires the complete orderthn
the complete ranking, using the net flows can be used
Saaty’'s matrix,k represents the size of the Saaty'snstead (the grater the net flow, the better the alternative is)
matrix andRI is the random index (tabularized valug(8):
dependent ok, see Saaty [14].
d(x) = ¢ (%) — P~ (x)). (8)
2.3 PROMETHEE method
PROMETHEE ranking method has been introduced by To explore the modelled system into details, the partial
[15] almost 40 years ago. Since that time, its populariffows can be calculated for each criterion separately
grows for many reasons: (a) it is simple and well traceablgyithout adding them together), resulting in the structure
(b) it can handle all data types without the necessity of the flows and profiles of the given alternatives.

uncomfortable transformation; (c) it is well supported with P

available software, providing attractive graphical outputs; A

(d) it allows performance profiles of alternatives for the s PR ERE R Rg
analysis, which make understanding of the solved problem

easier.

The cornerstone of PROMETHEE ranking is a
preference function, which assigns the so-called preference
degree P;(x;,x;) € [0;1] to each pair of alternatives
(Vx;, x; € U) with respect to each criteriére », where U 0 q p d
(|0] = n) andx (|#| = k) stands for the set of alternatives
and criteria, respectively. The preference degree is
assigned based on the difference in values of the compated The case study
alternatives in terms of the given criterion.

A decision-maker can choose different shape of thee
preference function with different parameters for eac
criterion. [15] introduced 6 predefined shapes of th
preference functions. By far, when looking at the publishe
applications, see the review article [16], the most widel
used shape is the linear one, with the indifference threshéé
q and preference thresholgd (see Figure 1). After
comparing all pairs of alternatives with respect to a
criteria, the positive and negative flows of fHi
alternative are calculated as follows (6), (7):

Figure 1 Linear shape of the preference function [16]

The case study focuses on the practical application of
chosen methods to find a suitable location for
logistics centre to be used for a new overseas project of a
mpany operating in the automotive industry. The
mpany manufactures a product consisting of a large
mber of different parts sourced from 514 suppliers in
countries. 96% of the suppliers are located in Europe.

f these, 80% are concentrated in Central Europe. The
emaining 4% of suppliers are located outside Europe. The
distribution of suppliers is shown in Figure 2.

Yok wiPi(x;,x _
t () === 111( : l), (6) S
n-— 3
ko P.(xr v L NETHER AT
Zl:#j it Wifi(xl’ xj)’ 7
n—

BELARDS

¢_(xj) =

LKRAIME

where w; stands for the weight of thirth criterion
reflecting its relative importance among the criteria.

The positive flowp™ (x;) expresses to what extent the 1

alternative x; performs on average better than othe.

alternatives. The other way around, the negative flow
¢~ (x;) says to what extent the alternatiyeperforms on 31 Application of the gravity centre method

average worse than other alternatives. The partial ranking Supplier distribution is a key issue for the company.
using PROMETHEE reveals the preference;adverx, if ~ Material supply is a significant part of project costs. This
¢+(xj) > ¢+(xl)/\¢—(xj) < ¢~ (x) (excluding the case Observation leads to the choice of the gravity centre
when both pairs of flows are equal, revealing thgethod, which makes it possible to locate the facilities in

equivalence of both alternatives). Otherwise, the pair Way that minimises transport costs. ~ However,

alternatives is incomparable using the partidminimising transport costs is only one of several criteria
taken into account when searching for a suitable location

Figure 2 Location of suppliers
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for a logistics centre. The gravity centre method can lie calculate the resulting gravity centre coordinates [143,
applied by knowing the GPS coordinates of the suppliet®6]. The location found is a town - Nymburk in the Czech
and the assumed annual volumes of material fifyear) Republic (Central Bohemia region). This result confirms
that the suppliers will transport to the destination. Initiallythe suitability of the location of a logistics centre in the
the location of the logistics centre was searched only withzech Republic. The resulting location of the centre of
the Czech Republic. Then the method was extended to tiravity is only indicative. The centre of gravity method
whole world, depending on the location of the suppliedoes not take into account whether the location found will
and their future volumes provided to the project. There abe inhabited or uninhabited. It also does not take into
several reasons why the gravity centre method was initiayccount whether there are facilities in the vicinity that meet
applied only within the Czech Republic. Based on théhe requirements. The gravity centre method should not be
analysis of the input data, it was found that 74.9% of thesed as the main decision-making tool. In the real world,
annual material volumes are delivered by suppliers frothe location should be considered from multiple
the Czech Republic. Logically, it would be convenient tperspectives and criteria. Therefore, in this case study, two
locate the logistics centre in the Czech Republic, especiattyethods of multi-criteria decision making were applied
in order to save transport costs. For these reasons, thgether.
company preferred to locate the logistics centre in the
country. Another reason is the possibility of using th8.2 Application of MCDM methods
coordinate system of the Unified Trigonometric Cadastral For the location of the logistics centre, not only variants
Network (referred to as S-JTSK) to find the coordinatesgiefined by the gravity centre method are considered. The
which are essential data in the gravity centre method [12bmpany selected 4 other locations that would be
Its advantage is the display of the mathematical orientati@ppropriate for economic, distance or other reasons. This
of the coordinate axes. Working with S-JTSK allows morgesulted in 6 alternatives that were compared using multi-
accurate data to be obtained than with manual coordinatesteria decision making. The criteria are chosen to meet
which must then be used to apply the method to globgle needs of the company and the principles of
suppliers. sustainability in relation to the organisation and society.

Based on the formula for calculating the gravity centrghe first step is to select and weight the evaluation criteria.
[12], the resulting GPS coordinates are [1045993.58ince it is natural to find a hierarchical structure of the
651168.13]. By specifying the coordinates in S-JTSK, triteria, the AHP method is used for the evaluation. In the
was found that the coordinates correspond to a&wecond step, the weights obtained are used to rank the
uninhabited area in Lhota pod kémy (Kralovehradecky alternatives using the PROMETHEE method.
region).

In order to determine the appropriate location of thg.2.1  Evaluation criteria and their evaluation using
logistics centre based on the distribution of global AHP method
suppliers, their selection is limited to suppliers that provide The criteria are divided into three groups - distance,
at least 100 Afyear, to ensure data quality and relativityeconomic and infrastructure (see Figure 3). In [17],
This condition is met by 152 out of 514 suppliers. For theROMETHEE |l is used for selection of facility location
application of the centre of gravity centre method, the mapnsidering 8 criteria. Similarly, among the criteria, the
with a coordinate system is used to determine the locatignthors used labour force and traffic intensity.
of each supplier. The corresponding formula [12] is used

Gravity Centre — Price Offer | Traffic Intensity
Highway — Unemployment Railway Quality
Container

: Labour Force
Terminal

Wages

Figure 3 Defined criteria
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In addition to the distance from the gravity centre, thehe Czech Republic currently faces low unemployment
distance to the container terminal and the nearest highwaayd a shortage of skilled labour [18]. This may represent a
entrance were also included in the distance criteria. Thigk to the company. In terms of these criteria, it is
distance to the gravity centre is important because appropriate to locate the facility in a location with higher
provides a clue, where should be located the facility imnemployment and labour force levels. These criteria can
order to reduce input costs of the project that are generatexl considered as an instrument to achieve social
by the delivery of materials from suppliers. Moreover, thdevelopment in the area where the logistics centre will be
amount of total logistics costs and emission will be affectddcated.
by the necessary transport of containers with material from The infrastructure in the area is assessed on the basis of
the logistics centre to the chosen container terminataffic intensity and the railway quality. The railway
Therefore, the distance from the gravity centre and tlypiality represents the coverage of the rail network. Both
container terminal is directly related to the economic pillagriteria are also related to the quality of serviceability of
of sustainability by taking into account the minimisinghe future logistics centre, which will receive large
transport costs. It is also related to the environmental pillaolumes of material deliveries at short intervals. The
of sustainability. As a result of minimizing transport costdpgistics centre will contribute to an increase in road traffic
the environmental impact of transport will be reduced. Thaensity, which will have a negative impact on living
distance to the nearest highway entrances has bemmditions inthe area. Time also plays a role in the delivery
included to estimate the quality of the serviceability of thef materials to the logistics centre. Delays in deliveries due
potential logistics centre's accessibility by road, which willo traffic density can cause process problems. Therefore, it
be used frequently during the project. is advisable to look for areas with lower traffic density

One of the most important criteria are the price offefsom a logistical and environmental point of view. The
from potential logistics centre providers, which haveguality of the rail network is considered aspect due to the
a significant impact on the future performance of thpotential to use the rail network instead of road transport
company. Price offers are closely related to the econonfar materials deliveries from the logistics centre in the
principle of sustainable development of the companjuture. The use of rail transport would reduce the carbon
Similarly, average wages in the location undeburden from transport. At the same time, transport costs
consideration also have a relevant impact on the futueuld be reduced.
economic situation of the company. The economic criteria The choice of these criteria ensures that the proposed
also include unemployment and the level of the labolwcation of the logistics centre links the basic principles of
force according to the region to which the location belongsustainable development. Furthermore, it can ensure
Unemployment and the level of the labour force arefficiency. The criteria form a logical tree structure, which
important to the company in relation to the ability of thellows to use the AHP method, see Sec. 2.2. First, the local
location to provide sufficient staff. The labour forceweights, and then the global weights of the criteria have
includes all persons aged 15+ years who fulfil thbeen calculated. The calculation of the weights was based
requirements to be classified as employed or unemployexh expert judgement. The results are shown in Table 1.

Table 1 AHP results
Main clas

Local

weights 0.540 0.297 0.163

Gravity Container Price Labour WG ES Traffic Railway
Centre Termina Offer Force 9 Intensity Quiality

Labe C1 C2 C3 C4 Cs Cé C7 C8 Cs

bv‘;?gal]t 0.648 0122 0230 0599  0.104 0078  0.220 0.800 0.200

Global
weights

Criteria Highway Unemploymen

3.22  Evaluation of locationsusing PROMETHEE 10 km away from the village. The reason was lack of data
method for some of the criteria. All distances in Table 2 are given
The PROMETHEE method was used to rank the i kilometres. The economic criteria - the unemployment
defined alternatives. These alternatives were comparedrate [%], the level of the labour force [number of people]

the Visual PROMETHEE software. The input data arand the average wages [CZK] are related to the regions to
summarized in Table 2, which also includes the weightghich the area belongs. This information comes from the
obtained by the AHP method. Lhota pod lahy, Czech Statistical Office. The price offer is evaluated with
determined by applying the gravity centre method, waspoint estimate in the interval from 1 to 10. The evaluation

replaced by the regional city of Hradec Kralové, which is carried out by experts from the selected company. In the
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case of infrastructure, the information on the intensity dbr foreign dispatch. A negligibility value was determined
local traffic [millions] also refers to the region and comeaccording to the values obtained. The preferred function
from data of the Road and Highway Directorate of thevas defined as linear for all the criteria (see Figure 1) with
Czech Republic (referred to &sSD CR). The railway the indifference thresholgl determined expertly, and the
quality is evaluated subjectively on a point scale from 1 fereference thresholdl set equal to the variation range of
10. The Railway Administration portal was used as thall alternatives (that brings the highest distinguishing
basis for the scoring. The railway quality was evaluatggbwer among alternatives).

according to the number of lines for cargo transport and the

existence of a container terminal, including its suitability

Table 2 Decision matrix and parameters of preference functions

Alternative: C1 Cc2 C3 C4 CtE Cé6 C7 Cs8 C9
Hradec Kralov 13 1C 12C 4 3.32 27771 3691: 3.65¢€ 4
Kvasiny 6C 4C 4€ 7 3.3Z 27771 3691 3.65¢ 2
Pardubic 22 2t 15z 1 3.0¢ 26551! 3482: 3.17¢ 6
Paskov 265 3 25 3 5.20 591399 35599 6.645 8
Nymburk 0.t 2C 53 4 3.31 75851! 3971¢ 10.08: 3
Mlada Bolesla 4C 0.t 5C 5 3.31 75851! 3971¢ 10.08: 5
MIN/MAX MIN MIN MIN MAX MAX MAX MIN MIN MAX
Weighi 35.0( 6.6( 12.4( 17.7¢ 3.0¢ 2.3C 6.5¢ 13.1( 3.3C
Preference F Lineat Lineat Lineat Lineat Lineat Lineat Lineat Lineat Lineat
Indifference
thresholt 10 2.0 8 0 0.10 50000 500 0.100 0
Preference
Dol 264 39 150 6 2.12 500000 4900 6.900 6
4 Resultsand discussion 4.1 Results

This chapter contains the results of the PROMETHEE Using the PROMETHEE method, the alternatives were
methodology. The results are examined on the basis of tiagked according to the value of phi (see Table 3). Kvasiny
net flows and the main visual tools of PROMETHEE. Thwvas evaluated as the best alternative. The valdeveds
quality of the results is verified through sensitivitypased on the difference between positive and negative
analysis. The aim of the discussion and recommendatiditvs. The positive flowp* indicates how much better a
section is to provide a guide to the methodology includingiven variant is than the others. On the other hand, the
the benefits and barriers of applying the method. negative flow ¢~ indicates how much worse a given

variant is than the others. How strong its weaknesses are.

Table 3 Ranking of alternatives

Kvasiny 0.132° 0.263( 0.130:
Hradec Kralov 0.090¢ 0.204: 0.113¢
Mlada Bolesla 0.019: 0.188( 0.168¢
7R Nymburk -0.018¢ 0.169: 0.187¢
Pardubic -0.037t 0.194: 0.231"
[ Pasko -0.186¢ 0.212; 0.399«

Figure 4 displays the positive flows (advantages) arftbw (and thus, either greater advantage or disadvantage).
negative flows (disadvantages) of each option graphicallfs Figure 4 shows, the main strength of Kvasiny is the
The positive flows are displayed using bars above the axigice offer. However, its major weakness is distance to the
On the other hand, the negative flows are shown below thegyhway entrance, which is not considered a significant
axis. The greater the area of the bar represents the grefdetor.
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Price Offer Gravity Centre Gravity Centre Gravity Centre Gravity Centre Container Terminal
Traffic Intensity Traffic Intensity Price Offer Container Terminal Traffic Intensity Unemployment
Container Terminal Highway Highway Labour Force Wages Highway
Gravity Centre Wages Container Termin Price Offer Railway Quality Railway Quality
Wages Price Offer Labour Force Labour Force

Railway Quality

Kvasiny Hradec Kraloveé

Miada Boleslav Nymburk
Pardubice
Paskov
Unemployment Unemployment

Unemployment Railway Quality Highway Labour Force g :
Labour Force Unemployment Unemployment Railway Quality Highway Traff!c Intensity

Railway Quality Labour Force Wages Wages Container Terminal Price Offer
Highway Container Terminal  Traffic Intensity Traffic Intensity Price Offer Gravity Centre

Figure 4 PROMETHEE Rainbow created in Visual PROMETHEE Software

Through Figure 5 it was discovered that there is nalternatives are not comparable to each other. Kvasiny is
connection between Kvasiny and Hradec Kralové. Thesge best alternative only in terms of net floglSand¢ ™.

Nymburk
Phi+: 0,17 Phi-: 0,19

s 0222 v 0
Phi+: 0,21 Phi- 0,40

Figure 5 PROMETHEE Network created in Visual PROMETHEE Software

4.2 Sensitivity analysis change. Naturally the wider interval, the more stable

The sensitivity analysis is focused on the impact afolution obtained, see Table 4. In the same table, the values
values of weights on the solution. For this purpose, the tdgy which the current weights would have to be
called “Visual stability intervals” available in Visual increased/decreasédv;/l w; are provided together with
PROMETHEE was used. This tool finds an interval fothe swaps of alternatives which would occur the first when
each weigh{LB. RB] within which the ranking does not exceeding the bounds.
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Table 4 Sensitivity analysis of results

C1 C2 C3 C4 C5 Cé6 C7 C8 CS
LB 0.24¢ 0 0.10¢ 0.15] 0 0.003 0 0.072 0
RB 0.475 0.107 0.224 0.394 0.141] 0.081 0.081 0.144 0.063
Tw; 0.125 0.037 0.104 0.214 0.111 0.061 0.011 0.014 0.033
Tswap HK-KV | HK-KV PE-PV PE-PV PE-PV HK-MB PE-NY PE-NY PE-NY
L w; 0.10¢ - 0.01¢ 0.02¢ - 0.01: - 0.05¢ -
lswap PE-PV - PE-NY PE-NY - PE-NY - HK-MB -

It can be seen that there are 4 criteria, which if theshain subjects are collected. In the case study, these are
were removed from the model, the final ranking woulgarts suppliers. Based on the required data about the
have persisted (C2 Highway, C5 Unemployment, C3ubjects, the center of gravity method is applied. Through
Wages, C8 Railway quality). A change of the winnethe centre of gravity method, the location that minimizes
happened only in case of two criteria (C1 Gravity centine transportation cost with respect to the selected subjects
and C2 Highway). In both cases, Hradec Kralové would found. This step is followed by defining other considered
replace Kvasiny. However, this swap would happen aftécation alternatives. An essential part of the process is to
the change of the weight of Gravity centre by more thatefine all relevant criteria for site selection that will
0.1 and such change would mean extreme revolution mnimise costs and support the company's objectives. The
preferences. Therefore, the most noteworthy possibdHP method is used to determine the weights of the
change of the winning alternative would happen when tlegiteria. The ranking of alternatives is determined using the
weight of Highway increases at least by 0.037PROMETHEE method. The application of this method is
Nevertheless, the current solution can be considered véojlowed by a sensitivity analysis to verify the predictive
stable with respect to changes in weights. ability of the result. If the result shows to be very sensitive

The last analysis explores the role of the weights ito the change in weights, a revision of the AHP method is
general. In other words, how much the ranking changesréquired. If the result is judged to be sufficiently stable, the
all 9 criteria are considered equally importantselected site is verified and validated. If there are doubts
Surprisingly, complete reshuffle of the final net flowsabout the correctness of the result with respect to the
would happen. Namely, the current winner (Kvasinyypecified criteria, the AHP method and the following steps
would become by far the worst. On the other hand, theeed to be revised again. In the case, the resulting
current worst solution (Paskov) would become a new bedternative location is considered suitable, real
option. This shows how much important is to distinguishmplementation in practice can take place.
different weights for criteria in the solved model. The proposed methodology is suitable for those who

Based on the results it is apparent that the only twotend to find a facility location that minimises logistics
locations which can be considered the best (compromisg)sts and supports sustainable business development. It is
ones are Kvasiny and Hradec Kralové. Fig. 4 shows thiadsed on methods that can be adapted to different user
the greatest advantage of Kvasiny is its good performanceeds. At the same time, it is versatile enough to be applied
in price offer. It can be shown that if the price offer ofo different projects. Moreover, at the same time, it is
Hradec Krélové improves at least to the level of Mladdesigned to be easier to implement in the real world of
Boleslav, the net flow of Hradec Kralové outperforms thbusiness. This is achieved by combining the gravity centre
net flow of Kvasiny (and Hradec would become the bestethod with two multi-criteria decision-making methods —
option in terms of the partial PROMETHEE ranking. seAHP and PROMETHEE.

Sec. 3.2). In case that the price offer of Hradec Kralové In order to use the centre of gravity method, it is
improves at least to the same level as Kvasiny. Hradeecessary to know the location of the unit in relation to
Kralové would outperform Kvasiny even in terms of thevhich the facility is located, the amount of material it
complete PROMETHEE ranking and the finalsupplies, its demand or other quantitative indicators. It
recommendation would be unambiguous. The other watpould be noted that this mathematical and graphical
around if Kvasiny should be evaluated as the best locatiorethod provides a location that is only indicative. It is
in terms of complete ranking due to the change in the prigaportant to work with it further. The gravity centre
offer, then the current Kvasiny price offer would have tonethod should be only one of the methods used to decide

be improved to the best possible rating, i.e., 10. on the location of the facility. The result is obtained by a
weighted arithmetic average, so it is important to be aware
4.3 Methodology and recommendation of outliers in the form of supplier locations that are more

The methodology presented in Figure 6 was developéibtant than others. For example, if our key suppliers are
by generalising the case study. The main step of thgcated overseas, we should use the coordinates of the port
methodology is to define the objective of the logisticd which the material is delivered. This can reduce the
centre. Subsequently, data on the distribution of supphumber of outliers that distort the result.
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Determ ining the purpose of the logistics centre

v

Collection of data on the deploym ent of subjects

¥

Application of the gravity centre m ethod

¥

Defining the location based on the deploym ent of subjects

\ 4

Defining all location altematives

4

Determination of relevant criteria for location selection

v

Application of the AHP m ethod for determining criteria weights -

v

Application of the PROMETHEE method for determ ining the Revision of the
ranking of altematives AHP method

v

Sensitivity analysis —

¥

Verification and validation of the selected location i

L 4

Real im plem entation

Figure 6 The proposed methodology

A prerequisite for the application of AHP andensure that the individual needs of the organisation are
PROMETHEE methods is the ability to identify theconsistent with the pillars of sustainability. The selected
relevant criteria and their weights. The hybrid combinatiocriteria are not a dogma, but a recommendation. The
of the AHP and PROMETHEE method provides severaklection of criteria should be approached according to
advantages for a decision-maker discovered already, eiprities. In particular, the criteria categorised under
by Taha and Rostam [9]. First, the AHP is invincible fodistance and infrastructure should always be adapted
structuring of criteria to the hierarchy that helps to handkccording to the organisation's material flow structure. The
more criteria in a single problem and potentiallygroup of criteria could be extended to include. For
understand the problem better. Second, the PROMETHEEample, the technological specification (capacity, level of
method (supported by free software) brings not only thechnology, etc.) of the logistics centres in the locations
ranking of the alternatives, but its deeper analysis throughder consideration.
the structure of the resulting flows and easy sensitivity
analysis too. Third if the ranking of two alternatives is il Conclusions

fact not so clear due to the controversial performance This paper dealt with the design of a methodology for
values and their completely different performance profilgnding a suitable location for a logistics centre. The
the PROMETHEE partlal ranking reveals this fact anmtention was to propose a missing methodo|ogy that
evaluates the given pair of alternatives as mutuallyjould complete the research gap in terms of universality
incomparable. and practicality. The methodology was designed with the
Through the defined criteria, the methodology allowgequirement to be able to work with the material flow
for the integration of multiple perspectives that can be usggtucture in order to minimise logistics costs as the logistics
to examine the location of the facility from the perspectiveentre has a significant impact on its efficiency. The
of the individual needs of the selected company. At th@avity centre method was chosen for this purpose. This
same time, in this case study, the criteria are designednf@thod can be applied universally to any supplier or
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customer structure. The method was followed by multf2] KAUF. S., TEUCZAK, A.: Solving the problem of
criteria. decision-making methods - AHP and Logistics Center location based on the AHP Method
PROMETHEE, which allow location alternatives to be MATEC Web of Conferences, Vol. 184, 2018.
examined from several perspectives. The chosen methodshttps://doi.org/10.1051/matecconf/201818404024
were practically applied in the case study. The case stu@® KESHAVARZ-GHORABAEE, M.: Assessment of
focused on the design of a suitable location for a logistics distribution center locations using a multi-expert
centre for a new overseas project of a company operating subjective-objective  decision-making  appraach
in the automotive industry. The logistics centre will be used Scientific Reports, Vol. 11, No. 1, pp. 1-19, 2021.
to consolidate materials from suppliers and then ship the https://doi.org/10.1038/s41598-021-98698-y
consolidated shipment to the foreign plant. The supplif4] ZHANG, W., WANG. X., YANG, K.: Uncertain multi-
network was mapped using data analysis. The distribution objective optimization for the water—rail-road
of the supplier network was considered using the gravity intermodal transport system with consideration of Hub
centre method. Due to the intention to locate the centre Operation Process using a memetic algoriti8oft
domestically and the possibility to use S-JTSK to refine the Computing, Vol. 24, No. 5, pp. 3695-3709, 2019.
result. the gravity centre method was first applied within https://doi.org/10.1007/s00500-019-04137-6
the Czech suppliers. Subsequently, data from other glolfga] KELES, N., PEKKAYA, M.: Evaluation of logistics
suppliers providing at least 100 year were used for its centers in terms of sustainability via MCDM methods,
application. The resultant was Lhota poddaby in the Journal of Advances in Management Research, Vol.
work with Czech suppliers. In the case of applying the 20, No. 2, pp. 291-309, 2023.
method within the world suppliers, the resulting gravity https://doi.org/10.1108/jamr-04-2022-0087
centre was located near Nymburk using manufb] PURVIS, B., MAO, Y., ROBINSON, D.: Three pillars
coordinates. The result of the gravity centre method, of sustainability: in search of conceptual origins,
combined with data from global suppliers, confirmed the Sustainability Scien¢&/ol. 14, pp. 681-695, 2019.
suitability of locating the logistics centre in the Czech https://doi.org/10.1007/s11625-018-0627-5
Republic. The defined locations became part of the [8] DONG, H., YAN, J.H., XIN, H.B.: The research and
alternatives examined using multi-criteria decision-making application on location of distribution center based on
methods. The alternatives were evaluated on the basis of 3Grey Theory and AHPAdvanced Materials Research,
groups of criteria. Vol. 1006-1007, pp. 464-467, 2014.

The criteria were selected taking into account the needs https://doi.org/10.4028/www.scientific.net/amr.1006-
of the organisation and the pillars of sustainability. The 1007.464
weights of each criterion, which form a logical treg8] KAZANCOGLU, Y., OZBILTEKIN, M., OZKAN-
structure, were obtained using the AHP method. One of the OZEN, Y.D.: Sustainability Benchmarking for
main objectives of the company's logistics was to minimise Logistics Center Location DecisiodManagement of
transport costs. Transport costs represent a high proportion Environmental Quality: An International Journalol.
of the total project costs. For this reason, distance from the 31, No. 5, pp. 1239-1260, 2019.
centre of gravity was given the highest weight. The second https://doi.org/10.1108/meq-08-2019-0177
most important criterion was the price offers received froff®] TAHA, Z., ROSTAM, S.: A hybrid fuzzy AHP-
the logistics centre providers. The PROMETHEE method PROMETHEE decision support system for machine
was used to rank the alternatives. According to the value of tool selection in flexible manufacturing celburnal of
net flows, Kvasiny was determined to be the most suitable Intelligent ManufacturingVol. 23, pp. 137-2149,
location. Based on the sensitivity analysis, the result was 2012. https://doi.org/10.1007/s10845-011-0560-2
found to be stable with respect to the change of weighf$0] SENNAROGLU, B., CELEBI, G.V.. A military
However, if the criteria were equally important, Paskov  airport location selection by AHP integrated
would be the "winner" and Kvasiny the "loser". The PROMETHEE and VIKOR method$ransportation
sensitivity analysis showed that the compromise Research Part D: Transport and Environmeyol.
alternative for Kvasiny is Hradec Kralové. The results of 59, pp. 160-173, 2018.
the PROMETHEE methods show that these alternativEsl] ZHAO, X.: Based on Gravity Method of Logistics

are in fact incomparable. Distribution Center Location Strategy Research

International Conference on Logistics, Engineering,
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Abstract: The food industry is the most important sector of the national economy of the Czech Republic, which
significantly contributes to the fulfillment of fundamental macroeconomic aggregates such as gross domestic product,
employment, exports and others. The food industry is currently facing pressure from customers for higher quality and
safety while maintaining low prices. At the same time, however, they must ensure high safety and productivity of their
production and logistics flows when there is a shortage of manpower. Another aspect is the sustainability of logistics and
supply chains, i.e. the requirement for new materials, packaging and technologies enabling maximum processing and use
of inputs. From this point of view, the application of Industry 4.0 elements to the food industry appears to be a necessary
step for the company's competitiveneBse article summarizes the results of a questionnaire survey that took place in

the period April-May 2023 through the Internet tool Survio. A structured questionnaire was sent to 206 food businesses
in the Czech Republic. The enterprises were selected according to the database of the Ministry of Agriculture. 69
enterprises returned correctly completed questionnaires, which makes the return rate 33%. Questions were directed to the
area of process stability as a result of two crises, the Russian-Ukrainian crisis and the Covid-19 pandemic. Further to the
field of automation, digitization and robotization to evaluate the current state of involvement of food production in
Industry 4.0.

1 Introduction and financial results by 3.2%. In 2021, the food industry

The agricultural and food sector is a key branch of tHgontinued to grow, despite additional energy and raw
Czech industry.The main pillars of competitive foodMaterial costs. In the first eleven months of 2021, the food
production are food Safety and qua“ty An integra‘urnover reached .|ndUStry CZK 3146 bl”lon, which was
condition of food safety is the safety of production and0-6% more than in the same period of 2020 [3]. The food
logistics processes within the entire food chain. This jgdustry is currently facing pressure from customers for
guaranteed on the one hand by the fulfillment of legislatiigher quality, safety by managing value streams while
measures, on the other hand by voluntary certificates aftintaining low prices. At the same time, however, they
standards. Food production is influenced by the EuropeBist ensure high safety and productivity of their processes
and mainly domestic market, where the origin of food i¥hen there is a shortage of manpower. In order to ensure
more important to consumers than before. From this poitite quality control and safety of food products, and further
of view, an important aspect is transparency in productidgduce the need for manpower, many production and
and logistics, which needs to be ensured within the entifgistics flows in the food industry are monitored and
value chain. That is, from the reception of the raw materidnplemented using automation [4]. Another aspect is the
and its storage to the delivery of the food to the fingustainability of logistics chains, i.e. the requirement for
consumer. As Lukiewska and Juchniewicz emphasize, tRewW materials, packaging and technologies enabling
food sector is the basis for the growth of Central EuropedfXximum processing and use of inputs. Supply chains
national economies from a long-term and sustainabfoss the borders of many countries and are based on the
perspective [1]. In recent years, the world has increasing;poperation of internfational organizationg. This fact has an
faced resource scarcity, population growth and climatBipact on competitiveness, as the wide network and
change, and thus the role of agri-food chains ifomplexity of the links in the chain limit traceability and
sustainability issues is growing [2]. In 2020, the foodransparency to the desired level [5]. From this point of
industry was one of the few sectors that managed Y&W, the application of Industry 4.0 elements to the food
achieve the effects of the COVID-19 pandemic. Thidustry appears to be a necessary step for the company's
industrial production of the food industry increased bgompetitiveness. Malik points out that the world has
0.7% in 2020, from industrial activity increased by 1.698lready encountered major global problems such as

~ 421 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 3 Pages: 421-427 1SSN 1339-5629

Production and logistics 4.0 in the food industry in the Czech Republic
Romana Heinzova, Jan Strohmandl, Nikola Janova

economic crisis and military conflict. The elements of M ethodology

industrial revolution 4.0 can certainly improve the The goal of the contribution is to point out the degree
management of production and logistics processes in timgfsyse of automation and robotization in the food industry,
of economic crisis [6]. The Fourth Industrial Revolutiorgs pillars of Industry 4.0. A number of scientific methods
(called Industry 4.0) is progressing exponentially, drivefyere used in the creation of the contribution. Analysis and
by the advent of a range of digital technologies and othgynthesis of foreign professional research and their
innovative technological advances [7]. There are numeroggmparison were key methods for critical literary research.
challenges facing the modern food and agriculture industfihe  established hypotheses were verified using a
that urgently need to be addressed, including feedingg@antitative questionnaire survey. The questionnaire was
growing global population, mitigating and adapting t@onstructed with closed questions in the Survio software
climate change, decreasing pollution, waste, angol. Contacts for food companies were drawn from the
biodiversity loss, and ensuring that people remain healthyatabase of the Ministry of Agriculture. All results were
At the same time, foods should be safe, affordablgva|uated according to company size. In totaly 69
convenient, and delicious [8]. New technologies angompanies took part in the survey, medium-sized
elements of Industry 4.0 present new opportunities for foe@mpanies were most often represented (33.3%; 23
businesses to implement traceability systems f@ompanies). The questions tested the hypothesis: HO.
aggregating a wide range of data to material anthere is no statistically significant relationship between the
information flows within the entire chain [9]. Theseanswers to the monitored question and the size of the
technologies would then have a direct impact on th@&mpany H1: There is a statistically significant
management of material, financial and information flowse|ationship between the answers to the monitored question
The production and logistics processes of the food indusiyd the size of the company The evaluation was carried out
are subject to a number of legislative measures relatedgioa significance level of. = 5%. The basic statistical
product safety. The various stages comprised can Rfdthods were descriptive statistics, Fisher's exact and

classified as agricultural production and livestocknodified test and Spearman's correlation coefficient.
production, food industry, distribution, and consumption.

Each stage, except the consumption, adds a specific va{le  Regylt and discussion
to the final product [10]. The main pillars of Industry 4.0
are automation, robotization and digitization. Based
this, there is also talk of logistics 4.0. Processes perform
by robotics and automation also provide greater efficiengy

a_nd a better work environment [11]. In_dqstry 4.0 1S 8 ;thor collective monitored the degree of involvement of
direction that affects production and logistics processeg, company in the process of automation of operation
but it can also be implemented in the areas of tradgqre 1 vepresented complete involvement, up to 4, which

agriculture, healthcare and logistics in general. The,esented zero involvement. Table 1 shows that micro-

elements of Industry 4.0 n .IOg'St'CS _Processes thet:fhterprises have zero automated operations, and 53.8% of
represent the concept of Logistic 4.0, which is intended Ao enterprises do not plan to implement at all

help increase the performance of individual logistic ; .
o . ) enterprises), on the contrary, large enterprises have
activities and processes [12]. The introduction of Industr§7 P ) 24 g P

. . tomated operations in 31.3% of cases (5 enterprises). On
4.0 has many impacts also on the whole supply chain aﬁ@ P 0 ( P )

. ; X . contrary, there is no large enterprise that does not at
requires companies to rethink the way they design apgd, y 9 P

. . . st plan for automation. To verify the relationships, it is
manage their supply chain [13]. In the agri-food sectog, osgiple to use thg2 test of independence in the
demands for SCM are increasing due to the requirement {Q

e ntingency table due to the large number of
shorten activities and processes throughout the ch gency g

Anoth ! i it ol itori fl derrepresented categories, as well as the modified
nothérrequirement Is quality control, monitoring o OngF{sher's exact test due to the size of the table. However,

dr:stancéle ﬂOWS. (I?]f agri-food chfmodmes, _ma.nagen;efnt %\/nce we can consider both variables as ordinal variables,
these flows with respect to different expirations of 100gyq ap e Spearman's correlation coefficient (R = -0.478;
materials and raw materials [14]. The food supply chain gﬁ

The main priority of companies in agri-food chains is
duct safety and quality. The application of automation
hnology based on Industry 4.0 contributes to the
alization of a sustainable food security regime [17]. The

; value <0.001). Since we know that 1 = full automation
made up of producers, traders and processors who '.O”.”g fd 4 = zero automation, with no implementation plan, it
product from supply to demand through logistica

15 an state that as the size of businesses increases, the level
progeszei [ . ]'. 40i derived f Ind 4 of automation increases statistically significantly. Small
ood Logistics 4.0 is a term derived from Industry 4.0, 6 giym-sized food manufacturers are currently facing
focusing on all aspects of food logistics management ba;

ber-phvsical A Thi ¢ ai that t ssure from customers and stakeholders to shorten
on cyber-physical systems. [his concept aims tha livery times and be environmentally friendly in order to
integration of real-time information and new elements al

technoloai 1 lead t ficient fl aintain a competitive position in the global market. While
echnologies will lead to more efiicient flow management,q 4qoption of Industry 4.0 is still at an early stage among
and logistics for food commodities [16].

SMEs, its potential impact on sustainability is expected.
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The implementation of the elements of Industry 4.0 in these
types of business is still at an early stage, but its potential
impact on sustainability is expected [18].

Table 1 The degree of involvement in automation according to the size of the company

Choose the degree of involvement Micro Cgmzzlilnguzliﬁi:}/ nuT/IZ?jril?r:lemploxlar e compan
of your business in the process| oefnter fise 1-9 10-49 i terprise 50-249 .ﬂ? 2%0 ¥ Total
automation of operations prise enterprise with over
employee employee employee employee
The company already hasan ;594 5 (29.4%) 7 (30.4%) 5(31.3%) | 17 (24.6%)
automated operatit
The company is in the phase of
implementing automation 2 (15.4%) 5 (29.4%) 13 (56.5%) 9 (56.3%) 29 (42%)
element
The company is considering
automating in the short term (1+2 4 (30.8%) 4 (23.5%) 2 (8.7%) 2 (12.5%) 12 (17.4%)
years
Thee company is not considering 7 4 go5) 3 (17.6%) 1 (4.3%) 0 (0%) 11 (15.9%)
automatiol
Total 13 (100% 17 (100% 23 (100% 16 (100% |69 (100%

Table 2 shows at which countries the productionountry of origin of the systems (Fisher's modified test; p-
automation systems were or will be purchased fromalue = 0.044). Smaller companies more often prefer
Initially, this question was answered by all monitoredzech systems, on the contrary, large companies prefer
companies, i.e. even those that do not plan automationsgistems from other EU countries. Specific elements of
all (ust for interest - these companies chose the ansveartomation depend on the type and size of production. In
Asia). We considered it appropriate to evaluate thikeir study, Bader and Rahimifard [19] present a solution
question only for those businesses that are alreatty improve the application of industrial robots in food
automated, or at least plan to do so. In that case, there preduction through the definition of a methodology to
58 enterprises. Overall, the most common answer watentify a flexible automation solution for a specific
"Other EU countries". Interestingly, after filtering outproduction requirement. present a solution to improve the
businesses that do not plan to automate at all, no anéroduction of robots for food production through a
mentioned Asia. There is a statistically significantmethodology for identifying a flexible automated solution
relationship between the size of the company and thea specific production requirement.

Table 2 Origin of automation or planned automation

Systems for traffic Company size by number of employ
automation were/will be| Micro enterprise  Small business| Medium enterprise A Iz_arr?e con;%%ny Total
procured from: 1-9 employees| 10-49 employees50-249 employees Wletmgl\i)ei/ree
Czech Republ 5 (83.3% 9 (64.3% 9 (40.9% 4 (25% 27 (46.6%
Other EU countrie 1(16.7% 5 (35.7% 13 (59.1% 12 (75% 31 (563.4%
Total 6 (100% 14 (100% 22 (100% 16 (100% 58 (100%

Consumers as well as other members of the food chaiarrelation coefficient. In the case of the degree of
require accurate information in real time. Especially idigitization, we consider 1 full digitization, 2
cases of threat to the health of consumers, immediateplementation at present, 3 = planned digitization and 4 =
traceability of the origin of food is required. Digitalizationrejection of digitization. Based on the test performed
allows food supply chains to be highly connected, efficien{Spearman's correlation coefficient; r = -0.346; p-value =
and responsive to customer needs and regulatiorD04), we demonstrated a statistically significant
requirements [20]. Table 3 shows the stages of thelationship between the degree of digitization and the size
digitization process. Digitization elements are used hyf the company. As the size of enterprises increases, the
15.4% of micro enterprises, but even 50 % of largelevance of digitization increases. The results of this
enterprises, another 31.3% are currently implementingvestigation are also confirmed by Kosior's study [21],
these elements. As in the previous case, we will verify thehere it states that the use of digitization elements to
relationship between the variables using the Spearmaranage production and logistics flows in EU food industry
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enterprises is low compared to other sectors and industritsat had the necessary resources and were able to use the
He further states that, in general, a higher degree pbtential of digital technologies.
digitization was typical for large and very large enterprises

Table 3 The degree of the company's involvement in the digitization process
Company size by number of employ

Indicate the degree of

involvement of the enterprise|Micro enterprisy Smalllotﬁgmess entetm:idslgrlrslo-z a5 Avlliiitrr?g\fgrﬁ;%%ny Total
the digitization process | 1-9 employeeg P
employee employee employee
The company already uses (15 o0 6 (35.3%) 11 (47.8%) 8 (50%) 27 (39.1%)

elements odigitization
The company is in the phase|of
implementing digitization 2 (15.4%) 6 (35.3%) 7 (30.4%) 5 (31.3%) 20 (29%)
elements in operatis
The company is considering

digitization in the short term (1- 4 (30.8%) 2 (11.8%) 3 (13%) 3 (18.8%) 12 (17.4%)
2 years
The Com%?gﬁ/iiz trl‘g: consideri g 35 505 3 (17.6%) 2 (8.7%) 0 (0%) 10 (14.5%)
Total 13 (100% 17 (100% 23 (100% 16 (100% |69 (100%

Thanks to digitization, which is still on the rise,to the creation of new business models. Even if there are
production models integrate smart technologies such seme differences in the data and large enterprises have a
robotics, artificial intelligence (Al), the Internet of Thingshigher representation of individual steps, even if the
(loT) and others [22]. Digitization represents processnterprise is planning or has implemented digitization of
change and restructuring in business and productioperations, there are no statistically significant differences
approaches. The author team was also interested in whatween the size of the enterprise and the implementation
steps the company takes when implementing af individual steps. Studies [23,24] that deal with the
considering digital transformation. Businesses that safbvelopment of digitization elements in the agri-food
they were not considering digitization at all were excludesector emphasize that digitization significantly helps to
from this survey. The results are then presented in tabterease traceability in the entire food chain. Zhou [25]
number 4. Overall, companies most often approach then states how food firms can improve their sustainability
higher level of use of production data analysis and thgierformance through digital traceability practices.
integration into the user interface". On the contrary, at least

Table 4 What steps the company has implemented in connection with digitization
Company size by number of employ:

Steps the company has

. i : . Micro Small business  Medium A large company

|mplemen(;ie§;:iit:rz1 ac;ioonnnecnon with enterprise 1-9 10-49 enterprise 5®49 with over 250 Total
employee employee employee employee
Total 8 (100% 14 (100% 21 (100% 16 (100% 59 (100%
Changing the information
communication strategy atthg 4 (50%) 13 (92.9%) 12 (57.1%) 12 (75%) 41 (69.56%)
input and outpt

Creation of new business moc 3 (37.5% 1(7.1% 4(19% 7 (43.8% 15 (25.4%

Use of process managementin -, 50, 8 (57.1%) 10 (47.6%) 9 (56.3%) | 29 (49.p%)

process restructuril
Building an integrated software
platform connecting all elements 4 (50%) 12 (85.7%) 15 (71.4%) 12 (75%) 43 (72.9%)
and processes in the enterg
A higher degree of use of
production data analysis and their 4 (50%) 11 (78.6%) 16 (76.2%) 14 (87.5%) 45 (76,3%)
integration into the user interfe
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Table 5 Fisher’s exact test
Fisher's exact te P-value
Changing the information communication
. 0.065
strategy at the input and out
Creation of new business moc 0.086
Use of process management in process|
; 0.492
restructurin
Building an integrated software platform
connecting all elements and processes in the 0.365
enterpris
A higher degree of use of production datd
analysis and their integration into the user  0.285
interface

Table 6 shows the digitization rates used by businessdgitization elements in the case of enterprise size differs
They most often use the production planning system. This all cases mentioned. The mentioned elements are more
is also confirmed by Cho's study [26], which says thaiften used by large enterprises, small enterprises most
production planning is a key part of productioroften use only the production planning system. However,
management of manufacturing enterprises The use @fen 93.8% of large enterprises have these systems.

Table 6 Digitalization rates used by business

Company size by number of employ:
Do you use these Medium A large compan
digitization element Micro enterprise Small businesg : g P
. . enterprise 5@49 with over 250 Total
in your operation?| 1-9 employees|10-49 employegs
employee employee
Total 13 (100% 17 (100% 23 (100% 16 (100% 69 (100%
Warehouse o o o o o
Management Syste 1 (7.7%) 9 (52.9%) 17 (73.9%) 13 (81.3% 40 (58%
Pmd“gt;f;?e?a””'”g 5 (38.3%) 11 (64.7%) 15 (65.2%) 15 (93.8% 46 (66.7%)
MES 0 (0% 6 (35.3% 9 (39.1% 10 (62.5% 25 (36.2%
EDI 1(7.7% 11 (64.7% 19 (82.6% 12 (75% 43 (62.3%

The industrial world has been experiencing digitatan then be a tool for assurance. The research results
transformation and implementation of Industry 4.@onfirm thatthe use of automation elements depends on the
elements and technologies in recent decades. Neverthelsg of the company. Likewise, the relationship between
some sectors of the manufacturing industry lacthe use of digitization elements and the size of the company
automation and digitization, in particular the main problerwas statistically proven. Other foreign studies also confirm
is the design and successful implementation of warehousat the level of use of digitization in the food sector is still
automation [27,28]. This assertion is confirmed byow. It is mostly associated with the introduction of
research results, where the use of the Warehoyseduction planning systems. The use of the MES system

Management System is still insufficient. within the investigated food companies is assessed as
insufficient. This system can provide up-to-date records of
4 Conclusions measurements of a wide range of quantties and

The food sector is a Strategic sector that p|ays a primd’iﬁ?tiﬁcations for continuous production. And it provides a
role in ensuring food security and self-sufficiency. The&olid basis for traceability throughout the food chain. In
specifics of this industry are food chains with direct link§urther research, the author team would like to focus on a
to the agricultural industry and end customers. Like oth&tore detailed analysis of the production planning system
companies in the processing industry, the food industry #d material flows in connection with Industry 4.0.
also under pressure for higher process efficiency,
rationalization of resources and reduction of productioficknowledgement _
costs. Most food production takes place through mass bRis paper was developed under the support of projects:
batch production. This provides the basis for the use B$A/FLKR/2023/002 Rationalization and sustainability of
Industry 4.0 elements, especially process automation. '&sources  in  production  logistics  processes,
key factor in food production is traceability throughout th® KRVO/FLKR/2024 Logistics System Security.
entire chain. Another Industry 4.0 element of digitization
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Abstract: The purpose of the study is to develop a methodology for determining the modification of digital marketing and
logistics and the peculiarities of their management under the influence of artificial intelligence. A theoretical and
methodological analysis of existing research was carried out, relevance and purposefulness of the study is substantiated
on the basis of scientific generalization. It has been proven that the functioning of modern business is inextricably linked
with transformations, which characterized by the intense influence of artificial intelligence. Development trends have
been identified and a classification of the main artificial intelligence technologies has developed, which necessitate the
need for effective management of modifications in digital marketing and logistics of modern companies. Structured
indicators of the dynamics of development of digital marketing and logiptessure the influence of artificial
intelligence. It is substantiated that the penetration of artificial intelligence into the management of digital marketing and
logistics of modern companies leads to their modification, which is due to the automation and optimization of business
processes. An economic and statistical analysis of the interdependence of trends in the development of digital marketing
and trends in the contract logistics market for the Gulf Cooperation Council was carried out. The interdependence is
determined and the main prospects for the development of digital marketing and logistics are argued in the context of the
impact of artificial intelligence. The results have practical value and can be used to formulate a methodology for managing
modifications in digital marketing and logistics of modern companies.

1 Introduction artificial intelligence technologies were available to very

The intensity of the processes of internationalization é&rge companies and holdings, but thanks to intuitive and
the world economy is characterized by the gradual creati@fcessible tools, every business segment has access to
of a Single ecosystem of interaction and busineggem. The |ntr0dUCt|Oln- Of.artlfICIaI. Intelllgence dlreCtly
development, which is inextricably linked with thedetermines the modification of industries and entire
introduction of artificial intelligence technologies. Activecompanies, not excluding the marketing and logistics
penetration of artificial intelligence technologies intgnanagement system, which requires detailed research. The
various sectors of the economy determines thefftroduction of artificial intelligence technologies into the
transformation and improvement of business processes disiness processes of modern companies significantly
to maximum automation. There is an urgent need to justigjmplifies and optimizes activities, modifying them in
the modification of marketing and logistics under th@ccordance with technological characteristics. From
influence of artificial intelligence technologies, which isStreamlining companies’ operations and business processes
the focus of the study. It is important to note that previousf§ Personalizing experiences, Al technologies are already
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impacting businesses around the world, offering neworth paying special attention to the concept of marketing
opportunities for growth, efficiency, and innovation. and logistics management of companies as a single concept
The fulfilment of artificial intelligence technologies inthat ensures the achievement of business goals and
the management of marketing and logistics significantistrategic objectives. To argue the main aspects of the
modifies, which confirms the relevance and necessity @inctioning of marketing and logistics as a unified
this research. It is important to note that the intensity ehanagement concept, the author conducted a critical
implementation of artificial intelligence technologies in allnalysis of the scientific literature in this area and argued
business segments and directions in the world causes mémgy main scientific approaches and their specifics.
qguestions and modifications of these industries, which The relationship and importance of the marketing
requires detailed research and determination of kéggistics strategy and the formalization of basic support
aspects. Given that a modern business cannot be presentethods and its implementation are emphasized in study
without an effective marketing and logistics system, thil]. This approach justifies the consideration of the
introduction of these technologies generates mampmpany's strategy as a single whole of marketing and
directions and activities that should be controlled to ensulegistics with the interaction that achieves the set goals.
effective management of the company as a whole. TBasic support methods and steps for implementing this
modification of marketing and the appearance of its nesirategy are identified, but aspects of modification of
forms and tools directly affects the logistics processes byarketing and logistics management under the influence of
improving them based on the fulfilment of artificialartificial intelligence are not disclosed, which requires
intelligence. Artificial intelligence creates manyimprovement and expansion of the research area. The
innovative tools for organizing marketing efficiency fromidentification of key directions and prospects in the
communications to sales; helps improve logisticdevelopment of marketing and logistics is considered in
processes, inventory management, and delivery. All thégientific research [2]. Marketing and logistics formalize
significantly improves competitive positions in the globathe stat, the state and prospects for development are
market and allows one to surpass the competition indetermined. This approach reveals the essence of the
particular niche, which determines the enormous demandncept of a unified approach to marketing and logistics
and interest in the introduction of artificial intelligencemanagement, reveals its relevance and prospects, but the
technologies, which radically modify the activities ofmodification of marketing and logistics management,
companies. which is caused by the introduction of artificial intelligence
The growth of investments in technologies, theitechnologies, is not stated, which requires detailed study.
implementation and implementation in the most complex The scientific approach [3] deserves attention, which
areas of marketing and logistics of modern companies amphasizes the role of marketing and logistics as a factor
due to the need to improve management efficiency) the key strategic development of business structures.
optimize costs, minimize operational risks and increashis approach determines the need and relevance in
profitability. In this regard, artificial intelligence offers modern realities for the formation of a strategic approach
many tools for improving, developing and optimizingto managing marketing and logistics as a single goal, a
routine processes in achieving business tasks and goatsycept with the help of which competitiveness and
which determines the demand and relevance of thesHiciency are ensured. Therefore, this approach is classical
technologies in business segments. Based on the abauehe formalization of the marketing and logistics system,
there is an urgent need to identify key aspects and chanbes does not reveal the features of its modification under
in marketing and logistics management within thé¢he influence of artificial intelligence, which requires
framework of the implementation of artificial intelligence,detailed study. The relationship and importance of using
which determines the conceptual need and relevancemérketing and logistics as a single whole concept of
research in this area. The study is aimed at identifyimganagement in socio-economic systems is revealed in
trends in the modification of digital marketing and logisticstudy [4]. The main aspects of the organization of
under the influence of artificial intelligence. marketing and logistics are argued to ensure the efficiency
and optimality of business processes in socio-economic
1.1 Theory of development of marketing and systems, which is quite relevant and in demand in modern
logistics as a unified management concept conditions. However, this approach does not consider the
The functioning of modern business and it$pecifics and main aspects of modification of marketing
effectiveness largely depends on the management stratedjyd logistics under the influence of various factors,
which should be based on marketing and logistics asiR¢luding artificial intelligence, which determines the
Single management Concept, but this was not a|WayS ﬂ'%evance and need for further research. Attention should
case. Therefore, long-term development of modeff paid to study [5], which argues for the role of marketing
companies directly depends on the marketing and logistiggd logistics in a modern company strategy. The key
management strategy, which determine the ke3spects of the formation of a marketing and logistics

competitive areas in global markets. Based on this, it anagement strategy in the context of digitalization and its
penetration into all business areas are argued. This
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approach reveals the essence of the influence of digitathnologies on marketing and its interrelated element of
technologies and tools on the marketing and logistidke strategy - logistics, which requires detailed research.
management system of modern companies, but no The features of the management of logistics centers and
attention is paid to the influence of artificial intelligencetheir key business opportunities based on the intercalation
technologies and the modifications that it generates, whioli digital technologies are argued in study [8]. The key
requires improvement and further development of thisspects of an effective supply chain in maritime transport
direction. Having stated what has been presented, it shoal@ identified, with an emphasis on the role of technology
be noted that there are many scientific approaches amad the digital component. The role of technology in
studies that determine and bring to light the need for aptimizing logistics business processes and ensuring their
integrated approach to managing marketing and logistiefficiency is highlighted, which is relevant and in demand
as a single system. This confirms the theoretical premisesmodern conditions. However, it is important to note that
formed by the author and requires a detailed study of tHas approach does not consider logistics in connection with
features of modification of marketing and logistics undemarketing based on the introduction of technologies based
the influence of the processes of introducing artificiabn artificial intelligence, which requires improvement and
intelligence. improved research. The functioning and main aspects of
organizing marketing and logistics under the restrictions
1.2 Theoretical aspects of marketing and logistics  caused by pandemics are disclosed in scientific sub-section
management under the influence of artificial [9]- The vision of this approach is that it states the facts
intelligence that, despite the restrictions and many obstacles, such
Optimization and the need to automate existin§ectors of the global economy as marketing and logistics
business processes of companies is due to the growing &gy did not stop developing, but rather transformed and
and penetration of artificial intelligence technologies intgreW through scaling, which is provided by technologies,
all areas of activity. The efficiency of marketing andncluding artificial intelligence. It is important to note that
logistics ensures competitive positions and businedd features of these transformations of marketing and
scaling opportunities, which are ensured by thiogistics under .the influence of artificial |ntel!|gence in
introduction of innovations, technologies and tools that af§™MS of strategic management are not taken into account,
based on artificial intelligence. Arguing the above, it i¥hich requires further research. Non-standard approach
necessary to analyse the literature and research in the figil: 111, which highlights the mode of logistics distribution
of introducing artificial intelligence into the marketing and®f €-commerce in the context of big data. The results of this
logistics management system of companies, to highlightudy highlight the role of logistics in e-commerce, which
the main directions, prospects and issues. is based on technology and ensures the effecnvenegs of
A systematic review of the literature regarding th&€°mpany marketing. These aspects of the study are aimed
implementation of artificial intelligence in marketing,at formalizing the process of logistics distribution, but do
stated by a group of scientists [6]. This approach argues fft reveal the main aspects associated with artificial
the main directions of scientific approaches and methoféelligence technologies, which require detail and
in terms of studying the introduction of artificial d€velopment. _
intelligence in marketing. Attention is focused on the main Having stated the above, it should be noted that the
directions of marketing activities of companies that aftensity of technology development and its penetration
subject to transformations under the influence of artificidM0 all sectors of human life raises the need to revise
intelligence. The need for the introduction of artificia€Xisting management techniques, which should take into
intelligence technologies with the argumentation of ke§ccount many factors. The intercalation of artificial
tools has been identified, but a comprehensive approacHg!ligence technologies in the process of marketing and
studying not only the features of implementing thesl@gistics requires their modification and requires
technologies in marketing, but also its modification, whicQPerational management, taking into account the
requires management and selection of mechanisms fefilment of business goals and the achievement of
ensure efficiency, has not been disclosed, which requirdéategic objectives. Based on the results of a critical
improvement and detailed study. The role and influence 8falysis of scientific approaches, it should be noted that
information technologies on electronic marketing is argudfleré is no single view and approach to the study of
in study [7]. The importance and necessity of introductio@rtificial intelligence and the characteristics of its mflugr_]ce
information technologies and their innovative tools in th@" the management process. In contemporary conditions,
electronic marketing strategy, as its key component, {@ere is an urgent need to formalize the main aspects of
determined. This approach argues for the role of innovatiff@rketing and logistics management of companies under
and information technology in marketing strategy, which ithe mflt_Jence of artificial intelligence technol_ogles, which
important in modern conditions, especially when formingetermmes the relevance and purpose of this research.
a company’s development strategy, but does not reveal the
features of the influence of artificial intelligence
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2 Methodology and logistics under the influence of artificial intelligence is
2.1 Peer review process a (_:riti_c_al assessm.ent.(.)f the source dgta i_n term; (_)f their
The intensity of development of innovativerellabl[lty .ar)d scientific validity, which in .st.at|st|cal_
technologies, tools and techniques that are based '®Qdeling is implemented by methods of a priori analysis,

artificial intelligence have a tremendous inspiration on tH@cluding: 1) identification economically justified and
business processes of companies and requires detaffigificant cause-and-effect relationships between the
research and formalization of management methodologi€&€ments under study in this case, marketing and logistics;
Taking into account the presented information, the ke%) @ssessment of the homogeneity of the study population;
goal of the study is to extension a methodology for) analysis of the nature of the distribution of the
determining the modification of digital marketing andPopulation according to the charact.e_nstlcs being stud!ed.
logistics and the features of their management under tR@€ of the fundamental prerequisites for conducting
influence of artificial intelligence. To determine existingScientifically based statistical analysis, which adequately
approaches in the literature, theoretical and methodologid§flects cause-and-effect relationships and dependencies,
analysis was applied, on the basis of which the demand dffgnds in the development of digital marketing and logistics
necessity of this study was determined. A classification d _their modification under the pressure of artificial
the main technologies of artificial intelligence has beelfitelligence in dynamics, is the homogeneity of the
developed in the context of its implementation in th&tatistical population. An  important prerequisite for
marketing and logistics processes of companies, whi@taining S_C|ent|f|cal_ly based results .of stat|st|cal_ analy§|s
helped highlight development trends. In order to fulfill thénd modeling is testing the hypothesis that the distribution
assigned tasks, the study used a tool for economic a@d@mpirical data is close to the normal law (1):
statistical analysis of the interdependence of digital -
marketing development trends and contract logistics X~ M, ~ M, 1)
market trends for the Gulf Cooperation Council. It is ) . )
important to state that the analysis and synthesis of the One of the disadvantages of this approach to assessing
dynamics of statistical data on the development trends € nature of the distribution is the presence of subjectivity
digital marketing and the contract logistics market of thi# the analysis of the sufficiency of the deviation value
Gulf Cooperation Council (GCC). Represents the findfom M, and M, in this case, modification of the
stage of statistical research, which allows us to determifiggnagement of digital marketing and logistics under the
conceptual conclusions and justification of the put forwar@ressure of artificial intelligence. Any population under
theoretical hypotheses and prerequisites for furth&fudy, along with the values of features formed under the
practical recommendations for patterns of the studigessure of indicators directly characteristic of the object
phenomena in marketing and logistics of companies. ~ being analyzed, may also contain the values of factors

The parsing is a method of scientific research int@btained under the influence of other factors not
trends in the development of digital marketing and logistic1aracteristic of the object being studied, the so-called
under the influence of artificial intelligence. Economic&nomalous observations. When analyzing dynamic
statistical analysis and its implementation is characterizétformation (trends in modification of digital marketing
by the fact that it ensures the development of @nd logistics under the pressure of artificial intelligence),
methodology that is based on the widespread use e most widely used method for identifying anomalous
traditional statistical and mathematical-statistical metho@servations, based on the definition of- statistics,
in order to control the adequate reflection of the studidifoposed in the work of Khan G. and Shapiro S. [11,12]
processes of implementation of artificial intelligence in th€2):
marketing and logistics of companies.

The objectives of the analysis are to determine and gr = [ @)
evaluate the specifics of modification and management Ot _
features of digital marketing and logistics trends under the Where,Y —individual levels of the serieE;- average
influence of artificial intelligence, by studying theirlevel of the row;cy is the standard deviation of the
dynamics, structure and determining relationships arimpirical values of the series levels from their average
patterns, trends in development. Determining tendency ligvel. To analyze the dynamics and trends in the
the evolution of digital marketing and logistics, theidevelopment of digital marketing and logistics under the
modification is inextricably linked with data analysis,nfluence of artificial intelligence, as time series, a method
qualitative analysis of the essence of trends, structuring tB@sed on the definition af statistics was used to identify
basic directions of development and introduction ofnomalous observations (3):
artificial  intelligence  technologies,  determining
relationships and dynamics. Ay = Me=Yeal ®)

The key stage of conducting statistical research on the @y
information base on the development of digital architecture
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If the calculated value exceeds the critical level (with eole in driving this growth. There are many benefits of
given level of accuracy and number of observations), thamtificial intelligence in digital marketing and logistics,
the calculated value is considered anomalous. Tkeme of which include: the ability to automate processes,
proposed methods and approaches for designatieffectively manage customer relationships, and
tendency in the introduction of digital marketing andontinuously improve operational strategies [12]. Taking
logistics under the pressure of artificial intelligence wilinto account the above, it should be noted that the strategy
allow us to argue for key trends in development and witif modern companies is complex and multifaceted, as it

allow us to determine their modification. includes many areas, tools, features and specifics of
activity, which should be directed as a single system to
3 Reault and discussion achieve business goals and objectives. Based on this, the

The introduction of artificial intelligence and its keyintroduction of artificial intelligence technologies into the
technologies and tools in contemporary conditiongtrategic management of digital marketing and logistics
significantly facilitates companies in the process dtannot be ignored, as it ensures promising growth and an
studying their consumers, determining their demané#lcrease in the level of competition and business
values and behavior. One way this is particularly useful gFalability. Taking into account what has been presented, it
digital marketing and logistics is through customels necessary to consider in detail the main technological
recommendation systems, which can include automatagPects of the introduction of artificial intelligence into
and personalized logistics service options, as well as digifigital marketing and logistics of companies and the main
marketing efforts such as targeted newsletters aﬁ@pdifications that they introduce [13,14] Artificial
advertisements. The global rise in the use of digitittelligence plays an important role in the activities of
marketing, coupled with the adoption of machine learningPntemporary companies, regardless of the segment and
techniques in logistics, is significantly influencing severa#pecifics of the activity. Based on this, the author
industries. Advanced technologies using artificiafonsolidated information regarding the importance of

intelligence are part of Industry 4.0 and play an importa@ttificial intelligence in the strategic management of
modern companies, which is presented in Figure 1.

120,00% e
Positive effect of artificial ~ The use of artificial
Artificial intelligence as a intelligence in company intelligence technologies i
100,00% conceptual part of the strategy; 80,00% mobile devices; 97,00%
company’s strategy; -
61,00% Optimization of business
80,00% processes based on artificial
n intelligence technologies;
57,00%
60,00% Increasing company
productivity by modifying
strategy using artificial
40,00% intelligence; 45,00%
20,00%
0,00%
0,00% 100,00% 200,00% 300,00% 400,00% 500,00% 600,00%

@ The importance of artificial intelligence in the strategic management of modern companies
Figure 1 The importance of artificial intelligence in the strategic management of contemporary companies

Based on what has been presented, it is importantdompanies. Based on what has been presented, it is
state that artificial intelligence technologies are becomirignportant to state that artificial intelligence technologies
more accessible every day and are being used in evarng becoming more accessible every day and are being used
sector of the global economy. The information presentéd every sector of the global economy. The information
confirms that technologies are reflected in all busineggesented confirms that technologies are reflected in all
processes of companies and lead to their modernization dnginess processes of companies and lead to their
modification, thereby ensuring economic growthmodernization and modification, thereby ensuring
efficiency and profitability. Based on this, to determine theconomic growth, efficiency and profitability. To justify
features of modernizing the management of trends the demand and relevance of the introduction of artificial
digital marketing and logistics of companies, it is necessaiiytelligence technologies, the author has structured the key
to consider the classification of the main technologies afdvantages of these technologies for contemporary
artificial intelligence and their introduction in the strategidusiness, which are presented in Figure 2.
management of marketing and logistics of contemporary
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é )

Improving business efficiency
Artificial intelligence works around the clock and
) without loss of productivity and completes manua|
tasks without errors. This aspect is increasing intergst
in these technologies in the context of saving time
resources and optimizing routine complex processes.
various fields by installing the necessary

algorithm. k )

Z >
N\ )

[ Solving complex problems

Artificial intelligence technologies use machin
learning and deep learning to solve complex
problems just like humans do. Artificial
intelligence can process large amounts of dat
identify patterns, identify information and provid
answers. With the help of artificial intelligence
technologies, it is possible to solve problems i

-

Effective solutions Automation of business processes

Artificial intelligence can use machine learning t With the help of machine learning, artificial
analyze large amounts of data faster than any intelligence is trained to accurately and quickly
human. Artificial intelligence platforms can perform tasks in order to increase business efficiefjcy

identify trends, analyze data and make by automating those areas that are difficult or borifig

recommendations, and by predicting data, Artificigl for employees to work with. In addition, through
intelligence can help you choose the best course of automation, artificial intelligence frees up employ:

action. \)resources to do more complex and creative worl.

Figure 2 Srructuring the key advantages of introducing artificial intelligence technology into digital marketing and logistics
of contemporary companies

The introduction of artificial intelligence technologiescompanies. It is important to note that today digital
significantly optimizes the existing business processes wfarketing has long been ahead of classical marketing, and
contemporary companies through automation, machiwetificial intelligence has transformed and brought the
learning and increasing their effectiveness, which isntire industry to a new level based on the introduction of
actually the reason for the wide range of their applicatiothese technologies [15,16]. This modification of digital
which leads to transformation processes and modificatiomsarketing and the intensity of introduction processes are
of a particular industry. Based on this, to determine theharacterized by the fact that these technologies make it
features of modernizing the management of trends possible to simplify the company’s work in the digital
digital marketing and logistics of companies, it is necessasphere, and allow consumers to receive a higher quality and
to consider the classification of the main technologies ahproved customer experience. The ranging of key
artificial intelligence and their implementation in theartificial intelligence technologies that modify the digital
strategic management of marketing and logistics of modemmarketing of companies is presented in Table 1.

Table 1 Ranging of key artificial intelligence technol ogies that modify digital marketing of companies

ARTIFICIAL
SPECIFICS OF MODIFICATIONS
INTELLIGENCE THE ESSENCE OF TECHNOLOGY DIGITAL MARKETING

TECHNOLOGIES

Tools based on artificial intelligence allow you to quickly
and easily generate content plans, create posts for sddiatlification of the content preparatign
CONTENT networks, slogans, advertising messages, articles, pictupgscess, optimization of the company’s
GENERATION audio and video. This greatly optimizes the businesaman resources and reduction of operating
process of developing materials, texts and content dasts.
genera
Communication with clients through mailing lists and
instant messengers no. 'Or!ger requires many phyS'eebltimization of routine business processes,

resources. Using artificial intelligence technologies . p
gansparency and increased efficiengy.

company can interact with clients around the cldc . g 4

! reeing up additional company resources in
consult, register, nurture leads, and accept orders base%oqﬂ human and financial dimensions
the implementation of artificial intelligence and machin :

learning

AUTOMATION OF
MAILINGS

. e . . Pcreasing the level of reliability and
Using artificial intelligence, companies analyze the resu S curacy of information based on big data
of marketing campaigns, build predictive models | Q y 9

customer behavior and improve their digital marketir%nal.yS'S. and m"%”“a'. labor automation.
strategy. aving time and financial costs for paying

for analytical studie

DATA ANALYSIS
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Artificial intelligence tools study and analyze customer
information to determine key criteria for effectiyeFreeing up time, human and financjal
segmentation. Rational division of customers into grqupssources due to the automation of routine
and segments helps to personalize offers, optimigeocesses.
marketing costs, and increase comperofits.
Without technology, it is difficult to predict the buyer's ne1

CUSTOMER
SEGMENTATION

t . . .
PERSONALIZED | move and make an offer that will interest him. Artific m{;{]ovrl]ng theisglrjgllgegfacusrfgﬁr rS:(;\L/JIcii
APPROACH TO | intelligence can analyze behavioral factors such as cl 9 P 1zec app ’ 9
ual labor, optimizing the process |of

cks
THE CLIENT purchases, search queries and recommend the most s i{HS’]’% . ;
products to the client analysis, and marketing research.

Automation of the process of communication with cliemis

Q

INCIRE=IZD) and personalization of offers improves the qualit proving the quality of service, simplifying
SUSoLiIaR servi(?e The level of custom%r satisfact?on )ém%?e procedure for establishing
SATISFACTION : bmmunications and studying the client.

consequently, their loyalty increas
Artificial intelligence helps analyze data, develop andutomation of the process of setting up and
SEARCH ENGINE | improve a content strategy, generate content optimized iftegrating search algorithms. Economicg in
OPTIMIZATION search engines, think through promotion and thefetmpnetary and time equivalent to the need to
increase traffic growt attract hotel companies and special

Conceptualizing, it should be noted that if before thransforming what was once a linear, predictable process
introduction of artificial intelligence technologies ininto a dynamic and intelligent business process. Atrtificial
marketing business processes, it took a lot of time totelligence technologies have found wide application and
connect the team, determine the main tasks and goals oféhe redefining the boundaries of what is possible in the
marketing strategy. Today this has been modified and idagistics industry. Artificial intelligence radically modifies
matter of minutes, with the help of artificial intelligencelogistics processes, leads to their optimization, job
technologies, it will be possible to complete a number @éductions, and focuses on data confidentiality and the
marketing tasks while increasing efficiency, quality okthical use of technology [17,18]. Based on what has been
service, reducing costs and optimizing business procesgg®sented, in order to argue for the management
Artificial intelligence simplifies and makes intuitive themethodology and determine the modification of digital
complex, multifaceted processes that underlie thmarketing and logistics under the influence of artificial
functioning of any company. Definitely, for the strategy ofntelligence technologies, we should consider the ranging
modern companies to be effective, digital marketing musf key artificial intelligence technologies that modify the
be inseparable from logistics. Artificial intelligence inlogistics of modern companies, which is indicated in
logistics is having a similar impact as digital marketingTable 2.

Table 2 Ranging of key artificial intelligence technol ogies that modify thelogistics of contemporary companies

INAI'EI[ILFIg:IIEIA\ILCE FEATURES OF THE IMPLEMENTATION OF ARTIFICIAL INTELLIGENCE
TECHNOLOGIES AND MODIFICATION OF LOGISTICS

TECHNOLOGIES
The implementation of artificial intelligence technologies in vehicles contributes to the emergence
of new vehicles and drones. Drones and autonomous vehicles are the epitome of artificial
AUTONOMOUS intelligence in logistics, providing a high level of scalability and efficiency for the business pf not
VEHICLES AND DRONES | only goods, and are driving improvements in the speed, flexibility and agility of the supply ichain.
The dissemination and implementation of these technologies allows companies to modify
management approaches by optimizing logistics routes to increase efficiency.
The analytical component of artificial intelligence to process huge volumes of historical data to
predict future trends, demand patterns and needs for inventory and delivery of goods. This trend
PREDICTIVE ANALYTICS | forecasting is critical in logistics because it allows data-driven strategic decisions to be made that
improve operational efficiency. These artificial intelligence tools allow logistics companies to stay
one step ahead of market demands and potential disru
The implementation of artificial intelligence technologies in warehouse operations has become a
ROBOTICS BASED ON | real revolution in the field of logistics of companies. Intelligent robots are now capable of

ARTIFICIAL automating complex tasks such as picking, packing, sorting and transporting goods. It is important
INTELLIGENCE IN to note that these are not homogeneous robots that undergo training and improve their knowledge
WAREHOUSES over time thanks to machine learning, thereby constantly increasing their productivity and

profitability of the compan
The introduction of artificial intelligence technologies will radically transform the way cargo
INTELLIGENT FREIGHT | transportation is coordinated. These technologies implement multifaceted interaction algprithms
COORDINATION and companies, when organizing logistics, can select the most suitable transportation from|carriers.
This not only optimizes logistics efficiency, but also reduces operating costs. The use of i
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intelligence simplifies booking procedures, improves cargo tracking and significantly improves
overall customer satisfactic
The functioning of modern business is based on information, which is of critical importance.
Online tracking and monitoring of cargo and goods deliveries using artificial intelligence

ONLINE SHIPMENT technologies ensures the transparency of the entire supply chain. These technologies ensure that
TRACKING AND both companies and their clients can track and monitor the movement of their goods and cargo
MONITORING online at every stage. Technological solutions in the field of online tracking and monitoring of

cargo and goods deliveries not only improve the quality of customer service, but also|ensure
effective supply chain management for modern compi

Having stated the above, the introduction of artificial The intensity of development and introduction of
intelligence and machine learning is radically modifyingrtificial intelligence methods in digital marketing in the
the business segments of contemporary companiesrid is one of the most rapidly developing industries,
including marketing and logistics management systemshich requires detailed study and research. It is important
From optimization of operations and key busines® note that many companies are constantly searching for
processes to a personalized approach to service, learrsogutions and new approaches to improve and optimize
needs and preferences to autonomous logistics and servitgrketing business processes, increase efficiency and
systems. It is important to note that these technologies haefitability, which are provided by artificial intelligence
already influenced businesses around the worltechnologies, which cause its maximum modification.
modernizing and modifying traditional business procességtention to trends in the development of digital marketing
with the help of new artificial intelligence capabilities forallows companies to significantly accelerate and transform
future growth, increasing efficiency, profitability andtheir strategy in accordance with trends and innovations for
minimizing operating costs [19,20]. Undoubtedly, irbusiness scaling, sales growth and the long-term
modern conditions there are colossal transformations in thevelopment of the company brand [21]. Using artificial
strategic management of marketing and logistics daftelligence, companies significantly simplify the process
companies, which are caused by the implementation of studying and researching consumer behavior, which
artificial intelligence technologies. Based on this, in ordeaffects the company’s business indicators of interest,
to substantiate the main aspects of managing tpeofitability, cost reduction, increased efficiency and
modification of digital marketing and logistics of market scaling. Trends in the implementation of artificial
companies, it is necessary to determine the key tendencynritelligence technologies in digital marketing of companies
the evolution of digital marketing and logistics ofand the structure of key tools are presented in Figure 3.
contemporary companies with justification for the
statistical observed anomalies.

1 34 36 - o = B Op“li“'?a“"” of
35 e 3,14 E = = = = g marketing processes
S BB BE B BE B EH Generating i
25 =] = =| =| =| | = B recommendations...
2 E E E  E E E E E Consumer Behavior
- & B B E B B B B Analytics Ty
1B & B B B B B
- 8 B B B B § B B Machine learming I
,. .= & E E E E E B _
Advanced busines
S S0P P anaytios S
NN NN &

0,00% 20,00%  40,00%  60,00%

e Trends in the implementation of artificial intelligence
technologies in digital marketing of companies, billion
dollars USA

m Structure of key artificial intelligence technologies in
digital marketing, %

Figure 3 Trendsin the implementation of artificial intelligence technologiesin digital marketing of companies and the structure
of key tools

Summarizing what has been presented, it should b&mulate profit growth, new approaches retain customers
noted that the introduction of artificial intelligenceand allow more accurate targeting of target audience
technologies and key tendency indicate that thesegments and reliably, loyalty and effective
technologies are radically modifying digital marketing andommunication with clients is built [22,23]. The
its management. Artificial intelligence and its key toolsntroduction of artificial intelligence greatly simplifies,
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optimizes and improves the management of digitalentralized suppliers and industrial zones. The largest
marketing of companies. participants in the logistics market of the Persian Gulf
Having stated the above, it should be noted that contramiuntries are the following: Agility Logistics Pvt. Ltd, Gulf
logistics of the Gulf Cooperation Council (GCC)Warehousing Company QPSC (GWC), Al Futtaim
demonstrates only positive development trends and &apgistics, Almajdouie Logistics Co. LLC and Ceva
increase in its volumes in key countries. Théogistics. These market players dictate their rules to the
implementation of artificial intelligence technologiesrest and integrate technological aspects as much as possible
increases the intensity of development, contributes to the the development of logistics [24,25]. Based on the
transformation of marketing and an increase in sal@gsesented, for the argumentation of the main aspects of the
volumes through e-commerce, which increases the volummdification of digital marketing and logistics of
of supply chains. The contract logistics market of theompanies under the impact of artificial intelligence, it is
Persian Gulf countries is extremely fragmented angecessary to consider the trends in the development of
gaining popularity every day. Logistics is the best way farontract logistics of the Gulf Cooperation Council (GCC).
local companies to adjust the process with the growir@rowth in E-commerce Driving the Market, and the
cross-border flow of goods, while simultaneouslyeatures of the implementation of artificial intelligence
expanding their logistics processes based on artificiedchnologies, which are presented in Figure 4.
intelligence technologies, reducing costs through

1.1.2018
United Arab 15
Emirates
20 1.1.2024 1 1.1.2019
15
10
5
Morocco 0 Saudi Arabia 1.1.2023 1.1.2020
1.1.2022 1.1.2021
Egypt
The volume of electronic commerce, which is Development of volumes of supply chains
the engine of logistics and supply chains, based on the implementation of artificial
billion dollars USA intelligence technology, billion dollars USA

Figure 4 Trends in the implementation of artificial intelligence technologies in contract logistics of the Gulf Cooperation Council
(GCC) and Growth in E-commerce Driving the Market the features of the implementation of artificial intelligence technologies

Stating what has been presented, it should be noted thapects [26]. In order to interpret the key results of the
the trends in the development of technologies of tteudy on the determination of trends in development and
artificial intellect in the world have flooded all branches omodification of digital marketing and logistics under the
the world economy. These technologies are in demand anfluence of artificial intelligence, the main results of the
relevant in the formation of modern companies from theconomic and statistical a priori analysis should be cited,
strata of development, so that they ensure the optimizatiaich are presented in Table 3.
and increase in the level of efficiency of business The interpretation of the main results of the a priori
processes. Consideration of tendencies and trends in #malysis made it possible to reveal the abnormality.
development of artificial intelligence allowed us tointerrelationship. and dependence of the processes of
substantiate their importance and demand in the field ofodification of the management of digital marketing and
digital marketing and logistics, which envisage theilogistics under the influence of artificial intelligence
radical modification and maximum automation of al[27-29].

Table 3 The main result of the economic and statistical a priori analysis of the management of the modification of digital marketing
and logistics under theinfluence of artificial intelligence

STATISTICSA OF MODIFICATIONS OF DIGITAL MARKETING AND LOGISTICS UNDER
THE INFLUENCE OF ARTIFICIAL INTELLIGENCE TO DETECT ANOMALOUS

ANALYSIS OBSERVATIONS
PERIOD PPr—r — - — P
Modifications | Modifications | Interpretation of the level of communication on the modification
of digital of logistics of the dependence of digital marketing and logistics in the
marketing context of the introduction of artificial intelligence technolo
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01.01.2018 2.8 3.7 A strong level of communication and interdependence of process
modification:

01.01.2019 2.2 2.9 A strong level of communication and interdependence of process
modification:

01.01.2020 15 2.1 The average level of connection and interdependence of piocess
modification:

01.01.2021 1.7 2.0 A strong level of communication and interdependence of process
modification:

01.01.2022 1.8 1.9 The average level of connection and interdependence of process
modification:

01.01.2023 2.1 2.4 Low level of communication and interdependence of modification
processe

01.01.2024 2.0 25 A strong level of communication and interdependence of process
modification:

The main task of statistical research at the stage obasiness processes. reducing costs and increasing
priori analysis is the selection of homogeneous groups efficiency. It is substantiated that the introduction of
indicators that are interdependent and affect thetificial intelligence technologies is conceptually
performance indicator. in this case. the profitability of theecessary for modern business of companies. since a high
company. It is important to note that the growing pace dével of competition and the need for scaling are impossible
development and implementation of artificial intelligencevithout their use.
in marketing leads to the growth of e-commerce. which is To substantiate the main theories of the evolution of
directly related to logistics and inventory managemendrtificial intelligence and its introduction in marketing and
Arguing the above. it should be noted that artificialogistics. a critical analysis of scientific approaches and
intelligence technologies not only modify the marketingesearch was carried out. It has been determined that it is
and logistics of a company. they stimulate the growth @bnceptually necessary in contemporary conditions to
competition. technologies. services and the optimizatimnsure the efficiency and profitability of a business to
and improvement of existing business processes fafrmulate a strategy in such a way that marketing and
companies. The introduction of artificial intelligence inogistics are a single integrated whole. On the basis of
logistics and automation of supply chains. inventory argtientific generalization. the theory and specifics of the
warehouse management lead to a significant reductionarolution of artificial intelligence in the world. and the
costs for business and helps to minimize errors in proddettures of its application in digital marketing and logistics
delivery. However. due to high initial costs. a long periodf companies are determined. It has been proven that the
of achieving return on investment limits the masfunctioning of contemporary business is inextricably
implementation of solutions for automation andinked with transformations characterized by the intense
optimization of logistics processes and requires a search fisfluence of artificial intelligence on all existing business
investors. processes of companies. To confirm theoretical hypotheses

A colossal leap in scaling artificial intelligenceand premises. a methodology for studying the modification
technologies was caused by a pandemic in which tlédigital marketing and logistics and management features
implementation of artificial intelligence was carried out irunder the influence of artificial intelligence has been
a short time with large budgets. From what has beelefined.
presented. it should be noted that the modification of digital The trends in the introduction of artificial intelligence
marketing and logistics management under the influenceiaf the world are highlighted. on the basis of which a
artificial intelligence technologies has a significant rolelassification of the main technologies and tools that are
and influence on the company's strategy. itelevant and in demand in business has been developed.
competitiveness and affordability. The study. research and The role of artificial intelligence in management and its
definition of such modifications. which are called for byimpact on the modification of digital marketing and
the implementation of artificial intelligence technologieslogistics of modern companies are substantiated. The

are important and necessary in modern conditions. indicators of the dynamics of digital marketing and
logistics development under the influence of artificial
4 Conclusions intelligence in the world are structured in the context of

The conclusion of the study are that the need af@chnologies and areas of their application. It is
relevance of studying the processes of modification §tbstantiated that the penetration of artificial intelligence
digital marketing and logistics and their management undéto the management of digital marketing and logistics of
the influence of artificial intelligence is formalized. Themodern companies leads to their modification, which is
intensity of technology development and itflue to the automation and optimization of business
implementation in all areas of the global economy is dfrocesses that stimulate sales growth, business scaling and
great interest in business as part of optimizing existifgcreasing its profitability. Based on the formulated
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theoretical aspects and hypotheses, the need to uselnnovation Management, Vol. 13, No. 3, pp. 333-354,
economic-statistical and a priori analysis and identify 2010. https://doi.org/10.1108/14601061011060157
anomalies in the interdependence of digital marketing] CHINTALAPATI, S., PANDEY, S.. Artificial
development trends and contract logistics market trends for intelligence in marketing: A systematic literature
the Gulf Cooperation Council is substantiated. review,International Journal of Market
Interpretation of the key results of the economic-statistical Research, Vol. 64, No. 1, pp. 38-68, 2022.
a priori analysis of digital marketing and logistics https://doi.org/10.1177/14707853211018428
modification management under the influence of artificigl7/] AL-ABABNEH, H.A.: Information technologies and
intelligence confirmed the levels of interdependence and their impact on electronic marketing, In: E3S Web of
argued the main prospects for the evolution of digital Conferences, EDP Sciences, Vol. 474, 2024.
marketing and logistics in the context of the influence of https://doi.org/10.1051/e3sconf/202447402010
artificial intelligence. [8] PAROLA, F., SATTA, G., BURATTI, N,
The obtained results can be used as a basis for furtherVITELLARO, F.: Digital technologies and business
research and expansion of the area of defining the opportunities for logistics centres in maritime supply
processes of modification of the digital marketing and chainsMaritime Policy & Management, Vol. 48, No.
logistics system of companies. The theoretical aspects and4, pp. 461-477, 2021.
methodological approaches to defining modifications of https://doi.org/10.1080/03088839.2020.1802784
digital marketing and logistics and the features of thejp] TAN, G., AW, X., CHAM, H., OOlI, B., DWIVEDI, K.,
management are conceptualized and have independentALALWAN, A., TAN, T.: Metaverse in marketing and
value and practical significance. The results of the study logistics: the state of the art and the path forwasth
can be applied in practice when building marketing and Pacific Journal of Marketing and Logistics, Vol. 35,
logistics strategies as a single management concept inNo. 12, pp. 2932-2946, 2023.
terms of arguing the features of modifications under the https://doi.org/10.1108/APJML-01-2023-0078
influence of artificial intelligence. The developed[10] ZHENG, K., ZHANG, Z., SONG, B.: E-commerce
methodology can be supplemented and expanded logistics distribution mode in big-data context: A case
depending on the specifics of the companies' activities and analysis of JD. COM, Industrial Marketing
the indicators that will serve as the information base forthe Management, Vol. 86, No. 1, pp. 154-162, 2020.
study. https://doi.org/10.1016/j.indmarman.2019.10.009
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Abstract: This study aims to analyze the effect of marketing distribution on customer experience management (CEM),
customer relationship management (CRM), and customer loyalty. This study also analyzes the effect of CEM and CRM
on customer loyalty. This study uses quantitative methods with a population of all BPRS (Sharia People's Financing Bank)
customers in the Cirebon area, West Java. The sample in this study was taken through the purposive sampling method
regarding sampling criteria tailored to the research objectives. From the sampling process, we obtained 185 respondents
who met the criteria and became the research sample. Data were collected through the distribution of questionnaires and
analyzed using a structural equation model with Smart-PLS 3. The analysis shows that marketing distribution positively
affects customer experience management, customer relationship management and customer loyalty. Furthermore,
customer experience management and customer relationship management are also proven to positively affect customer
loyalty. Conclusion: It is concluded that marketing distribution has an important role in improving CEM, CRM and
customer loyalty. This research proves that the implementation of good marketing distribution can encourage consumer
interest in the company's products and services and build customer loyalty.

1 Introduction customer satisfaction and purchasing decisions. These two

The world has entered an era where convenien@Spects are part of consumer loyalty. Likewise, [6]
speed, and simplification are the most preferred aspects@jalyzed the effect of marketing distribution on product
consumers [1,2]. This condition is caused by the rapfiHality. On the other hand, marketing distribution analysis
advancement of technology, which can facilitate all humaf mainly carried out on goods and products, and there is
affairs [1]. Some literature reveals that technology spoifill @ lack of literature analyzing service companies.
humans, and humans normalize these conditions so ti&erefore, analyzing marketing distribution on consumer
demands arise for the industry to provide conveniend®yalty in service companies is a novelty this research
speed, and simplification of processes for consumers [9ffers. _ S
When in one industry there are new players who offer Furthermore, the role of marketing distribution is also
innovations and breakthroughs that are more attractive'@vealed by some literature to improve customer
consumers, competitors who are even market rulers mgagoerience management [4,8,9]. Customer experience
compensate for these new players with the sanf@@nagement is the management of customers' cognitive,
innovations or substitutes for the innovations offered b§Mmotional, behavioral, sensory, and social responses to the
competitors [1]. company. The right marketing distribution will provide a

In the context of marketing, one of the aspects that c8R0d experience for consumers [10]. When consumers get
attract more consumers and build consumer loyalty fast and good service, it will form an experience that can
marketing distribution [4-7]. Marketing distribution isincrease consumer loyalty [11]. Likewise, service
transferring products, goods and services, from producdlistribution, supply chain, service completeness, and other
to consumers through marketing [4]. Marketing‘narketmg dlstr_|but|on aspects can foster positive
distribution is also a strategy in placing several marketirfgPnsumer experiences. _ N
channels according to consumer interests and needs [7]. SoMarketing distribution will create a series of positive
from this definition, marketing distribution is the primaryinfluences for consumers [4]. Good distribution will foster
key to attracting consumers to buy a product. With the rightgood experience and a good relationship with consumers.
marketing distribution, consumers will get conveniencel herefore, some literature also reveals the effect of
speed and simplification following their expectations. ~ marketing  distribution on  customer relationship

Analysis of the effect of marketing distribution onmanagement [12-14]. [12] did not analyze the direct effect
consumer loyalty is rarely found in the previous literaturef marketing distribution but explained that developing
[4] analyzed the effect of marketing distribution orfustomer relationships requires several aspects of
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marketing distribution, namely quality assurance, efficierftom interactions between consumers and companies [18].
product distribution, and customer retention. LikewiseCustomer experience management can manifest in several
[13] found that marketing distribution strategies camspects, namely consumer experience in receiving
improve customer relationships with companies. services, consumer experience in using company
This research seeks to fill the gap from previoutechnology, consumer experience in data security,
literature reviews where there is still no analysis conductexperience of company care, experience in information
on the direct influence of marketing distribution oravailability, experience in handling problems, and
customer experience management and custonexperience of company values and culture [26].
engagement. This research also seeks to analyze the effect
of marketing distribution, customer experienc.4 Customer relationship management
management, and customer relationship management onCustomer relationship management (CRM) manages

customer loyalty. relationships between companies and consumers [21].
Customer relationship management aims to bring

2 Literaturereview communication between companies and consumers closer

2.1 Customer loyalty [27]. On the other hand, if the company's relationship and

Customer loyalty is the tendency of consumers to bigPmmunication with_consumers are closer, consumers will
a product or service from a company with a high level dfave more potential to be loyal and not move to
consistency [15]. Customer loyalty starts with a purchas@mpetitors [28]. CRM is also a significant factor in
decision, and then consumers feel an interest in makif@tering company trust; on the other hand, CRM can also
repeat purchases consistently [16]. Loyalty is related R @ tool for gathering information from consumers to
emotions, so to get consumer loyalty, the company must §rease their loyalty and company performance [21,28].
able to influence the emotional side of consumers [17]. TeRM in this era is not only done by direct communication;
emotional side of consumers can be influenced by sevelziormation technology is one of the most effective media
things, including marketing distribution [4-6] customefor establishing good relations with consumers [23]. [29]
experience management [18-20] and customer relationsHigasure customer relationship management in several
management [21-25]. [16,36] explain that théspects, namely service delivery, ability to handle
manifestations of consumer loyalty are repeat purchas€§nsumer problems, speed in responding to consumer
recommending others, and giving positive feedback dieeds, and friendliness.
products or services.

3 Hypothesis development

2.2 Marketing distribution 3.1 Marketing distribution and customer

Marketing distribution is the movement of products, experience management
goods and services, from producers to consumers throughThe right marketing distribution will provide a good
marketing [4]. Marketing distribution is also a strategy foexperience for consumers [10]. When consumers get fast
placing several marketing channels according to consumgid good service, it will form an unforgettable experience
interests and needs [7]. So from this definition, marketingnd benefit the company's image [11]. Likewise, service
distribution is the main key to attracting consumers to bujistribution, supply chain management, service
a product, and with the right marketing distributioncompleteness, and other marketing distribution aspects can
consumers will get convenience, speed, and simplificatidgoster positive consumer experiences. Some literature
following their expectations. Marketing distribution can beeveals the role of marketing distribution in improving
seen and measured from several aspects, namely sugplgtomer experience management [4,8,9]. Much of the
chain time, place of distribution, access to suppliers, accgggvious literature still focuses on the influence of

efficiency, and smooth distribution service [4]. marketing distribution on the factors of customer
experience and has not discussed the direct influence on
2.3 Customer experience management customer experience. [4] found a relationship between

Customer experience management is the managemsrdrketing distribution and satisfaction and purchasing
of the experience of each customer from various points @écisions as a factor of customer experience [9] related to
contact to build a more positive business image [19atisfaction; and [35] related to consumer preferences,
Customer experience management is also the managemeinich are also part of the customer experience. Therefore,
of the cognitive, emotional, behavioral, sensory, and socidlis study seeks to fill the analysis gap by formulating the
responses of customers to the company [20]. On the otffieltowing hypothesis:
hand, customer experience management also functions toH1: Marketing distribution has a positive effect on
track, monitor, and organize every customer interactiaustomer experience management
[26]. The goal is to ensure customer satisfaction with a
pleasant experience. Experience in this context is the
customer's perception of a product or service resulting
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3.2 Marketing distribution and customer customer experience can encourage customer acceptance
relationship management of company technology and is an aspect of customer

Consumer convenience is offered through marketirigyalty. The direct effect of customer experience
distribution, and it is expected that good marketingl@anagement on customer loyalty was found by 20. [31]
distribution will increase consumer interest and foster gogiso emphasizes that customer experience management is
relationships with consumers [28]. Therefore, som@ Manifestation of customer loyalty. Therefore, this study
literature reveals the influence of marketing distribution ofprmulates the following hypothesis: N
customer relationship management [12-14]. [12] did not H4: Customer experience management has a positive
analyze the direct effect of marketing distribution bugffect on customer loyalty
explained that developing customer relationships requires
several aspects of marketing distribution, namely quali§§.5 Customer relationship management and
assurance, efficient product distribution, and customer customer loyalty
retention. Likewise, [13] found that marketing distribution The company's relationship and communication with
strategies can improve customer relationships wittonsumers will make consumers potentially loyal and not
companies. [28] empirically prove that a good relationshimove to competitors [28]. Some literature also supports the
with consumers is a competitive advantage not easitgle of CRM in increasing customer loyalty [21-24,15].
imitated by competitors, and good relationships can l§&ood relationships with consumers are a significant factor
optimized with the right marketing distribution [14].so that consumers get to know the company's brand,
Therefore, this study formulates the following hypothesigroducts, and services better and become loyal [21].

H2: Marketing distribution has a positive effect orLikewise, [22] proves that the better a company's
customer relationship management relationship with its consumers, the more consumer loyalty

it will build. However, different findings by [32,33] show
3.3 Marketing distribution and customer loyalty ~ no significant effect of CRM on loyalty. The differences in

Some literature shows indirectly that consumer loyaltfindings in the previous literature indicate an analysis gap,
can be built through marketing distribution [4-7].s0 this study formulates the following hypothesis:
Marketing distribution is transferring products, goods and H5: Customer relationship management has a positive
services, from producers to consumers through marketigéfect on customer loyalty
[4]. [4] analyzed the effect of marketing distribution on
customer satisfaction and purchasing decisions. These tdo M ethodology
aspects are part of consumer loyalty. Likewise, [6] The analysis in this study used quantitative methods.
analyzed the effect of marketing distribution on producthe population in this study were BPRS (Sharia People's
quality. On the other hand, marketing distribution analysisinancing Bank) customers in Cirebon Regency. Samples
is mainly carried out on goods and products, and therevigre taken using the purposive sampling method, which is
still a lack of literature analyzing service companieshased on criteria made by researchers referring to research
Therefore, analyzing marketing distribution on consumesbjectives. Criteria in sampling include:
loyalty in service companies is a novelty this research. Respondents are BPRS customers who have been
offers. On the other hand, marketing distribution analysis customers for at least 1 year.

is mainly carried out on goods and products, and there is.  Respondents have savings in BPRS greater than or
still a lack of literature analyzing service companies. equal to 5,000,000.

Therefore, the analysis of marketing distribution on .,  Resgpondents routinely make transactions at BPRS
consumer loyalty in service companies is a novelty offered at least in 1 month 3 x transactions.

by this research, so the following hypothesis is formulated: From these criteria, the researcher screened the sample
H3: Marketing distribution has a positive effect omyng found that 185 respondents met the criteria and became

consumer loyalty samples in this study. The data collection technique used a
) guestionnaire with a scale of 1-5, distributed to respondents

3.4  Customer experience management and via a physical questionnaire and Google Form. The data
customer loyalty collection results were then analyzed using the structural

Customer experience management was developedeiguation model method with smart-PLS 3 software.
track, monitor, and organize every customer interaction In this study, there are 1 exogenous variable, namely
[26]. Several previous studies have found that a goedarketing distribution, and 3 endogenous variables,
relationship between companies and consumers can fosiamely CEM, CRM, and customer loyalty. Marketing
their loyalty [18-20]. [19] found in their empirical study distribution is measured by four indicators adapted from
that customer experience management drives tP4, namely supply chain time, place of distribution, access
performance of banking and insurance companies 10 suppliers, access efficiency, and smooth distribution
Jordan. Increased banking performance is a manifestatisgrvice. Then CEM is measured by 7 indicators adopted
of customer loyalty. Likewise, [30] found that managingrom [26], namely consumer experience in receiving
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services, consumer experience in using compafyl Outer model analysis

technology, consumer experience in data security, Outer model analysis includes convergent validity,
experience of company concern, experience in informati@anstruct validity, and composite reliability. In this study,
availability, experience in handling problems, andhere are 1 exogenous variable, namely marketing
experience of company values and culture. Furthermoxdistribution, and 3 endogenous variables, namely CEM,
CRM is measured by four indicators adopted by [29CRM, and customer loyalty. Marketing distribution is
including service delivery, the ability to handle consumateasured by four indicators adapted from [4], the
problems, speed in responding to consumer needs, andicators were adapted and adjusted to the conditions of
friendliness. Meanwhile, consumer loyalty is measured hijie respondents in this study and a pilot test was conducted
four indicators adapted from [16,36], including satisfactiowith good results. Then CEM is measured by 7 indicators
with  products and services, repeated purchasegiopted from [26], and the indicators were adapted and
recommendations to others, and positive responses dgjusted to the conditions of the respondents in this study

products or services. and a pilot test was conducted with good results.
Furthermore, CRM is measured by four indicators adopted
5 Reault by [29], the indicators were adapted and adjusted to the

The analysis in this study was carried out with gonditions of the respondents in this study and a pilot test
structural equation model using Smart-PLS 3. The analysigs conducted with good results. Meanwhile, consumer
is divided into two stages, namely, outer model analysigyalty is measured by four indicators adapted from
and inner model analysis. Outer model analysis is [46,36], the indicators were adapted and adjusted to the
measurement of data validity and reliability, whichconditions of the respondents in this study and a pilot test
includes convergent validity, construct validity, andvas conducted with good results. Convergent validity
composite reliability. Furthermore, inner model analysigieans testing the validity of each research indicator. The
measures the relationship between variables, including teterion used is the loading factor value > 0.7 [34]. Then
coefficient of determination and path analysis. Outetonstruct validity is a test of construct validity with the
model analysis is done with the smart-PLS algorithrariteria for an AVE value > 0.5. The composite reliability
procedure. Furthemore, the inner model analysis procedi@sts construct reliability with construct reliability criteria
uses the bootstrap method in smart-pls. > 0.7. The results of the analysis are shown in Table 1.

Table 1 Validity and reliability analysis

Loading Loading Construct
Indicator: | Facto Validity | Facto Validity AVE | Reliability
CEM1 0.80¢ Valid 0.80¢ Valid
CEMZ 0.87¢ Valid 0.87¢ Valid
CEMZ 0.79¢ Valid 0.79¢ Valid
CEM4 0.791 Valid 0.791 Valid 0.675 0.936
CEME 0.83( Valid 0.83( Valid
CEME 0.81: Valid 0.81: Valid
CEM7 0.83¢ Valid 0.83¢ Valid
CRM1 0.88( Valid 0.88( Valid
CRMZ -0.00z2 Invalid Droppet
CRM3 0.77: Valid 0.77: Valid 0.702 0.876
CRM4 0.85:¢ Valid 0.85:¢ Valid
LOY1 0.48¢ Invalid Droppet
LOY2 0.73¢ Valid 0.75¢ Valid
LOY3 0.70, Valid 0.73/ Valid 0.587 0.810
LOY4 0.79:¢ Valid 0.80¢ Valid
MD1 0.80¢ Valid 0.80¢ Valid
MD2 0.82¢ Valid 0.82¢ Valid
MD3 0.87¢ Valid 0.8 Valid 0.716 0.910
MD4 0.87¢ Valid 0.87¢ Valid

Source: Author's calculation

Table 1 shows that two convergent validity tests wer@und that all indicators had met the criteria for a loading
conducted. In the first stage, two invalid indicators werfactor > 0.7, so all indicators were valid. Furthermore, table
found, namely LOY1 and CRM2, so they were removetl also shows that all research variables have an AVE value
from the analysis. Then, in the second analysis stage, it wa®.5, which indicates that the data has good construct
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validity. Then reliability testing is shown in the construc6.2  Inner model analysis

reliability value, where all variables have a reliability value Inner model analysis is a test of the relationship

> 0.7, and it can be concluded that all constructs apgtween variables in the research model. The inner model

reliable. analysis procedure uses the bootstrap method in smart-pls
and the analysis output is shown in Figure 1.

CEM1 CEM2 CEM3 CEmM4 CEM5 CEM®6 CEMT

J35an 47049 20499 21368 33809 555n . o0

IR

CEM
2&932 2652
MD1
D2 a7 13007 O¥2
[ —
1740 3 _________-——1932 12421
= LOY3
46.800 18711
Mp3 &
4&593
Custemer Loyalty LOY4
MD4 Marketing 22 208 3128

Distribution

/CR\\

150an 22822

/ \

CRM1 CRM3 CRM4
Figure 1 PLSanalysis output

The first stage in inner model analysis is the coefficieril.3%, and the customer loyalty variable has a coefficient
of determination, which shows how far the model's abilitgf determination of 50.7%.
to explain its endogenous variables The coefficient of The next analysis is testing the research hypothesis
determination, or R2, is in the range of 0 to 1, where thmsed on the results of the path analysis. At this stage, the
closer to 1, the greater the influence received by thefluence between variables in the study can be seen. The
endogenous variables from the exogenous. There argdksitive effect is shown in the positive original sample
endogenous variables in this study, namely CEM, CRMalue. The significance of the influence is known from the
and customer loyalty. The analysis results show that tpeobability value with the criterion p <0.05. The analysis
CEM variable has a coefficient of determination of 61.4%gsults are shown in Table 2.
the CRM variable has a coefficient of determination of

Table 2 Path analysis

Original T Statistics .

Sampl (|O/STDEV P Values Hypothesis Result
Marketing Distributior-> CEM 0.78¢ 26.93: 0.00c¢ H1 Supporte
Marketing Distributior-> CRM 0.71¢ 22.20¢ 0.00c¢ H2 Supporte
Marketing = Distribution  -> , ;55 1.982 0.048 H3 Supported
Customer Loyalt
CEM -> Customer Loyali 0.29( 2.652 0.00¢ H4 Supporte
CRM -> Customer Loyall 0.31¢ 3.12¢ 0.00z H5 Supporte:

Source: Author's calculation

Table 2 shows that all hypotheses in this study asample value of 0.784 and a p-value of 0.000, so H1 is
supported. The effect of marketing distribution on CEMupported. Furthermore, the effect of marketing
shows a positive and significant value with an originaistribution on CRM also shows a positive and significant

~ 445 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 3 Pages: 441-449 ISSN 1339-5629

Boosting customer loyalty through marketing distribution, customer experience management and
customer relationship management
Badawi Badawi, Muafi Muafi

effect with an original sample value of 0.716 and a p-valiexplained that developing customer relationships requires
of 0.000, so H2 is supported. The findings further proveeveral aspects of marketing distribution, namely quality
that marketing distribution has a positive and significarsssurance, efficient product distribution, and customer
effect on customer loyalty, with an original sample valuestention. Likewise, [13] found that marketing distribution
of 0.152 and a p-value of 0.48, so H3 is supported. CEMssrategies can improve customer relationships with
found to have a positive and significant effect on customeompanies. [28] prove empirically that a good relationship
loyalty with an original sample value of 0.290 and a pwith consumers is a competitive advantage that is not
value of 0.008 so H4 is supported, and CRM also haseasily imitated by competitors, and good relationships can
positive and significant effect on customer loyalty with aive optimized with the right marketing distribution [14].
original sample value of 0.319 and a p-value of 0.002 so Further findings in this study again emphasize the

that H5 is supported. importance of marketing distribution. Empirically,
marketing distribution has a positive effect on consumer or
6 Discussion customer loyalty. Improving marketing distribution

This study provides empirical evidence regarding theerformance will increase customer loyalty or increase the
role of marketing distribution in improving customernumber of loyal customers by more than before. Customer
experience management, customer reiationshigyaity starts with a purchase decision, and then consumers
management, and customer loyalty. This study found thi@€el an interest in making repeat purchases with high
marketing distribution has a positive effect on custom@onsistency [16]. Loyalty is related to emotions, so to gain
experience management. So, the better the marketié@sumer loyalty, companies must be able to influence the
distribution in the company, the better customer experiene&notional side of consumers [17]. The emotional side of
management will be. Therefore, companies are expected@sumers can be influenced by several things, including
be able to optimize marketing distribution as the main keyarketing distribution. . _
to attracting consumers to buy a product, and with the right In line with the findings of this study, some previous
marketing  distribution, consumers will get theliterature has also found that consumer loyalty can be built
convenience, speed, and simplicity that they expect. torough marketing distribution [4-7]. [4] analyzed the
Optimize marketing distribution, Companies must Consid@ﬁect of marketing distribution on customer satisfaction
several things, namely supply chain time, place @nd purchasing decisions. These two aspects are part of
distribution, access to suppliers, access efficiency, ag@nsumer loyalty. Likewise, [6] analyzed the effect of
smooth distribution service [4]. marketing distribution on product quality as a trigger to

The findings in this study are in line with some previoufpster consumer loyalty. This research provides novelty by
literature, namely [4,8,9]. [4] found a relationship betweefinding a direct effect of marketing distribution on
marketing distribution and satisfaction and purchasingPnsumer loyaity. _ _
decisions as a factor of customer experience; [9] related to Further findings explain that customer experience
satisfaction; and [35] related to consumer preferencdganagement positively affects customer loyalty. This
which are also part of the customer experience. Much #pding is supported by several previous studies, namely
the previous literature still focuses on the influence di8-20]. [19] found in their empirical study that customer
marketing distribution on the factors of customefXperience management drives the performance of banking
experience and has not discussed the direct influence @il insurance companies in Jordan. Increased banking
customer experience. Therefore, this research providegrformance is a manifestation of customer loyalty.
novelty by finding a direct effect of marketing distributionLikewise, [30] found that managing customer experience
on customer experience management. can encourage .CLiStomel’ acceptance of company

Furthermore, this study found that marketingeéchnology, and this is an aspect of customer loyalty. The
distribution has a positive effect on customer relationshiirect effect of customer experience management on
management_ So if the company can improve tr@JStomer onalty was found [20] This St-udy recommends
implementation of marketing distribution properly, it carihat companies improve customer experience management
improve customer relationship management. The purpddiough several aspects, namely managing and optimizing
of customer relationship management is to bringONSUMEr €xperience In receiving services, consumer
communication between companies and consumers clo§¥perience in using company technology, consumer
[27]. CRM will make consumers more likely to be loyal€Xperience in data security, experience of company care,
and not move to competitors [28]. Therefore, this resear€perience in information availability, experience in
emphasizes the importance of marketing distribution as 8andling problems, and experience of company values and
effort to be able to create a good and loyal relationshf/lture [26].
between Companies and consumers. Furthermore, this Study also found that consumer

Some previous literature also supports the findings ##yalty can also be significantly improved through
this study. [12-14] also prove that marketing distributiogustomer relationship management. This means that the
can improve customer relationship management. [12] ditgtter the company’s relationship with consumers, the more
not analyze the direct effect of marketing distribution bugustomer loyalty will increase. Some literature also
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factor so that consumers get to know the company's brand, strategy in the digital ag&ervice Business, Vol. 14,
products, and services better and become loyal [21,37,38]. No. 1, pp. 1-22, 2020.

Likewise, [22] proves that the better the relationship p] CHEN, Y., ZHA, Y., WANG, D., LI, H., BI, G.:
company has with its consumers, it will build more = Optimal pricing strategy of a bike-sharing firm in the
consumer loyalty. CRM implementation can be done by presence of customers with convenience perceptions,

improving service delivery, the ability to handle consumer  journal of Cleaner Production, Vol. 253, p. 119905,
problems, speed in responding to consumer needs, andg2Q.

friendliness [29]. [3] HANNINEN, M., MITRONEN, L., KWAN, S.K.:
) Multi-sided marketplaces and the transformation of
7 Conclusion retail: A service systems perspectivéournal of

This study analyzes the effect of marketing distribution Retailing and Consumer Services, Vol. 49, pp. 380-
on customer experience management, customer 388, 2019.
relationship management, and customer loyalty. This stuf§] ADAM, R., SUARDI, S., LAHAY, M.: Pricing
formulates five hypotheses, and the analysis results show strategy and marketing distribution channels on
that all hypotheses are supported. The research findingscustomer satisfaction and purchasing decision for green
state that marketing distribution positively affects products,Uncertain Supply Chain Management, Vol.
customer experience management, customer relationship11, No. 4, pp. 1467-1476, 2023.
management, and customer loyalty. Furthermore, custonigf KUNCORO, A., SUTOMO, Y.: Pricing Strategies and
experience management and customer relationship Implementation Promotion Strategies to Improve
management are also proven to have a positive effect on Customer LoyaltyJDM Jurnal Dinamika Manajemen,
customer loyalty. This research provides literacy on the Vol. 9, No. 1, pp. 89-99, 2018.
direct influence of marketing distribution on customef6] YAHYA, S., ALI, H.: Determinasi Decision Support
experience  management, customer  relationship System: Volume Sales, Marketing Distribution and

management, and customer loyalty. Product Quality,International Journal of Advanced
Multidisciplinary, Vol. 1, No. 4, pp. 510-520, 2023.
8 Managerial implications [7] WENG WONG, P.P., NASIR, A.: Adopting a network

This study recommends that companies, especially marketing_ model as a distribution channel for_hotels in
BPRS in the Cirebon area of West Java, improve the the Maldives: An exploratory studyinternational
implementation of marketing distribution, customer Journal of Hospitality & Tourism Administration, Vol.
experience management, and customer relationship 23, No. 2, pp. 129-148, 2022.
management. To optimize marketing distribution, severf$] BUDIANA, K., SUCHERLY, S., KRISNA, N.L.,
things must be considered by the company, namely supply SARI, D.: A Proposed Framework for the Roles of
chain time, place of distribution, access to suppliers, accessDigital Marketing Distribution and Co-creation in
efficiency, and smooth distribution service. This research Increasing Non-Tax State Revenue in Indonesia,
also recommends that companies improve customer Journal of Distribution Science, Vol. 20, No. 6, pp. 99-
experience management through several aspects, namelyl108, 2022.
managing and optimizing consumer experience 9] DROSOS, D. TSOTSOLAS, N.: Customer
receiving services, consumer experience in using company Satisfaction evaluation for Greek online travel
technology, consumer experience in data security, agencies In: Hospitality, travel, and tourism: Concepts,
experience of company concern, experience in information Methodologies, tools, and applications, IGI Global, pp.
availability, experience in handling problems, and 860-879, 2015.
experience of company values and culture. Furthermofd0] LEMON, K.N., VERHOEF, P.C.: Understanding
CRM implementation can be done by improving service ~ customer experience throughout the customer
delivery, the ability to handle consumer problems, speed in journey,Journal of Marketing, Vol. 80, No. 6, pp. 69-
responding to consumer needs, and friendliness. These 96, 2016.
efforts will build customer loyalty and improve companyl11] WITELL, L., KOWALKOWSKI, C., PERKS, H.,
performance. Furthermore, policy makers are expected to RADDATS, C., SCHWABE, M., BENEDETTINI,
be able to encourage the improvement of BPRS Islamic O., BURTON, J.. Characterizing customer
financing literacy, the development of the MSME  €Xxperience managementin business marbetsnal

Community and the development of BPRS common _ Of BusinessResearch, Vol. 116, pp. 420-430, 2020.
promotion. [12] MUSA, R.A,, NASIRU, M.: Impact of customer

relationship management on marketing performance
of selected gas stations in Adamawa State,
International Journal of Research, Vol. 7, pp. 209-
224, 2020.

~ 447 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume:

11 2024 Issue: 3 Pages: 441-449 [ISSN 1339-5629

customer relationship management
Badawi Badawi, Muafi Muafi

Boosting customer loyalty through marketing distribution, customer experience management and

[13] AFFRAN, S., ASARE, R.K.: Emergence of new[26] BONFANTI, A.: Customer experience management

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

marketing distribution strategies: A call for a
paradigm shift,European journal of business and
management research, Vol. 4, No. 6, pp. 1-10, 2019.
YONEDA, A.: Effectiveness verification framework

for coupon distribution marketing measure
considering users’ potential purchase intention$27]
Cogent Engineering, Vol. 11, No. 1, pp. 1-12, 2024.
SAHRAEI, S.: An Expert System for Evaluating
Customers’ Loyalty in Distribution Industry, [28]
Business Intelligence Management Sudies, Vol. 8,

No. 30, pp. 55-78, 2019.

HUANG, G.: The causal effect of service satisfaction
on customer loyaltyManagement Science, Vol. 67,
No. 1, pp. 317-341, 2021.

GOPALAKRISHNAN, A.: Can non-tiered customer
loyalty programs be profitable®)arketing Science,
Vol. 40, No. 3, pp. 508-526, 2021.

CHOUDHARY, S.: Elevating Customer Experience30]
using Interaction Management Approach in the
Indian Hospitality Industrylnternational Journal of
Hospitality and Tourism Systems, Vol. 16, No. 4, pp.
90-102. 2023.

BHATT, V.K.: Determinants of customer experience
management and its impact on experience quality [B81]
the tourism industry in Indidnternational Journal of
Business and Globalisation, Vol. 30, No. 1, pp. 14-

25, 2022.

SOUKA, M.: Enhancing Internal Branding Outcomes
through Customer Experience Management: Ne{32]
Empirical Insights from the Automotive Industry,
Marketing, Zeitschrift fur Forschung und Praxis,

Vol. 45, No. 2, pp. 22-34, 2023.

RAJAGUKGUK, W.: Service quality and supply
chain value on customer loyalty: The role of customer
relationship managementncertain Supply Chain  [33]
Management, Vol. 12, No. 2, pp. 955-964, 2023.
MOUDUD-UL-HUQ, S.: Impact of customer
relationship management on tourist satisfaction,
loyalty, and retention: Saint Martin's Island,
International Journal of Customer Relationship
Marketing and Management, Vol. 12, No. 3, pp. 20-
37, 2021.

SAMAN-CHINGAY, S.N.: Customer Relationship
Management Systems (CRM) and Loyalty in the
financial sector, Proceedings of the LACCEI [35]
international Multi-conference for Engineering,
Education and Technology, 2023.

CHIKAKO, T.U.,, HAMU, G.T.. Assessment of
Customers’ Relationship Management Practices on
Customer Retention and Loyalty of Oromia Credif36]
and Saving Share Company: Bule Hora City Branch,
Advances in Operations Research, Vol. 2021, pp. 1-

9, 2021. [37]
HODGKINSON, I.R.: Customer experience
management: asking the right questiclmrnal of
Business Srategy, Vol. 43, No. 2, pp. 105-114, 2022.

[29]

[34]

in themed amusement parks: the impact of safety
measures on the physical, social and digital
servicescape of Gardaland Pationsumer Behavior

in Tourism and Hospitality, Vol. 18, No. 3, pp. 386-
406, 2023.

NAIM, A., KAUTISH, A.K.: Building a Brand
Image Through Electronic Customer Relationship
Management, IGI Global, 2022.

ALQERSHI, N., ISMAIL, A.l., ABUALREJAL, H.,
SALAHUDIN, S.N.: Competitive advantage
achievement  through  customer relationship
management dimensiongdpurnal of Distribution
Science, Vol. 18, No. 11, pp. 61-67, 2020.
TAHERDOOST, H.: Customer Reationship
Management, In: E-Business Essentials,
EAIl/Springer Innovations in Communication and
Computing, Springer, Cham. pp. 237-264, 2023.
SIVAKUMAR, R., GANESHKUMAR, C.:
Enhancement of touchpoint interactions on customer
experience management in the banking sector,
International Journal of Electronic Customer
Relationship Management, Vol. 13, No. 4, pp. 314-
341, 2022.

AL-DIABAT, B.F.. Customer relationship
management and customer loyalty: Examining the
mediating role of business process management,
Uncertain Supply Chain Management, Vol. 10, No.

4, pp. 1103-1110, 2022.

SANYAL, A, RITWIK, P.: How customer
relationship management influences business and
how it impacts customer satisfaction and loyalty:
How has technology impacted CRM?, In: Al-Driven
Intelligent Models for Business Excellence, IGI
Global, pp. 167-181, 2022.

ADEIZA, A.: Mediating mechanism of customer
satisfaction on customer relationship management
implementation and customer loyalty among
consolidated banks, Uncertain  Supply Chain
Management, Vol. 10, No. 3, pp. 819-832, 2022.
HAIR, J.F. JR, MATTHEWS, L.M., MATTHEWS,
R.L., SARSTEDT, M.: PLS-SEM or CB-SEM:
updated guidelines on which method to use,
International Journal of Multivariate Data Analysis,

Vol. 1, No. 2, pp. 107-123, 2017.

ADAM, R.P.: Pricing strategy and marketing
distribution channels on customer satisfaction and
purchasing decision for green produdtscertain
Supply Chain Management, Vol. 11, No. 4, pp. 1467-
1476, 2023.

GEORGE, T.: Marketing Mix: Product, Price,
Distribution & Promotion, Prentice Hall, Jersey
University Press, America, 2007.

PEREZ, C.M.: People management and barriers to
innovation in digital transformation, Revista
Venezolana de Gerencia, Vol. 26, No. 94, pp. 510-

~ 448 ~

Copyright © Acta Logistica, www.actalogistica.eu



o Acta logistica - International Scientific Journal about Logistics

1»
S‘f Volume: 11 2024 Issue: 3 Pages: 441-449 ISSN 1339-5629
3 / Boosting customer loyalty through marketing distribution, customer experience management and
?}o customer relationship management

& Badawi Badawi, Muafi Muafi

532, 2021. https://doi.org/10.52080/rvgluzv26n94.4  Vol. 10, No. 4, pp. 615-624, 2023.

(Original in Spanish) https://doi.org/10.22306/al.v10i4.440
[38] AL-ABABNEH., H.A., ABU DALBOUH, M.A,
ALRHAIMI, S.AS, SIAM, I.M.,

IBRAGIMKHALILOVA, T.: Digitalization, = Review process
innovation and marketing in logisticActa logistica,  Single-blind peer review process.

~ 449 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 3 Pages: 451-460 ISSN 1339-5629

The role of distribution centres in the logistics infrastructure of Kazakhstan
Zhanna Arynova, Gulmira Nakipova, Aigul Nurmaganbetova, Gulzhan Alina, Aigul Orazbayeva, Dinara
Kemirkulova

https://doi.org/10.22306/al.v11i3.531 Received: 25 Jan. 2024; Revised: 25 Mar. 2024; Accepted: 21 June 2024

Therole of distribution centresin thelogisticsinfrastructure of Kazakhstan

Zhanna Arynova
Karaganda Buketov University, 28, University str., Karaganda, 100028, Kazakhstan, zhannaarynova082@gmail.com
Gulmira Nakipova
Karaganda Economic University, 9, Academic str., 100009, Karaganda, Kazakhstan, nakipovagul@mail.ru
Aigul Nurmaganbetova
Karaganda Buketov University, 28, University str., Karaganda, 100028, Kazakhstan, aiguln81@mail.ru
Gulzhan Alina
Esil University, 7, A. Zhubanova str., Astana, 02000, Kazakhstan,
gulzan.alina@rambler.ru (corresponding author)
Aigul Orazbayeva
Magsut Narikbaev University, 8, Korgalzhyn highway, Astana, 010000, Kazakhstan, orazbayeva_88@mail.ru
Dinara Kemirkulova
Esil University, 7, A. Zhubanova str., Astana, 02000, Kazakhstan, dina.kerimkulova@inbox.ru

Keywords. warehouses, distribution centre, infrastructure, supply chain, logistics.

Abstract: Distribution centres play a key role in the supply chain and their insufficient number will entail supply chain
disruptions —supply delays and problems, as well as lost profits. Currently, distribution centres in Kazakhstan are located
only in large cities. However, the growth of e-commerce (from 11729.9 billion tenge to 15763.7 billion tenge in 2022
compared to 2020) determines the need to solve this problem. Our study establishes the dependence between the areas ¢
distribution centres and the e-commerce volume. This analysis, unlike the existing ones, examines the effect of the growth
of e-commerce volumes on the increasing number of distribution centres as a prerequisite for the development of the
logistics infrastructure of Kazakhstan against the background of the increase in the volume of goods supplied from China
in transit to Europe. The aim of the study was to analyse the role of distribution centres in the logistics infrastructure of
Kazakhstan. We justify the need to increase the number of distribution centres due to the increase in both turnover in
goods transit, wholesale, and retail trade. The introduction of distribution centres ensures the continuous movement of
goods and strengthens the connection between suppliers and consumers. The emergence of new technologies anc
innovations, combined with favourable market conditions and political support, creates favourable conditions for the
development of reliable distribution centres that can improve logistics efficiency and contribute to the overall economic
development of Kazakhstan.

1 Introduction The COVID-19 pandemic has once again emphasized

Most countries pay attention to logistics issueghe importance of distribution centres in our daily lives.
including joint inventory management, procurementeople are increasingly turning to online shopping in order
coordination, marketing, and delivery of goods. These kd9 avoid crowded malls, which has become the new norm.
tasks can be fulfilled with the help of distribution centresl his change in consumer behaviour has had a significant
which are warehouses for storing goods and productsifApact on distribution centres, as order volumes increase
both small and large centres. Distribution centres play tR&@d customers expect fast delivery. Distribution centres
role of hubs that solve logistical tasks of storing goods ffave intensified their efforts to address this challenge.
their warehouses on the way to retail networks. They have managed to cope with the increasing workload

The distribution centre is, first of all, a part of theon staff and adhere to social distancing measures through
logistics processes of the movement of goods. THBe use of new technologies such as automation and
distribution centre will allow the company to improve itgobotics. They optimized their processes, ensuring fast
work, striving to comply with the logistics rule 7R (rightdelivery of goods and compliance with customer
product, right quality, right quantity, right time, right place€xpéctations. _
right customer, right cost). It provides that the necessary Currently, distribution centres in Kazakhstan play a key
goods of the required quality and in the required quantifple in supplying retailers and manufacturers not only
will be delivered at the right time without delays, becaug@roughout the country, but also in the neighbouring
the goods will be located in the consumer’s region, in t@untries of Central Asia. This is determined by the fact
right place, to the right consumer with the necessary cdgat Kazakhstan is a transport and transit hub for cargo

level, as well as with the possibility of reducing deliverylows between Asia and Europe [2].
costs [1]. However, in general, the distribution centre sector of

Kazakhstan does not fully meet the market needs. One
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problem is that many distribution centres in Kazakhstan aséoring, and distributing products. It uses technology and
located right next to major cities, which makes it difficullautomation to optimize inventory management, order
to serve regional markets and incurs additiongrocessing, and logistics, enabling companies to efficiently
transportation costs. The situation with distribution centreseet customer demands [6].
in Kazakhstan is diverse and changing. Some of them Urban distribution activities account for a significant
operate at a high level, have modern equipment and higlglgrtion of total transportation spending and are expected to
qualified personnel, which enable them to effectivelgrow due to increased pickup and delivery requests [7]. For
perform their functions and satisfy the customers’ needhiese reasons, companies must find logistics solutions in
But there are distribution centres that require additionalich a way as to reduce costs caused by inefficiency and
investment and modernization of equipment, as well asationality [8].
personnel development. This can lead to poor performance Authors [9] studied the establishment of a logistics
and poor quality of service. centre in the Turkish province of Sivas. The application of
The local market also has prospects for tha multi-criteria decision-making method was proven to be
development of this sector. First of all, the government afecessary, as various qualitative and quantitative criteria
Kazakhstan introduced changes to national legislationust be taken into account when creating a logistics centre.
aimed at stimulating investment in the distribution centre Edgar Hoover proposed three strategies for placing
sector. Steps are being taken in this direction to create ndistribution warehouses: near the point of sale of goods,
distribution centres in remote regions of Kazakhstamear production, at intermediate points. This has become a
which increases competition in the market and helps tmmmonly accepted classifier. According to the researches
reduce prices for services. The new distribution centre$ Atameken NEC Centre, trade and distribution centres
will be able to provide services to retailers in regions wheraake it possible to achieve efficiency in the following
this was previously impossible. In addition, theareas:
development of transport infrastructure, including the ports - prices for consumer goods will decrease by about 13%
of Aktau and Kuryk, as well as the extensive railwapn average;
network of Kazakhstan will make transit through - product losses will decrease by 20%;
Kazakhstan even more attractive for various companies. - the revenue of agricultural producers will increase by
Distribution centres not only provide storage of goodd,0% [10].
but also assemble batches of goods as quickly as possible
for their delivery to the recipient, and also monitor the The above definitions focus on the critical functions of
supply of quality goods. The function of distributionthe distribution centre, such as storage, processing, order
centres to track the supply of high-quality goods for the erfdlfilment, and transportation management. This strategic
consumer, especially in the context of e-commerce, wheomponent of the supply chain enables companies to
the consumer cannot physically check the quality of theffectively manage inventory, reduce costs and improve
goods before purchase, determines the relevance antomer satisfaction.
importance of our research not only for Kazakhstan, but Authors [11] note that the problem of logistics centres
also for other countries. Especially for countries where eensists, first of all, in optimizing the location of the
commerce is growing rapidly. logistics distribution centre, and it is necessary to apply a
The aim of the study is to analyse the role o$pecial mathematical model to solve this problem. And the
distribution centres in the logistics infrastructure ofype of variables in the model must be taken into account
Kazakhstan. The aim involved the fulfiment of thewhen building a mathematical model. Some of these

following research objective: variables are defined and some are undefined. This model
- Assess the impact of the development of e-commerizalso reflected in the work [12] in the form of introducing
on the growth of the number of distribution centres. an additional time factor as an undefined variable. Authors
[13] proposed that in addition to the uncertain variable of
2 Literaturereview time, uncertainty should also be used in making a decision

Much of the efficiency of logistics activities depend$n the location of a logistics centre. This model is two-
on how logistics distribution centres work in supply chaingtage. Authors [14] studied the three-level optimal location
[3]. The term “distribution centre” has various definitionroblem in supply chain networks with uncertain
that reveal its essence. On the one hand, a distributiansportation costs and uncertain customer demand.
centre is a place created to distribute goods to different The given analysis shows the influence of factors of
users in order to reduce production, inventor§ime, location, as well as the analysis of variables in the
management, and transportation costs [4]. On the othH¥eposed models. However, taking into account the
hand, a distribution centre, also known as a fulfilmerfeculiarities of the development of logistics centres in the
centre or warehouse, is a facility designed to efficientljeriod of the COVID-19 pandemic, the development of e-
store, sort, and distribute products [5]. A distribution centf@@mmerce is of particular importance. The main condition
is also defined as a specialized warehouse that acts d8rghe expansion of e-commerce is the use of the capacities
central node in the supply chain, responsible for receiving,

~ 452 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 3 Pages: 451-460 ISSN 1339-5629

The role of distribution centres in the logistics infrastructure of Kazakhstan
Zhanna Arynova, Gulmira Nakipova, Aigul Nurmaganbetova, Gulzhan Alina, Aigul Orazbayeva, Dinara
Kemirkulova

of logistics centres. This is the basis for the importance effective solution to this problem [18]. These researchers
our research. themselves propose to consider the relationship between

According to studies by domestic authors, the increatiee area of the distribution centres and the e-commerce
in the volume of traffic contributes to the development ofolume, as such a relationship, in their opinion, is the most
distribution centres in Kazakhstan [15]. The developmentlevant for the logistics system of Kazakhstan.
of distribution centres in Kazakhstan was driven by several Therefore, the analysis of literature proves that there is
factors, including the country’s strategic geographicalurrently a gap in the study of the relationship between the
location, infrastructure investment, and a favourabldynamics of the expansion of logistics centres and the
business environment. The growth of the e-commerce adgnamics of the increase in the e-commerce volume. This
retail sectors has also stimulated demand for efficiergsue is especially important for the logistics system of
distribution networks. Moreover, the emergence of neWazakhstan, in particular because of the significant
trade routes, such as the China-Kazakhstan-Europe railveanctions for the Russian Federation. Due to the
connection, further increased the importance oftroduction of sanctions against the aggressor country,
Kazakhstan as a logistics hub. The development Bfzakhstan became a transit point between the supply of
distribution centres in Kazakhstan is mainly concentrategbods from China to Europe, on the one hand, and the
around Astana, Almaty and Atyrau region due to thesupply of sanctioned goods from Kazakhstan to the
strategically important location [16]. Russian Federation, on the other hand, which is carried out

Based on the proposed methods presented by the abasing electronic systems. All this indicates that Kazakhstan
authors, our study proposes to build a regression modhels become a powerful logistics hub and needs additional
(applied by MEDRANO-GOMEZ, X. D., and FERREIRA, research into the role of distribution centres in the logistics
D.) that analyses the relationship between the areasiuafrastructure.
distribution centres and the e-commerce volume.

In recent years, Kazakhstan has made significat M ethodology
progress in improving its logistics infrastructure. Th&s 1  Research design

country ranks71 in the World Bank's Logistics The study includes an analysis of the dynamics of
Performance Index for 2018, which shows a positive treqghnsportation volumes and retail sales, an analysis of the
_compareq to the previous ranking [1_7]. There is also Hdssibility of applying the concept of wholesale

increase in the volume of transportation, the developmegitribution centres in large cities, an assessment of the
of digitalization ~ and logistics ~ services  iNjmpact of the growth of e-commerce on the growth of the

general. Competition in this area has led to the formationmper of distribution centres. Figure 1 illustrates the
of strictly oriented logistics to meet the market needs. Agsearch procedure.

logistics operators need to deliver a large number of
individual orders on time, distribution centres are an

Assessment of the impact ¢f
the development of e-
commerce on the growth

Analysis of the possibility o
applying the concept of
wholesale distribution

Analysis of the dynamics 0]
transportation and sales

volumes the number of distribution
centres centres
Figure 1 Research design
3.2 Information base 3.3 Methods

The basis consists of analytical analysis, state The assessment of the impact of the increase in the
programs, statistical data, official information, periodiovolume of e-commerce on the increase in the number of
scientific publications. In addition, in order to study thelistribution centres was carried out using correlation and
level of logistics activities, the international LPI (Logisticregression analysis. The choice of such a method is
Performance Index) rating was considered. determined by the rapid growth of the volume of e-

The evaluation period is 2020-2022, because it tl@mmerce, which determines the extension of the available
rapid growth in retail trade is observed during this periodlistribution centres. The method of paired regression was
as well as an increase in the volume of retail trade (froomosen for the study, where the resulting factor Y is the
11,729.9 billion tenge to 15,763.7 billion tenge), and adistribution centre areas, and the independent variable X is
increase in warehouse space by 20% in 2022 comparedhe volume of retail e-commerce.
in 2020 across the country. The two-way regression method is used to visualize the

relationship between the studied economic indicators. A
graph is built for this purpose in a rectangular coordinate
system. The values of the resulting characteristic Y are
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plotted on the vertical axis, the values of the factor The least squares method provides the best (reliable,

characteristic X — on the horizontal axis. efficient, and unbiased) estimates of the parameters of the
The set of points of the resulting and factor features isgression equation only if certain assumptions about the
called the correlation area. probability term §) and the independent variable (x) are

The correlation space gives grounds to assume that thet.
relationship between all possible values of X and Y is Formally, the LSM criterion can be written as follows
linear (for the general population). S =Y (yi - y*)2 — min

Linear regression equationy = bx + a Normal system of equations

The estimated regression equation (based on samplea-n + b3x =Yy
data) has the form y = bx + atwhere ei is the observed  a-Yx + b->x2 =)y-x
(estimated) value of the erreir a and b are the estimated  The closeness of the relationship is estimated based on
values of the regression model parameterand B, correlation and covariance coefficients [19]. The linear

respectively. correlation coefficient takes on values from -1 to +1.
Here,c is a random error (deviation, disturbance).  Relationships between signs can be weak and strong
The reasons for the existence of random errors: (close). Their criteria are evaluated according to the
1. The regression model does not include importad@haddock scale:

explanatory variables. 0.1 < rxy < 0.3: weak;

2. Aggregation of variables. For example, the aggregate 0.3 < rxy < 0.5: moderate;
consumption function attempts to represent the sum of 0.5 <rxy < 0.7: noticeable;
individual consumption decisions. This is only an 0.7 <rxy < 0.9: high;
approximation of individual relationships with various 0.9 <rxy < 1: very high.
parameters.
3. Incorrect specification of the model structure, fo4  Results
example, the model structure is not a model of individual The increase in SaleS, transportation' infrastructure

consumer decisions; o development and e-commerce are the basis for the
4. Incorrect function specification; formation of distribution centers. After all, these factors
5. Measurement error. require a more optimized distribution network for

o o economic growth.
For each observation i, the deviatigiris random and Gross output in the category "Transport and

its value in the sample is unknown. _ warehousing” for January-February 2023 exceeded 2
1) Only estimates of parameterandf} were obtained 483 206.7 million tenge (Ifo 106.7%). This is 57% more
from observations xi and yi. than in this period of 2022 (1076470.8 million tenge).

2) Estimates of parametessandf in the regression | et us consider the dynamics of the volume of cargo

model are the values of and b, respectively, and aretransportation by all modes of transport (Figure 2):
random because they correspond to a random sample.

The least squares method (LSM) is used to estimate
parameters andp.

4013,7

3944.,8

3886,7

2020 2021 2022
Years

Volume of cargo
transportation by all modes
of transport, million tons

Figure 2 The volume of cargo transportation by all modes of transport, million tons
Note — according to [20]

January-April  2023. transport of the republic Inaddition, there is a dynamic of increasing the volume
transported 307.8 million tons of cargo. Cargo turnover faf retail trade in the Republic of Kazakhstan (Figure 3).
January-April of this year increased by 1.6% from the level
of the corresponding period of the previous year.
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Figure 3 Dynamics of retail trade growth, billion tenge
Note — according to [21]

The volume of retail trade in January-Aprilcentres in Kazakhstan was 27 units, which is 9.1% more
2023 amounted to 4825.9 billion tenge, this is 10.5% motbhan in the previous year. Most of the storage facilities
than the level of the corresponding period of 2022. Retdépproximately 60%) are located in the three main cities of
sales of goods by trading enterprises increased by 14P& country - Astana, Almaty and Shymkent.
compared to January-April 2022. Currently, Kazakhstan has modern distribution centres

In the conditions of the developing economy, it iserving various industries, including retail, manufacturing,
important to pay attention to the creation of effectivpharmaceuticals and consumer goods. These hubs are
distribution centres [22]. As companies expand thestrategically located near major transportation hubs such as
operations to go global markets, the importance of havitngghways, railways and airports, making it easier to deliver
a well-planned distribution centre cannot begyoods to various destinations.
overemphasized. The concept of distribution centres in large cities

According to the National Statistical Service ofinvolves the creation of a new system (Figure 4).
Kazakhstan, at the end of 2019, the number of distribution

/ ~
Food markets \\
\ (in the classical sense) /
e _ 7
AT I TR - T 426000 m?
) 20 000 m?
/ Wholesale distribution \ e
centers \ s o
I\ (combining three / / Trade and logistics \
systems) center (European |
\\ / \ model) P //

Vegetable base \
e A

Figure 4 Formation of wholesale distribution centres in_large cities
Note — compiled by the authors on the basis of [23]

The presence of a distribution centre allows to reducd these target groups determines special conditions of
the storage area in retail outlets to 30% of the total areaarfoperation based on the logistics rule 7R (right product,
retail premises and exclude intermediaries that can leadright quality, right quantity, right time, right place, right
higher prices for goods. In addition, it solves the problerustomer, right cost). One of the examples of the practical
of limited storage space for various types of goods. implementation of the strategy is the Wildberries

Figure 3 gives grounds to note that such wholesafearketplace. Wildberries is a leading operator in the field
distribution centres focus their activities on three maiof import, logistics, distribution and promotion of everyday
groups — giant enterprises (a turnover of 100-1000 tog®ods from the largest global and Russian manufacturers.
per month), wholesale companies, and retail compani€he strategic advantage that distinguishes the company
with an average turnover of 10-1000 tons per month. Eafilom its competitors is that it is able to offer its partner the
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entire range of services for the delivery of goods from thehich is about 2% of the total number of people employed
manufacturer’'s warehouse to the final point of salén the economy. In 2019, labour costs in this industry
Wildberries has opened a new distribution centre imcreased by 12.9%.
Almaty, thanks to which the Kazakh businesses will be It is worth noting that Kazakhstan has been actively
able to increase its presence on the largest Russidgveloping the digital economy in recent years, including
marketplace, increase sales, and create new jobs. Thehe field of distribution centres. This encourages the
distribution centre is managed using the WBPoint mobiledoption of new technologies such as warehouse
application, where entrepreneurs have all the necessamgnagement systems, e-commerce, etc., which increases
functions for working with orders and customers. production efficiency, shortens delivery time, and
In the first half of 2022, Wildberries increased turnovefacilitates better customer service. The impact of
by 94% compared to the same period last year, reachidigitalization in distribution centres includes the
628.7 billion tenge (net turnover from the sale of goods ametroduction of automated warehouse management
services to buyers and sellers, including returns). In terragstems, space optimization, real-time inventory tracking
of units, the growth in sales of goods amounted to 77%. &md monitoring, greater use of robotics and automation,
the second quarter, the company’s turnover reached 34htegration of Internet of Things (IoT) devices, and
billion tenge (+92%), which became a new historicamproved data analytics capabilities.
maximum. The marketplace has distribution centres in The volume of storage of goods in distribution centres
Astana and Almaty. It is planned to open new sortingt the end of 2019 amounted to 14.5 million tons, which is
centres in the cities of Aktobe and Semey. An example 8f6% higher than the previous year. The main types of
a modern distribution centre is Khorgos located on th&orage used in distribution centres include indoor storage
border of China and Kazakhstan, which is considered om@arehouses, refrigerated warehouses and warehouses for
of the largest dry ports. This terminal provides a full ranggangerous and technically complex goods. Distribution
of cargo handling, storage, and transhipment services. dantres provide a wide range of services, including storage,
2020, traffic volume reached 200,000 twenty-fooshipment, sorting and transportation of various goods, such
equivalent units (DFEs). The main goods transporteas food, beverages, body care, household goods, medicines
between the two countries are consumer goods, metasad machinery.
chemicals, oversized goods, subway cars, and electric In 2021, the volume of online retail trade amounted to
vehicles. 482 billion tenge. The majority are cell phones or other
Statistics show that the distribution centre sector iwireless devices (19%), electrical household appliances
Kazakhstan has great economic potential. According to tliE2.6%) and cosmetics and toiletries (11.3%). The volume
National Bank of Kazakhstan, the volume of servicesf wholesale trade through the Internet amounted to 209.8
related to logistics and storage is about $900 million peéillion tenge. The share of e-commerce in the total retall
year. Moreover, the value of trade handled in distributicimade is 3.6%, and in the volume of wholesale trade this
centres is about $6 billion per year. figure is 0.7%. For the period 2016-2021 the volume of e-
Productivity in this field is also high. About 60,000commerce showed an increase of 84% (Figure 5).
people work in the distribution centres of Kazakhstan,

600000 250

500000 476652 481978
200

400000
150

300000

Growth rates

206254 100

200000
144606
106918 -
100000 78500 I I
0 III 0

2016 2017 2018 2019 2020 2021

The volume of retail trade in e-
commerce, min tenge

Figure 5 Volume of retail sales in e-commerce for 2016-2021, million tenge
Note — according to [24]
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The distribution centre sector in Kazakhstan is alsihe presence of a distribution centre, and the volume of e-
actively developing in the field of e-commerce, where itommerce.
provides services for the delivery and storage of goods The study is based on pairwise regression, where:
ordered in online stores. The final stage of the research Y - the area of distribution centres, million square
design is a correlation and regression analysis conductedneters;
order to determine the relationship between the need to X - volume of retail sales in e-commerce, million tenge.
increase the area of distribution centres, as an indicator of The initial data for the correlation and regression

analysis are given in Table 1.

Table 1 Output data for a correlation and regression analysis

X Y X2 Y?2 XxY
471324.: 3.7 222146595770.¢ 13.6¢ 1743899.9
476651.! 4.2 227196652452.- 17.6¢ 2001936.
481978.7 4.5 232303467253.69 20.25 2168904.15
487305.! 5 237467040174.¢ 25 2436529.
1917260. 17.¢ 919113755651.2 76.5¢ 8351269.8

Based on the data in Table 1, a system of equations is 4a + 1917260.4*7.8840666766742E-5 = 17.4

obtained: 4a =-133.758
4a+1917260.4-b=17.4 a=-33.4395
1917260.4-a + 919113755651.24-b = 8351269.86
The solution of the system is the following steps: We get the empirical regression coefficients after the
1)-1917260.4a -918971860352.04 b = -8340082.74 presented calculation: b = 7.8840666766742E-5,
1917260.4*a + 919113755651.24*h = 8351269.86 a = -33.4395 and the regression equation: y =
2) 141895299.2*b = 11187.12 7.8840666766742E-5 x -33.4395. Table 2 shows
3) b =7.8840666766742E-5 regression statistics based on the given calculation.

4) 4a + 1917260.4*b = 17.4

Table 2 Regression statistics

Regression statisti

Multiple R 0.998417408
R-square 0.9968373
Normalized F-square 0.99367463
Standard err( 0.03265986
Analysis of variance
df S¢ MS F Significance of |
Regressio 1 0.336: 0.336: | 315.187! 0.03582093
Remainde 1| 0.00106666 | 0.00106
Total 2| 0.33726666
The calculation of the covariance coefficient indicates Ty =b S92 8840666766742E — 5 -

the closeness of the relationship: cov(x,y) = X-y - X-y = s

2087817.465 - 479315.1-4.35 = 2796.78, and the
correlation coefficient:

5955.991
0.472

=0.995

Such indicators demonstrate a close linear relationship
between dependent Y and independent X, according to the
Chaddock scale, which is illustrated in Figure 6.

5.0 L ]
45 ®
40

35
470,000 472,500 475,000 477 500 480,000 432,500 455,000 437,500

Figure 6 Correlation distribution field
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A rather high and direct linear dependence is visuallgmissions and the costs of disposal of emissions into the
determined between the factor feature x and the resultingnosphere. A study of the relationship between the
feature Y. The regression coefficient b =increase in domestic e-commerce and the need for
7.8840666766742E-5 shows the average change in thereased distribution centres is considered in the context
performance indicator (in units of measurement y) with aof cost reduction [28] and does not specifically address the
increase or decrease in the value of factor x per unit of #bbseness of correlation.
measurement. In this example, an increase of 1 unit in y The difference between our study and the existing ones
increases by an average of 7.884066666766742E-5. is the application of the methodology. For example, the

The coefficient a = -33.44 formally shows the predictedualitative method includes the method of analysis of
level of y, but only if x=0 is close to the sample values. hierarchies, expert selection, the method of comparative

But if x=0 is far from the sample values of x, a literabnalysis and fuzzy evaluation [29]. These methods can
interpretation can lead to false results, and even if tipartially solve the research problem but contain some
regression line describes the observed sample value quitdbjective factors. Quantitative methods include the
accurately, there is no guarantee that it will also be so whgravity method, mixed integer programming, and two-
extrapolating to the left or right. level programming. Heuristic optimizations [30], such as

By substituting the appropriate values of x into théhe genetic algorithm and the tabu algorithm, are widely
regression equation, it is possible to determine the adjustegsed in the complex optimization combined problem,
(predicted) values of the performance indicator y(x) fowhich provides a new vision for the problem of increasing
each observation. The relationship between y and tlke number of distribution centres [31]. Summing up, it
determines the sign of the regression coefficient b (if > Oshould be noted that the delivery of goods from the place
direct relationship, otherwise - inverse). The relationship &f production is accompanied by large costs for the
direct in this example. The study shows that distributioanterprise, and consumers wait a long time for the goods
centres are an important sector of Kazakhstan’s econonfi32,33]. It is important to note that distribution logistics
A large number of distribution centres, their highcentres are highly efficient. The introduction of such
productivity, and significant economic potential confirmcentres ensures the continuous movement of goods,
the importance of continued development of this industistrengthening the connection between suppliers and end
in the future. It has also been proven that the relationstépnsumers.
between the need to increase the number of distribution
centres is directly proportional to the growth in the e-reta§  Conclusions

trade volume. Distribution centres are an integral part of the success
) ) of any business because they are an important link between
5 Discusson producers and consumers. Without them, it would be

The conducted analysis illustrates the steady growth difficult for enterprises to maintain adequate stocks and
the need to extend wholesale distribution centredeliver products to consumers in a timely manner. The
especially in large cities, including through the increase success of distribution centres is vital to the entire supply
retail sales in the area of e-commerce. This researchain. This determines the relevance of the chosen research
substantiates such a relationship. In a developing econorisgue. The state of distribution centres in Kazakhstan can
the creation of efficient distribution centres is of gredbe characterized as developing. The introduction of new
importance. Having a well-planned distribution centréechnologies and innovations, combined with favourable
becomes incredibly important, as companies seek mearket conditions and political support, creates the basis
expand into global markets. The situation with distributiofor the development of reliable distribution centres that can
centres in Kazakhstan is diverse and changing. At the samerease the efficiency of logistics and contribute to the
time, there are prospects for the development of this secttable economic development of Kazakhstan.
on the local market. However, if the matter is about the The conducted research, based on the dynamics of
influence of the availability of infrastructure in thecargo transportation by all modes of transport and the
municipality, the availability of an airport, port or railwaydynamics of retail trade growth, indicates an average
station in the city has a positive effect on the number growth of 10.5% in 2023 only for January-April, compared
stations within the municipality and a positive effect on thio the same period in 2022. Achieving the greatest
number of facilities [24]. The coefficients in the study [25Ffficiency requires the creation of logistics trade and
show that if a municipality has a port, the probability oflistribution centres. The main idea of the organization of
having more warehouses is higher than if the municipalitpgistics centres in intra-city logistics is to connect a certain
has an airport or a railway station or a train station. And waeumber of commodity flows entering the city before the
did not examine such factors in our analysis, so the absewrdy border and create effective forms of distribution
of the infrastructure factor in our study can be considerédrough purposeful cooperation of all participants in the
an element of limitation. movement of goods. A strong direct correlation between

The factor of location, influence of the ecosystem ithe growth of e-commerce volume and the need to increase
investigated in most studies [26]. The researchers [2ffle number of distribution centres (correlation coefficient
propose a complex model that takes into account the tofa995) is also proven.
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It was established that distribution centres are a Available: https://atameken.kz/ru/articles/32664-
strategically important branch of Kazakhstan’'s economy stanut-li-optovo-raspredelitel- nye-centry-takovymi-v-
and they need to be modernized and combined into kazahstane [18 May 2023], 2019.
wholesale distribution centres or new wholesalgl0] CUI, H., CHEN, X., GUO, M., JIAO, YA, CAO, J.,

distribution canters shall be created. The development of
this sector will contribute to the increase in the import and
export of goods, as well as the improvement of the
transport infrastructure, and further research is possible in
this field. The introduction of incentive measures and
innovative technologies will contribute to the development
and growth of the distribution centre sector in Kazakhstdm1]

in accordance with international standards.
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Abstract: The aim of this article is to find the most appropriate inventory storage strategies in a new warehouse according
to the Covid period. Based on the company's analysis and preferences, we have concluded that the most suitable inventory
storage strategy will be ABC, XYZ and penetration analysis according to which the inventory will be produced to the
company's warehouse. The result of the paper is the intersection of these analyses. Based on the penetration analysis, we
found that AAXX group has 27% of the product items. The CXX group of manufactured items has a high turnover, but
accounts for only 1% of the total items. The AA category has a low turnover but accounts for only 0.63% of the product
items. As a result of the penetration analysis, we concluded that the categories AAXX, AAX, AXX, AX and BXX are
suitable to be produced in large quantity in stock. For categories AAY, AY, BX and BY, it is recommended to plan the
production of items for stock with caution and not to produce them in such large quantities. The regularity of the analysis
of these methods is very important. The intersection of ABC and XYZ analyses indicates the regularity of applying these
methods due to the existence of excess or non-replenishable stocks.

1 Introduction increased operating and warehousing costs or a reduction

The Group's systems within the company are the sarfethe efficjen_cy of the circulation of goods. In addition,
worldwide, but each subsidiary can set them up accordi@any_ studies in recent years have focused on solving ABC
to its own requirements, as the systems offer sevefafissification problems using a multi-criteria concept,
possible strategies. Each process can be carried outMAgthod, or model; however, limitations can be found in
several ways, so it is up to each branch to decide howth€se studies.
achieves the result, which is always the same. In this thesis, In the article [1], the authors found that with the help of
the commonly used ABC and XYZ analysis methods arfi€ tool of dynamic systems it is possible to evaluate the
their interpenetrations have been used. These meth&ff§ct generated by the project implementation with regard
were implemented on the stock data with some variatioffs the variables that directly and indirectly affect the cash
as several categories were used due to the large volumd®@# of the examined company. Through the performed
material in large volumes. Based on the methods usedSimulation, it can be stated that the warehouse management
this way, it will be possible to categorize the different itemBroject increased the company's cash flow over a period of
in the company's warehouse differently. However, the u§¥e years. However, the results are only valid if top
of these methods must be repeated in view of the changiignagement agrees to strengthen employee training
product range in the company in terms of customer intereBfocesses and greater investment in technologies that
In order not to create 'dead stock' in the warehouse Bfable faster and more efficient logistics processes.
meaningless ordering for production, which would be Safety is one of the key aspects of the successful
easily available to the warehousemen and would not betgnsport of cargo. In the case of road transport, the
interest to the customer. The work also results in le§ynamics of a vehicle during normal events such as
frequent application of ABC and XYZ intersectionbraking, steering, and evasive manoeuvre [2]. Safety is
analysis, which results in better use of handling equipmegfectly linked to the state of the infrastructure. How m_fra- _
and there will be fewer empty paths for items that afructure affects transport performance can be seen in this
stored in inappropriate locations. It all depends on whickgse study [3].

practices are more acceptable for a given country. _The authors found that the ABC / XYZ analysis helps
to improve the inventory management system in the supply
2 Literaturereview chain, where proper inventory management is lacking.

Most distribution centres use simple activity-base
classification (ABC) as a method of managing th
classification of warehouse work, which can lead t

onthly data for one year are collected and supplemented
y primary data obtained through direct observation and
giscussion with the company’s management. ABC, XYZ
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and ABC / XYZ matrix analyses were performed tariteria cannot be compensated by its high performance in
determine the items to consider when implementingther criteria. A comparative study carried out on two
Kanban. The analysis shows that the Kanban system @woiual data sets shows that the classification of the items
improve inventory costs by about 75% [4-7]. produced by their proposed approach produced the lowest
Proposes an analysis of the ABC-XYZ type modifiedalue of inventory costs among the items produced by all
with the observed deficit of goods. An illustrative exampléhe classification models tested [14,15].
shows that the classical ABC-XYZ algorithm To bridge the gap that arises in the effective way of
underestimates the value of goods when a deficit wakassifying inventory items into ABC analysis classes,
observed; the magnitude of the coefficient of variation iarticles has been created that proposes a model to adapt to
also underestimated. The new method corrects this bias ahe possibility of incorrect classification in the information.
recalculates the total gain and the coefficient of variatiohhe maximum probability method is used to estimate the
[8,9]. parameters in the model. The proposed method is verified
Inventory classification requires the use of severddy simulated and real data sets. The results show that the
criteria to manage different inventory managememiroposed method performs better in terms of classification
functions. In this study [10], a new classification algorithnaccuracy and can learn the classification rules of experts
called the FNS (functional, normal and small) algorithm iom the training set and use them to classify new items
developed, which combines the classic ABC classificatidi6,17].
with a new grouping strategy. In their study, the ABC These papers present a new approach to solving the
classification method is enriched and combined with thgroblem of multicriteria classification of ABC stocks using
proposed FNS algorithm to create nine different inventoistochastic multicriteria acceptability analysis. All possible
classes. To achieve this goal, the classic ABC classificatipreferences between the evaluation criteria were
method is integrated with expert systems, clustering, aednsidered. Due to the fact that even with a certain
fuzzy logic methods [11]. preference, it is difficult to reach a group consensus on the
This article [12] demonstrates how to classify inventorgxact values of the weights together with each criterion,
items using the TOPSIS model ("Order Preferendbey calculated the preference-specific intervals for each
Technique by Similarity to Ideal Solution"). The case studgreference and then formulated a stochastic decision
considered parameters such as unit costs, delivery tinpepblem [18-20].
consumption rate, etc. Using TOPSIS, the items are Authors in these papers describes a differentiated
classified into categories A, B and C. The suitabilityinventory management model of the ABC-XYZ
practicality, and effectiveness of the TOPSIS method usethssification matrix in relation to the inventory of a
in the ABC classification were assessed using the analyssmmercial enterprise. Inventory management is a very
of variance (ANOVA) technique. A simulation model wasurrent topic, as the company has several branches, co-
used to compare the proposed model with the model of thperates with many suppliers and the range of office
traditional ABC classification technique. supplies includes more than 30,000 items. The ABC-XYZ
The goal of inventory management is to decide on ttstock analysis of this business allowed them to identify
appropriate level of inventory. In practice, it is not possibleventory optimization strategies and identify groups that
to check all stocks with equal attention. The most widelshould be removed from the product range and, conversely,
used inventory system is the ABC classification systershould be available in stock due to constant demand
The ABC-FC authors' approach in Article [13] is[21,22].
implemented based on the required data. The results of The issue of assortment optimization, whether in
their study show that 59 items are identified as a vegommercial companies or warehouses, is relatively topical.
important group, 69 items as an important group and tAdese papers show the analysis performed using the ABC
remaining 64 items as an unimportant group. ComparingXYZ matrix of a specific product group and suggests
the ABC-FC results with the original data, they found thgiossible optimization pathways [23,24].
their ABC-FC analysis showed high classification A lot of authors discuss the multi-criteria ABC
accuracy. inventory classification and the methodology for
The aim of this paper [14] is to propose a regressi@tandardizing each criterion and its weight in the
approach to obtain a set of weights for ABC multicriteri@lassification. The weight for each criterion is based on a
inventory analysis that differ according to classificatiosimple exponential assignment of smoothing weights.
criteria but are common to all inventory items and follow éncluding the weight for each criterion and normalizing the
predetermined descending ordering scheme given tHlata, a score is obtained for each item and classification is
relative importance of classification criteria. performed based on the normalized score. This process of
These documents propose a new approach to the ABtandardizing criteria and weights is easy for inventory
classification, which includes a non-compensatorgnanagers to under-stand in practice [25-29].
aggregation procedure based on the ELECTRE Il Inventory management (IMP) procedures predominate
simplified method for calculating the score of eacln the organization and control of inventory in a company.
inventory item. The non-compensatory aggregatiofhe aim of these studies is to measure the performance of
scheme means that an item's poor score in some importemtnpanies by determining the impact of distribution
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turnover and inventory automation on competitive strength Method ABC analysisusingto productsa storage area

and operational efficiency. The study concludes that IM&f company

has a significant impact on the company's performance and This analysis categorizes individual products stocks
also contributes to the existing body of knowledge bgccording to the article number parameter. This parameter
helping inventory management professionals in th&as chosen because it best describes the nature of the

manufacturing industry [30-32]. problem. All tires for trucks and cars accepted into the
warehouse in PovaZzska Bystrica in the monitored period
3 Material and methods were included in the analysis. In this analysis, the

Some countries have old WMS, e.g., Romania does ripglividual items were classified into four categories,
yet have a radio frequency system in place, so they dr@mely: AA, A, B, C. These categories were chosen
working in an off-line version. This means that before theecause they correspond best to the production volume.
start of the change, the warehouse handler receives alh order to compile this analysis, it was first necessary
printed paper from the team leader, on which he has list& modify the data so that it was possible to work with
the codes of the products and the racking or pallet positiot¢m. We worked with the file, which contained data on
that need to be handled. The warehouse manipu|aﬂjﬁ number of the article, the number of articles and the
gradually marks the work performed and then hands ov@¢mber of products received for storage in a given month,
this paper to the team leader, who records these movemdhgir size, brand and other information. For the purposes of
into the system. This way of working is much slower thaHis analysis, data on the article number and the number of
the online system, where each warehouse handler hasmiiducts received were sufficient.
own reader, with which he scans barcodes and the changednitially, it was necessary to recalculate each item from
made are immediately visible in the system. Also, oth&ach piece to the number of pallets by month for both types
small regional warehouses e.g., in Portugal, Spain 6f pallets. This is necessary because when designing the
southern Italy may have the old system. Currently, folyyarehouse, we are not interested in the number of stored
versions of this System are possib|e: old paper, old rad?éOdUCtS, but the number of stored pallets. In this section,
frequency, new paper and new radio frequency versioff€ worked with the "stock” and "number of products per
The analysed warehouse in Povazska Bystrica uses padlet” files. Here it was necessary to combine these two
highest version of the system, i.e., a new radio frequen8lgs and, using the VLOOKUP function in Excel, to assign
version. The new system will be gradually introduced in alP €ach article the number of products on one pallet.
branches, but it is proceeding from the largest plants. After knowing how many tires of a given article were

Thus, the system provides some variability, but only ifin one pallet and how many of these tires were in stock, it
some things. As for customer requirements, they aY¢as easy to calculate how many pallets of each article were
centralized and cannot be changed, we can only adjigstock for a given period.
individual processes. And therefore (1):

Another difference may be the different age
requirements of the products. While in some countries, foH
example to Saudi Arabia, it is possible to ship only those

products that are not older than half a year, within Europe \yo have rounded the result down to the whole number,

there is a common requirement for products to be two yegyg ., se the number of stored pallets is always an integer

O!d [33,34]. As for specific customers this limit is set ah g the rest of the tires, with which it is no longer possible
nine months. If the products exceed the maximu

I " fill the entire pallet, should be stored on shelves as
permissible age for the customer, even by only one dayﬂ’éctional pallets

is not possible to ship them, no exception is allowed here. E

mber of pallets = number of stocks/ number of tires
per pallet (1)

Sub v th d blocked in th n the calculations, it was necessary to distinguish two
ubsequently, these products are blocked in the System aig,s o pallets: OP1 and KSP. These pallets differ only in
can be sold, for example, to another country, where t

vty for th fh d ; hiah ernal dimensions. While KSP pallets are CMR pallets,
senvs\;tlwty or: e age of the pro UC}S IS not so hig .h they have a less robust construction than OP1 pallets,

€ can also compare prices for renting warenouge,ieh are pallets still used by Matador. When designing a
space in Slovakia and abroad. For this comparison,

h G b h ' head rehouse, it will not be a problem that there are two
¢ osel ermFa]ny ecaulset € dcrc:mpal_wl_)r/]s eadquarters g e types of pallets, because the external dimensions
central warehouse are located here. The company trieglg;q potp types the same and will therefore be able to be
have warehouse space under its direction, but it is ngt,

| ibl h h i Povarska B cked on top of each other. The only disadvantage is that
always possible, such as a warehouse in Povazska BYstrigd. opj pallets have slightly smaller internal dimensions
The amount of rent for this warehouse is 3 €/morth/m

Th ¢ of rent f h G due to their more robust construction and are there-fore
& amount of rent for wareénouse space In Lermany @sin|y ysed for storing car products. However, this is not
well as in Slovakia depends on several factors, e.g. fr

| . h . I od If rule, we will also find several types of truck tires stored
ocation, warehouse equipment, rental period, etc. It Wi hem on the contrary, truck products are mainly stored

take, for example, the city of Munich, we find warehousey k sp paliets. CMR therefore had to create its own name

whose rental amount ranges from 3 €/monthtm 8 f : :
or the pallets used in one company in order to be able to
€/month /nd [35]. P used! pany t
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distinguish them in the system from the KSP pallets given The following table (Table 1) shows, by way of
by the headquarters, as a different nhumber of produesample, the conversion of several items from pieces to the
would fit in each. We worked with a total of 1 577 articlesumber of pallets.

to compile the analysis, with the total number of products

to be included being 9 906 460.

Table 1 Conversion of articles to the number of pallets [authors]
Number of

Article Pallet Number of s per  Number of Rounded
tires pallet pallets
341027000 oP1 328 5C 6.5 6.0C
341056000 oP1 37: 32 11.6¢ 11.00
3410890000 oP1 268 32 8.38 8.00
341099000 oP1 21( 32 6.5¢ 6.0
341111000 oP1 577 6C 9.5¢ 9.0(
412064000 KSF 26¢ 1€ 14.7¢ 14.00
412069000 KSF 887 27 40.3; 40.0(
422049000 KSF 147 1€ 7.9 7.0
422058000 KSF 128 22 58.21 58.0(
422076000 KSF 7€ 18 4.3 4.0
3413060000 oP1 432 36 12.00 12.00
342022000 oP1 5 5C 0.1¢ 0.0
342065000 oP1 24¢ 6C 4.0¢ 4.0
342094000 oP1 167 5C 3.0¢ 3.0(
343488000 oP1 5¢ 6C 0.9¢ 0.0
343513000 oP1 16¢ 32 5.0( 5.0(
343514000 oP1 291 6C 4.8 4.0
343520000 oP1 69C 3¢ 19.17 19.00
3435330000 oP1 486 32 15.19 15.00
525138000 KSF 201 8 25 1 25.0(
525167000 KSF 267 8 33.3¢ 33.0(
525168000 KSF 371 8 46.3¢ 46.0(
530420000 KSF 227 1 227 22.0(
530421000 KSF 16/ 1C 16.4( 16.0(

Subsequently, the number of pallets received wasdividual categories to the items (Table 2). The percentage
sorted in descending order from the largest to the smalldgnits set for each category were set by the company, based
and the cumulative percentages were calculated. Basedoon their experience in planning and organizing
the accumulated percentages, we gradually assignedrehouses.

Table 2 Categorization of articles [authors]

Number of Palletsreceived in

Article pallets % Cumulated pcs Cumulated % Category

532082000 19 50: 5.389( 19 50: 5.389(

3561010000 1537 04257 70 596 19.5077 AA
1581037000 80z 0.221¢ 121 58t 33.598:!

362983000 50¢ 0.140¢ 179 64 49.642!

470313000 50€ 0.139¢ 180 15: 49.781!

345002000 367 0.101¢ 222 66! 61.529° A
1554565000 324 0.089: 235 33! 65.030(

451224000 29¢ 0.082¢ 242 49 67.009(

3585310000 299 0.0826 242 796 67.0917

1550644000 24( 0.066: 266 78! 73.719:

451560000 22( 0.060¢ 274 53! 75.862: B
355334000 16¢ 0.046¢ 296 87: 82.034:

532086000 142 0.039¢ 308 91t 85.362!

451680000 142 0.039: 309 05! 85.402:

1581071000 124 0.034: 318 36( 87.972:

3451320000 106 0.0293 327 139 90.3981 Cc
452057000 44 0.012: 354 10: 97.849:

344625000 1 0.000: 361 88 100.0001

Total sum 361 887 100.00
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In Table 3, the resulting ABC analysis is performedarticles, but after conversion to pallets we see that there are
where the percentage of articles, the number of articles, thely 52 971 (Figure 1). When designing a warehouse, it
number of pallets received and the percentage of receivweil be necessary to take this into account and place this
pal-lets are given separately for each category. group furthest from the picking zone. This will also be

It is clear from the table that there are a small numb&ken into account when creating pallet blocks. In terms of
of articles in groups AA and A, but if we look at the numbeper-centage revenue, it can be seen that almost half of all
of pallets received, only group AA alone includes almogiallets received per year are in the AA category, which
the same number of pallets as the other three growg®uld be the most important and most beneficial for the
combined. The largest representation of articles is in tikempany.
last group and therefore in group C. There are up to 937

Table 3 ABC analysis [authors]

% of
. Number of Number of pallets .
Category % of articles articles receiveF()j received
pallets
AA 10.1 16C 179 64¢ 49.¢
A 10.1 16C 62 84¢ 17.¢
B 20.5 32C 66 41¢ 18.4
C 59.¢ 937 52 97: 14.¢
SUM 100.( 157 361 88 100.(
Number of pallets in individual groups space, as it will not be necessary to create so many handling
aisles.

For the analysis to remain effective, it must be
evaluated regularly, as the level of stocks is constantly
changing, and therefore the placement of items within
categories will also change.

mAA s A sB sC
Figure 1 Frequency in individual groups [authors] Warehouse layout
When we had recalculated all the items for the number
It may seem that in group A there is a small number of pallets, we made a clear table where we arranged the
received pallets compared to group B, but there are half@stegories, months and number of pallets received. This
many items in it and thus a larger storage block can be cgrting was necessary to see how many pallets from a
ated without the problem of handling a pallet with garticular category are accepted into the warehouse each
particular item. So it does not hap-pen that the handler wilonth and to be able to further adjust the layout of the
have to disassemble entire stacks of pallets in order to geitire warehouse accordingly (Table 4). Another important
to one particular pallet. Another advantage is that this savstep was to determine the average, minimum and
maximum stock values for each category.

Table 4 Overview of categories by months[authors]

Category—

Month AA A B C Sum Average
01.10.201 10 01° 3 79¢ 4 667 7 23i 25 71¢ 6 43(
01.11.2018 10 502 4108 4 357 5940 24 907 6 227
01.12.201 9 71¢ 367 4057 593t 23 38! 5 84¢
01.01.201 8 93: 397 4 67: 6 421 24 00: 6 00(
01.02.201 7 961 3 51 418t 6 40z 22 06: 551t
01.03.201 7 39¢ 348( 3 84¢ 543] 20 20« 54(
01.04.201 7 29( 384 4 46¢ 5 85] 21 45: 5 36:
01.05.201 8 33¢ 399 4 40( 5 86¢ 22 20¢ 5 65]
01.06.201 9 501 417¢ 494 6 51¢ 25 14¢ 6 28
01.07.2019 11 248 4541 5 660 7673 29 122 7 281
01.08.201 12 38¢ 5 37¢ 6 06¢ 7 88t 3172. 7 93]
01.09.201 8 40¢ 3941 5 04¢ 6 87: 24 27( 6 06¢
01.10.201 9 391 389 4 86( 6 42; 24 57. 6 143

Surr 121 09t 52 33. 61 28( 84 46! 319 16:

Average 9 31t 4 02t 4 71( 6 49

MIN 7 29( 348( 3 84¢ 543]
MAX 12 38¢ 5 37¢ 6 06¢ 7 88¢
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Based on the previous table, the sizes of pallet blocks number of blocks= number of stacks/ number of
for individual zones were determined. The average number rows of palletsin a block 3)
of pallets in the warehouse in individual categories and
how many items are in the given category were important Table 6 Calculation of the number of blocks and stacks

for us. The size of the zone is just in other words how many [authors]
stacks of pallets will be in the zone. The number 6 in thgateqory  Calculation Number 1 otion Number
calculation will mean the maximum possible number of — e oflstSaSC’ks e of 2'1010‘@
pallets in the stack. We calculate it as follows (2): A 2025/ 671 671 /4 168
. B 4710/¢ 78¢€ 786/ : 39¢
number of stacks = number of palletsinagroup/ 6 (2) C 6 497 / { 1 08 1083/" 1 08
SUM 4 09: 1 95¢

Before we start calculating the number of stacks, it wil
be necessary to determine how many rows of pallets will T5pie 6 shows that we will need 1 553 stacks to store

be in the block (Table 5). average monthly AA stocks, which will be in 311 pallet
blocks. It is necessary to store an average of 671 stacks of
pallets in group A, which will be arranged in 168 blocks.
There will be 786 stacks of pallets in group B and 1 083
5 4 2 1 stacks in group C.

Further calculation will be necessary to find out how

. . much space we will need to store average stocks in each
Once we know how many rows of pallets will be in

each block, we can proceed to the calculations of tcategory (Table 7). As we know that the pallet dimensions

0 x 120 x 150 cm, i.e., one pallet occupies an area of 2.88

number of stacks and then calculate how many blocks will; S
Mm%, we can calculate what minimum area needs to be set
be needed to be able to store all these pallets. In
calculations, we will again consider the average month

number of pallets in each category.

Table 5Number of rows of pallets in a block [authors]
Category AA A B C

Number of rows of
pallets in a bloc

ygde for each category. The calculation will be as follows:

area size = number of stacksin the category * 2.88 m?

Table 7 Required area for each category [authors]
Category AA A B C Sum
Area needed to store average stock?) 4 472.6 1932.4 2 263.6! 3 119.0 11787.8¢
Area needed to store maximum stock?) 5 947.2 2 581.9. 2 912.6 3 785.2 15 227.0.

Handling alleys » AA: coefficient 0.9,

In general, the width of the aisle must be at least 40 cm «  A: coefficient 0.75,
wider than the widest dimension of the forklift trucks used +  B: coefficient 0.60,
in the warehouse or the largest width of the load handledin «  C: coefficient 0.55.
the warehouse. In the conditions of this warehouse, this
would mean that the largest dimension of the forklift truck This means that if we have a storage area of 34 539 m
is 3.886 mm, in which case the width of the aisle wouldre will calculate as follows:
have to be at least 4.286 mm.

For our design, we will recalculate the ratio between the 34539 m?* 0.7=24177m?
storage place and the aisles using a coefficient of 0.7,
which means that there will be 0.7 pallets per 1 m2. The From the calculation, we found that the area on which
coefficient was obtained by calculating the average of thibe pallets can be stored has a size of 24 177 m2, so the
ratios between storage places and aisles in each categbandling aisles will occupy an area of 10.362 m2. If we
These ratios are different because there is a differemanted to find out how many pallets can be stored in the
number of stacks in a row in each category. While there asmarehouse at one time, we would divide the area
up to 5 rows of pallets in category AA, there is only ondesignated for storage by the area occupied by one pallet,
row in category C. When we imagine in this category thaind thus:
we start to stack stacks of pallets from the wall,
immediately after the first stack, an aisle must follow and 24 177 m?/ 2.88 m? = 8 394.79 pallets
again a stack of pallets. which, however, is already
touching the back of another stack. In category AA, up to Itis clear from the calculation that it is possible to store
five stacks of pallets are stored in a row in our case, aBd394 pallets in one layer in this warehouse at a time.
only after these five stacks is an alley. So, the more rowtwever, if we made stacks out of all the pallets, we would
of pallets we have behind us, the better the use of storagaltiply this number by six (maximum possible stack
space. The coefficients for each category are as follows (Bgight) and we would get a result of 50.364 pallets.
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Racks dozen items that are characterized by the fact that the
In addition to the zoning of the warehouse according wompany ordered a new dimension of items, but when they
categories AA, A, B and C, it will also be necessary taere made, they found that there was not much demand for
design a rack that is designed for partial pallets and tisem and thus remained in stock.
located at the picking zone. This rack is usually 1.5 times If we know how many days the average turnover time
the number of articles. As there are 1 577 items in stoad, individual items lasted, we can continue by quantifying
the procedure will be as follows: the turnover, which means how many times a year the
company's stocks turn. We will use the formula for this (5):
1577* 1.5=2365.50 pallets.
turnover = export / average stock (5)
For these racks, the maximum permitted height is five
pallets on the rack. It will be necessary to store 2 366 pallets Turnover in our calculations ranges between 0 and 592
at the picking zone, when we divide it by the number 5 wémes a year. Again, there are extremes created because the
get: 2366 / 5 = 474 stacks. It will therefore be necessaryitems were stored before the period under review, there is
prepare 474 racks with 2 366 pallet places. The total ar@aminimum of stocks, but many of them have been released
required for one rack position is 3.12.rffhe area (Table from the warehouse. The following table (Table 9)
8) required for the rack is: exemplifies a few items recalculated according to
turnaround time and turnover.

474 stack * 3.12m? = 1478.88 m?
Table 9 Turnaround time and turnaround [authors]

Table 8 Total warehouse area [authors] Average Export Turnover

Name Area (m?) Article stock in inp cs timein  Turnover

Total storage ar 3453¢ 15496930000 lg C;46 0039 575 fg)(;SOS 3.65
Net pallet storage areiz?,agi ‘r’g . 1227187;3& 1585268000 738L9. 111000 24.2; 150
. . 473357000 6478.6. 7245 32.6¢ 11.1¢
_Handling alley 10 362 451177000 6334.20 1064( 217.2¢  1.6¢
Administrative and technical 1243 353929000 5292.01 10365 18.6¢  19.5¢
premise 451557000 5055.2¢ 503¢  366.4( 1.0C
1581049000 4 869.01 46 00: 38.6: 9.4t
Method XYZ analysis using to products a storage area 1580896000 4 721.0i 46347  37.1t 9.82

of the company 4280470000 470577 40725  42.18 8.65

356793000 4 496.6! 26 44¢ 62.0¢ 5.8¢

For a more comprehensive inventory classification,
451200000 4 401.4: 15 45¢ 103.9! 3.51
XYZ analysis was also added as another method for. N585341000 43343 43 78( 36 10 10 1¢
processing the warehouse design. This analysis, unlike th&73507000 4 314.00 63 14 24 9 14.6¢
ABC analysis, does not look at the number of stocks, butj5g5083000 4 312.8° 6854¢  22.9¢ 15.8¢

at their turnover. As with the ABC analysis, we considered 451198000 4 297.00 13 34¢  117.5( 3.11

all items. In this case, we worked with the same inventory. 373235000 3534.7: 24 38¢ 52.9( 6.9(

In this case, the classical XYZ analysis was extended t03575980000 3 499.08 13 735 92.99 3.93

four categories, namely XX, X, Y and Z. 356101000 3406.6! 65 31: 19.0¢ 19.17
The first step was to determine the average annuaf581022000 3 387.8' 2542:  48.6/ 7.5C

451492000 3367.0t 1 00( 1228.9¢ 0.3C
stock of each item. This stock ranged from 1 to 10 846 item 585263000 3 340.6 76 70¢ 15.0¢ 29 o

per year. Subsequently, we assigned exports to each ite 81012000 33053 33 16¢ 36 3¢ 10.0-

in addition to inventory. Once the average stock was 359248000 32165 265. 442 3¢ 0.87

guantified and matched with exports, the turnover time and : : :

turnover of the articles could be calculated.
Turnover time was calculated first. Turnover time

means the average number of days during which stocks gre

tied up in the company until they are used up or, in 0

After consultation with the company, the boundaries of
e individual categories were set as follows:

case, sold. In general, the best possible turnaround time for ° ixlsls%
a company is the lowest time. It is calculated according to : by
) Y: 30%,
the formula (4):
. Z: 40%.

turnover time = (aver age stock * 365) / export 4 . . . .
( 9 )/ exp @ These limits were determined in the same way as in the

In this case, we got values from 0.62 to 160.198 da BC analysis according to the number of articles. Thus,
At these extreme values, we find items that were produc r category XX, 15% was multiplied by the total number

stored, and not removed at all or only a small part w articles.
removed during the period under review. These are a few
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XX - from 17.03 to 592 times a year,
X - from 11.36 to 17.02 times a year,
Y - from 5.35 to 11.28 times a year,
Z - from 0 to 5.34 times a year.

To be able to assign a category to each article, it was
necessary to rank the turnover from the largest to the
smallest and then categories could be assigned, with the
first 15% of articles falling into category XX, another 15%
into category X, the following 30% into category Y and the
remaining 40% to category Z. Turnover values are by cate- In the end, we made a clear table (Table 10), where the
gory in the following ranges: individual groups are converted to the number of articles,

the number of items and the percentage expression of the
category on the total number of tires.

Table 10 Clear table of articles

Category % of articles N:?:itzzleresof Numeggrorotfegems % of export
XX 15 25¢€ 392852 40
X 15 25¢€ 2545 93 26
Y 30 51(C 2580 73 26
z 40 682 851 54. 8
100.0( 1,70¢ 9906 74t 100.0(

It can be seen from the resulting table that up to 40% of ABC and XYZ analyzes are often used together in
all exported items belong to the category with the higheptactice. These analyzes comple-ment each other and thus
turnover, i.e., to category XX. Items that fall into thisdisseminate information on solved stocks. By combining
category need to be placed near the picking zone as partt@fm, we get more accurate information about how
the stock distribution, as they will be picked much morindividual stocks behave and how they need to be
often than items in groups X, Y or Z. This step will agaimpproached. At the same time, we will find out whether
increase the productivity of order picking. There ardems that are produced in large quantities really belong to
approximately the same number of exported items imgh-turnover and, conversely, those that are produced in
categories X and Y, which are around 26%, but in terms sfnaller quantities are low-turnover. We get a total of 16
the number of articles, there are half as many articles éategories that stocks can fall into, they are:
category X as in category Y. These articles can be ¢ AAXX, AAX, AAY, AAZ,
described as medium speed. Within the warehouse, it is ¢« AXX, AX, AY, AZ,
appropriate to place them outside the category XX. The last ¢« BXX, BX, BY, BZ,
category Z is characterized by low turnover and consists of ¢« CXX, CX, CY, CZ.
only 8% of all items that left the warehouse during the
period under review (Figure 2). Items from this category Using Excel, we combined the two analyzes and
are recommended to be placed deeper in the warehouseraated two 4 x 4 matrices with the number of articles and
they will not be picked up as often as items from othéhe number of items in each group.

categories.
Table 11 ABC/XYZ number of articles [authors]

XYZ analysis AA A B C Sum
XX 81 61 6C 48 25C
X 3€ 52 92 7€ 257
26% Y 33 29 121 306 489
z 1C 1€ 4€ 507 581
Surr 16C 16C 32¢ 937 157

<

aXX mX 5Y nZ
Figure 2 XYZ analysis [authors]

Table 11 and Table 12 show the number of articles in
each category. This table confirms the theory that articles
that are produced in large quantities also have high

onsumption. Of course, there are also articles that fall into

regularity of demand for specific articles. Like the previoud'® AA category, i.e., they are produced in bulk, but their

analysis, this one should be re-evaluated on a regular b44f§1oVer is low, but it is only 0.63% of articles (Figure 3).
in or-der to maintain storage efficiency. It is recommended to produce as few pieces as possible in

stock for these items, so that there is no demand for them.
Most articles are in the CZ group, but if we look at Figure 3
below, we find that after calculating the number of items,
it is only 5% that fall into this group.

The purpose of this analysis was to point out th

4 Resultsand discussion
Application of ABC/XYZ analysis
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ABC/XYZ number of articles (%)

35 32.15
30
25
19.4
20
15
10 50767
5.14 . L8
5 228209 3 OO 33184y 14 38 . 292 3.04
: e Em=_. = m mB
AA A B C
XX mX Y mz

Figure 3 ABC/XYZ number of articles [authors]

Table 12ABC/XYZ number of articles [authors]

AA A B C Sum
XX 2,625,90 727,18 382,60 138,57- 3,874,271
X 1,013,508 629,458 616,942 260,054 2,519,962
Y 751,84 371,12. 680,06: 681,22 2,484,25
Z 163,44: 153,17! 185,65 525,69: 1,027,971
Sun 4,554,69 1,880,94. 1,865,26 1,605,54 9,906,46!

Also, in the case of conversion of articles to the totalems have also the biggest turnover (Figure 4). The largest
number of items, it was con-firmed that the most producedimbers of items are thus arranged around the diagonal.

ABC/XYZ number of tires (%)

30 27
10 5 6 4 , 4 67, L35
AA A B C

m XX mX Y V4

Figure 4 ABC/XYZ number of items [author]

The AAXX category represents up to 27% of the totadience the change in demand and the portfolio of company.
number of items produced, which is the most of allhat is why the regularity of analysing these methods is
categories. It is immediately followed by the AAX andvery important. Otherwise, items that are no longer in
AAY categories. In the case of category AAZdemand could still be in stock and placed as close as
consideration should be given to the need to produce itepassible to the picking zone. As a result, they will
for stock. However, in this category, as mentioned abovennecessarily take up space in the warehouse with other
there are items that have been ordered in large quantitissns that are in high demand. If the company adheres to
by car companies and subsequently there has beenthe distribution of stocks according to these methods, it will
demand for them. The lowest percentage of items is in the guaranteed an efficient method of storage.

CXX category, i.e. in the category where few items are
produced but have a high turnover, but it is only 1% of ttf  Conclusion

total number of items. The conclusion will be presented outputs of article and

An article is currently in a certain category does ngbrmulate the benefits of the proposal and any
mean that it will be in the same category, e.g. in two yeaggcommendations for companies.

This is due to the constant development of the market,
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This article was aimed at finding the most suitablbecause there are higher fluctuations in demand. For the
strategies for storing stocks in new warehouse. This searelmaining categories, it is rec-ommended to produce as
was preceded by various analyzes of the warehouse, whielw items as possible in stock, as they are the least stable
is currently used in the company, but will soon be replacéd terms of demand. This analysis confirmed that the items
by our proposed warehouse. produced in the largest numbers are also the most in

Based on these analyzes and the companglemand. This is illustrated in particular by the AAXX
preferences, we have come to the conclu-sion that the moategory, which includes up to 27% of all items produced
appropriate strategy for storing stocks will be ABCer year. The opposite was also confirmed, and thus that
analysis. The dis-tribution of stocks according to thithe items with the least turnover are also the least produced.
analysis will ensure that the items that are accepted into fhleis analysis can be helpful in production planning and
warehouse in the largest numbers will be stored as closedasnand forecasting.
possible to the picking zone and, conversely, the items
produced in lower numbers will be placed deeper in tHRefer ences
warehouse. Furthermore, this division will make it possiblg] ORTIZ, S.J., PAREDES-RODRIGUEZ, A.M.:
to reduce the ratio between the storage site and the handlingeyaluacion sistémica de la implementaciéon de un

aisles, so that in categories where many items are receivedsjstema de gestion de almacenes (WNRista UIS
but there is a low number of articles (category AA), we can |ngenierias Vol. 20, No. 4, pp. 145-160, 2021.

make storage blocks where the ratio of handling aisles as https://doi.org/10.18273/revuin.v20n4-2021012
in categories where many different items are received (Original in Spanish)
(category C), so itis not possible to create as large a storg@eGNAP, J., JAGECAK, J., MARIENKA, P,
block as in the first case. This is due to the fact that the FRANCAK, M., KOSTRZEWSKI, M.: Application of
handling of individual pallets would be more demanding MEMS Sensors for Evaluation of the Dynamics for
and Iengthy If the pallet with the required item were Cargo Securing on Road Vehicl&nsorsVoL 21,
stored, for example, only in the third row of pallets, there No. 8, pp. 1-31, 2021.
would be an unnecessary waste of time. https://doi.org/10.3390/s21082881

As another method, XYZ analysis was chosen, whigig] GNAP, J., SENKO, $., KOSTRZEWSKI, M.,
had the task of providing more detailed information about BRiDZIKOVA, M., CZODOROVA, R., RIHA, Z.:

the StOCkS, and thus to pOint out the regularity of demand Research on the Relationship between Transport
for specific items. Its essence is the distribution of stocks |nfrastructure and Performance in Rail and Road
_accordlng to turnover, i.e., according to how often specific Freight transport—a Case Study of Japan and Selected
items are released from the warehouse. In category XX, European CountriesSustainability Vol. 13, No. 12,
there are such types of items that are exported from the pp. 1-20, 2021. https://doi.org/10.3390/su13126654
warehouse most often and are therefore best sold. There[@glesOBACHEW, A.M., KITAW, D., BERHAN, E.,
256 articles here. Also in category X there is the same HAASIS, H.: ABC/XYZ Analysis for Kanban System
number of articles, but al-ready a lower number of exported |mplementation in Pharmaceutical Supply Chain: A
tires. Group Y includes items that have a medium ex-port Case of Ethiopian Pharmaceutical Supply Agency,
frequency, and group Z includes items that are sold the |nternational Journal of Information Systems and
least. From this analysis, we found that up to 40% of items Sypply Chain Managementol. 14, No. 3, pp. 63-78,
belong to the high turnover group. Excluding extreme val- 2021, https://doi.org/10.4018/ijisscm.2021070104

ues, items falling into this category are exported from t §] SIBANDA, H., POOE, D.: Enhancing Supply Chain
warehouse 17 to 52 times a year. Both categories X and Y performance through Supply Chain Practidesirnal

account for 26% of items exports, so this is a medium of Transport and Supply Chain Managemerul. 12,
turnover. The only difference between these categories is pp. 1-13, 2018.

the number of articles. There are half as many articles in https://doi.org/10.4102/jtscm.v12i0.400
category Y as in category X. The last category accounts @] MARION, G.: What Is Kanban in Small Business
only 8% of to-tal items exports, but there are 40% of all* sypply Chain? The Balance Small Business, [Online],
articles. It is therefore a low-turnover category. Available: https://www.thebalancesmb.com/what-is-

At the end of the article, these two analyzes were kanban-2221436 [20 Jan 2024], 2021.
combined to create a comprehensive overview inventorigs] ZIMON, D., MADZIK, P.: Standardized Management
From the result of this analysis, it is possible to recommend Systems and Risk Management in the Supply Chain,
which items are suitable for production in larger quantities |nternational Journal of Quality & Reliability

for stock and for which, on the con-trary, it is appropriate  Management Vol. 37, No. 2, pp. 305-327, 2020.
to minimize stocks. Categories AAXX, AAX, AXX, AX  https://doi.org/10.1108/ijgrm-04-2019-0121
and BXX can be included in the group for which it i§8] ZENKOVA, Z., MUSONI, W. TARIMA, S..

appropriate to produce items in large quantities in stock. Accounting for deficit in ABC-XYZ analysi&"
For categories AAY, AY, BX and BY, it is recommended |ntemational Conference on Logistics Operations

that the planning of the production of items for stocks be Management (GOL) 2020, pp. 1-6, 2020.
done carefully and not produced in such large quantities, https://doi.org/10.1109/gol49479.2020.9314731
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Abstract: The purpose of this paper was to emphasize the importance of data accuracy within internal logistics systems
and their extended influence on supply chains in automotive industry through 6-month multiple case studies conducted
on 3 first tier original equipment manufacturers (OEM) based in Western Romania. The study investigates the most
common causes of data inaccuracies among automotive suppliers and their approaches to reduce consequential supply
chain issues and be more agile. Data collection and analysis revealed that main issues arise due to ordering quantities
mismatching actual customer demand, a wide range of order lot sizes, lead times and delivery reliability concerns and the
reluctance to shift away from mainstream cost-effectiveness and towards strategic added value thinking. These issues
sourced significant other related operational challenges such as excessive inventory, short-term stockouts and subsequen
express shipping services or product-related inconveniences (quality and capacity levels, contracted volumes and
dedicated lines). The paper sources different logistics and supply chain strategies used by the 3 OEMs, their features and
operational performance, as well as their overall effectiveness, which can be applied by other automotive industry
suppliers to improve own results. Introducing more reliable real-time data collection tools and performance metrics has
started hauling more focus towards solving these prevalent issues with some ongoing improvement projects showing up
to 25% better results. For one of the 3 OEMs introducing a new warehouse management system has already sourced an
overall quality increase (5 percentage points) due to a 60% higher utilization of its production equipment.

1 Introduction the DN65 single carriageway) between Craiova and Pitesti

The automotive industry is one of the most importaricalled “the Ford highway”). Dacia is market leader in
industries worldwide, driving investments, employmenRomania (33% share with 46,124 units sold in 2023), but
and innovations throughout its highly competitive supplfpoth carmakers sell less than_lO% of th.elr v_olum.es on the
chains, both vertically and horizontally. Battery-electri¢ocal market as most of their production is shipped to
vehicles (BEV) are the new trend (14.6% market share afport destinations in the EU. Dacia ships more than 8,000
an impressive 37% increase in sales, 2023) as car saledsaembled cars (by truck and/or train) every week to its
the EU reached 10.5 million units (13.9% year-on-yedfistribution centre (DC) in Valenton (France) by rail, the
increase) based on The European Automobifort of Constanta (for transit towards non-EU destinations
Manufacturers  Association (ACEA) 2023 reportby sea) or Germany (delivery lead-time is 2-4 days by
According to ACEA at EU level only the automotiveroad). A further 600 trucks leave the International Logistic
industry sources, directly and indirectly, 13.8 million jobdVetwork (ILN) from Mioveni with containers of CKD and
(11.5% of EU manufacturing jobs and 6.1% of overall ES$KD kits (representing two-thirds of the Automobile Dacia
employment) in its 322-vehicle assembly, engine arlant production output) to be assembled elsewhere in
battery production plants and is the leading investor Renault Group plants (Africa, South America or Asia).
R&D with almost 60 billion euros (31% of total spendingFord also ships 90% of its production abroad, most of it by
2022). Dacia and Ford are the pillars in Romania (13% #gin (70%) to Neuss, Germany and the rest via road (25%)
GDP, 20% of the manufacturing industry and 30% oind sea (only 5% is shipped through the port of Constanta).
exports, 2023), enabling around 230,000 specialized job#® to 600 cars (by rail) leave from Craiova every day
within more than 500 suppliers across the country. Laitwards Ford dealerships throughout Western Europe via
year Automobile Dacia produced 322,086 units (2.3%1€ Railport Arad intermodal terminal in Curtici (Romania-
year-on-year increase) in Mioveni, while Ford Otosan’slungary border).

Craiova plant made 190,964 units (2.2% year-on-year A major share of the automotive supplier network is
decrease). Nevertheless, their combined output exceedédcentrated in Western Romania, where important
half a million units (513,050 cars made in Romania) for th@ultinational brands have set up and extended capacity in
second year in a row (0.7% year-on-year increase). THCent years and experience business growth [1]. Reduced
longest highway in Romania (A1) lacks a 140 knProduct life cycles, engine downsizing, increasing
connection between Pitesti and Sibiu (called “the DacRfevalence of head-up displays (HUD) and the shift
highway”) along the Olt Valley single carriageway (DN7)}owards electric veh_|cles (E-VS). all mean that carmakers
and there is currently no highway connection (120 km diave to balance out integrating innovative technologies [2]
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fast whilst also being able to plan out an operational amategrating new projects) is often daunting, especially in
competitive business unit [3,4]. A reliable and supportinthe short and medium term [20]. This is especially
supplier network is vital in such a challenging setting anchallenging since an EV’s product life cycle (battery
its appropriate design (location, alternates and preferregthnology, charging infrastructure,  government
selection) will determine the extent of a dependable aimacentives) is still rather new in the automotive industry
relevant data interchange system [5-8]. Adapted ametting. In addition many OEMSs still struggle with data
appropriate logistic system choices (own/externalilos (departments), outdated or rigid ERP systems and a
warehouses, in-house logistics department/third-partggck of aggregate data integration on supply chain level
logistics (3PL) externalizing and distribution centrenindering their ability to make inspired quality data-driven
(DC)/logistics service providers (LSP), etc.) will have alecisions. Employee induction, training and incentives are
major effect on cost structures, delivery times and qualithus essential to promote responsible data handling
of data [9-13]. The overall performance of the companyigractices and achieve higher data accuracy through gradual
internal organization, logistics (inbound, productionmprovements based on experience.
scheduling, outbound) and supply chain management can Accuracy of data (relevant, real-time, synchronised and
be measured against its level of inventory [14,15]. This istegrated) throughout internal logistics processes is
because an actual JIT production strategy with propertyitical for an effective operational performance in the
balanced flows will not face inventory fluctuations thatong-term. The main contributing factors leading to data
may cause excess amounts or, worse, stockouts and timascuracies are the lack of standardization, human errors
show the degree of its leanness [16,17]. and scarce integration within the automotive supply chain
The current study addresses the following resear¢®l]. On an individual level (automotive manufacturer or
guestions (RQ): what is the proper balance betwesnpplier), the most common sources of data discrepancies
process standardization and operational flexibility tare manual entry errors, software inconsistencies and/or
achieve a competitive edge? (RQ1); what are the maiepartmental silos which impact several internal decision-
contributing factors leading to data inaccuracies within aking processes (production planning, inventory levels,
company’s logistics department and its associated suppgsource allocation). Focusing on relevant data,
chain? (RQ2); what is the most efficient internal system f@implifying processes, understanding and explaining the
measuring and tracking real-time data and allowing for fastle of data accuracy across departments will improve both
correction of errors within the production and logisticproduction and logistics flows and improve inventory
flows? (RQ3). This paper is the result of an ambitioulevels, resource allocation and operational performance
research project carried out within the logistic$22].
departments of 3 multinational first-tier original equipment Optimization is omnipresent in improvement projects
manufacturers (OEM) during a semester (total of 26oncerning production and warehouse layout, logistic
weeks) to assess the accuracy of specific data (inventditgws (inbound and outbound), inventory management and
forecasting and production) and quantify its influence oimdustry 4.0-specific tools implemented on the shop floor
internal logistics KPIs and short loop supply chaif23]. Well-designed intralogistics is not enough however.

(supplier-manufacturer-customer) performance. Automotive manufacturers also need a clear and reliable
system for tracking data, allowing for the identification and
2 Literature review correction of errors at their source (root cause). Data

Data accuracy acts as a critical factor for significantijnanagement structures, real-time relevant data sharing and
enhancing internal logistics performance and flo®wnership across departments can help improve data
efficiency from inbound to outbound and within itsaccuracy significantly. High-quality data is crucial for
corresponding supply chain. The dynamic of th@ffectl\(e decision-making, allowing for.a more targeted
automotive industry challenges OEMs and their suppfnalysis and enables more relevant impact on overall
chains to adapt and reconfigure processes to meet chandiffgductivity and operational performance [24].
customer demands (downsizing, shift towards EVs,
environmental policies) while in the meatime tackling® Methodology
supply chain disruptions, workforce shortages and The methodology of the paper is based on a multiple
integrated data management issues [18]. case study conducted through 6-month research contracts

Agility is invaluable to maintain a competitive edge inlone was extended to a total duration of 11 months) within
a highly cost-effective oriented industry, especially sincg first tier original equipment manufacturers (OEM) from
EVs have gained more and more market share on EU leVéestern Romania. Forecasting, planning & scheduling and
in recent years [19]. Most automotive industry suppliergerformance management data from the last 5 years (2018-
(OEMSs, upper and lower tier suppliers) aspire to manage2822) was studied with relevant professionals of the 3
reliable and accurate production system with room f@DEM'’s logistics departments. The final reports submitted
innovation. However, finding the optimum balanceupon completion of the carried out research are subject to
between process standardization (to minimize in-housen-disclosure agreements (NDA), as is most of the data
inaccuracies) and operational flexibility (to facilitatecollected within the 26 weeks of collaboration (2023).
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Each of the OEMs has consented some sets of data toNmvertheless, despite certain similarities that are
published but not to the same extent therefore some setsararacteristic to the industry (main characteristics), the
incomplete or have been slightly modified to ensur®EMs also have some differentiating features highlighted
upholding all NDAs properly. Subsequent conclusions Table 1.

(partially) might not seem entirely relevant and partial

limitations for each set of data are to be expected. Table 1 Overview of each OEM's characteristics
Production planning is based on relevant dg feature OEM1| OEMz| OEM:
(historical, projected volumes and actual customer ords type standar | standar | standar
in order to compile a more reliable forecast, each of th . . | above
OEM'’s having different techniques. Projected volumes Productiory technology | superior averag average
increasing on a year-to-year basis in all 3 cases (7-129 volume  |very higl high high
average for OEM 1, 3-8% for OEM 2 and 2-6% for OE own yes yes yes
3) thus the Holt-Winters exponential smoothing meth| \warehousé externz yes DC yes
was the most appropriate choice to process forecasting manageme! | in-houst| in-houst | outsource
accuracy. Holt-Winters exponential smoothing (or trip ERF new |standar | standard
exponential smoothing) uses a smoothing faatprt{end real- _ _
(B) and seasonalityy) coefficients to improve forecas| Data KPlIs time+ |r€@l-time real-time
accuracy. The multiplicative method is more suitable employee | mix* mix mix

the automotive industry and was thus used in computatiors
by all 3 OEMs. This is because the automotive industry

exhibits seasonal patterns (new product launches, mar el
volatility, high and lower sales seasons, holidays) and no
linear trends that are handled better by the multiplicatiy
method since the simulations are also done for at Ieasg

full business year (and not short-term forecasting). Aftea{ny car brand or model (across ali major car companies),

simulating different scenari_os for the entire year, resulgss outlined in Table 1. There are technology differences,
were refined for shorter timespans as well (semest lith OEM 3 having rather average technology-

trimester) upon request. Forecasted levels for each of ompassed products, while the others have above-

26 week; were pased on projected vqumgs and smootg rage (OEM 2) and superior outputs (OEM 1). Volumes
exponentially with trend and seasonality=0.2-0.3; are high for 2 of the 3 OEMSs, as they each supply important

B=0d25;9'35;| Y=O'4é9r']6) byt each thqf tfhet 3 tOE'(\j/I,S amounts for their customers, whereas OEM 1's volumes
production plannerdhe exact smoothing factar) tren are very high due to a larger product range (brand and

(B)b"?mdt feetlks]onalith dcoef(;ici_ents du?\jeg Aby Epﬁ OE.MSdTemodeI-specific requirements) delivered. Raw materials and
subject lo the agreed and signe S. 'he mixed te mponents, as well as finished goods, are stored in both

was tasked to provide a range of applicable solutions agd " 4 oxternal warehouses, only OEM 2 not having an

improvement proposals by the end of the research contraghn external facility and using a distribution centre (DC)
Our proposed approach was to target a smoother aver ead. Warehouse management is done in-house (OEM 1

The features that are compared across the OEMs are
duction (type, technology, volume), warehouse (own,
xternal, management) and data (ERP, KPI and
ployees). In terms of production, all manufacture
ndard products involving industry innovations, fitted on

ata management is rather different, as only OEM 2 uses
industry standard enterprise resource planning (ERP)
ftware tool. OEM 3 has added significant extra features
specific input-output reports) to enhance its data analysis
its existing ERP, whilst OEM 1 is currently transitioning
8 switch to a new ERP system and thus replacing the one
as previously been using for over a decade. All OEMs
e systems that collect, show and monitor real-time data,
ly OEM 1 still having some processes where some data,
cisions and reports have to be approved manually before
Being subsequently computed. There is a good balance of
rr%ung and experienced employees in all 3 OEMSs’, with
OEM 1 having more novice employees that need to be
inducted and properly trained after termination of their
4 Results o internships in order to start handling some of the
All 3 multinational automotive Industl’y OEMs arecompany’s projects_ OEM 1 has the h|ghest volumes (neW

located in the Western region of Romania and are tigfojects and facility extension are currently under way) and
1 supplier for all customer brand and model ranges.

was given to more recent data, but longer-term tr@hd (a
was preferred with only marginal adjusting for the season,
smoothing coefficienty] being necessary.

Actual forecasting accuracy results presented with
the research paper are very limited (due to heterogene
NDA terms of the 3 OEMs regarding consented datasetﬁ)
Therefore, quantitative and qualitative data is aggregatg
and averaged for a total of 6-11 months. The (partial any
ongoing) results of our individually submitted proposalae
combine practical solutions from each OEM's logistic
professionals and theoretical methods from acade
literature to attain optimum outcomes.
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is therefore more active in the hiring process than the other
2 analysed business units, where volumes are more stable.

Table 2 Overview of OEM 1's excess inventory per semester

Materials | Semeste| Monthly | Excess
- | Excess/semstq Excess/monthly
and usage | average| quantity usage (ratio)| usage (ratio)
component| (units | (units’ | (units
Supplier : 151 25.1¢ 51¢ 3.4: 20.5¢
Supplier : 16C 26.6¢ 48( 3.0( 18.0(
Supplier . 191 31.8¢ 512 2.6¢ 16.0¢
Supplier « 68 11.3:¢ 172 2.5z 15.17
Supplier! 15C 25.0( 30C 2.0( 12.0(
Supplier ¢ 947 157.0( 140< 1.4¢ 8.9/
Supplier 83( 138.3: 110¢ 1.3¢ 8.01
Supplier ¢ 532( 886.6¢ 646¢ 1.21 7.2¢
Supplier ! 64( 106.6¢ 76% 1.1¢ 7.17
Supplier 11| 219( 36E -872 -0.3¢ -2.3¢
Overall | 1265 | 293.66| 4921 2.79 16.75
average

Table 2 outlines the forecasting, ordering and storagelays in production. These issues can be found within the
issues of OEM 1 in regard to some of its main raw materiadsita shown in Table 2, as for the selection of 10 materials
and needed components for the manufacturing proceasd components there is an average excess of inventory
OEM 1's suppliers are mainly from Europe (Central anR.79 semesters or 16.75 months) that would last for almost
Eastern Europe) and Asia (East and Southeast Asia). Thesemesters (18 months). The amount of inventory for
logistics department is based on a functional unit systesome raw materials and components (suppliers 1-5)
where an employee fulfils a specialized role within sma#lignificantly exceeds monthly usage in production (12-20
(3-5 members) or average teams (6-10 members) taskadnths), congesting the warehouse, generating storage
with specific organizational functions. Each role has a higlisks and causing imbalances. Materials from supplier 1
degree of autonomy, even interns or newly hiredave an average monthly use of 25 units with inventory
employees, and has at least one back up colleague who lessel being at 518 units (more than 20 times the required
temporarily stand in and take over corresponding taskamount), whereas deliveries from supplier 10 are
Rising volumes (new projects, new products) increase thacklogged: 365 units/month (on average) are needed in
amount of orders each role has to process, regardless ofgiheduction with a shortage level of 872 units (2.38
number of customers, product range, models amdonths), causing further scheduling delays. The other
associated specific requirements, creating an unbalancgbpliers (6-9) have an inventory excess corresponding to
workload. The planning department has access to thed months, whilst other material surpluses, not shown in
company’s forecast, but each planner (3 levels) decidd® table, range from 4-6 semesters using up unnecessary
what amount to actually order, being able to personalstorage capacity, whilst others may be subject to further
adjust the quantity ordered. More experienced plannestockouts (e.g. supplier 10). These issues are then
will tend to add a small margin (up to 15%), whereas theansferred to the shop floor, where it is very difficult to
younger and less experienced ones will tend to add uprtake up for the time lost with the reception, unloading and
50% or even double the ordered amount in view of risingiorage procedures and urgent and quick shipments are
volumes, repetitive orders and long-terms contractesbmetimes needed to compensate, as shown in Table 3. An
quantities. This choice will however increase the delivergnline unloading schedule was introduced in 2023 for an
lead time from the supplier and also bottleneck thenproved planning of truck arrivals with dedicated time
warehouse, both own and external, its reception amdndows for each LSP with regular deliveries (and open
storage capacity (recurring issue). Sometimes the ERPts for spot contractors), enabling better tracking of
system shows a shortage of materials, but the truckimcoming materials (and confirmation of their reception)
actually at the plant waiting to be unloaded (physicallyand after only 3 months using the system is mandatory for
with no available storage capacity within the owrall LSPs arriving to unload at the warehouse gates.
warehouse (waiting time: 4-8 hours), causing further
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Table 3 Overview of express shipment deliveries of OEM 1 towards main customers per semester

L . Price . Total amount .
. Deliveries| Main e Maximum amoun Average price
Express shipmen . variation : (monetary .
(units) | reason (monetary units) o (monetary units
range (% units’

Customer 17 constar | 15-20% 23,80¢ 106,34t 6,25¢
Customer 6 sprea 10-15% 11,20( 59,72 9,95¢
Customer 14 peal 25-30% 11,20( 38,34¢ 2,73¢
Customer 6 sprea 10-15% 2,57( 12,03: 2,00¢
Customer 11 shortag | 25-40% 9,85( 31,09: 2,82i
Overall averac 10 constar | 20-30% 11,76: 49,50¢ 2,47¢

Table 3 presents express shipments to some of OHRyistem) which is currently under way, it will not be
1's customers within a semester (54 such deliveries inc@mpleted until 2025, therefore production capacity is at
months). While some of the urgent shipments are also diud! tilt, but also bottlenecked by unbalanced ordering
to external factors (peaks, shortages and unforesdemels. Overrating storage capacity (which has lost space
issues), most come about on a rather more regular basis due to shop floor being increased), also means backlogging
to similar reasons (customer 2 and 4) or are even constpriaiduction and not fully using manufacturing capabilities
occurrences (customer 1) tying up important amounts which in addition to the longer supplier lead times generate
working capital (almost 250,000 monetary units). Expressproductive waiting times (longer production lead times,
deliveries for customer 4 have the lowest average pricdslayed loading of orders) and the risk of not delivering on
(2,005 units) and lowest variation range (10-15%), théme. Most customers are multinational carmakers located
highest variation adding up to 28%. Customers 3 andi® Central Europe and have dedicated production lines (just
have similar average prices (2,739 and 2,827 units) and thetime (JIT) or just in sequence (JIS) type production
highest average price variation ranges (up to 30-40%) wislgstems), whereas the rest have their products
some shipments being rated 3-4 times higher than themanufactured in a flexible system (FMS), ranging from
average.Express deliveries to customer 2 are 4 timefsont-end to back-end processes. Regardless of brand
higher (9,954 units) than the overall average (2,475 unitahd/or model range positioning, automotive manufacturing
and represent 24% of the total amount of shipment®mpanies have high downtime costs, therefore idling or
(247,548 units). With an average price of 6,255 units (2&opping production lines because of suppliers’ delivery
times higher than the overall average), the 17 deliveriesisues is not acceptable. Reliable suppliers with high
customer 1 represent almost a third (31%) of all expressrvice rates (orders delivered on time and in full, OTIF)
shipments and almost half (43%) the total amount spent are important all across the automotive supply chain, with
the fastest form of dispatching. special emphasis on higher tiers. OTIF puts pressure on all

This frequency of these quick shipments is also due tiers and sometimes on-board couriers (OBC) are used to
a range of new projects coming in and despite an extensitwand-carry certain components and parts in order to ensure
of the manufacturing plant (new production area with an-time deliveries and avoid stopping a customer’s
direct connection to the automated warehouse storageduction line.

Table 4 Overview of OEM 2's yearl

production planning figures for a range of suppliers

Copyright © Acta Logistica, www.actalogistica.eu

Materials | Yearly | Monthly [Minimum .
o Maximum Average
and usage | average| variation variation (%) | variation (%)

component| (units’ | (units (%)

Supplier : 2,00( 166.6¢ 10 70 29.1
Supplier : 96( 80 10 10C 32.5(
Supplier . 522 43.5( 17 10C 27.5¢
Supplier « 504 42 71 10C 83.3¢
Supplier! 33€ 28 14 10C 47 .62
Supplier ¢ 91 7.5¢ 18 124 69.2:¢
Supplier 1,00( 83.3¢ 20 10C 63.3¢
Supplier ¢ 3,20( 266.6¢ 12 10C 45.8:
Supplier ! 432 36 0 15C 58.3¢
Supplier 1! 324 27 33 167 61.1]

overall | o359 | 7807 | 21 111 51.80

averag
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Table 4 highlights OEM 2’s production variation for aas a doubling of the order level throughout the year, thus
range of materials and components. Despite the OEMglding higher than average maximum variations (150%
high volumes, the average yearly variation was just aboa@d 167%). To accommodate rising volumes OEM 2
50% for all material and component orders passed to tHecided to increase shop floor space on its premises instead
selected suppliers. Orders to suppliers 1-3 even had a@frcontracting an external warehouse and use a distribution
average variation of around 30% throughout the year,centre (DC) closer to its customer locations. With no
very decent accuracy level given the recent global suppixternal warehouse to rely on in case of excess storage
chain challenges (Covid-19 pandemic, chip shortageeeds, OEM 2 relies on its forecasting and production
increased costs and price volatility). With 2 exceptionglanning to be accurate in order to deliver finished goods
(suppliers 4 and 10) minimum variation is under 20%p its customers. The logistics department is divided into
whereas except the cases where no orders are placed (18@8mns and each team focuses on specific customers and
variation), maximum variations range between 60-90%yroduct ranges, as their orders will be divided among
most cases however usually average between 30-508tembers based onthe characteristics and complexity of the
Two thirds of supplier orders match a batch-size orderirantire process (supplier orders, production lead times and
pattern, therefore our aggregated variation calculatiodglivery requirements). Allin all, OEM 2's forecasting and
show higher fluctuations and unpredictability than iplanning in fairly reliable (forecasting accuracy has
actually the case in practice. Supplier 3 has the bestreased by 22% on a year-to-year basis, while production
forecasting, as their actual order variations only rang#anning sourced a 17% improvement) with peaks and
between 17-24% throughout the entire year (increaseughs being properly handled due to standard production
predictability), whilst supplier 9 has 2 months with develling techniques. In addition, within the analysed
perfect match between its forecasted orders and its actbakiness year (2022), only 3 express shipments were
passed order levels. Having a rather stable ordering patteequired due to a more balanced ordering-manufacturing
in the short loop supply chain (supplier-manufactureicycle. The business unit’'s excellent logistics performance
customer) with smaller fluctuations will improve the flowhas been noticed by upper management and the facility will
of goods and delivery reliability as well as reduce the risitart managing the same range of services for one of the
of generating an upstream bullwhip effect (BE). Suppliergroup’s additional manufacturing plants starting 2024.

9 and 10 also experience both a zero order situation, as well

Table 5 Overview of OEM 2's delivery characteristics from the distribution centre towards end customers

Distribution| Driving time | . Outsourceq Expected servic{ Delivery
Pick-up day ;
cente (hours to level (% type
58 mir
Customer J 1h10mir Thursday LSP1 95 JIT
3h28mir
Customer 3h46mir | Wednesda LSPZ 85 JIT
Customer 4h03mir Friday LSPZ 98 JIS
Customer4 7haomin | Wednesday | o) 95 JT
and Frida
Customer§ 21h19min | Monday | -SF 30 85 T
LSP<
Overall .
averag 7h44min N/A N/A 91.6 JIT

Table 5 presents the delivery characteristics for someached within 3h28min driving time. An average of
of OEM 2's most important customers. OEM 2’s DC isth52min is thus needed with all 3 DLs expecting just in
located at 15h52min driving time from Western Romaniime delivery and a 95% service rate from LSP1 (the same
(border crossing times are not included). Border crossihgP for all 3 DLs). Customer 4 and customer 1's 3 delivery
(Romania-Hungary) for trucks includes waiting andocations are managed by the same logistic service provider
document processing times at one of the 5 borders. Nad{aSP1), only one other LSP (LSP3) having more than 1
Il is the most congested because it is the gateway to the é&dstomer to manage (customers 3 and 5). Customer 4 also
highway, where waiting times are 8-24 hours and can evhas the second highest delivery lead time (7h40min) and
sometime reach 48 hours. Bors |l is an alternative, but aleas two alternative days (Wednesday and Friday) available
implies a 2 hour detour (A3 highway). Customer 1 hasf8r pick-up. Customers 2 and 5 have the lowest expected
possible locations for delivery from the distribution centreservice level (85%) with customer 5 having two alternative
delivery location 1 (DL1) has a 58 minute driving time.SPs due to its highest delivery lead time (21h19min).
similar to DL2 (1h10min driving time), whereas DL3 isCustomer 3 has the highest required service level (98%)
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and is the only one to expect a Just-in-Sequence (JIS)
delivery, all others using the typical automotive industry
standard, the Just-in-Time (JIT) delivery.

Table 6 Overview of OEM 3’ manufacturing process KPIs

Production| Availability | Performancg Performancg Quality level OEE (%)
date increase (%| target (% level (% (%)

Process 62 95 96 NDA NDA
Process 66 95 94 NDA NDA
Process 71 95 97 NDA NDA
Process 46 95 87 NDA NDA
Sl 61.2 95 93.5 NDA NDA
averag

Table 6 presents the OEM 3's most importanThe increase in time availability (by an average of 61.2%)
manufacturing processes and their overall performanbas also triggered a performance level increase of around
after implementing an extended warehouse managemégs for all processes, most notably for Process 1 (96%)
(EWM) system within the first semester of 2023, as aand Process 3 (97%), both above the set target, whereas
extra add-on to its current ERP system. Actual qualitifrocess 2 was just 1 percentage point below (94%). Process
levels and overall equipment effectiveness (OEH) experienced some unexpected technical issues and a
measured values were subject to agreed NDA terms, obgmporary minor backlog which affected its rating (87%)
broad comments being consented for paper publishingithin the current analysis. Nevertheless, after the issue
Despite an investment required to attach the EWM to theas solved, the process had a similar output, matching the
company’s current ERP system, the return on investmesther processes’ performance (within the same monitored
(ROI) was attained sooner than expected. OEM 3 has boitmespan) therefore results should be more balanced
an own and external warehouse, but decided to focus ontiisvards the end of the business year (2023). The
core competence (manufacturing) and contract an LSP foerformance of each process is the average of the
part of its supporting logistics processes (warehouse apérformance of the 3 shifts in the company per process, the
distribution management). Only the company’s outboungiorning and day shifts having slightly higher productivity
logistics is outsourced (3PL), therefore an internal logistidgyures (up to 3 percentage points higher) than the night
department is required to support the production processift (around 5 percentage points lower than the average of
(including planning, scheduling and levelling).the first 2 shifts). Moreover a 5 percentage point quality
Implementing the EWM has enabled better inventorievel increase has been observed, as well as an OEE
accuracy, improved real-time process flow tracking anidcrease of 12 percentage points, key takeaways after only
automatically-triggered replenishment (e-Kanban systen§.months of implementation.

Table 7 Overview of OEM 3’ warehousing performance KPIs

Initial Current Performance| Performancel Measured vs. target
Warehousing da| performance | Performance dynamic target performance leve
level (%! level (% (%) (%) (%)
Process NDA NDA +2C NDA +4
Process NDA NDA +1€ NDA +3
Process NDA NDA +12 NDA +2
Process NDA NDA +1C NDA 0
Overall averag NDA NDA +14.7¢ NDA +2.2¢

Table 7 outlines OEM 3's warehousing performancand current performance levels, as well as the set
KPIs in terms of overall inventory accuracy for all inboungberformance target values were subject to agreed NDA
individual references and their main categories (raterms, only the resulting dynamic, variation and achieved
materials, components, subassemblies, MRO) aftersult (measured vs. target performance level) were
implementing and connecting the extended warehousensented for paper publication. Process 1's overall
management (EWM) system to the company’s trackedventory accuracy shows an increase of 20 percentage
KPIs. Integrated within the company’s ERP system singmints (an increase of 26% when comparing current to
early 2023, the system has improved overall referenadtial performance) thus exceeding the target performance
accuracy for each of the 4 main processes (data lével by 4 percentage points. Data for Process 2 indicates
aggregated and averaged for a total of 11 months). Initgimilar results with an increase of 16 percentage points for
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its current performance level (an increase of 19% froproject details and are more productive in problem-solving.
initial performance). Process 3 has the highest availabili§haring information also leads to a better forecasting
increase (see Table 6) which is also supported by #scuracy (lower overall variation compared to actual
improved reference accuracy (13 percentage pointsders) and better overall production planning and
increase of its performance level, 2 percentage poirgsheduling (rare cases of express shipments, only 3 in the
above target levels), an overall improvement of 16% in th@revious business year) with a reliable logistic system
last 11 months. Despite performing below averageithin the supply chain (DCs, LSPs and DLs delivering
compared to the other processes in terms of availabilibpth JIT and JIS to automotive customers). OEM 2 has
(see Table 6), Process 4's warehousing results still met ihgested in training its employees to problem-solve and to
target performance level. Data accuracy increased by tten standardize knowledge within their groups and teams
percentage points and showed an aggregated 12% incrg@¥@2). Understanding relevant data, simplifying processes
in terms of a direct current to initial performanceand trusting each team member’s role have significantly
comparison. On an aggregate level, for all 4 processéwmproved data accuracy across departments (both
warehousing data shows an increase in current accuracydoantitative and  qualitative), enabling smoother
all references of 14.75 percentage points (an increasepobduction and logistics flows and reduced inventory
18% when compared to initial performance) and akevels, boosting operational performance [26]. Stabilizing
exceeded target performance level (2.25 percentage poimigrnal processes and procedures can also be a preventive
on average and a 3% increase in relative figures). Actualsponse to an anticipated decline in business volumes on
results for the last month are not available (researshort or medium term, as suppliers tend to have primary
contract ended), but they should fall within the same datkata and first-hand evidence from the automotive sector.
range and confirm the aforementioned analysis. This was Managing high volumes for automotive products with
later confirmed by the OEM 3's logistics professionals whionger than average life cycles increases the importance of
commented that “Results were as expected”, validating the efficient internal production process (proportion of
previous assumption (for business year 2023). Higidded value) and seamless shop floor workflow. Shifting
inventory accuracy (EWM), automatically-triggeredfocus on core competence (manufacturing) means more
replenishment (e-Kanban) and tracking operationagésources are allocated to supporting activities of the
performance and productivity in real-time (OEE) for OEMproduction process (planning, operations, quality and
3 meant an increase of the proportion of value added tirmentinuous improvement) to increase productivity.
(in total time), production efficiency and enabled &ecognizing its strengths in manufacturing, OEM 3

seamless flow of operations. strategically leveraged an external logistics provider (LSP)
to manage a portion of its non-core outbound logistics
5 Discussion processes (warehousing and distribution). This focus on

The main objective of this research paper was @Pre competencies streamlined internal operations
underline the relevance of data accuracy among tiépcrease of time availability, performance levels and
suppliers from the automotive industry. Multiple-layered®EE) in support of the manufacturing process [27].
planning departments with unbalanced extra safetynplementing automated data tracking tools (EWM) also
margins added up reduce the actual forecast accuracy &6dps increase data reliability, inventory accuracy and the
lead to excess inventory (up to 18 months) or stockouganness of the overall production system. OEM 3 focused
(mismatched data in the system). Increased order quantitgsimproved operational performance (OEE) to maximize
increase order lead times, impacting smooth operatiof8op floor output [28] by improving data accuracy for
flow (supplier delays, urgent order change reguldpbound logistics (EWM) and outsourcing outbound
scheduling, express shipments) and overall JIT productiégistics (distribution), indicating the value of process
system. Express shipments are costly, but the cost @¥nership (BPM) for automotive suppliers in order to
customer penalties for stopping their production line woulgource an approach that is most adapted to their specifics
significantly exceed the higher shipping rates. OEM 1 h4RQ3). While improving operational performance might be
good operational flexibility [25], but needs to enhancd Sign that OEM 3 is preparing to adapt to the anticipated
process standardization to improve cost-effectivenegdjtomotive industry disruptions [29], it could also mean
confirming that proper balance between the two is difficuRreparing for future growth on a more stable basis since its
to achieve in practice (RQ1). Nevertheless, the OEM 1yoducts have high aftermarket volumes as well (higher
proven ability to integrate several new and challenginig@an OEM 1 and OEM 2).
projects in the last 10 years have sourced multiple factory This research delves deeper into the implications of
extensions in order to accommodate constantly growirfta accuracy within an automotive manufacturer's internal
volumes. logistics systems (forecasting, planning, and process

Customer-dedicated functional teams (within th&anagement). Findings are representative, as existing
logistics department) with complementary skillsfesearch outlines the ripple effects of precise data [30, 31]
collaborative spirit and shared accountability (botMithin the supply chain, partially confirmed within this
individual and team-based) are more adapted to specifidper’s results (efficiency and resilience), with additional
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insights into a future automotive industry supply chaialmost 16 hours away from the plant (in addition to border
where agility and responsiveness will become equalktungarian border crossing procedures), on time deliveries
important. The limitations of the paper come from th¢OTIF) are mandatory to uphold car manufacturer service
NDAs, limiting the presentation of actual results obtainekkvels (JIT and JIS). Forecasting accuracy has improved by
(analytical completeness), affecting reproducibility an@2%, also enabling a more balanced production planning
validity of presented findings. In addition, the case studiesshedule for the second semester of 2023. Only 1 carmaker
have a strong empirical component (very specific internedquires a 98% service level rate and JIS delivery, whilst
and external challenges), affecting replicability of data arttie others mainly expect a 95% level and JIT delivery, the

results which are acknowledged. furthest away customer (22 hours from the DC) only
imposing 85% rate on the service level. Future research
6 Conclusions topics could delve into inventory optimization methods

The overall results confirm the existence of interndhat integrate lead times, transportation times and varying
logistics performance issues within the 3 first tier OEM8ervice level requirements (SLAs) of geographically
from Western Romania. OEM 1's main logistics issues afispersed customers. Multi-echelon inventory models with
inventory-related, as overestimating actual demand creaféategically placed buffer stocks closer to distant
excessive inventory (up to 18 months for the analysed r&istomers or vendor-managed inventory (VMI) programs
materials, components and parts), as well as increastigh key suppliers could further increase OEM 2'delivery
supplier lead times and insufficient storage capacityeliability. Dynamic production scheduling simulations
causing production delays. Subsequently adding arbitra¢@uld also explore and test the effectiveness of different
margins to forecasted levels of activity affect the reliabilitpcheduling  strategies on on-time in-full  (OTIF)
of the production scheduling and burdens storage capacigrformance (85% vs. 98%) for JIT/AJIS deliveries and
Needing to manually approve certain data modificatiorffovide valuable insights. o
within the company’s ERP system (automatic option is OEM 3’s outsources its outbound logistics therefore
available) yields unproductive waiting times and othegProper inbound logistics and production performance are
interconnected teams or departments to use data that Rg@gded to avoid shipping delays to its 3PL and end
not always been updated (ERP system showing a lack@fstomers. The e-Kanban (integrated in the EWM)
material, but trucks waiting for hours to be unloaded igutomatically reorders raw materials, components,
front of the warehouse, outlining the value of real timgubassemblies and MRO, thus supplying the production
data. Furthermore, in addition to excess inventory (tied W§ocess in an appropriate pace and contributing to a
working capital), several express shipments (worth almog¢amless production flow. Overall inventory accuracy for
250,000 units) had to be contracted to prevent stoppifiound logistics (warehouse) has improved by more than
customer production lines (carmakers) and bear hudé percentage points (more than 18% in relative terms) in
penalties. Being agile and finding the right balancenly 11 months_ with 3 of the 4 process-related materials
between process standardization (cost-efficiency) affceeding their target performance levels (by 2-4
integrating new projects (business opportunity) witRercentage points). Implementation of the EWM has
current operations already running close to full capacif§oosted the company’'s performance on all levels, as
makes achieving overall competitiveness challengir@vailability has increased by more than 60%, performance
(short and medium term). On the other hand investigatify around 10% (actual levels are within the set targets) and
the possible outcomes of integrating advanced machifigality has risen by 5 percentage points. The OEE rating is
learning algorithms could be an insightful future researdfus 12 percentage points higher after implementing the
topic. Machine learning algorithms incorporate and handiéw additional data management system, validating the
real-time complex datasets (while also automating trglevance of an improved process flow performance
process) and could source superior demand forecastiignitoring system with real-time, reliable and accurate
accuracy. Dynamic inventory optimization based on leaépta integrated within a customized ERP system. Based on
times could prove to be relevant, as adjusting inventokpese results some possible further research areas could
levels based on real-time lead time data and suppligiudy advanced predictive analytics within the EWM's
performance fluctuations would also explore the feasibilitgutomatic - replenishment module such as material
of collaborative forecasting with the OEM's key supplierscriticality, lead time variability, potential cost implications
In terms of capacity management multi-tier storage optio®§ stockouts or excess inventory and suggest dynamic
such as automated storage and retrieval systems (AS/R&)rder points for critical materials (optimizing reorder
could significantly improve warehousing space utilizatiofoints for e-Kanban). Furthermore, to strengthen process
and should be a reliable Option fdynamic Capacity rellablllty and a seamless flow of gOOdS (jnbound and
allocation based on product characteristics and demawhin the factory) real-time data analysis could be
patterns. integrated within the current EWM. Analysing sensor data

OEM 2's main challenge lies within accurateto predict equipment failures and scheduling preventive
forecasting and balanced production planning scheduf@aintenance can be leveraged to minimize downtime and
With no external warehouse and a distribution cent@sruptions in the production flow would increase
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availability to some extent. Increased machine availability system dynamics in a closed-loop supply chain,
would also enable real-time data to shift job priorities and Transportation Research Part E: Logistics and
optimize production sequencing, increase throughput of Transportation ReviewVol. 175, No. July, 103150,
potential bottlenecks and resource allocation, ultimately 2023. https://doi.org/10.1016/j.tre.2023.103150
maximizing Overall Equipment Effectiveness (OEE).  [10] SAHA, A., PAMUCAR, D., GORCUN, O.F,
MISHRA, A.R.: Warehouse site selection for the
automotive industry using a fermatean fuzzy-based
decision-making approachExpert Systems with
Applications  Vol. 211, 118497,  2023.
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Abstract: The article deals with increasing the efficiency of logistics flows for the area of storage and picking. The aim

of the processed study was to focus on the analysis of logistics activities and processes, the state of supply and inventory
management. An assessment of the effectiveness of the introduced information system at the selected warehouse was
carried out, which led to changes in a positive direction in the very process of storage and management of special products.
The study presents the design of variants, the selection of the optimal one using selected decision-making methods and
the introduction of a new warehouse system, which leads to the efficiency of the entire storage process in the NPI (New
Product Introduction) warehouse. The output of the study is also the implementation of the selected variant into industrial
practice, which is declared by the elaborated project of the introduction of the selectedMagianicle is a contribution

related to the process of implementing a warehouse and picking system for specialized material items.

1 Introduction Logistics is a very broad field that largely affects the

Supply chain logistics combines two basic processedoper operation of the entire company. As long as all
The first task of supply logistics is the actual supply. logistics activities work correctly, we hardly notice
combines physically executed operations and processegistics. But we will realize its importance the moment
such as receipt and transport of goods, planning aAfY Problem suddenly arises, be it during supply, storage,
management of warehouse operations and, last but RétShipment of goods. The effects of bad logistics can be
least, controlling the flow of information and material$erious for the company, in some cases even liquidating.
within the logistics operations. The general objective dfor these and other reasons, more and more emphasis are
supply logistics is identical to the overall objective oPlaced on logistics in companies [1,2]. We rank warehouse
logistics, namely, to reduce costs and increase tAg@nagementamong important parts of logistics as a whole.
efficiency, fluidity and flexibility of logistics. The second ~ Logistics deals with the overall optimization,
area of supp|y |Ogi3tics is focused on market ana|y5i§pordination and synchronization of all activities, the
monitoring price trends, searching for the optimal suppliéhains of which are necessary to economically achieve a
as well as establishing a favourable relationship betwe8iven final result [3,4]. The logistics system as a whole
customers and suppliers or negotiating adequag@nsists of three subsystems:
contractual terms. It can therefore be said that this part of*  Material system — this includes material records,
supply logistics is directly focused on procurement. material security management, implements material
Purchasing is increasingly conditioned by the collection flow.
and analysis of information from markets, suppliers and *  Information system — works with data on the
competitors that lead to developing particular supply previous, current and expected state of the material
strategies. flow.

Strategies represent the planning and management Management system — processes information at the
processes of logistics. Thus, in the market, a venture can  point of origin in real time. The effectiveness of this
either adopt a strategy of active positioning (an active management is influenced by the quality of
effort to seek the best terms and agreements in the market) information, its availability and timeliness.
or it can afford a passive strategy where the market itself
can offer the best terms and conditions. The choice of More and more demands are placed on the optimization
strategy and the market position depend on a large numbér stock levels. In the case of optimal inventory
of factors and on the actual goods or materials and hermanagement, costs are not the only aspect we follow. For
on the type of market and its competition. each company, it is necessary to assess the way of
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inventory management individually. Each company hgg  Methodology, case study

different economic Conditions, different inventory Each enterprise has its own Specific purchasing goa|S,
management and valid legislative standards of the countgy own purchasing policy and uses different procedures for
in which the economic activity is carried out. It is importanthe procurement of input materials depending on the nature
to observe the following aspects to determine the right the manufactured products, the size of the enterprise, the

strategy: distribution of suppliers and the technical equipment of the
+ degree of processing of the item (productiornterprise. In the investigated company, the inventory
stocks, unfinished or finished products), management system is closely monitored. Inventories are
+ type of demand (dependent, independentreated in centers directly related to production or
trending, seasonal), shipping, from the material itself needed for production,
+ the place in the company's material flow wher¢hrough stocks of unfinished production to final products.
the stock is currently located, In general, the supply process consists of sub-activities
» types of stocks according to ABC classificatiorsuch as purchasing or ensuring inputs into the production
(XYZ) analysis. process, then transport to the warehouse and storage itself.

All the company's activities are elaborated in detail in the
Warehousing is an important component of the enti@mpany's internal directives, defining the goals, powers
logistics process of the company, and logistics managersd responsibiliies of individual employees, and
are well aware of the need to improve the productivity afpecifying the exact procedure for the course of individual
warehouse operations. This can be done in many wagstivities in the company.
Most often, system-oriented programs are used for this
purpose (they directly affect the way different elements &1 Purchase
the logistics system interact) or programs based on Ensuring materials for the smooth running of
motivation (employee training, rewards, bonuses) [5-7production is an essential basis for early and complete
Optimizing warehouse processes in an economic sensaasisfaction of customer requirements. The entire shopping
not a priority for the company, because it does n@rocess inthe company is ensured by the so-called material
fundamentally affect the value of the product, as thelanners whose task is the purchase of incoming
storage processes produce only a few activities that adldmponents, including the incoming inspection of these
value to the product. The main reason for the emergencecoinponents. The purchase of material is carried out on the
various problems in the warehousing process is the fact thaisis of a pre-approved production plan. Special
there is no standard in this area from which businesses eamponents and material for special production are always
base themselves [8-10]. Therefore, if a company wantsdedered in exact quantities, according to customer
start optimizing its warehouse processes, it must firséquirements, as the price of these input materials is always
analyze them, specifically create: higher than for mass-produced components.
» analysis of efficiency and productivity of work in
warehouses in terms of increasing and reducirg)2  Transport to individual warehouses
costs. The most suitable solution is the automation Ensuring the transport of input materials to the
of warehouse operations, company's external warehouses is carried out by several
+ performance analysis between supply anduppliers, i.e. different external transport companies,
customer chains within the selection of a suitabldepending on the countries from which the goods are
storage system and integrate this system into tloedered.
material flow. Within the framework of suppliers from the EU, trucks
with a transport time of approx. 7 days are used as a
However, many causes of excess storage can $tandard for the transport of materials and components.
relatively easily eliminated with the help of modernThe second option is vans, which is a faster method of
technologies or at least significantly reduce their impact dransportation, but is not used as a priority. In the case of
the costs and efficiency of the company's productioan emergency, it is possible to provide a supply to the
Increased visibility in the logistics chain can lead to greatarternal warehouse within a maximum of 24 hours, if the
efficiency in all processing activities. The introduction ofjoods are available at the supplier's warehouse.
automation into the storage process makes it possible to From Asia, the transit of material is primarily carried
obtain real-time information about stocks, as well asut by ship transport, as this type of transport is the
information about the state of progress and storagheapest. The delivery time is approx. 8 to 10 weeks, but
locations, etc. This system allows companies to gasince production is planned well in advance, or for a longer
control over all activities in the warehouse and thugeriod of time, a longer delivery time is no problem. The
significantly increase the overall productivity ofsecond option is train transport, which has a transport time
warehouse activities [11-14]. of about 4 weeks and is used occasionally. Exceptionally,
a special flight can also be used, which is of course a
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financially expensive matter, therefore it is used only im what quantity must be moved to the production hall on
necessary urgent cases. Transportation from the exteraabpecific production line. This process is carried out
warehouse to the internal warehouse takes placentinuously by several suppliers, each with specific
continuously, and the company uses the services of emmponents and specific production lines. On the return

external company for this. journey, warehouse workers collect empty containers and
store them for a certain time in the company's internal
2.3 Storage warehouse. Other employees of the warehouse have the

Warehouse management in the company fuffills at@sk of collecting full packaging boxes with finished final
important role as an intermediate link between productigeroducts from individual lines, and also store them in the
and consumption, so it is part of the logistics chain in tHeternal warehouse.
company. Warehousing is a set of activities including the
receipt of material into the warehouse, connected with The flow of packaging, materials and final products:
incoming inspection, storage and issue of material. The customer sends empty packaging to the packaging

warehouse, which is checked, cleaned, weighed, prepared

Main external warehouse:The warehouse serves forand then shipped to the internal warehouse in the required
the accumulation of supplies of input material from variouguantity based on the report from the production plan.
suppliers, the subsequent sorting and repackaging of ingutere they are unloaded and subsequently delivered to
components. According to the production plan, thndividual production lines in accordance with the
warehouse management system (MHS) evaluates the ng&eduction plan. Full packaging boxes are concentrated in
for material and components for the next 24 hours. Basgd internal warehouse, where they are checked and
on this request, the necessary material is dispatched to Weighed. If necessary, e.g. when the scale does not fit, the
internal warehouse number of pieces of components in individual boxes is

recalculated. Boxes that are in good order proceed to the

External packaging warehouse:The warehouse is next process, they are either stored for a certain time or, in
used for packaging material, or packaging for finished fin&ihe case of urgent orders, they go directly to export for the
products customer. From there, the empty packaging is returned to

the external packaging warehouse.

Internal warehouse: It is located right next to the
production hall in the main building of the company. It is NPI department in the company:NPI is a department
used to store materials needed for planned production foat, based on specific requirements from customers, is
the next 24 hours. At the same time, it also stores serfgsponsible for introducing new products into NPI/New
finished products, but also finished products waiting to Béroduct Introduction production. In this department, the
shipped to the customer, so it also has several zonegsponsible employees deal with both the technological
Internal warehouse is equipped with rack systems wigssessment of the production process and the quality of
narrow aisles designed for storing large and medium-sizétese new products, as well as the material flow of
components. Small components are stored in KARDEXomponents that do not yet fall into the phase of serial
AND MODULAA4 lean lifts. In addition to these systems,production, and thus must be specially marked and their
the warehouse also has drop gravity stands, so-called Kapplication in production must be separately registered and
Ban, which also contribute to the smooth and efficient us@isured. Project leaders are responsible for all ongoing
of warehouse stocks. Each type of material has a precisplpjects in this department, who are responsible for the
determined position/shelf where it should be stored. entire course of individual projects. Project processes are

The MHS stock management system is also used in thi@naged by process project engineers who are in charge of
internal warehouse, which continuously evaluates the negigecifications, installations, but also deal with all design
for material according to the production plan and accordirglements of manufactured products. Project coordinators
to the current consumption of the given material oare in charge of all logistical flows within individual
individual production lines, performs automatic materiapngoing processes (Figure 1), whether they are ordered
consumption on the production lines. If necessary, tf&@mponents needed for special production or already
system will send a request to the internal warehouse, whigtanufactured products. The NPI department also has its
type of material from which position in the warehouse an@Wr(lj experts to assess the quality of manufactured special

products.
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Figure 1 Flow diagram of the storage process in the NPl warehouse

2.4  ldentification and description of the main It happens that the material remains only on the

identified problems transport cart or is stored on the shelf without being entered

The main identified problems: into the MHS database. This happens when the
identification label is not written completely, it lacks

« Manual writing of identification labels essential input data, e.g. the number of the technician who

We consider the biggest Shortcoming in the Nerduced the gi_ven SBR batch. ThUS, the material cannot
warehouse to be the fact that the labels containing the diga thoroughly identified, and this later causes various
on the manufactured SBR products are written by hand Bjoblems.
the employees. With this manual form of writing out
identification labels, various errors may occur during the *  Insufficient identification system of SBR
receipt, storage and issuance of NPl material, which the products
worker may not notice. Inaccurate material identification The lack of an automatic NPI identification system is
based on inaccurate or erroneous data on the ladélt by the department mainly during inventories.
inaccurate allocation, result in error rates. Deficiencies caused by out-of-date product data are

regularly manifested, where the actual status does not

« Incorrect and incomplete data on identificatiorforrespond to the status in the company's MHS system.

tags There is an inability to identify and locate components.
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Many shortcomings are caused by the human factor. Since
the SBR number is written manually and is not inthe MH3,5  Proposal of a solution for streamlining

system, a physical check directly in the warehouse is inventory management and implementation
necessary to solve any problem. of the sdected variant
Implementation of the Kardex Shuttle storage

* Lengthy and inefficient inventory svstem

s
In the warehouse, there are regularly products that, fo¥ The new system designed by KARDEX consists of 1

various reasons, were not properly stored and identifieardex SHUTTE vertical elevator module with a single

that is, they are not in the company's MHS system. Th@cess opening for the dispatch area. The new solution

inventory takes an average of 4 days, so it is lengthy apch ires only 13.5 m2 of space to store more items than in

inefficient at the same time. the original warehouse. The vertical elevator module
o ] would be located directly next to the production hall like
*  Insufficient capacity of the NPl warehouse  {he original premises of the NPI warehouse (see Figure 2),

After conducting an analysis of the current situation it it would occupy much less space.
the NPI warehouse, it was found that the storage of The jntroduction of this option would not require any
materials and stock of special products in the NRhiervention inthe building or other construction work. The
warehouse was inefficient, limited by the capacity of thgmy modifications would be related to adapting the

warehouse space, and also due to the accumulation of hailztrification and freeing up space for the new storage
to-identify items, there is less and less room left in thggqule.

warehouse for handling them. Material also accumulates in pg part of this solution, we could increase the capacity
the parking IN zone. Thus, work becomes increasinglys the NP| warehouse by up to 38%. One of the biggest

inefficient and the possibility of error increases. advantages of this variant of the solution is the possibility
., - of streamlining the storage process in the NPI warehouse
*  Unsecured "parking” zone with new warehouse software.

It can be accessed by every production operator, but
also by all other employees who have the competence to Advantages:
get into the production hall. It is not possible to checkitin saving space in the production hall,
any way, so it sometimes inadvertently happens that , increasing the capacity of the NPI warehouse,
special SBR products are used from it for mass production improvement of the storage process with new
and thus become devalued software,

» improved ergonomics when handling goods.

» Presence of excess stock

While performing the analysis/inventory in the NPI Disadvantages:
warehouse, we found that a significant number of products ., pe necessity of training employees,
and stocks could not be identified, we could not prove their .,  the need to prepare a place for the new system.
need for future planned SBR production, or they were

already after the date of planned production or shipmentto The Kardex Shuttle is the most efficient way to keep

the applicant of this special production batch. parts safe, clean and organized in a very small and compact
space. It allows loading up to 480 kg on one shelf. The
*  Redundant movements of workers installed KARDEX module includes 34 such shelves,

When dealing with various situations and problems thaf, re 3.
occur on a daily basis, it is necessary for an employee ofg

the NPI department to physically check SBR products
directly in the warehouse.
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Figure 2 Layout of the production hall with markings of the proposed KARDEX module
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Figure 3 The final arrangement of the shelves in the KARDEX system
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2.6 Design of anew form of identification labels  into account, while the practical experience of the
When designing the new form of identification Iabelsemployees of the company's NPI department was als_o
all identified deficiencies on the original labels were takebased on it. The design of the new label can be found in

Table 1.
] FI ]
U | son a7 eanr INTNERTINIY R
1OTO00B6558T4
SBR NUMBIR Test UNE TEST
PART NUMBER 999999.9999 PID 117161
CREATE MATERIAL: INM 'MWW I‘ DATE 12/14/2022 6:15:26 PM
Wi /]
QUANTITY 100 BOX TYPE 3 GOLDEN

Table 1 The new form of the identification Iab'el

The most important change in the new storage systeRpwer Pick information system offers this option. The SBR
and for streamlining the functioning of the NPI warehousepde is located on the new identification tag and can be
is that it contains the SBR code of the material (Figure 4gad directly with a scanner.
which could not be entered into the MHS system. The new

Material Aktu I SBR ID Kontajner Pofadové & X/ Bin datum naskladné
® ® @ fH 2= ® ® ®

847321-0007 4 FH35 1070008651008 4 2 CHRA 06.12.2022
904105-0009 17 FHA47 1070008770138 14 1 SWA 12.01.2023
904105-0009 32 FH47 1070008770134 14 1 SWA 12.01.2023

Figure 4 The items in the new Power Pick storage system

The main benefit of the introduction of the new storage The system provides simple storage and collection of
system is the streamlining of the inventory process in tlypods, warehouse management, spatial management,
NPI warehouse, but also of all other processes relatedréporting and simple management of user rights. More than
the SBR procedure at the NPI department in the compamds additional options include advanced reporting,
The purpose of the introduced system is, among otheatching, kiosk storage, label printing, SAP integration,
things, to simplify the supply of NPI products on theserial number handling, weight management and zone
production lines and more clearly record the stock of thebandling. Thanks to the new storage system in the NPI

products. warehouse, we managed to achieve the following benefits.
+ elimination of excess stock,
2.7 Stock software Power Pick * reduction of redundant movements and work,

Above all, the inventory management solution must be «  more efficient and faster inventory execution,
simple with a clearly structured process and minimize the «  streamlining the storage process by scanning,
risk of errors in all tasks. Power Pick Global warehouse . streamlining the storage process by scanning,
management software from KARDEX s. r. about. meets increasing the storage capacity of the NPI
these requirements, increases accuracy, efficiency, safety warehouse,
and flexibility, optimizes storage in combination with saving floor space,

KARDEX machines, Figure 5. » improvement of workplace ergonomics.
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Figu-re 5 The afrangemeni of CHRA boxes in the KARDEX system _

Evaluation of benefits » elimination of excess stock,
e streamlining the storage process by scanning, « reduction of movements and work,
» more efficient and faster inventory execution, « saving floor space,
» increasing the storage capacity of the NPI « improvement of work ergonomics.
warehouse,
* improvement of control management in the NPl Financial benefits are processed in Table 2.
warehouse,

Table 2 Financial benefits from the implementation of new system

[Before 1s¢ 4,5€ 837-€ 10044¢€
PAierN 32 4,5€ 144- € 12 1728€
|bifference] 154 693,- € 8315€

3 Conclusions such as AIDS, RFID and RTLS. Such software and

The analysis of the processes resulted in specifi@rdware system implementations offer: _
outputs with the definition and evaluation of the ¢ increased control over warehouse operations,

shortcomings of the warehouse system implemented in thee  control over the flow of materials, equipment and

company, and possible variants of solutions to the manpower,

identified problems were proposed, which will contribute * increased work efficiency,
to increasing the efficiency and effectiveness of storages increased storage capacity,
through introduction WMS. The main mission of the WMS «  reduction in operating costs,

system is to manage and visualize data flowing from the.  reduction of failure rates in material operations such

warehouse in real time. S as dispensing and receiving,
The system works as a stand-alone application, i.e.. increased organizational efficiency in storage.
software with complete or partial configuration options.

The information received on operations, or the flow of The implementation of WMS is initially costly in both

material, equipment or people is provided by technologig$ne and money. Metrics have been introduced to make
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decisions about investing in a WMS system that afé] KNAPCIKOVA, L., BEHUNOVA, A., BEHUN, M.:
directly tied to the business strategies and financial Using a discrete event simulation as an effective
capabilities of the enterprise. The metrics include three method applied in the production of recycled material,

main categories, namely: Advances in production engineering & management
1. order fulfilment, Vol. 15, No. 4, pp. 431-440, 2020.
2. stock management, [6] GLOVA, J., MRAZKOVA, S., DANCAKOVA, D.:
3. productivity. Measurement of intangibles and knowledge: an

empirical  evidence, AD  Alta-Journal  of
Setting such conditions serves as a justification for interdisciplinary researchVol. 8, pp. 76-80, 2018.

investment and constitutes the first step in [7] FEDORKO, G., MOLNAR, V., HONUS, S,
building a WMS. Placing the right emphasis on specific NERADILOVA, H., KAMPF, R.: The application of
requirements helps in optimising the simulation model of a milk run to identify the
potential design of both the system and the technologies occurrence of failures,International Journal of
deployed in the space. Simulation Modelling Vol. 17, No. 3, pp. 444-457,
2018. https://doi.org/10.2507/13SIMM17(3)440
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Abstract: The aim of this study is to analyse and evaluate the order picking process and the transport of products to
customers, taking into account the specific characteristics and potential of small and medium-sized industrial enterprises.
Scientific standards and selected indicators for measuring the efficiency and quality of transport and order picking
processes were used to achieve the intended objectives. The research was conducted in a small, family-owned
manufacturing and trading company specialising in the production and sale of wrought iron finishing elements and fences.
The analysis covered both internal and external transport processes. It was shown that the order picking process in the
studied company is largely based on manual procedures, which, despite high precision, generates time-consuming
activities related to the movement of warehouse employees. External transport efficiency indicators showed high
efficiency and appropriate use of transport resources. The high quality of deliveries, as measured by on-time and reliability
indicators, confirms customer satisfaction. The study was conducted in one company, which is a limitation. Future studies
should include more companies from the same sector. Proposed improvements need to be verified sometime after
implementation and solutions resulting from data analysis can help SMEs in similar industries to improve their logistics
processes. The work brings a new approach to the analysis of order picking and transport processes in the context of
SMEs, providing practical solutions and indicating areas for further research. It is aimed at logistics managers, researchers
and practitioners interested in optimising logistics processes in the industrial sector.

1 Introduction * Releasing the goods, i.e. loading the products onto
In an era of fierce competition, the activities of business the means of transport.

entities are not only limited to production, delivering

products to the target market, but also to achieving the Finished products arriving from the production line are

desired sales volume, maintaining proper relations wilabelled with the product symbol, name and, in the case of

suppliers and customers [1]. Close cooperation witfn individual order, its number and customer data. Such

suppliers and with the distributor is required. Bottabelling facilitates the storage and, above all, the release

procurement and distribution are closely linked to thef specific products for picking. In theory, the following

transport of materials, raw materials or finished good/pes of picking are distinguished, i.e. the preparation of

Without properly functioning transport, it is not possible tdinished products for dispatch, according to the according

run any business. The organisation of the transport procé@ghe order [6]:

has a significant impact on the logistics process, the fluidity *  Simple picking: one person carries out a single

of the logistics chains. Whether in warehouse management, order.
production or finished goods transport, transport plays an ¢« Combined picking: combining individual orders
overriding role. into picking lists.

One of the basic processes in the finished goods « Zone picking: picking of an order from a
warehouse is order-picking, which involves taking specific particular zone by one worker.

types and quantities of products from the storage areas and
combining them into one separate unit [2,3]. This will then The analysis undertaken of the process of order picking
be transferred to the release area for transport to thed transport to the final customer, concerns a

customer. manufacturing and trading plant belonging to a small,
The following movements are carried out in thdamily-owned enterprise located in Poland, in the Silesian
finished goods warehouse [4,5]: province, in the city of Gstochowa. The company was
* Receipt of finished goods from production. founded in the interwar period and operated as a
» Unloading of the products: transfer to the storagelacksmith shop. In 1992 it was transformed into a
area. company, and the company is currently managed by one
« Configuration of the corresponding sets oPwner. The company is involved in the production and sale
products, according to the order (picking). of wrought iron home finishing elements and complete
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wrought iron fences, including the installation ofhighlights the importance of addressing specific industry
automation. The company's development is evidencezhallenges and implementing innovative solutions to drive
among other things, by a systematic increase in the rarggsiness growth and competitiveness.

of products directed and tailored to the needs of the

individual customer. An example of customer-oriente@ M ethodology

production is, for example, the realization of individuab 1 Research background - the company's
orders for armor and knightly weapons. The production transport infrastructure

and fulfillment of such orders is niche in Poland. The transportation infrastructure of a plant is closely

In the selected company, stra|ght picking is used, \.Nh'(fgl ted to its characteristics and activities. First of all, as
means_that one warehouseman p[cks the goods for dispgichiyioned in the introduction, it is a production and
according to the order. In addition, a 'man to produgf

ki . 4171 Thi i based he f ommercial activity. The plant carries out external and
picking system Is use [7]. This system is based on t e rnal transportation tasks. External transport is carried
that it is a man who reaches the storage area for a particygy

d icks it and . he picki 8 to a small extent, only for its own needs. The
product, picks it and moves it to the picking area [8]. -entrepreneur owns two delivery trucks. These are Opel and

The results of the authors' research show that there ig @it tarpaulin vans with a capacity of up to 3.5 tons. If

lack, especially in Poland, of effective tools describing thﬁecessary, the tarpaulins are pulled down. One of the

order picking process with concrete examples. In additio,ijes is a 2018 version of the Opel MOVANO. It is
there is a shortage of commercialization of practicgly,iacterised by relatively low fuel consumption. It can

solutions to support the management of this process ddcommodate 8 to 10 pallets. The other vehicle is a 2014

order to optimize the activities of companies in the Sa”?i?einault Master 2.3 dCi, which can also accommodate up

indu;try. Most often, thege_topics are discusseq in.a 9ENGIA10 pallets. Both vehicles are leased. The vehicles are
way in the context of logistics processes [9,10] i.e.: plcklnlg‘ainly used for supplying the plant. Materials are

process optimization [11.]’ picking automat!on_ [12-14] 0 elivered, semi-finished products intended for the
inventory management in the context of picking [15,16},,4,ction of products. Transportation is carried out over

AISO af.‘a'ysed are exe_lmples of the. |mplgmentat|on ort distances. All materials are purchased from suppliers
innovative  solutions in  the handling infrastructurg, gjesia Malopolska, or Swietokrzyskie provinces. First
improving thg Q|scussed process [17], IT systemg all, steel, stainless steel and, in insignificant quantities,
supporting picking _ Processes [18,19] or Worklr‘%Iuminum, paints are delivered.
conditions in goods plgklng processes. . The plant cooperates with wholesalers based in
Therefore, the motives for taking up this topic were: . qi0chowa. The short distance between suppliers of steel
* The relatively small number of studies on t,hEroducts contributes to the low transportation costs for
Polish and foreign publishing market concerning,,jies. The number of deliveries per month is variable
the order picking process in manufacturing,nq gepends on the volume of orders. The vehicles also
companies in the forged fencing sector. handle product deliveries to customers. In the case of a
* The lack of a set of practical solutions in thgarge order, customers carry out the pickup with their own
context of order picking. transport. Such a decision by the plant owner is due to
 The lack of scientific and research publicationgconomic reasons. Recipients of the products are not only
analysing order picking on specific examples. small locksmith stores, but also large chains of
construction stores, which receive large quantities of
The purpose of this study is to analyse and evaluate thgyducts of varying dimensions (spans, or handles). The
process of order picking and transportation to thgrganisation of external transportation above 3.5 tons is the
destination, taking into account the requirements angsponsibility of the recipient. The owner would have to
potential of small and medium-sized industrial enterprisegant the means of transport (a set of tractor and semi-
The authors' analysis identifies a gap in research on orggfjler), which would involve significant costs.
picking processes, particularly in the SME manufacturing |ntra-plant transport refers to the short-distance
sector. It highlights the need for practical solutions anglansportation of raw materials for production, inter-station
commercialization of tools to support the management afénsport and to the finished goods warehouse. Its task is to
optimization of order picking, especially in an industrysynchronize the flow of goods in the production cycle. The
such as wrought iron fencing. organisation of internal transportation within the plant is
The research results presented will contribute to thgjapted to the specifics of production. It makes the flow of
development of a remediation plan to improve ordejoods take place safely and at low cost. Transport of
picking and external transportation processes. Practi¢ahterials or finished goods is carried out along the shortest
solutions from the data analysis can help SMEs in similgsytes, using forklifts. The plant is equipped with five
industries improve their logistics processes and overadkifts. Due to the parameters, the plant has purchased
efficiency. This opens the way for further research in ordejj|| brand forklifts, which can carry loads of up to 8 tons:
picking optimization, transportation logistics and supply
chain management, especially in the context of SMEs. This
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* Model RX 50, which is particularly suitable for course of the production process. This is because the
unloading and loading cars and transporting palleggoducts are delivered at the right time to a specific
in the warehouse, delivering components tgosition. There are then no unforeseen interruptions.
workstations, makes it possible to transport loads of Another type of transport is small overhead cranes,
up to 1.6 tons in narrow spaces betweewhich allow the transportation of large elements, such as
workstations (2 units). railings, balustrades, gates, fence spans for powder coating.

« Model RX 60 makes it possible to transport heaviainting is preceded by cleaning the welded elements from
loads of up to 8 tons, is used for loading anémpurities. The plant has an automated washing station,

unloading of trucks (1 piece). where metal parts are cleaned of grease and protected
«  Horizontal compliment cart model OPX 20/25, withagainst corrosion. Paint (powder) is applied to the thus
a lifting capacity of up to 2,500 kg. prepared surface in a spraying manner.

«  Horizontal stacking cart OPX D 20, characterized Depending on the order, the elements are painted in
by minimal twist, load capacity up to 2 tons. different colors. The parts are then sent to an electric paint

oven, where the paint is cured. The painted parts are heat-

They are used already at the time of receipt of loads irfg@ted for about 20 minutes at a temperature of about 200
the raw materials warehouse. Unloading of vehicles fs The paint coating makes the metal parts resistant to
carried out using forklifts. These are electric forkliftsMiSture, temperature changes, UV rays, chemicals, and,
which do not emit exhaust fumes into the environmer@P0Vve all, to corrosion and mechanical damage. These
Batteries are fully sufficient for eight hours of single-shifPrOPerties are important for products that are used in
operation. Delivered goods are transported by forklifts fg@tural environments. Painted components are subject to
the designated location in the raw materials warehouse. Aftailed inspection and then transported to finished goods

raw materials are stored on pallets for quick movement. yrehouses. When discussing internal transportation
addition, two HPS hand forklifts are used at the plant. Issues, it is also necessary to characterize roads, storage,

Due to the nature and variety of production“”'oading and loading points for raw materials/products.
transportation is carried out from the warehouse t’ghe maneuvering area provides a safe approach of vehicles

individual stations. There are distinguished positions fdP the unloading or loading ramp. Intra-plant roads are of
the production of balustrades, railings, gates, in addition f§t€quate width to ensure maneuvering of vehicles. The
the production of details (decorative knobs, letter&N@in roads are 1.5 to 2.0 meters wide. However, between
numbers, etc.), handles, hinges, building managemeH#glions up to one meter. Larger distances are between
systems, paint shop. This organisation of workstations fidividual departments, i.e. the warehouse, the production
due to the diversity of production technologies. Intern&€ction, the paint shop and the finished goods warehouse.

transport is shuttle, which means that a forklift delivers ah€S€ distances take into account health and safety rules,
agncludmg fire safety. It should be noted that the roads are

particular material to a particular workstation. On the w; ) ,
mooth, without thresholds, marked in yellow. The speed

back, it picks up waste. : ,
Pallet trucks are mainly used for shifting pallets with afRf intémal transportation means must not exceed 5 km/h.

insignificant load All forkiifts and pallet trucks have theEMPloyees use the intemnal parking lot, the location of

necessary technical documentation, which allows them Yglich does not impede the entry and exit of external

be serviced. Due to the plant's single-shift operatiof@nsport vehicles. The length of the ramp and door

batteries are recharged after eight hours of use. openings ensure the free reception and transfer of loads.
The use of forklifts is higher in the situation oftift gates are used - segmented.

transporting raw materials to the warehouse, as well as .

during car loading. On the other hand, the use of forklifé-2 Research methods and material

processed. It should be mentioned that the plant has Pf@cess of order picking and transportation to the

overhaul downtime during the year. Production takes plag€stination, taking into account the requirements and

cyclically in one shift. Hence servicing, technicapotential of small and medium-sized industrial enterprises.

inspections of forklifts take place successively, so that tHdis main objective required answering the following

plant is not deprived of means of internal transport. research questions: o _

Thanks to the delegation of authority, each person 1. Whatis the organisation of mterngl and external
operating a particular forklift is responsible for its proper transport in the company in question?
use, controlling its technical condition, as well as its daily 2. How is the picking process carried out in the
operation. He or she is responsible for entries in the company?
equipment records of maintenance performed, fluid 3. How is the transport of finished goods to
changes, tires, etc. Delegation of authority also promotes customers organised?

the economical use of means of transportation. The correct

organisation of internal transportation promotes the proper In order to obtain answers to the questions posed, a case
study was selected as the research method. The research
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(A

tools used were - a direct casual interview with the ownere  Scanning the code from the label of a particular
of the company and a critical analysis of documents product.

provided by the company under study. The interview was«  pijcking up the particular product and transporting
conducted in July 2022. The analysis of procurement (transferring) it to the picking location.

documents covered the entire year 2022.

Selected indicators were used to measure the A warehouse is a place from which finished products
efficiency and quality of transportation and picking. Theyre manually retrieved by a designated warehouseman.
data obtained allowed the calculation of externabych a solution requires the allocation of adequate time not
transportation costs on a monthly and annual basis. Thgly for finding and retrieving the product, but also for the
originality of the presented material lies in the developmefiovement of the warehouseman. The order picking
of a recovery plan for the picking process. The collectiogrocess is often time-consuming. Figure 1 shows the
correctness index was calculated to measure th@rcentage of individual operations that constitute the
correctness of product picking. A measure of thgicking process.
correctness of the completion of products is complaints of
non-conformity with the customers' order, i.e. th
collection correctness index. For this purpose, tt
following formula (1) was used:

cc=? ) ‘ .
2%

T 1
ICC - Correct collection,
N - Number of improved orders completed,
T - Total orders completed.
The indicator value for the six warehousemen involve
in picking and shipping products for 2022 is presented. Tl
efficiency of the process of transporting goods to tt
recipient was also diagnosed. For this purpose, selec
indicators were used, i.e: Retrieval = Process Organization
+ Vehicle utilisation rate k,,.

+  Technical readiness index of rolling stodk;-
¢ Vehicle time utilisation ratekhp_ Figure 1 Picking process - % share of individual activities

+  Utilisation rate of technically fit vehiclek,,,.
* Vehicle load space utilisation ratez;,.

= Movement = Searching

= Other

Analysing the data presented in Figure 1, it should be
noted that almost half of the time involved in picking an
order is the movement of the warehouse worker. This
3 Results person does not always use forklifts. In the case of orders

Simple picking is used in the company, which mearfer details such as handles, hinges or other small items, the
that one warehouseman picks the goods for dispat@arehouse worker moves between the racks on foot.
according to the order. In addition, a 'man to produdbespite the use of automated warehouse handling (RFID),
picking system is used [20]. This system consists of a méhe retrieval period for product data is still relatively long.
reaching the storage area for a specific product, pickingTihe time taken to retrieve products varies, depending on
and moving it to the picking area [21-23]. Warehousemefe level of storage and also the location (shed). It is clear
begin the picking process when they receive thgat the fastest picking time is on the first level and the
preparation of goods for shipment. This order includes: |ongest on the highest level. It should be noted that the total

* An inventory of the products, including theirtime it takes to pick five products and transport them to the

characteristics. picking area is 4 minutes. It should be noted that the
*  Number of pieces (packages). average speed of the warehouseman is 5 km/h. His route is
*  The location of the products. optimal. Similar picking times occur when using forklifts

when the products are large and heavy. The picked goods

In cases of small orders, picking of goods is don@reé moved/transported to the picking area. There, the
manually. The warehouseman delivers the productéarehouseman assembles the goods. The organisation of
according to the order to the picking point. As mentione®icking takes place according to the order of shipment,
he carries out only one order. The process of picking(ﬁdel’ by order. Small-sized goods that are on the order list

single, specific product consists of the following steps: are stored on pallets and then protected with foil or packed
«  Scanning the storage location code. in cardboard boxes. Once all items have been completed,
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the prepared goods are handed over for dispatch to thigh the customers’ order, i.e. the collection correctness

customer. Associated with picking is the quality ofndex.

shipment preparation. The correctness of the completion of The Table 1 below shows the value of the indicator for

the products is measured by complaints of non-conformitfie six warehousemen involved in picking and shipping
products for 2022.

Table 1 Collection validity index

No. of Number of correctly Completed orders Collection accuracy rate
warehouseme completed orde
1. 8,37( 8,68( 96.4%
2. 7,75( 8,06( 96.1%
3. 5,58( 5,89( 94.7%
4. 8,624 8,93 96.6%
5. 7,32( 7,62¢ 96.0%
6. 7,54( 7,83( 96.3%

Considering the values of the indicators presented,dtistomers. External transport is carried out exclusively
should be noted that they are close, at just over 96%. Omijthin the country, primarily in the Silesian, Opole and
in one case, that of the warehouseman processing ttesser Poland Voivodeships. Thus, transport is carried out
smallest number of orders, is this indicator below 95%. Atver short distances. The task of the driver receiving a
the plant, each poorly executed order is analysed fomnsport order is to work out the shortest possible route.
products that were mistakenly completed. The mogtis task is facilitated by the GPS system.
common mistakes involve details, metalwork, handles. One vehicle covers an average route of 300 km in one
These products are produced in different assortment®y. There is rarely a further trip of more than 500 km per
colors, which can result in incorrect classification of thenonth. The cost of transport is:
product to the order. Analysing the mistakes made, it wase  Fuel consumption 9 litres/100 km, i.e. about 30

found that they are mainly due to lack of attention, litres per day x 5.5 PLN per litre: about 165 PLN
absentmindedness of warehouse employees. They mainly  (monthly 3,630 PLN, for two cars about 7,300
concern: PLN).
+ Taking the wrong number of products e Driver's remuneration including other benefits:
(inconsistency with the order). PLN 6,500 (two drivers PLN 13,000 per month).
» Taking products from the wrong place.
* Wrong storage. The monthly cost of fuel and work of two drivers is

PLN 20,300. When calculating the cost of transport, we
It should be mentioned that the plant accepts su¥ill also add:
complaints and sends the correct product at its owne Insurance including AC: PLN 2,500.
expense. Also, rechecking the order before sending thes  Depreciation approximately: PLN 2,000 per year.
completed cargo eliminates mistakes. Efforts should be.  Servicing: approximately: PLN 3,000.
made to improve order picking, through more effective use«  Tyre replacement: PLN 3,200 per year.

of IT systems. Correct labelling of products, proper storage,  iher expenses, e.g. vehicle washing: PLN 3,000.
will help to reduce the number of complaints. Incorrectly ' ’

completed orders incur costs due to complaints and 5, the basis of the data presented, it should be

corrections. In the plant, each wrongly completed order icjyded that the annual cost of external transport is PLN
analysed for products that were mistakenly completed. Thg7 300, Most funds are allocated to driver remuneration
picking process is completed when the transport unit i§,q fyel. In the case of delivery of products to the recipient,

handed over to the dispatch area. the cost of transport is mentioned in the product sales

The company in question does not organise extem@lniract. Drivers making deliveries on the return journey
transport if the load exceeds 3.5 tonnes. Transport of larg&jiiect raw materials from suppliers, which eliminates

goods is carried out (organised) by the ordering party itsegmpty runs. Managers also analyse the efficiency of

As mentioned, the main customers for the products ak&eral transport using selected metrics. These metrics are
locksmith shops, wholesalers, chain shops or individug},o\vn in Table 2.
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Table 2 External transport performance indicators for 2022

Metel Formule Indicator valu
. . T,
Vehicle utilisation rate ky, = T
-k o . c 0
P Ty — lifetime of the vehicle 83%
Tc —total inventory time
Technical readiness _ T,
. ; i =
|’?dex of rolling stock . T,+T, 94%
g Tu — time of use of means of transport
To — vehicle operating time, i.e. inspections and re
T:
Vehicle time utilisation Kpp = T_j
rate -k o ) P 84%
he Tj — driving time of the vehicle °
Tp — total working time
Utilisation rate of = T,
technically fit vehicle — up =1
y o Ty 94%
kup Tp — total working time
Tu—time of use of means of transg
v
Vehicle load space Wy = 71
utilisation rate P 9
Wop vi — volume of cargo to be transported 81%
Vp — the volume of the loading space of the means of trar

Considering the presented values of the indicators,dbout possible damage to the cargo during transportation.
should be concluded that their values are appropriate. Thae to the short distances between the manufacturer and
value of the vehicle utilisation rate - 83% - indicates austomers, the on-time delivery rate is very high - 98%.
significant use of vehicles for transporting products anbelays in deliveries may be due to road congestion caused
importing raw materials. Drivers are almost fully utilisedoy the construction of the €ztochowa bypass and the
for transport tasks. The technical readiness index also takesnection to the A 1 in Zbow (Silesia Province, Poland).
on a high value - 94%. The cars are relatively new, which
translates into their low failure rate. Linked to the vehicle Table 3 External transportation quality indicators for 2022

utilisation rate is the driver time utilisation rate. Th? Measure Formula Value of the
calculated indicator has a value of 84%. The drivers' total indicatol
working time consists not only of transport, but also af Delivery volume
loading and unloading. The good technical condition of theQuality  of | accepted by 97%
vehicles is evidenced by the high value of the technicallydelivery customers//total
efficient vehicle utilisation rate - 94%. delivery volum:

The lowest value was recorded in measuring the use liability of Number of advertised
the cars' cargo space. Cars can hold up to 10 pallets (ée.'a MY O geliveries/number  of 94%
cargo, but the order is not always that large. Manager elivery total deliverie

prefer to deliver cargo to a customer faster, rather than Waif. . Level of deliveries
for an order from another customer with a similar direction |mel!ness within ~ the agreed 98%
of transport. In the case of an increased number of cargp { delivery timeframe
waiting to be transported, they are consolidated onto a
single mode of transport. Based on the indicators Based on the data presented, it should be noted that the
presented, it should be concluded that the efficiency pfoduction and trading plant constantly analyses the
transportation is significant. The means of extern@fficiency of transportation, its use and the quality of
transportation are properly used. Another group afeliveries. Despite the modest fleet, the task of delivering
measures of external transportation concerns its qualiproducts to customers is carried out on a regular basis. Two
Table 3 shows the values of selected transport quald¢livery trucks fully meet the needs in terms of product
measures. deliveries, as well as transporting finished products to
Analysing the quality indicators of externalcustomers. A great convenience in the field of
transportation, it should be noted that they are very higfansportation is the fact that a significant part of the
and therefore satisfactory. The level of the delivery qualityroduction is received by its own transport by locksmith
factor - 97% indicates that only 3% of deliveries were n@ftores or wholesalers, construction stores. Such a solution

accepted by customers. Reliability of deliveries is at 94%f transport needs affects savings in terms of costs
which means that 6% were complained about by custometigurred.

In this case, it is not about compliance with the order, but
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Drivers, perfectly familiar with the routes safely delivetthe condition of goods after transport or speed of delivery,
goods to the indicated address. Each trip is made will allow a better understanding of customer needs and
accordance with the order. It is the responsibility of thenprove the quality of service.
drivers to properly secure the cargo, unload and control the Despite the competitiveness of the market, the plant's
quantity and type of transferred products in accordansérength is in delivering products in line with customers'

with the shipping documentation. needs. Modern tools, such as visualization of fencing
elements on the website and social media presence, can
4 Discussion expand the market. Offering additional services, such as

The challenges faced by SMEs in the manufacturir@ate automation and video cameras, adds to the company’s
sector primarily revolve around common difficulties insStrengths. In the pursuit of complete customer satisfaction,
effectively managing costs and processes, particularly inis important to continuously improve processes and
areas related to order fulfilment and transportatior@nalyse results at both the completion and customer service
Effective management of production processes, ord8{2ges.
fulfillment, and transportation requires continuous analysis Continuous process improvement and adaptation to
and improvement, which can be challenging for SMEs dichanging market conditions are crucial for the success of
to limited resources and capabilities. Implementinsmall and medium-sized manufacturing enterprises in
Strategies such as reusing packaging’ emp|oyt0dayls Competltlve business environment.
engagement, and adherence to transportation regulations is
crucial in the context of production. Leveraging moder® Conclusions
technologies such as route optimization and vehicle The study focused on the processes of order picking and
tracking can improve delivery efficiency. Continuoudransportation in the context of small and medium-sized
improvement of logistic processes is essential for thadustrial enterprises. It was demonstrated that the order
competitiveness of SMEs in the manufacturing sector. picking process, particularly in the examined production

The diagnosed company, which operates in the areaasfd trading plant, largely relies on manual procedures.
picking and transportation, faces the challenge of effectii@espite the manual nature of picking, the accuracy rate
cost management and process optimization. One of the lansistently indicated a high level of precision, averaging
aspects of cost reduction is the reuse of bulk packagirayer 96% for the involved warehouse employees. The
sourced from home improvement store chains argiudy identified efficient order picking processes; however,
wholesalers. The quality of picking, a key component of also highlighted challenges, such as time-consuming
the supply chain, is closely dependent on the human factactivities mainly related to the movement of warehouse
Inattention or absentmindedness on the part of employgersonnel within the facility. Despite the use of automated
can lead to errors and longer lead times. Employeearehouse handling systems, the picking time significantly
involvement and motivation have a significant impact odeteriorated, especially for small items. In addition to the
the work atmosphere and the results achieved. The valueneéntioned improvements, when considering the picking
the company is conscious employees who realize tephere, it is essential to focus on:
benefits of following procedures, including health and « Shortening the picking process time, which is
safety rules. Another area for improvement is external synonymous with increasing the productivity of the
transportation, where cost analysis and possible finished goods warehouse.
outsourcing can bring savings. Developing regulations for«  Minimizing errors occurring at the preparatory
the application of transportation rates, taking into account stage.
various factors such as distance, loading and unloading.  Reducing picking-related costs.
activities, is a key step in managing this area. When it
comes to loading transportation equipment, it is important Reducing the number of errors will contribute to
for warehousemen and drivers to work together to secujucing the number of customer complaints, thereby
cargo safely and properly. Also, efficient management @icreasing satisfaction with the plant's cooperation and

shipping documentation, especially in the era of electronjoducts. The conducted analysis particularly favours the
information exchange, is essential for the smooth operatiglimination of downtime, duplication of actions, or

of the process. wastage.

The efficiency of deliveries can be increased with the The transport infrastructure of the examined plant
use of GPS, which allows optimization of routes, analysisrimarily focuses on short-distance external transportation,
of fuel burn and real-time location of vehicles. It is alsgnainly within the Silesian, Opole, and Lesser Poland
worth focusing attention on the after-sales stage, wheygivodeships. The plant uses two delivery vehicles, which
customer complaints should be properly analysed aeéiciently cover an average of 300 km of route per day.
addressed. o The use of GPS systems helps optimize routes, ensuring

The lack of research on customer relations is an area fgfiely deliveries to customers. The efficiency of external

further development. Conducting customer surveygansportation was assessed using various indicators,
evaluating, among other things, meeting order deadlines,
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including vehicle utilization rate, fleet technical readinesgl] SABO-ZIELONKA, A.,, TARCZYNSKI, G.
index, vehicle utilization time index, technically efficient Poréwnanie czaséw kompletaciji zamofvita réznych
vehicle utilization rate, and vehicle cargo space utilization sposobdéw wyznaczania trasy magazynierbw na
rate. These indicators consistently indicated a high level of przykltadzie  duego  centrum logistycznego,
efficiency and proper utilization of transportation Ekonometria, Vol. 2, No. 44, pp. 63-67, 2014. (Original
resources. The study also evaluated the quality of in Polish)

deliveries using indicators such as delivery qualityp] PELKA, K.: Magazynowanie jako element systemu
delivery reliability, and delivery timeliness. The results logistycznego  przedddiorstwa  produkcyjnego,
showed a high level of customer satisfaction, with a Logistyka, No. 6, pp. 862-869, 2015. (Original in
delivery acceptance rate of 97%, reliability at 94%, and Polish)

timeliness at 98%. Despite the overall efficiency anfb] JAFFEE, D., BENSMAN, D.: Draying and picking:
quality of order picking and transportation processes, the Precarious work and labor action in the logistics sector,
study indicates areas requiring improvement, including WorkingUSA: The Journal of Labor and Society, Vol.
adopting more efficient IT systems to increase picking 19, No. 1, pp. 57-79, 2016.

accuracy and efficiency. Additionally, to maintain a high7] VAN DEN BERG, J.P.: Integral warehouse
level of service quality, actions aimed at further route management: The next generation in transparency,
optimization and minimizing delays caused by external collaboration and warehouse management systems,
factors such as road traffic were recommended. Utrecht, Management Outlook, 2007.

The results of this study provide valuable informatiofig] PECENY, L., MESKO, P., KAMPF, R., GASPARIK,
for small and medium-sized industrial enterprises, J.: Optimisation in transport and logistic processes,
emphasizing the importance of continuous assessment andTransportation Research Procedia, Vol. 44, pp. 15-22,
optimization of logistic processes. Further research could 2020.
explore innovative solutions and technologies to mefd] KOSTRZEWSKI, M.: Sensitivity analysis of selected
identified challenges and further increase efficiency and parameters in the order picking process simulation
customer satisfaction in order picking and transportation model, with randomly generated orddgstropy, Vol.
operations. 22, No. 4, article no. 423, 2020.

Throughout the order picking process, individua[10] FUCHTENHANS, M., GROSSE, E.H., GLOCK,
activities were identified to pinpoint those negative  C.H.: Smart lighting systems: state-of-the-art and
activities that do not bring the expected value. potential applications in warehouse order picking,

A limitation of the study was the analysis conducted in  International Journal of Production Research,
only one company. A comparative analysis should be Vol. 59, No. 12, pp. 3817-3839, 2021.
conducted in at least several manufacturing enterprisdd] LI, J., CHEN, Y., ZHOU, L., DONG, R., YIN, W.,
within the same sector. Proposed improvements can only HUANG, W., ZHANG, F.: Multi-AGV-driven pallet-
be verified after a certain period has elapsed since their picking scheduling optimization (MADPSO): A
implementation. The proposed modifications will not only ~ method for flexible multi-level picking systems,
streamline the organisation of order picking and  Applied Sciences, Vol. 14, No. 4, article no. 1618,
transportation but also increase efficiency, reduce costs, 2024.
strengthen the company's position in the industry, and m¢$2] JAGHBEER, Y., HANSON, R., JOHANSSON, M.I.:
importantly, impact customer satisfaction. Therefore, = Automated order picking systems and the links

further research in this area is planned for the future. between design and performance: A systematic
literature review|nternational Journal of Production
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