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Abstract: Augmented reality (AR) is a significant Fourth Industrial Revolution (IR4.0) technology that employs
computer-generated display, sound, text, and effects to enhance the user's real-world experience via wearable devices.
Order picking processes have had a substantial influence on overall operational efficiency in warehouse management
systems (WMS). The conventional picking process is challenging to handle, which may result in deviations from the
intended picking performance. Pick-by-vision, a new technological solution for order picking, is receiving growing
attention and is now considered a significant WMS-supporting technology. This article explores the positive implications
and prospects of utilizing AR pick-by-vision technology in the warehouse picking processes by performing a narrative
review of the previous review articles. To demonstrate the focus of the main area, this study also presents the hierarchical
classification structure of AR implementation in WMS and highlights the pick-by-vision method. The analysis provided
important key findings by evaluating 23 articles (original articles and case studies) on AR pick-by-vision technology
applications, which are significant to the prospective advantages of AR pick-by-vision deployment in warehouse
operations. This study gathers knowledge and insight that can be used by both academics and professionals who are
interested in optimizing this new advanced technology for future research.

1 Introduction However, the repetitive picking procedure, like reading

Since the emergence of the IR4.0, augmented reamtqu checking, consumes time and increases error rates
(AR) has become one of the most prominent technologi€¥ing to human error. o
in manufacturing and logistical operations. In a warehouse Enhancing order picking can be costly. For efficient
management system (WMS), AR can be implemented picking process optimization, WMS administrators must
fundamental processes including receiving, storinghatch the suitable picking and automation techniques.
inventory, order picking, shipping, and quality control td-ortunately, the use of AR in WMS has lately been more
enhance warehousing operations, value-added serviceaticeable in terms of enhancing order selection. This
and transportation. This technology improves the redlechnology boosts WMS productivity by allowing for
world experience of users by using computer-generatéfieractive 3D visualization, quick object tracking,
display, sound, text, and effects to help workers do reguiventory management, and automation [11]. o
tasks like order picking, assembly, and maintenance [1-3]. T0 address the significance of AR in the order picking

Order picking is the process of finding a specific itenProcess to streamline the whole process of WMS, a
in storage based on a list, loading the items onto the rigitmmary of seven review articles is presented according to
transportation, and delivering them to the place where tHae ascending years of publication. The earliest review
follow-up process will take place. Considered as the maif@per by De Koster et al. (2007) presented a detailed
and most labour-intensive task of warehouses, ordeview of typical decision problems in the design and
picking is an important part of prompt assembly linéontrol of manual order picking processes. They focused
production and is accomplished in many manufacturin@ the optimal (internal) layout design, storage assignment
industries [4]. Piece picking, cluster picking, zone pickingnethods, routing methods, order batching, and zoning. In
and wave picking are the four types of order picking [3their findings, picker-to-part systems (order pickers walk
10]. or drive along the aisles to pick items) have received less

Manual order picking is recognized as the most labofesearch attention compared to parts-to-picker systems
intensive function in nearly every warehouse due to ifd2]. Nonetheless, the study was still lacking in general
simplicity and low cost. Manual order picking is instinctuaf€sign procedures and global optimization in order picking
for humans and is normally implemented on papefnd neglected the effect of storage assignment.

~1~
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A decade later, Haase & Beimborn (2017) reported thapinion about defending the barriers. They believe that a
findings from a review study of 17 publications on pickersjualitative, content-sensitive approach is necessary to
acceptance of order picking support systems (OPSS). Thextract the interactions of parameters instead of extracting
discovered seven barriers to OPSS adoption, whithe discussed topics solely [16].
comprise an overwhelmingly high subjective task load, The most current study by Rahman et al. (2022)
loss of autonomy, loss of social interaction, negativprovided a comprehensive review of AR technology in
influences from co-workers, high complexity in handlingligital manufacturing applications. They investigated
the technology, a lack of training, and a lack of maturity ahixed reality image recognition, explored mixed reality
the technology. OPSS provides significant value in terntbject recognition, and demonstrated assembly and
of performance improvements. However, social effectlisassembly of 3D virtual models using Microsoft
among employees and different supporting situations mudblolens [17]. Their broad ideas in reviewing AR in a
be considered when deploying such solutions ardigital manufacturing context give valuable information on
expecting warehouse workers to use OPSS. The limitatipotential benefits and implications for future enhancement.
of this study is that OPSS adoption seems to be quite In conclusion, the gaps in existing review studies can
isolated so far. The suggestion is to integrate thHme summarized into two key points. The first is that order
technology with findings from related research fields in thpicking has been the main area of focus and diligent
future [13]. attention in WMS, as it will enhance the entire operation's

In 2020, llankow et al. performed a narrative reviewefficiency. The second is the need for keyword search
to describe the expected benefits and barriers of AR dtarity, as well as particularized documents in performing
warehouse operations. They also presented results based review study. Overall, there is still a room for
on the effect of information availability on order pickingimprovement in producing a comprehensive review that
time. The study not only demonstrated the benefits of thisudies the state-of-the-art literature, discovers the missing
picking method, but it also highlighted common issues thabtential benefits, investigates the challenges, and
arise during order picking operations using AR technologgiscusses the possible trends of order picking using AR in
particularly one involving pickers' comfort [14]. However, WMS. Therefore, to close the research gap, we pose the
this study has a limited review of selected studies, whidbllowing research questions:
do not comprehensively represent the exploration of recent«  What are the key findings concerning the

knowledge about the usage of AR in the picking method prospective advantages of pick-by-vision in
and pickers’ comfortability for pick-by-vision. WMS?

Egger & Masood (2020) conducted a thorough review ¢  What positive implications have been overlooked
to identify the current status, current challenges, and future in the literature?

directions of manufacturing related to AR and mixed

reality (MR) research. They concentrated on shop floor To address these concerns, this paper will highlight

management rather than picking processes, but thecentworks that have used AR in WMS, specifically pick-

extracted items from the systematic literature review aray-vision technology, which will be discussed in more

citation network analysis are regarded as important viewgtail in the next section.

in AR in WMS perspective [15]. The anticipated outcomes from this review are to give
A recent study by Rejeb et al. (2021) provided aseful insights into the gist of the previous proposed

comprehensive review of the potential and challenges wfethods, revealing potential, and future potential to

AR smart glasses in logistics and supply chaiprovide a knowledge base overview of the technology for

management. They have selected 82 publications aresearchers and practitioners. The objectives of this paper

performed a systematic literature review with four maiare as follows:

clusters of potential benefits, including visualization, 1. To conduct a comprehensive review by

interaction, user convenience, and navigation [11]. The identifying the positive implications of AR pick-

limitation that can be addressed in this study is that the by-vision implementation for WMS in related

keywords chosen appear to be insufficiently relevant to the studies.

publications chosen. 2. To discuss the key findings of prospective
Another recent study by Winkelhaus et al. 2021 advantages and the missing ones based on the

presented a conceptual design of order picking review findings.

corresponding to IR4.0, which they called OP 4.0.

Concurrently, they performed a systematic review to The remainder of this paper is organized as follows.
identify the various possible concepts in OP 4.0 arlection 2 presents a brief overview of the principle of pick-
highlighted research opportunities within OP 4.0 at thiey-vision in warehouse picking operations. Section 3
intersection of social and technical aspects. Barriers foundtlines the methodology for performing the review study
in this study include the research methodology, whicand presents the hierarchical classification structure of AR
relies on subjective decisions and does not apply implementation in WMS. Next, we identify important key

guantitative measurement. However, they had a strofigdings with positive implications by evaluating 23

~2 ~
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articles on AR pick-by-vision technology applications irlevels [18]. The process entails the preparation and
section 4. Then, we discuss the findings from the literatupgocessing of input data, the suggestion of an optimal
survey in section 5, which also reveals the missing keycking route, the proposal of an AR navigation system, the
findings. Finally, the last section gives a conclusion argklection of software and hardware resources, the

future work suggestions. incorporation of picking routes into process maps, and the
actualization of the picking process [19].
2 Overview of AR pick-by-vision Figure 1 depicts the interrelationship of the AR general

Pick-by-vision of AR is the visual aid of the ordersystem and the components of the AR pick-by-vision
picking process using head-mounted displays or smé&stem. The fundamental parts of an AR system are the
glasses. It is a paperless picking operation that requindgualization technology, a sensor system, a tracking
processing orders with technologies that add visual layef¥stem, a processing unit, and the user interface [15]. On
to the reality perceived via them. Significantly, pick-bythe left of Figure 1, represents the system diagram of
vision has introduced an entirely new approach tgemponents for AR pick-by-vision from the projection of
managing warehouses with AR, allowing manyisualization technology, which consists of the integrating
organizations to simplify their accuracy and efficiencynodule for the wearable device [20].

O — @ —
AR Eyewear
1 User
Positioning . i
system Wearfible €==1
device % P Visualization o Userinterface
technology
Head 1 f .| Task specific
orientation I l application
tracker
Input 1
Batte|
tools i Model of
Wkl P| Processing unit [ Tracking
T system
Data 5
o - External s
Components of AR pick-by-vision system database ensor system

General AR system with interaction of each part
Figure 1 System diagram for general AR system and components of AR pick-by-vision system (based on [15,19])

To complete a pick-by-vision operation, a user orechnology in warehouse operations that encompass
picker's operator must communicate by voice, sight, oeceiving, storing, order picking, shipping, and inventory
gesture. Using virtual arrows, the AR device guides tH&,21].
user to the location of the things to be collected and In Figure 2, the picking orders can be categorized into
subsequently displays the number of objects to lseven types of picking techniques, including pick-by-
collected. The user can see virtual information about thpaper, pick-by-light, pick-by-vision, pick-by-voice, pick-
items, such as their names, numbers, and locations. Thisgesture, pick-by-scan, and cart-mounted display
operation will allow the user to quickly locate the productf’,22,23]. This study focuses on pick-by-vision where the
and accomplish the picking task. Once the operation wems for devices’ names appear in the literature are head-
done, the AR system administrator would monitomounted display (HMD) [24], head-worn display (HWD)
operational management, order management, affth], heads-up-display (HUD) [22,26], and smart glasses
commodity management of the warehouse. [22,27]. Among the most popular models in the market are

Figure 2 shows the hierarchical classification structut@olden-i by Motorola, Hololens by Microsoft, HD4000 by
of AR implementation in WMS and the highlighted pick-Zebra, Vuzix Blade, and Oculus Quest 2, as shown at the
by-vision method to demonstrate the main area of thimttom right of the figure. An example of a Hololens
study. From the figure, there are five main types of ARpplication in a warehouse is given in the bottom left [28].

~3~
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AR
implementation
in WMS
T
[ I I I ]
Receiving Storing Order Picking Shipping Inventory
1
[ I I I I I ]
Cart-mounted

Pick-by-paper| [Pick-by-vision Pick-by-light Pick-by-voice Pick-by-gesture Pick-by-scan

display

Device names
Head-mounted display
Head-worn display

Heads-up display
Smart glasses —

Golden-i by Motorola Hololens by Microsoft
A / ﬁ T :
HD4000 by Zebra Wuzix Blade Oculus Quest 2
Types of model

Hololens application in warehouse

Figure 2 The hierarchical classification structure of AR implementation in WMS with highlighted pick-by-vision methods and
application

3 Methodology in columns 1-3. The next column lists the major findings

This section concentrates on reviewing the use of Aff this study, which consists of seven implications items of
pick-by-vision technology in previous research in wWMsProspective — advantages for AR pick-by-vision
The snowballing technique (by tracking down referencéglplementation_in WMS. These items are briefly discussed
or citations in documents) and the use of scientific searththe next sections.
engines (IEEE Xplore, Scopus, Science Direct, and Google
Scholar) were used in the collection of related materidl  Positive implications of AR pick-by-vision
from 2011-2021. Principal keywords in the list of the implementation in WMS

related works search include “augmented reality] Productivity and operational efficiency
"warehouse management system,” "order picking,” and oyder picking is one of the most costly operations since
"pick-by-vision”. We retained 23 papers (17 researchmight be challenging to get the appropriate products from
articles and 6 case studies) for full-text review aftee right section and in the right quantity. These challenges
screening the titles and abstract; for relgvance. _ may be solved by using AR technology integrated with
Based on the survey of previous review studies, sevgiyjile devices to guide the worker through the picking
positive implications ~which ~are associated Withy5cess and lead them to the correct picking areas in the

prospective advantages are discovered: productivity a@fortest possible duration of time. This eventually leads to
operational efficiency; error reduction; hardware angigher productivity.

software upgrades; distance reduction; worker motivation™\yith automated capabilities that handle the processes,
and ftraining; security and operation planning; an@r tools improve operational efficiency by enabling
ergonomic  consideration. Table 1 represents thgorkers to work on many orders at once. The improved
prospective  advantages of AR  pick-by-visionyccyracy and effectiveness of warehouse operations lowers
implementation in WMS from the selection of relatedy| additional expenses related to finding, picking orders,

studies. o _ _ and tracking, saving a significant number of labour hours
In Table 1, the list is arranged in ascending order of thg, corporate resources. Moreover, customers may

publication year. The author's name and year, targghiicipate their supplies to arrive substantially earlier and
applications, and types of system or devices used are lis{ggh |ess asset downtime as a consequence [1].

~4 ~
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Table 1 Selected of relevant studies for AR pick-by-vision implementation in WMS

Prospective advantages of AR pick-by-vision implementation in WMS
s Proposed  |Productivity & Hardware/ h Worker’s Security & .
Authors, year Target application system operational reI(EiLrgtrion software rzgﬁiggi motivation & | operation cgggi(:jr:eorzt:gn
efficiency improvement training planning
ISchwerdtfeger [Navigation and grasping
et al. 201924] |aid. HMD v v
Gharbi etal. [Multi-agent system and HUD & AR v v v
2014[26] optimization glasse
IComparing the speed, [HUD compared
IGuo et al. 2014 [accuracy, error ith CMD, v v v
[22] types, workload, and pick-by-light,
preference. pick-by-paper
Performing In-Situ mobile camera-
g
Funk et al. 2015projection for storage brojector cart v v v v v
[29] management and :
. - (OrderPickAR)
lautomatic detection
u et al. 2015 |Performing comparison t%_'.UD Qompared
=t ith pick-by- v
[30] minimize error. ’
light
Diete et al. 2014Sensor realibility in IAR glasses and| v v
[31] picking proces: ristbanc
ISupporting assembly
Sand et al. 201¢wvorkers in picking srgﬁg%\?ssemb v v v
[32] information and assembly
glasses
data
Hanson et al.  [Kit preparation for mixed H%Dp?:kr?bﬁired
2017 [33] model assembly. bape
Murauer et al. |Evaluating scan IAR glasses and|
2018[34] mechanism scan glov
Implemetation in
Puljiz et al. lautonomous warehouse |AR glasses and| v v v
2018 [23] (navigation, assistance farobot
picking and robot repai
Brauer & -
) Investigating the effects
{\gg]zarams ZOlggamification in WMS. ,&R glasses v v v
Elbert & IAR glasses and|
Sarnow 2019 [Cognitive ergonomics. |qualitative v
[36] @assessme
eveloping a scalable anAR glasses and|
q
Eg}g etal. 201‘E)ng—term mobile AR marker-based v v
solution global may
Kim et al. 2019 [Evaluating performance iWD and User v v
[25] simulated warehouse jc |Interface desig
- (Optimizing the movement
g(r)ijg?;; etal. of workers in the IAR glasses v
arehoust
Matsumo et al. [Investigating practical
2019[38] barriers HMD v
Focusing on low-level |HMD & web-
ggfg?ggt] al. machine-aided order based central v v
picking. (RASPICK)
Possibilities of using AR
Papcun et al. IAR glasses
land Humans-Robots ' v v
2019 [40] Interaction IAGV & Drone
Establishing adaptability
Fang & An land scalable ':Er?(l‘iﬁi:;d v v v
2020 [41] earable AR assistance
global map
system
Enhancing working
Plakas etal. |environment and IAR glasses & v v
2020 [2] upgrading the work ISMARTFLEX
lexperience
Plakas et al IAssessing the technical |AR glasses &
2020 [42] * |components and the gamification v v v
overall viability module
Reviewing current case
IColabella et al. [studies regarding the use
2021 [43] of AR technology in HMD v v v
supply chain operatior
. Focusing on based
12—82? ﬁ‘l;]lu interaction, voice-based |AR glasses v v
interaction and gesture- |(Hololens 2)
based interactio
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4.2 Error reduction as designing and testing the viability of a comprehensive
The conventional picking process is error-prone. ARvarehousing strategy. By using AR technology, warehouse
implementation helps in guiding the worker through th&)anagers can now plan and test the WMS in an effective
warehouse to the desired item. Rework is eliminated byay. Besides being hands-free and safe for a human
lowering the error rate. This enhances procedures bperator, AR also provides value-added services such as
reducing turnaround time and increasing system accurasfiaring insights and monitoring all activities to ensure
Additionally, automation completely automates itenprecise service delivery. On top of that, the system may
tracking while maintaining relevancy and accuracy basegive safety feedback and information, as well as warn of
on real-time inventory data inputs, enhancing visibility antmpending danger [1].
quality control of warehouse operations [1].
4.7 Ergonomic consideration
4.3 Hardwareor softwareimprovement The ergonomic design of AR technology is related to
AR has a logical as well as a physical structure. THBe perception of its ease of use. AR is considered to be
logical structure of the AR, which contains standardslurable, efficient, and easy to wear, which supports a
rules, procedures, and protocols, describes its operatibands-free interface compared to handheld scanners, which
whereas the physical structure comprises hardware apily allow one free hand to work. By employing this
software [45]. The system complexity (like softwardechnology, virtual and real objects may be manipulated
applications), the weight of the devices, speeding up thédth both hands in the field of vision. Moreover, AR
processor's timing, and improving the picking system iglasses are more practical and versatile than standard
recognising and monitoring activities (such as grasping anepbile devices and portable displays due to their features
releasing of objects), are all aspects that can improve fid,15].
hardware and software in AR pick-by-vision. Another
element to consider is improving visual navigationdb Result and discussion

information and vision quality on AR glasses [31]. Figure 3 represents the distribution of identified
studies over the key findings, which were extracted from
4.4  Distance reduction Table 1. The analysis from Figure 3 indicates that most

One of the major purposes of AR in the picking processsearch is giving more attention to productivity and
is to navigate the workers around the warehouse so thayerational efficiency, followed by ergonomic
may take the quickest path determined in the previous stagmsideration and error reduction. About five to six studies
and to provide them with the necessary information timcus on reducing distances and workers' motivation and
decrease picking errors. Additionally, reducing the amoutraining. Meanwhile, security and operation planning, and
of time to retrieve an item may be accomplished blgardware or software improvement, receive very less
presenting the precise location of the chosen collectattention from the researchers.
items and improving the visual information by employing According to our review, the key findings of inventory
an efficient routing method. As a result, this will save timeptimization, new technology acceptance, demand
and improve the way the WMS works in the long run [19precasting, and external factor improvement in AR pick-

46]. by-vision have all been unexplored. Inventory optimization
is the practise of having the right amount of inventory
4.5 Workers motivation and training available to meet current and future demand. Achieving an

Aside from training new employees with less effort anileal inventory level enables a company to not only fulfil
saving time, warehouse managers may adopt AR @emand projections but also reduce the expenses
visually test proposed procedures, ensuring that compangssociated with common inventory issues such as
are flexible and plan order placement with optimal spad#ackorders, overstocking, and stockouts. By enhancing
utilization. By familiarizing them with company processesstock workflows, AR may enhance the supply chain.
this will help in seamless onboarding and improve teaddditionally, with this technology, workers may
cooperation. As a consequence, they may practieffectively scan multiple objects with a brief glance while
numerous times without disrupting or interfering withthe AR devices scan and record barcodes.
existing activities. Furthermore, workers may be The acceptance of new technology indicates the
supervised to raise their awareness and prevent mistakesuacess of implementation in terms of employing

warehouse operations [2, 11]. technology at various organizational levels as well as at the
individual operator level [47]. Because it has the ability to
4.6  Security and operation planning relieve physical and psychological stress, technology

For any organization to succeed, warehouse operatic¥@¢eptance has been generally acknowledged as an
must be structured to achieve maximum efficiencymportant driver for AR implementation [48,49]. External
Standard warehouse operations require product inspectiyafiables, on the other hand, are connected to

allocation, assembling, packaging, and dispatching, as wgProvements in certain scenarios, such as factory ambient
illumination conditions, which may have a detrimental
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affect on AR pick-by-vision performance and usabilityBesides, a hierarchical classification structure of AR
Readers may get an insight into how this aspect migimplementation in WMS was produced, which emphasizes
assist in boosting labour productivity and optimizinghe pick-by-vision method in order to demonstrate the
workflows in warehouse operations by evaluating nefocus of the main area of the study.
technology acceptance and improving external factors. The main contributions of this study are based on a
Besides, we also suggested that future research shosiavey of the literature, which attempts to address the two
explore the integration between AR and artificiatesearch questions in the context of the positive implication
intelligence (Al) to overcome the model-mismatclof AR pick-by-vision. The analysis of 23 articles (original
paradigm by establishing a complete feedback loagrticles and case studies) on AR pick-by-vision technology
between the user and the robot. This integration coutgbplications contributed to key findings with positive
provide a solid foundation for raising the efficiency of thémplications that can be used by both academics and
robotic application as well as improving the humaprofessionals, especially those interested in optimising this
operator’s situational awareness, safety, and acceptanceefv advanced technology for future research. The findings
Al robots. of our study are one of the outcomes that could be valuable
in initial efforts to add to the growing literature and theory
of AR pick-by-vision technologies and their usefulness in
WMS order picking operations. In addition, we also
identify the key findings that have not been fully explored

as well as the limitations that the researchers may need to
16 overcome in order to improve their work.
In the future, we could suggest that upcoming research
look at the limitations, challenges, and managerial
1
&

implications of using AR pick-by-vision in WMS.
Additionally, future research could also explore the
integration between AR and artificial intelligence (Al) in

MNumber of articles

2
= the human operator's situational awareness, safety, and
acceptance of Al robots.
& To conclude, improving the picking process in a

o
& & a@‘-

&a’ & %\@ & warehouse demands a continual effort on the part of system
@ & 4
$ Q e &

<& 4

& , ;
& &6" suppliers and researchers to discover and analyze the

pil
6 . . .
5 order to develop a strong foundation for increasing the
I I effectiveness of the robotic application and for enhancing
1
|
& f‘ PO

; & o e
& ¢ # 6“’0 @’*‘\ oQ@ & capabilities of every current AR technology. Above all, the
?e‘f 8 {‘,69 &£ &0‘9 best strategy involves concentrating on a particular
& @0‘ & & ¥ methodology for the development of the AR pick-by-
bo‘} {s\" ¥ vision system and carrying out a case study to investigate
¢ A the impacts, opportunities, and risks of the extended
Figure 3 Distribution of identified studies over the key findingsP™0c€SS Of utilising AR pick-by-vision in warehouse
from Table 1 operations in order to achieve an extensive result.
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Abstract: Reducing uncertainty in the supply chain (SC) is probably one of the major difficulties that the company must
solve. Indeed, the SC is currently under enormous pressure and the decision-making process is frequently confronted with
varied settings while making decisions due to the degree of uncertainty. The purpose of this study is to investigate the
main major sources of uncertainty in SC. The study also examines the practices adopted to reduce uncertainty and enhance
forecasting accuracy. A survey was carried out. Questionnaires were distributed amongst the managerial staff located in
Morocco and other countries. We collected work e-mail addresses of managerial staff managerial working in SCs that
operate in mass production and also in large-scale distribution and invited them to participate in an anonymous online
survey. The questionnaire was designed to assess respondents' views about the main sources of uncertainty in SC anc
how they do to reduce it. Findings indicate that uncertainty occurs in any SC process, but the main uncertain prosses are
procurement, supply planning, and demand forecasting. In addition, uncertainty comes from external and internal factors.
Moreover, the decision-making mode, SC partnership, and risk contract have an important impact on the occurrence of
uncertainty in the SC.

1 Introduction

In the economic sphere, uncertainty has an importahtl ~ Related works
effect on growth, inflation, and financial markets. This According to [4], uncertainty means that the economic
uncertainty is a result of several factors, such as markasivironment of tomorrow is not known today. Uncertainty
forecasting changes, the ambiguity of monetary policy anéfers to a circumstance in which there is a complete lack
interest rates at the state level, the lack of clarity in t knowledge or understanding of a probable event's
fiscal policy of governments in the face of deficits andtappening, regardless of whether the consequence is
surpluses, the unpredictability of policies, laws, anthvorable or negative [5]. Some research is based on this
legislation associated with them, possible economic crisggrticular assumption that the main source of risk and
etc. uncertainty was due to the difference in the attitude of

In addition, reducing uncertainty is one of the intrinsi¢lecision-makers [6].
objectives of information sharing in SC. In an uncertain A typology based on certainty, risk, and uncertainty is
business environment, risk is always present [1]. Previopgesented by Lavoie [7]. In the situation of certainty, each
work tried to reduce the uncertainty rate by improving theption leads to a definite result with a known value. In the
accuracy of shared data, particularly that of forecas®ase of risk, each decision leads to a set of possible
Thus, economic uncertainty has an impact on busineggtcomes, each of which has a monetary value and a
investment decisions. If an economy's level of uncertaingrobability of occurrence. In contrast, in uncertainty, the
rises, firms that want to invest may have to postpone th&@t of possible choices is not necessarily known, the
choice because they are unsure whether the firm's futy@ssible outcomes are not exhaustively known, nor are the
cash flows will pay for the cost of the investment [2,3]. values of these outcomes or the associated probabilities.

This research aims to investigate the major sources of In the SC field, modeling uncertainty is a scientific
uncertainty in SC, the SC factors involved, and thdiscipline to which the scientific community pays close
practices used to reduce it. The paper is divided into fi@itention. Uncertainty can occur in any process in the SC.
sections. This introductory section of the article provideskor instance, SC planning is a process dealing with the
general overview of the research required to createcgordination and integration of a company's essential
hypothesis. The methodology, survey instrument, and ddtdsiness activities, from raw material procurement to final
analysis are all discussed in Section 2. The results of tpeoduct distribution to customers [8].
data analysis are presented in Section 3. Section 4 The problems of storage, production, marketing,
addresses the findings with regard to the previously statetbcurement, inventory, distribution, transportation,
hypothesis. Section 5 concludes with findings anteverse logistics, green logistics, etc., generate a great deal
recommendations for future research. of uncertainty and cost overruns in companies; it is,
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therefore, necessary to identify the factors that prevent ttweo types of decision modes: centralized and decentralized
optimal development of logistics operations immode. The firm chooses the appropriate one according to
organizations [9]. the goals previously established. These two types are

Several researchers have investigated the sourceslasfjely studied in the literature.
uncertainty in a SC for instance, [10] divided them into The centralized decision mode is the mode in which the
three categories: demand uncertainty, manufacturimyanager at the top of the structure makes all of the
process uncertainty, such as machine malfunctions, amecisions, and all information must go back to him to help
supplier uncertainty, such as delivery delays. Manim make the best decision possible. Different levels of
uncertain incidents disrupted SC activities. These incidententralization can be used to manage SC. For instance, the
could be internal or external. Each aspect of uncertainty haandor-managed inventory program (VMI) is an example
disrupted SCM [11]. Moreover, [12] surveyed high-teclof a centralized SC in which the supplier makes inventory
companies to identify the factors of technologicatontrol choices for both the supplier and the customer [18],
uncertainty in an SC that ultimately affect overall cost and9]. High centralization has proved to be valuable for
quality. managing complex problems [20].

Forecasting errors are a source of uncertainty in SCM. On the other hand, there is the decentralized decision
Indeed, forecast management is one of the key drivimgode, in which independent work units have autonomy in
factors in planning and decision-making for any SCM [13Hecision-making. The decentralized mode can represent
These errors generate a big gap between the real valuesraotde viable and less cumbersome coordination than
the expected ones. Thus, a good forecasting model coakhtralized coordination because each entity retains its
be efficient for dealing with forecasting errors.in additionautonomy [21]. It allows the organization to react quickly
[14] examined retailer decisions (forecasting antb changing local conditions [22].
replenishment models) and supplier decisions regarding SC partnerships are also involved in the information-
the production decisions of the supplier. The results shakaring process. The characteristics of SC partnerships
that the selection of the forecasting model influences Stave been extensively studied in the literature [23-26].
performance and information sharing. Their finding i€ustomer and supplier relationships are one of the most
aligned with those [15]. Indeed, [15] considered that thenportant ones. The interaction with external partners to
demand for finished products is a random variable whoseeate inter-organizational strategies, practices, and
expectation and variance are known. They found that thetivities into synchronized collaborative processes is
first source of uncertainty in material requirement planninignown as customer and supplier integration [27]. It
is that relating to demand. The demand comes from outsiclemprises strategic communication and interaction,
and varies depending on a variety of factors (seasonalitgformation system capabilities, collaborative planning
culture, natural disasters, political conflicts, etc...)Jactivities, and information sharing about planning [28]. In
Because demand is affected by wider economic amdldition, the competitive advantage is gained by
political factors [16]. More accurate and precis@rganizations that have committed relationships with their
predictions provide visibility on demand and hence ensuceistomers [29]. The relationship with the supplier is
efficient SCM, decreasing the influence of markepurposefully and naturally strategic, and it primarily
volatility and uncertainty on demand. To counteinvolves the organization's top management. It is because
uncertainty, [15] proposed sizing a safety stock for eathe market is highly complex and enterprises' resources are
component for a predetermined probability of failure. Thémited [30].
mathematical expectation and variance of the component According to [31] shared information is exploited for
demand are obtained by simply summing the expectatiobsth purposes: better supplier replenishments and better
and variance of the demands of the finished products tla@locations to the retailers. The traditional method of
use them. supply is to have a large number of suppliers. Even when

the buyer provides comprehensive technical specifications,
1.2 Uncertainty and information sharingin SCM  there is typically limited contact and information

Information sharing is a hot topic in SCM that hagxchange. For the buyer, this relationship offers benefits
emerged as a result of the integration of new informatigiich as easy switching between providers, lower costs,
and communication technologies. Information sharing iaving the supplier act as a shock absorber, and not
one of the well-known mechanisms for reducinglisclosing personal information [32]. In addition, the value
uncertainty in SCM. The better information sharing is, thef information sharing could be influenced by whether the
more uncertainty is reduced. Asymmetric, incomplete, @nformation is shared with only a limited number of a
inaccurate information is frequently cited as a contributingompany's customers and not with many small customers.
factor to SC uncertainty and inefficiency. Therefore, Moreover, [33] allowed a firm to manage all of its
uncertain factors in SC can cause more serious informatigperational operations by combining various management
distortion and lower the performance of SC [17]. functions into one system: order management, inventory

Decision mode is an essential element in theanagement, payroll and accounting management, e-
information-sharing process. For managing a SC, there #@mmerce management, etc. Companies can progress
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towards an extended enterprise business model tmethod for collecting information from respondents,
implementing ERP, which increases value across tlparticularly when the researcher understands what is
whole SC. Indeed, companies must share a huge amounheéded and how to measure the variables of interest.
planning and operational data, ranging from information The questionnaire was divided into three main parts.
for annual contracts and periodic progress reports to redhe first part was based on the respondent's profile,
time delivery and invoicing data, to obtain SC efficienciesncluding gender, country, and position. The second part
Furthermore, [34] emphasized the goal of managements based on the SC profile, including legal status, sector,
software packages to reduce the uncertainty of informaticsempany structure, and decision mode. The third part
by working on four important aspects: availability,concerned the origin of uncertainty in the SC and how to
representability (accuracy of the information concerningeduce it.
the message to be transmitted), the delay between theThe questionnaire consists of 23 questions that are
occurrence of an event and its consideration, and tbheckbox questions, multiple-choice questions, open-
periodicity of information renewal. ended questions, and Likert scale questions.
Risk contracts are mentioned in many previous works
as an essential element involved in information sharing 11.2  Questionnaire elaboration
SCM [35-38]. Based on the literature and the hypothesis, the initial
Risk contracting is necessary for an uncertaiwersion of the questionnaire was created. This version was
environment where the risk rate is high. Today, the contragitven to three experts for assessment and evaluation of the
is announced as a model of modern management, in whithucture and content. The questionnaire was modified
all economic and even political actors and stockholdefsllowing their feedback and then sent to 8 researchers (SC
seem to want to be involved [39]. Risks occur becausmalysts, statisticians, and data scientists) from four
people never know exactly what will happen in the futureiniversities for further refinement.
People can use the best forecasts and do every possibleThe original survey was designed in French. The
analysis, but there is always uncertainty about future evefiench version is needed since the survey sample targeted
[33]. Consequently, [40] proposed to contractualize thmanagerial staff who graduated from Morrocan
notion of risk between customer and supplier to improveniversities. A version of English is designed for all
the overall profit of the SC actors because it allows them tesearchers. The French questionnaire was translated into
legally bind the stakeholders around one or severBhglish by the first author for analysis. Based on the
objectives [41]. The presence of risk is unavoidable in arspuggestions received from the respondents after the first
project, and it can be tough to identify at times. When a S€lease of the online survey, the questionnaire is improved
enters into a risk contract with a supplier or retailer, theven more by adding some options.
main goal is to reduce the project's risk. They then agree
on a set of clauses. This strategy has the potential to pro@  Profile of the participants
SC or even put SC in an embarrassing situation. As a result, Our study targeted staff working in SCs that operate in
it is strongly advised to carefully discuss the clauses withass production and also in large-scale distribution. The

the partner(s). questionnaire is shared with an updated database from
ANAPEC (National Agency for the Promotion of
1.3 Hypothesisformulation Employment and Skills), a Moroccan public institution in
Based on the above, the following hypotheses acharge of accompanying job seekers in their search for
postulated: work and meeting the recruitment needs of companies.
« H1: There is a relationship between uncertainty Moreover, questionnaires were sent by e-mail to the
and the decision mode professors, associate professors, assistant professors,
« H2: There is a relationship between The suppliepostdoctoral researchers, and all graduated students of the
and retailer's numbers and uncertainty. Laboratory of Engineering, Industrial Management and
« H3: There is a relationship between uncertaim))nnovation IMIl whose e-mail addresses were available on
and using an ERP. the Hassan First University in Morocco website. The
« H4: Using a specific tool for reducing forecastanonymity of participants was guaranteed. Reminders were
errors affects uncertainty in SC. sent after 2 weeks. Data were collected from May 2021 to
« H5: There is a relationship between RiskS€Ptember 2021. , , _
contracting and uncertainty. The e-mail was sent with "Questionnaire pour

Recherche Doctorale" as the subject of the e-malil
explaining the purpose of the study and providing a link to
the online questionnaire (French version and English
version) to all the target researchers.

2 Methodology

21  Surveyinstrument

2.1.1  Questionnaire design
A questionnaire is the primary research instrument for

this study. Questionnaires are considered to be a successful
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2.3 Statistical methodology In the context of the economic sectors, 21% of the
The authors obtained 151 valid responses. Data werempanies belong to the Automotive industries and 18%
collected, categorized, and coded in SPSS before beipgjong to Food, beverage, and tobacco industries. 9% of
analyzed. The data is divided into two groups numeric8Cs belong to the Mechanical, electrical, and
values and categorical values. telecommunications sector and 6% belong to the building
Comparisons between variables were performed usinggterials sector. The Chemical Industries and Energy
the Chi-square test for the binary variable (uncertainty) as¢cctors are made up of 5% of companies in each of the two
categorical variables (using ERP, Risk contracgectors. 4% belong to the Plastic industries sector while
Tool/mechanism for reducing uncertainty, Decision modéeronautics, Wood; pulp and paper, Cosmetic and fashion
customer and supplier number). In general, the numdustries, Mining (coal; other mines), and Petrochemical
hypotheses were that our variables do not affect uncertaimgustries are made up of 3% of companies in each one.

in SC. 72% of the firms used the centralized decision-making
We formulate our test: mode, while 42% used the decentralized mode. The main
HO: the variables are independent structure for the SC structure is the convergent network

H1#HO0 (38%). 23% of SCs structures were serial networks and

19% were divergent networks.
If the p-value< 0.05, we reject HO and therefore accept Given the characteristics of SCs, we analyzed variables

H1, which states that the two variables are related. to discover any relationship between these characteristics
and the uncertainty in SC. The analysis was performed
3 Result using the Chi-square test for binary variables (uncertainty

We sent a total of 3200 e-mails, and 695 e-mails wel@ SC) and categorical variables (economic sector,
bounced back in the first release. These addresses to wiflgiSion-making mode, and SC structure).
e-mails were not delivered successfully were regarded as i _
invalid addresses. For the second round, we sent reminde#-1 ~ Cross analysis between "uncertainty” and
e-mails to the other valid e-mails. Only complete responses "Economic sector”, "supply chain structure”
and responses with fewer than two invalid answers were and "decision-making mode"

included. After eliminating incomplete responses, 151 In table 1, we want to know if the_uncertainty is related
completed questionnaires were analyzed. to the nature of our study's economic sector, SC structure,

and decision-making mode.
3.1 Demographicinformation According to the results. It is noticed that the

: - - bability obtained with the Chi-square test is equal to
According to the demographic characteristics of th$ro .
respondents, the majority of respondents were ma 448 > 0.05. We accept the null hypothesis of

e AT . .
(66.2%). The respondents were mainly Logistics Planne'fl,dependglnce';\’h'(:h |mpI|§s no rela;]tlonshlp between tk;]e
(senior or junior) (20.5%), Inventory Managers (15.296fW0 variables. So economic sector has no impact on the

; rtainty.
SC researchers (12.6%), Freight Agent / Import-ExpoHnce . . :
Operations Agents (9.9%), logistic assistants (9.3%), For SC structure, the p-value of this Chi-square test is
Warehouse Manager (8.6%) and Procurement Mana%?fsa Consequently, we accept the null h_ypothe3|s of
(7.3%). More than 80% of the respondents live in Moroccd!dePendence, so the SC structure has no impact on the

and 10.6% live in Europe (5.30% lives in France, 2.00% pincertainty in SC. - .
Switzerland, and 1.30% in Germany). In contrast, for the decision-making mode, the p-value

of this test is 0.000, and it is significant at the 5% threshold.
We, therefore, reject the null hypothesis, which assumes
at the two variables are independent and we conclude that

. t
! 0,
Concerning SC's legal status, 41% of respondegﬂse two variables are dependent and we conclude that the

worked in a Limited company (SA) and 38% in a Limite . h . .
liability company (SARL). 6% and 3% of respondentsuncertamty and the decision-making mode are linked. The

worked. respectivelv. in a Limited liability compan (LLC)straightness of this relationship is examined as well. In
 Tesp y, In y pany table 2, the value of Cramer's V is 88.6% which shows that
and General partnership (SNC).

the relationship between uncertainty and decision-making
mode is strong. So, the first hypothesis H1 is verified.

3.2 Characteristics of supply chains

Table 1 Cross analysis between "uncertainty" and "economic sector”, "supply chain structure" and "decision-making mode"
| Chi-square tes
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Val ddi Asymptotic significance
(bilateral
Economic sector Pearson's c-squar 22,20% 22 ,44¢
Likelihood ratic 26,91: 22 ,21F
N of valid observatior 151
a. 36 cells (78.3%) have a theoretical size lower than 5. The minimum theoretical size is
.28
supply chain structure | Pearson's c-squar 1,175 3 ,76(
Likelihood ratic 1,17¢ 3 ,75¢
N of valid observatior 151
b.0 cells (0.0%) have a theoretical number less than 5. The minimum theoretical|size is
8.26
decision-making modez | Pearson'chi-squar: 118,40 |1 ,00C
Correction for continuit 114,06t |1 ,00C
Likelihood ratic 124,50¢ |1 ,00C
Fisher's exact te
Table 2 Symmetrical measurements
Val Approximate Signification
Nominal by Nominal Phi -,88¢ ,00C
Crame's V ,88¢ ,00C
N of valid observations 151
3.3 Uncertainty sources (outside or inside respondents (47%) indicated that having more than one
of SCM) customer increase uncertainty. In addition, 35.1% of

Concerning online sources, 76.2% of the responderi@spondents indicated that working with more than one
reported that the uncertainty comes from external afgistomer decrease uncertainty, whereas 29.8% indicated
internal factors, (14%) reported that it comes from Externdfat working with more than one supplier increases

factors, while fewer (9%) reported that it comes fromdincertainty. Fewer (17.9% and 12.6%) indicated that the
internal factors. number of relationship partners (customers and

respectively suppliers) is without effect.

3.4 Working with more than one
supplier/customer effect
3.4.1 supplier/customer number effect S . .
The relationship between the number of The cross-tabulatlpn in Figure 1 displays uncertainty by
supplier/customer and uncertainty were examined as wélfe number of suppliers and customers. This number is

According to the results, a substantial number (57%) 6?'presented by an inter_val. Figure 1 shows thz_at uncertainty
respondents reported that having more than one suppfj trongly correlated with the number of suppliers between

decreases uncertainty. In contrast, almost half of ttal:50] and customers number which is more than 30.

3.4.2 Cross-analysis between "uncertainty" and
"supplier/customer"

Uncertainty by number of supplier/customer

50%
40%
30%
20%

10% .
o i 9 N . - -
>50  [31,50] [11,30] 10< >50  [31,50] [11,30] 10<
Supplier Number Customer Number
HNo mYes

Figure 1 Cross analysis between "uncertainty" and "supplier" and "customer number"
Table 3 displays the Chi-square test fonumber, The p-value of this test is 0.000, and it is
customer/supplier number and uncertainty. For the suppl&gnificant. We, therefore, reject the null hypothesis, which
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assumes that the two variables are independent, and dependent. Table 4 shows that Cramer's’V value is 39.1%
conclude that the two variables are dependent and which means a moderated relationship. According to this
conclude that the level of uncertainty and supplier numbénding, we can conclude that supplier/customer numbers
are related. Table 4 shows that Cramer's'V value is 51.8¥fect uncertainty in SC. The more suppliers/customer
which means a moderated relationship. increases, the more the uncertainty level change. H2
For the customer number, The p-value of this test is 0.008rified.

(Table 3). Then we conclude that the two variables are

Table 3 The relationship between uncertainty and supplier/customer number

Chi-square test
Supplier Number Customer Number
Val ddl Asymptotic Val ddl Asymptotic significance
significance (bilatera (bilateral
Pearson's 40,579 | 3 0,000 23,078 | 3 0,000
chi-square
Likelihood 53,013 | 3 0,000 22,818 | 3 0,000
ratio
N of valid 151 151
observations
Table 4 Symmetrical measurements
Supplier Customer
Val Approximate Val Approximate significance
significanct
Phi 0,51¢ 0,00( 0,391 0,00(
Cramer's V 0,51¢ 0,00( 0,391 0,00(
Total 151 151
3.5 Uncertain processes According to our findings, demand forecasting is the

On a scale of 0 to 3, each SC process was evaluatedifg#st uncertain process (Figure 2). 19% of respondents
its degree of uncertainty (0 being the least uncertain andrglicated that demand forecasting is the most uncertain,
being the most uncertain). whereas 15% indicated Supply planning.

Uncertainty level by SC process

70
60
50
40
30
20
10
0
demand Supply warehouse,  production order return
forecasting planning distribution planning fulfilment  management
and
transportation
Oml m2 =3

Figure 2 Uncertainty by process

Indeed, [42] has developed a theoretical review for Sk@search attention. Based on the result of their analysis,
uncertainty. This review identifies a list of 14 sources dheir finding was included in the study to classify different
uncertainty, including those that have received muadmcertainty factors according to their importance.
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Figure 3 displays a classification of uncertainty factorBolicy, Complexity of the decision, and Disaster are likely
identified by [42]. 12% of respondents tended to agree thathave the same level of uncertainty. At the practical level,
the suppliers are the main factors of uncertainty, whilmore than half of the respondents stated that the most
product characteristics and end-customer demand are mad#cal factors are related to procurement, product
up of 10% of factors for each one. The manufacturingharacteristics, and demand forecasting processes.
process, Cost forecasting horizon, Environment and

Uncertainty factors classificication

Parallel interaction
Infrastructure and facilities
Amplification of demand
Information system complexity
Control/chain uncertainty
Organizational issues and...
Complexity of the decision
Environment and policy...
Cost forecasting horizon
Disaster

Manufacturing process

End customer demand

Product characteristics

Suppliers

o
=
o
N
o
w
o
N
o
u
o
o)
o
~
o

Figure 3 Uncertainty factors classification

3.6 Reducinguncertainty in SC standard operating procedures, and kick-off meetings.
According to Figure 4, 66.2 % of respondents indicate@ollaborative communication between different SC stages
that they use an ERP for forecasting management, and 84%4lso cited as a corrector of errors related to uncertainty.
of them use a specific tool to reduce errors generated b9 mitigate forecast uncertainty and share the damage due
forecasts. Some responders mentioned some mechanig¢ngincertainty, some firms use a risk contract with
for correcting forecast errors, such as the contingency pla@wstomers and/or suppliers. 72.8% reported using the risk
contract with SC partnerships.

Using ERP, specific tool and risk contract statistics

Using a risk contract with your customers and/or suppliers to
reduce forecast uncertainty and share losses due to
uncertainty

having a specific mechanism to correct forecast errors

Using an ERP for your forecasting

0 20 40 60 80 100 120 140 160
ENO mYes

Figure 4 Using ERP, Specific tools, and Risk contract statistics
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3.6.1 Cross analysis between "uncertainty" and the and risk contract. For the use of an ERP, according to table
use of "ERP", "a tool for forecasts errors" 5, The p-value of this Chi-square test is 0.573. we,
and "risk contract” therefore, accept the null hypothesis and we conclude that

In this part, a Chi-square test is done to discover tlibe level of uncertainty and the use of an ERP is not related.
relationship between uncertainty and the use of ERP, tobl3 verified.

Table 5 The relationship between uncertainty and ERP, a tool used for reducing uncertainty and Risk contract

Asymptotic
significance
Val ddl (bilateral)
ERP Pearson's c-squar 317 1 973
Correction for continuit | ,13¢ 1 ,71C
Likelihood ratic ,31¢4 1 ,57E
Fisher's exact te
N of valid observatior 151
The tool wused folPearson's c-squar 53,96! 2 ,00C
reducing uncertainty  |Likelihood ratic 58,95 2 ,00(C
N of valid observatior 151
Risk contract Pearson's c-squar 67,90¢ 1 ,00C
Correction for continuit | 64,60¢ 1 ,00(
Likelihood ratic 65,74 1 ,00(
Fisher's exact te
N of valid observatior 151

It seems that the use of a specific tool for reducing SC. Table 6 shows that Cramer's’'V value is 59.8% which
forecasting inaccuracy could be beneficial. Thisneans the relationship is relatively strong. H4 verified.
assumption is examined as well. According to Table 5, the The relationship between Risk contracts and
p-value of this test is 0.000. We reject the null hypothesisncertainty is examined as well. The p-value of this test is
which assumes that the two variables are independent &h@00 (Table 5), we reject the null hypothesis, and we
we conclude that the use of a specific tool for reducingpnclude that the use of a Risk contract affects uncertainty
forecasting uncertainty has a tangible effect on uncertairity SC. Table 6 shows that the Cramer's V value is 67.1%

which means the relationship is strong. H5 verified.

Table 6: Symmetrical measurements

Val Approximate
significance
The specific Tool Nominal by Nominal Phi ,59¢ ,00C
Crame's V ,59¢ ,00C
N of valid observatior 151
Risk Contract And | Nominal by Nominal Phi ,671 ,00C
Uncertainty Crame's V ,671 ,00C
N of valid observatior 151
4 Discussion by inadequate assessment and planning, which amount to

Indeed, SCs are confronted with various risks that at@effective management. The results of the study
hard to assess. According to [43], there are two types @scovered that uncertainty came from both internal and
risk in SC; internal risk and external risk. External risiexternal factors. .
comes from outside the SC; usually related to economic, This finding is aligned with many works. Indeed, [44]
social, governmental, and climate factors, including théescribe four sources of uncertainty: physical
threat of terrorism, and also caused by factors such aghanifestations,  perceptions,  behavioral  response
supplier's financial or management stability, or théepertoire, and social expectations. However, [33]
purchase and sale of supplier companies. Internal risk&¥amines the impacts of SC and risk on the logistics
caused by disruptions of internal operations or processg§Iformance in the Australian courier industry and
by Changes in key personneL management, reportih'gjicates tha_t the greatest impact of SC uncertainty comes
structures, or business processes, such as the \{@m an outside company.
purchasers communicate to suppliers and customers, and
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In addition, [42] identified a comprehensive list of 14uncertainty in the SC, it doesn't eliminate the increase in
sources of uncertainty, including those that have receivedriability [51,52].

a lot of attention in the past, such as the whiplash effect, as Consequently, the choice of one of the two modes is a
well as those that have only recently been described, suhcial choice for managers because, from the above, each
as parallel interaction. Techniques for controlling thesmode has its advantages and has its disadvantages. Thus,
sources of uncertainty are divided into two categories: téhe company can decide on the right mode to improve the
approaches that aim to minimize uncertainty from itsformation sharing in their SC, reducing uncertainty and
source, and eleven approaches that aim to managgsuring the survival of the SC.

uncertainty while reducing its impact on performance. From the Chi-square tests between uncertainty and the
Manufacturing strategy theory, which includes the ideas atimber of suppliers and customers, we conclude that there
alignment and contingency, is then applied to this a strong relationship between them. Therefore, the
development of an SC uncertainty model, which is then fedimber of suppliers and the number of customers influence
with data from the literature review to demonstrateincertainty by then sharing information in the SC.
alignment between sources of uncertainty. According to Some works are aligned with this finding. Indeed, [53]
his work, [42] has divided the origins of uncertainty intshowed that the value of information sharing decreases
three categories: (1) Internal organization uncertaintwhen the number of customers increases. As the number of
which includes product characteristics, manufacturingustomers increases, the random variation in demand tends
process, control/chaos, decision complexityto balance out, reducing the value of information sharing.
organizational/behavioral challenges, and informatiomhe value of information sharing is influenced when
technologies IT complexity. (2) Internal SC uncertaintyinformation is shared with a limited number of customers
which includes end-customer demand, demanaf a firm and not with large small customers.

amplification, supplier, parallel interaction, order forecast Furthermore, having multiple suppliers can be
horizon, chain configuration, infrastructure, and facilitiesadvantageous because they can reduce not only the
and is within the control domain of the focal company auncertainty of obtaining materials or products for the
its SC partners. (3) External uncertainties arise frometailer but also the wholesale price due to competition
elements outside the SC that are beyond a company's digtiong suppliers, the uncertainty of delivery time, and the
control, such as government regulations, competitaost of a shortage caused by a single supplier [54-56].
behavior, and macroeconomic concerns, as well as According to the results, the impact of using ERP and
disasters, such as earthquakes, hurricanes, and high &eapecific mechanism to correct forecast errors on
waves. uncertainty is small.

Moreover, it is found that the most uncertain SC Some responders mentioned some mechanisms for
process is procurement. This topic is largely studied in tlwrrecting forecast errors. They mentioned the contingency
literature[45-48]. According to [46] the importance ofplan, S&OP, and kick-off meetings. S&OP (Sales and
procurement in the SC can be realized from the percentd@perations Planning) is a method of creating tactical plans
of the cost it takes in the industry. They noticed thahat allow management to strategically guide their
procurement risk is the probability of variance associatempany to achieve a competitive advantage. The goal is
with supply disruption in which its outcomes result in théo combine a customer-focused marketing strategy for new
inability of the purchasing firm to meet customer demanand existing items with SC management regularly.
or cause threats to the subsequence process in the SQA kick-off is the initial meeting between a project team
operation. As there is no systematic way for managersaod a client or stakeholder to discuss project fundamentals
classify the source of procurement risk once thand general planning activities. The project kick-off
unexpected risk has happened, procurement risk hageting is usually held just before the start of project
primarily relied on the manager's expertise and intuitioexecution. The project kick-off meeting is an important
[46]. tool in the formulation of a project management strategy.

From our results, it is clear that the mode of decision- Based on the answers, the Kick-off mistakes can be
making has an impact on the occurrence of uncertainty liectified and anticipated eventual errors can be in advance.
the SC. Thus, a checklist is essential to list and store the errors that

Centralization can be considered the most powerfblave been reported with their solutions.
mechanism to coordinate decisions in the organization. All Collaborative communication between the bodies in the
decisions are made within the same structure, whidhain is also cited as a corrector of errors related to
ensures consistency of decisions and better resuliscertainty.
concerning the overall goals of the SC [49]. However, the It is found that there is a strong relationship between
decentralized mode may represent more viable and leéke use of risk contracts with customers and/or suppliers to
cumbersome coordination than centralized coordinatioeduce forecast uncertainty and share losses due to
because each entity retains its autonomy. Moreover, uhcertainty. We can therefore answer our hypothesis and
allows the organization to respond quickly to changingay that the existence of a risk contract reduces uncertainty.
local conditions [50]. Even if the centralization reduces the
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Indeed, global market conditions, marked by increasessues, and it prompts SCs to study possible ways. The
and fierce competition, have forced SCs to modify theourrent study aims to explore the different sources of
risk management strategies. More specifically, SCs mustcertainty in SCs, the main factors involved, the most
develop strong contractual mechanisms to managacertain process, and the policies adopted to reduce
uncertainty and fluctuating demand. For instance, [5TZncertainty. A survey was conducted to answer our
developed a risk-sharing contract in a SC to study strategimblem. Through our online survey among SC
and vital components exposed to the combined risk ofsearchers, we have answered and validated the
demand uncertainty and price volatility. The proposekypothesis previously formulated.
contract guides establishing a long-term SC contract to The main contribution of this chapter is to know the
mitigate known and unknown risks. In addition, [58]closeness between the problem of uncertainty in the
proposed a risk-sharing contract that requires the retailemorking area and what is already studied in the literature
partially compensate the manufacturer's loss due &md to what extent this closeness is reached. This study
overproduction and the manufacturer to provide partia?bcommends certain practices that can reduce the level of
credit for the retailer's loss due to overstocking. Moreoveuncertainty. Good communication is a witness between
[58] proposes contracting the risk between the customethers.
and supplier to improve the overall profit of SC actors. To Rationally, every research output is followed certain
mitigate the risk, [59] suggested combining contract arldnitations. Similarly, this article possesses some
open market to obtain the optimum procurement under thmitations. However, sufficient attention was taken to
uncertain market price. increasing our survey sample. We recognize that the

Respondents cited other sources of uncertainty thelatively low number of respondents affects the
may be useful for future research. Lack of communicatioggeneralizability of our study. Moreover, this survey was
especially with management, was the most mentionedbne in 2021, So these results are relatively affected by
Other sources related to the political and legal situatiomflation taking hold in Morocco as well as around the
such as the complexity of laws and bureaucracy. Theorld.
constraints of the economic market are also cited; the In summary, the overall results indicate that uncertainty
fluctuation of needs, the hazards at the level of the pricesSC is an interesting area that requires further research.
practiced in the market, customs, international politics,
insurance, environmental factors, and macroeconomics.Funding: This research received no external funding.

To minimize uncertainty errors, respondents left som@onflicts of interest: The authors declare no conflict of
recommendations. They recommend the proximity ohterest.
customers-suppliers because the basis of SC planning is the
sales forecast and suppliers. They thought it wdeferences

imperative to control these two first before moving on tg1] PAILLIN, D., TUPAN, J., PAILLIN, J., LATUNY,
the remainder. W., LAWALATA, V.: Risk assessment and risk

In addition, the reliability of the forecast models must mitigation in a sustainable tuna supply chaicta
be checked. A rate of uncertainty should be applied to |ogistica, Vol. 9, No. 1, pp. 51-61, 2022.

avoid disruptions of upstream operations; on the other https://doi.org/10.22306/al.v9i1.270

hand, a demand forecast with a better rate of accuracy vyﬁ! COLAK, M.S., GUNEY, i.E., HACIHASANOGLU,
allow the minimization of the costs necessary to allocate to y.s.: The Relationship between Economic Uncertainty
face the hazards (raw material breakage, underestimatedand Firms' Balance Sheet StrengifitechOpen, 2020.
production capacity...). https://doi.org/10.5772/intechopen.91860

On the relational side, they propose coordination and) FERDERER, J.P.: The Impact of Uncertainty on
collaboration through information systems that govern and' aAggregate Investment Spending: An  Empirical
organize relationships and information between analysis,Journal of Money, Credit and Bankingol.
stakeholders. 25, No. 1, pp. 30-48, 1993.

They also recommend risk assessment before and https://doi.org/10.2307/2077818
during procurement and having a maintenangg] DREZE, J.H.: Sur la macroéconomie de Iincertitude et
management system that guarantees the start-up in real-des marchés incompletRevue de 'OFCEVol. 72,
time and developing a risk-sharing contract to study No. 1, pp. 7-37, 2000. (Original in French)
strategic and vital components exposed to the combined https://doi.org/10.3406/ofce.2000.1568
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proposed contract guides establishing a long-term SC sypply chain coordination: Perspectives, empirical

contract to mitigate known and unknown risks. studies and research directiotrsternational Journal
_ of Production Economigsvol. 115, No. 2, pp. 316-
5 Conclusion 335, 2008.

The challenges of information sharing and eliminating https://doi.org/10.1016/}.ijpe.2008.05.011
-or reducing- uncertainty in SCs is one of the important
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Abstract: Supply chains have become the most vulnerable during the COVID-19 pandemic, as evidenced by problems in
the supply of semiconductors, food, and other products, which raises the problem of supply chain manageability. There
has been a so-called ‘shortening’ of the supply chain. The paper addressed the problem of using digital tools in small and
medium-sized enterprises (SMESs). The study aims to examine the main digital tools used by local businesses and evaluate
the prospects for logistics management using new technology. The hypothesis is that SMEs that do not use digital tools
in supply chain management are also characterized by the poor quality of management. A survey was conducted to
identify the actual supply chain management practices during the COVID-19-induced crisis in the Russian Federation,
the Republic of Azerbaijan, and the Republic of Kazakhstan and discover common trends and differences in these
countries. A set of recommendations for implementing best global practices in these countries was suggested. The study
found that poor supply chain management correlates with a lack of digital tools application. The studied enterprises were
divided into five groups based on the digital tools level and provided tailored recommendations to improve the integration
of such tools.

1 Introduction components, and finished goods worldwide required
The globalization trend of the world economypredictability and precision. There was a shortage of
contributed to the formation and development of globafansport containers, tariffs rose rapidly on some routes
supply chains. However, the COVID-19 pandemic has Idgspecially from China, Indonesia, and South Korea), and
to an unprecedented halt or slowdown in production fifaffic jams formed at international ports, spreading to
virtually all industries worldwide, threatening therailroads and domestic terminals. Importers faced delays in
functioning of global supply chains. International suppl@btaining key production components, and exporters faced
chains are in crisis, despite all the efforts of businesses dif@blems accessing containers and booking space on
nations to overcome the effects of COVID-19. Structurgieagoing vessels [3].
distortions and imbalances are present in the container The COVID-19 pandemic is no ordinary short-term
market, maritime logistics, port operations, air freight, roagfisis. It has long-term implications for both people and
and rail freight, and even warehouse logistics. The&!Pply chain operations. It requires a holistic approach to
imbalances have resulted in shortages of cruci@Mpply chain management. Companies must be flexible
manufacturing components, backlogs in pre-orderghough to make management decisions. This approach
delayed deliveries, rising transportation costs arfdust be based on the latest technologies and platforms that
consumer prices. support applied analytics, artificial intelligence, and
The real problems in supply chain operations began @@chine learning. It should also provide end-to-end
the end of 2020 [1,2]. Restarting production after th&ansparency across the entire supply chain. Risk response
lockdown proved to be a non-trivial logistical challenge. ghould become an integral part of standard protocols in the
Comp|ex |Ogistics System moving raw materialslong run. ThUS, research toward dlgltallzatlon and
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transformation of global supply chains remains relevant, — China’s role as the ‘world's factory’
considering new challenges and threats (e.g., COVID-19). means that a significant disruption in the

Chinese market threatens global supply
1.1 Literaturereview chains.

It is necessary to separate the criteria of supply chain WTO considered the pandemic’s impact on general
reliability (ability to continue working through crisis) from processes in the world economy (particularly on logistics),
the criteria of sustainability (ability to recover from theanalyzed trends in global trade volumes, and presented two
crisis) [2,4]. The consequences of the COVID-1®lausible scenarios of development [9]. The first scenario
pandemic on the development of global supply chains césa repeat of the COVID-19 outbreak. This development
be considered through the prism of new world econonwould require a series of further blockages, affecting fiscal
trends — the regionalization of production and marketolicy and exacerbating labour market problems. The
diversification, which lead to localization and reduction ofecond scenario involves the absence of outbreaks. It
supply chains. One of the consequences of the COVID-#®uld facilitate rapid and robust growth in production and
pandemic may be the exit of weak players from thwade. Other positive factors include the emergence of new
logistics market, which, in turn, can cause bankruptcietgchnology sectors, such as artificial intelligence and e-
acquisitions, and mergers [5]. At the same time, there gsmmerce, the increased use of innovation in traditional
likely to be a consolidation of the sustainable companiesidustries, which would be forced to make greater use of
market share. The main problems in the global econonmformation technology to deliver goods and services to

after the pandemic are [6]: customers during the pandemic.
1) sharp spikes in demand in specific segments (falland During recovery from the coronavirus crisis, the main
growth); driver of supply chain management is digital technology
2) supply shortages; [5,10]. Supply chains can be strengthened through the
3) inventory allocation problems; following tools:
4) productivity declines. 1) E-commerce. Against a backdrop of waning

The transformation of the traditional linear supplyeconomic activity, the pandemic led to a surge in e-
chain logistics model into digital networks that provideeommerce and an acceleration of digital transformation.
end-to-end visibility, responsiveness, and the ability tAfter quarantine measures became the ‘new norm’,
optimize current processes is expected to accelerabeisinesses and consumers became much more active in
Therefore, new global supply chain developmerdigitalization. Today, major consumer purchases are made
technologies are now emerging that significantly improvenline [5];
the visibility of the entire chain and support the ability of 2) Real-time tracking. Cargo tracking, automated
companies to withstand such shocks. Today's environmavarehouses, GPS, and RFID (radio frequency
requires a fundamentally new supply chain model. Yeaidentification) are technologies that track the movement of
of emphasis on supply chain optimization to minimizgersonnel, equipment and inventory, collect data and
costs, reduce inventory, and increase asset utilization shimaprove visibility [11];
that many companies have not prepared for such shocks3) Interference levelling using artificial intelligence
and supply chains [6]. Crisis management involves urgeffl) technologies. Artificial intelligence is used in logistics
priority decisions once a problem has been identifietb analyze and select the fastest and cheapest delivery

These priorities are [7,8]: routes. In addition, there are technologies such as an
a) improving staff productivity; automated pallet management system designed to reduce
b) using data to ensure transparency of demarshipment processing time. Such a system allows for

inventory, production capacity, supply, and finance; complete automating of pallet storage processes,
¢) market segmentation to prioritize demand; transporting loaded pallets, and integrating warehouse and
d) creation of crisis sales and operations teams that ganeduction processes. The automated pallet management

effectively respond to the challenges at hand; system can be used in transportation hubs, factories,

e) modelling and evaluating different supply chainwarehouses, and distribution centers [12];
scenarios. Modelling is essential for anticipating when and 4) Digital supply network. The traditional supply
where surpluses and shortages may occur and obtainirgwork can be a more open and accessible digital supply
initial information that optimizes operational performancenetwork (DSN) powered by Al, analytics, robotics,
The World Bank identifies the following key barrierssensors, and algorithms. DSN collects physical reality data,
hindering supply chain development in the COVID-1Zreates a digital record of it, and allows information to be
pandemic [1]: shared, analyzed and turned into action that can be carried
- non-diversification of supply chains, out in the real world. Such technology improves
which in turn leads to instability in the communication between stakeholders, enables rapid
organization of logistics activities; response, promotes asset efficiency, reduces costs, and
- the geographic spread of supply chainghcreases company revenues [13].
their rigidity, and lack of coordination;
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The linear supply chain is transformed into digitahnd assess the prospects for logistics management
supply networks (DSNs). The use of digital technologiedevelopment with the help of the latest technologies.
such as Industry 4.0, Internet of Things, artificial The research hypothesis is that SMEs that do not use
intelligence, blockchain, logistics 4.0, robotics [11], andligital tools are characterized by a low level of supply
5G allows for more responsive solutions to currerthain  management. The criterion of processes
problems and future predictions. Based on an analysis sthndardization was chosen as a criterion of supply chain
best practices in global supply chain management, theanagement quality as it corresponds to the best global
following significant trends during the pandemic areractices.
identified: Research objectives:

1) anticipation of an economic downturn, which is - interview residents of the selected countries and
manifested in need to find alternative sources of raidentify actual supply chain management practices during
material supply, as well as doubts about whether the supfihe COVID-19 crisis;
chain is too lean or whether it is worth continuing to use - identify common trends and differences in these
lean management in operations in such unstable conditi@mintries;

[14]; - develop recommendations for implementing global

2) ‘simple’ steps to improve the efficiency of supplybest practices in this group of countries.
chains in many cases have already been exhausted. FurtheRespondents were selected from three countries — the
improvement may involve complete reconstruction of Russian Federation, the Republic of Azerbaijan, and the
network, radical simplification and elimination of links ofRepublic of Kazakhstan. This choice is explained by the
a chain of deliveries that do not contribute in full to théact that the countries have common features as post-

creation of value [15]; socialist developing countries, making it possible to assess
3) The importance of digital tools for supply chairtheir differences (prevailing religion, geographical
coherence is increasing. location, size) and develop recommendations for

implementing best global practices.

1.2 Problem statement

Studies of supply chain management trends in ti®  Methodology
COVID-induced crisis have been conducted mainly in The study was conducted in several stages.fiFéte
developed countries. Thus, the question remains whethgtaseof the study involved an online survey of managers
these practices and trends are different in developing various levels of supply chain management in
countries. The Russian Federation, the Republic @fanufacturing companies and logistics operators. The
Azerbaijan, and the Republic of Kazakhstan, which afgurpose of the survey was to obtain empirical data on what
very different in terms of religion, geographic location, andigital technologies were used in supply chain
size, are chosen for the study. This choice makes it possihlanagement using Google forms.
to summarize general trends and develop Respondents were selected randomly. An invitation to
recommendations for implementing the world's beshke the survey was sent to those managers who stated
practices in this group of countries. Russia, Azerbaijan, or Kazakhstan as their place of

The introduction of digital technology affects theresidence in their Facebook profile. The survey was
enterprise's overall performance and transforms individuebnducted between June and August 2021. From each
business models. Digital transformation can be a strategiountry, 300 people from different industries participated
initiative with a clear vision and new businessn the study. The general characteristics of respondents are
opportunities. The study aims to examine the main digitptesented in Table 1.
tools used by small and medium local enterprises (SMES)

Table 1 The number of SMEs involved in the study from each country

Sphere of activity Russian Republic of Republic of
Federatio Azerbaijar Kazakhsta
Agriculture 18 12 19
Industny 21 25 24
Trade 58 73 81
Transpor 41 17 25
Food industr 42 44 35
Information anctelecommunicatior 24 28 29
Finance and insurar 33 28 33
Education and servic 38 48 35
Medicine 25 25 19
Total 30C 30C 30C
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The study’s limitation is the possible inconsistency 012.Do you use digital systems (online programs,

actual and official data. The questionnaire asked the manipulators, stimulators) for staff training? Yes, we
following several questions (a maximum number of points use an electronic platform for training — 1; No, we teach
received equalled 20): without digital tools — 0.5; No, we do not do training at

1.

Does the organization have a website? Does it work all — 0.

effectively? Yes, it works effectively (the chain 'view-13.How do you communicate (get feedback, retain,
select-box-payment' works) — 1; Yes, it works stimulate a new purchase) with the customer?
ineffectively — 0.5; No — 0. QR/social media/chat-bot — 1; Feedback on the

. Does search SEO-optimization of the firm’'s website website/email — 0.5; Personally/phone/in the office — 0.

exist? Yes — 1; Partly (with the help of professionals) #4.Do you use specialized analytical applications for
0.67; Yes, independently — 0.33; No — 0. supply chain management (SCM systems and PDM

. Evaluate the effectiveness of information campaigns in (Product Data Management)? Yes — 1; No — 0.

social networks (not including advertising)? — Yes, w&5.Do you use a specialized BPM system? Yes, we use a
have a business page on Facebook and Instagram; aBPM system — 1; No, we do not use a BPM system — 0.
marketing person works effectively — 1; Yes, we run 46.Do you use advanced specialized tools for intelligent
business page; we work independently and successfully business analytics — Data Mining, Big Data, Business
—0.8; The pages are operating without a plan — 0.6; The Intelligence, integration, consolidation, etc.? Yes, we
webpages are very rarely updated — 0.4; There is a page,use Data Mining technologies (our developments) — 1;
but it is not managed — 0.2; No page - 0. Yes, we use various services (queries, reports,
Do you do informative business-related activities on analytical tools: OLAP, Dashboards, production
other social networks (Telegram, YouTube, LinkedIn, reporting, etc.) — 0.5; No, we do not use any analytical
Twitter, etc.)? Yes — 1; No — 0. tools — 0.

Do you use Facebook or Instagram ads, and are ybd.Specify the ways of storing and maintaining your data.
satisfied with the results? Yes, we are satisfied with the If you use several approaches, indicate them in the
results — 1; Yes, but we are not satisfied with the results ‘Other’ option. Cloud technology and backups — 1;
— 0.67; Yes, we use ads very rarely, and we are not Excel spreadsheets (Google docs on Google drive) —
satisfied with the results — 0.33; No, we do not use 0.5; Ordinary files on computers — 0.
Facebook/Instagram ads — 0. 18.Is it possible to purchase (order) your service or its
Do you use advertising in Google Ads (Google component (consultation, reservation, etc.) via the
AdWords)? Are you satisfied with the results? Yes, we Internet, and what percentage of sales are covered by
use Google manager and are satisfied with the results —Internet sales? Yes, more than 90% of sales are
1; Yes, we do it independently and are satisfied with the performed online — 1; Yes, more than 50% of sales are
results — 0.67; Yes, we do it independently, but we are done online — 0.8; Yes, 10% to 50% of sales are
not satisfied with the results — 0.33; No — 0. performed online — 0.6; Up to 10% of sales are

. Do you use analytical tools (e.g. Google Analytics or performed online — 0.4; Less than 1% of sales are

another program)? Yes, we use Google Analytics, and performed online — 0.2; No services/products are sold
we use this information — 1; Yes, but we do not use the online — 0.
results — 0.5; No, we do not use Google Analytics (w&9.Do you use highly-specialized geographic information

use another analytics tool — 0. systems, area modelling, 3D printing, product location
Do you use a program for resource planning? Yes, we tracking, etc.? Yes, we use several highly specialized
use our ERP system — 1; No, we do not use such technologies — 1; Yes, we partially use such

programs. We save information in Excel or another technologies — 0.5; No, we do not use any such
program — 0.5; No, we do not use any resource planning technologies — 0.
system — 0.

. Do you use specialized financial and strategic Companies were divided into five groups based on the

management  systems  (budgeting, planninggumber of received points: 0-4 points (group 1), 4-11
consolidation, profitability)? Yes, we use 1C or anothegpoints (group 2), 11-14 points (group 3), 14-18 points
system — 1; No, we use only Excel spreadsheets - O(§roup 4), 18-20 points (group 5). The decision to have five
No, we manage everything manually - O. groups made it possible to identify all the necessary

10.Do you use a CRM system? Yes — 1; No, we use Excedtegories of digital maturity of business structures:

spreadsheets or another system — 0. - companies with no experience in using digital tools;

11.What digital tools do you use to communicate with your - companies that only use social networks;

staff (for surveys and information sharing)? - companies partially using SMM, SEO and analytics;

Email/CRM/internal chat — 1; Viber/Skype/Telegram - - companies using professional services;
0.5; We communicate orally in person in the office or - leading companies that actively use analytics and
by phone - 0. specialized applications.
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In the study's second phasthese same respondent3 Resultsand discussion
were asked about their supply chain management practices.The results of thestudy’s first stagen the Russian
In the third phaseof the study, recommendations wererederation, the Republic of Azerbaijan, and the Republic

developed for each group on how to implement digitf Kazakhstan are presented in Table 2.
tools in supply chain management.

Table 2 The percentage of respondents in each group of enterprises

Group / Percentage of  Russian Federation Republic of Azerbaijan Republic of Kazakhstan
enterprise
1 10% 7% 11%
2 27% 49% 38%
3 43% 35% 37%
4 14% 7% 11%
5 6% 2% 3%

60%

49%
50% °
43%
0

40% 28% 15037%

30% 27%

20%

14%
10% 11% 11%
10% 7% 7% g 6%
i C —m
0% : —
1 2 3 4 5
B Russian Federation B Republic of Azerbaijan “ Republic of Kazakhstan

Figure 1 Percentage of enterprises in each group by country

There are similar trends in the distribution of the Inthestudy's second phagbe same respondents were
number of respondents in each group for all three countrissirveyed about their supply chain management practices.
The maximum number of respondents is in groups 2 andA3high proportion of respondents (55%, 60%, 55% in
(Figure 1). Group 2 is characterized by the absence Rissia, Azerbaijan, and Kazakhstan, respectively) working
purchase chain functioning on the website, complex digital markets in other countries confirm the increased
and supply chain management tools. Social media is thwareness in this area and understanding of the importance
only available tool. Group 3 is characterized by effectivef standardizing supply chain processes. Those entering or
functioning of the website and the buying chain, active uganning to enter international markets (50%, 35%, 33% in
of most digital tools (including advertising), absence dRussia, Azerbaijan, and Kazakhstan, respectively) are
supply chain management tools, and the presence omativated to adopt European standards in their operations
marketer who promotes a brand or product. and be part of a responsible supply chain. Table 3 shows

Respondents in groups 4 and 5 are the least numerdhe survey results showing the extent to which supply chain
Group 4 is characterized by a company’s presence on fh@cesses are standardized. Respondents could choose
Internet, the use of simple tools partially or independenteveral answers. Figure 2 shows the distribution of
(SEO, social networks, advertising). Enterprises in groupeéhterprises by the level of standardization of the supply
use almost all advanced digital technologies, including tileanagement process in their activities.

Data Science method.
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Table 3 The level of standardization of the supply management process in enterprises’ activities

Indicatol Russii Azerbaijar Kazakhsta
The process of selecting suppliers by criteria of interest to the 27% 30% 32%
manufacture

The supply planning process for materials component 30% 27% 32%
Formation of inventories for individual product gro 28% 29% 27%
Supply consolidation proce 24% 25% 24%
Supply Integrity Analys| 14% 13% 15%

30% 30%

30% 27% 28% 29%

27% 27% pe
2504 24% <+7° 2.40/1.1
20% T

; | 14% 130, 107

35% 32% 32%
15% i

The process of Supply planning Formation of Supply consolidation  Supply Integrity
selecting process for materials inventories for process Analysis
SUPPH?TS by and components individual product
criteria of groups
interest to the
manufacturer
¥ Russia B Azerbaijan ®  Kazakhstan

Figure 2 The level of standardization of the supply management process in enterprises’ activities

The survey results were summarized into five groups Only one-third of respondents are motivated to
according to the number of processes used (one procegsplement the principles of standardization. These
one score). The results are presented in Table 4. respondents belong to enterprises operating mainly in

foreign markets.

Table 4 Percentage of matching respondents in the groups  Standardization of supplier selection can be represented

Group:  Russii  Azerbaijar  Kazakhsta - market analysis and selection of vendors' offers based
Group . 80% 11% 2% on price and environmental ‘friendliness’ of the product
GrOUp ‘ 67% 65% 63% (Service);

Group {  55% 50% 50% - analysis of potential applicants according to other
Group ¢« 45% 45% 40% parameters of cost-effectiveness;

Group f  50% S0% S5% - ranking suppliers by a composite index, defined as a

weighted average assessment of the supplier by selected

A direct correlation confirms the research hypothesigiteria.
that poor supply chain management is typical for small and Table 5 presents the summary of processes, which
medium-sized businesses that do not use digital tools. Tégould be standardized according to the respondents.
results show the degree of standardization of supply chain |n thethird phaseof the study, recommendations were
processes. The highest number of applied standardsdis/eloped for each group on how to implement digital
observed for the following processes: planning of materigdols in supply chain management (Figure 3).
and component supplies; formation of inventories for Group 1 should implement the following measures:
certain product assortment groups; selecting suppliers by - basic digital skills for all employees;

criteria of interest to the manufacturer. o - development of professional skills of employees who
The survey allowed the authors to identify theyork directly with digital technologies;
processes that need to be standardized first: - use of essential digital tools, such as social networks,

-implementation of the code of conduct for suppliersmessengers, online documents, design platforms;
~ -selection of suppliers according to the criteria of - providing employees with the required amount of
interest to the manufacturer; digital technology.

- consolidation of supplies. Recommendations for group 2 include:

~ 30 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 1 Pages: 25-34 [ISSN 1339-5629

The role of information and digital tools in supply chain management during the Covid crisis
Kashamida Tazhibekova, Aigerim Shametova, Rashad Maharramov, Svetlana Makar

- basic digital skills of all employees in the enterprise - transition to more sophisticated use of social
and developing the professional skills of employees whtetworks, regular content creation, automation of
work directly with digital technologies; communication with clients through chatbots, QR-codes,

- create the position of SMM manager/interneetc.;
marketer/specialist in digital technology after increasing - having the necessary amount of technology and
the presence on social networks and other platforms;  keeping it up to date.

Table 5 Processes to be standardized in supply management

Indicatol Russii Azerbaijar Kazakhsta
The process of selecting suppliers by criteria of interest to the 33% 35% 34%
manufacture
Grid model development of supply proce: 28% 27% 28%
Material supply plannin 12% 14% 13%
Consolidation of supplit 29% 32% 30%
Introduction of a code of conduct for suppl 10% 11% 5%
Selection of inventory method for product assortment g 21% 22% 25%
90% y = 0,0364x2 - 0,2756x + 0,986 y=0,0271x% - 0,2449x + 1,03
R?=0,854 R?=0,9728
80%
70% 67 % 65% 6% y=0,0314x2 - 0,2626x + 1,016
R?=0,9726
60% ... 55% 55%
50%. 50% 50% 50%
50% - 0 d8%.45%
s
40%
30%
20%
10%
0%
Group 1 Group 2 Group 3 Group 4 Group 5
mmmm Russia mmmm Azerbaijan memm Kazakhstan
--------- Polynomial Trendline (RU) -+ Polynomial Trendline (AZ) *---* - Polynomial Trendline (KZ)

Figure 3 Percentage of matched respondents in groups based on the first and second stage

The enterprises in group 3 should take the following - analyze trends in the industry, adopt the experience of
measures: competitors or brands from related businesses, consult with
- conduct an external audit of the quality digital toolprofessionals on the problems and opportunities for the use
used by the enterprise and consult with professionals in thiea particular digital tool;
field, if necessary; - position the company on social networks, create
- follow trends in the industry, attend conferences, amggular content, and publish it according to the content
adopt the experience of competitors and trendsetters; plan, use advertising campaigns on social networks;
- create a strategy for positioning the company in the - introduce automatic communication with clients using
online space, chatbots, QR codes, etc., carry out SEO optimization of the
- use data analytics for decision making and specializegtbsite;
systems for complete automation of business processes; - use CRM systems, financial management systems,
- use statistical analytics and forecasting technologiespnnect analytical tools to data collection;
industrial robots, sensors, etc., if necessary; - keeping technology and software up to date.
- keep technology and software up-to-date. The enterprises of group 5 should continue the
Businesses in group 4 should take the followingrofessional development of company specialists and
measures: attend highly specialized conferences, events, courses, and
- create a position of SMM-manager/internet-marketewebinars.
etc.
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Analysis of the list of specific recommendations The actions of those enterprises that demonstrate the
developed to increase ownership of digital tools in supplynderstanding of digital transformation importance can be
chain management for different groups of SMEs showaetivided into four steps:
that most proposals aim to improve the digital literacy of 1. Investments in the latest digital tools are often
company employees and increase the share of digital toolsotic and unsystematic due to the lack of a systematic
used. Practice shows that digital tools are rarely usedpolicy in this area;
supply chain management, and companies do not have2. Investment in the Internet of things;
specialized software. 3. Digital tools training for staff, development of

On the other hand, the problem is complex since timonitoring systems and logistics;
standardization system provides digital tools for supply 4. Develop an effective digitalization strategy and
chain management [16]. Thus, the digitalization of SMEsnplement its main provisions in practice.
in the studied countries is quite difficult. It should be noted
that the low level of digital technologies application lead4 Conclusions
to poor business processes [17]. One of the critical The article discusses the practice of using digital tools
implications for enterprise management is focusing oy small and medium-sized enterprises (SMESs). A survey
interactions with all counterparties, not just internabf companies’ employees in the Russian Federation, the
processes. Republic of Kazakhstan, and the Republic of Azerbaijan

With the easing of quarantine restrictions, mosfas conducted to confirm that SMEs that do not use digital
companies wholly or partially returned or will return to theools in supply chain management are also characterized by
usual mode of work in the office. Researchers notice thﬁéor Supp|y chain management_ The selected criterion of
many managers have changed their position regardifghcesses standardization was quality supply chain
remote work. They prefer a remote form of work due to theanagement, which corresponds to the best international
growth of efficiency indicators [12]. New technologicalpractices.
solutions, the development of new products and services, The study found that the level of digital tools and
finding new suppliers or selling through new sales chann&pecialized software used in supply chain management in
will be a nice bonus and income for organizations after theussia, Azerbaijan, and Kazakhstan is low. Most of the
pandemic. ThUS, business models will be divided into t@]pmy management processes are chaotic and non-
ones operating before and after the pandemic. The maidndardized. The following processes are the most
supply chain management strategies in this area will Bgandardized: planning the materials and components
focused on resilience [18,19] Other Strategies will bg_]pp|y, forming inventories for individual product
aimed at reducing supply chain losses [20]. However, @ssortment groups; selecting suppliers according to the
general, all researchers agree that companies will face tqiateria of interest to the manufacturer. The survey found
digitalization [21,22]. that the respondents understand the importance of the

Digitalization of business is not only an anti-crisis tooprocesses and plan to use digital tools in the future. Most
but also a common way to increase company revenuggetivated to introduce the best practices of supply
Those who make maximum efforts dUring the crisis to Wiﬁ]anagement are emp|0yees of Companies Operating in

their audience with quality services and reasonable pricgeign markets. Further research is going to be focused on
win [23]. The global business trend shows that the annugle implementation of digital tools.

growth of online retailing was about 20% over the past five

years, while offline growth was only 3.5% [24]. In a fewRefer ences

decades, online commerce will be the main channel for the -\wiNN. CLIL QURESHI, N.A., CONDE, M.L.
sale of goods, and offline will be relegated to th GUINEA, CG PEREA R’OJAS,’ D.S. GU'PTA, H

background. Inthis. new envi.ronmgnt, companies must not LUO, J., GUPTA, H.:The Impact of COVID-19 on
only learn how to digitize their business but also be able to Logistics IFC. World Bank Group, [Online]

manage their activities with the help of various modem,  aaijaple: https://www.ifc.org/wpsiwem/connect/2d6

practical anti-crisis tools. o _ ec419-41df-46c9-8b7b-96384cd36ab3/IFC-Covid19-
Before the pandemic, globalization was the prevailing Logistics-

trend. Digitalization will increase the globalization of all & - \\ep pdf?MOD=AJPERES&CVID=naqOED5
markets, which will affect the organizational culture of [24 Kug 2'022]' 2020

companies. New requirements for digital cultureandtoo[§] MEYER. A. WALTER. W. SEURING. S. The

will include [25]: . X : .
o . mpact of the coronavirus pandemic on supply chains
- the ability to produce and use digital technology; Ianz their sustai\;llaL;)ilify- AI textuppmyiningl
- increased requirements for hard-skilled personnel; approachFrontiers in SustainabilitVol. 2, No. 3, pp.
- access to hardware and software products; 1-23, 2021. https://doi.org/10.3389/frsus.2021.631182
- the importance of systems integration of soﬂwar&] CAPPELLL. A. CINI. E.- Wil the COVID-19

products; . . pandemic make us reconsider the relevance of short
- the ability to act out of the box and generate ideas.
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Abstract: The logistics sector is considered non-traditional for women as the industry employs mostly men as the required
tasks are considered masculine. Logistics operation runs 24/7, which leads to long working hours and overlaps with
women’s household responsibilities. The situation is linked to turnover intention among women in this industry.
Numerous studies have acknowledged women to be as good as men. Therefore, turnover among women in this industry
is a significant loss for the industry as gender imbalance remains a major issue. Furthermore, studies on this subject remain
scarce. This study addressed the literature gap by adopting the Self Determination Theory (SDT) and investigated the
factors influencing female employees’ intention to stay in the logistics industry. Data analysis was performed using a
purposive sampling technique and Smart Partial Least Squares (Smart PLS). Resultantly, job satisfaction mediated the
relationship between intrinsic motivation and intention to stay but did not mediate extrinsic motivation and intention to
stay. Additionally, the relationship between work-life balance and intention to stay was mediated by organisational
commitment. The findings benefit human resource management in the logistics industry to design a better policy to reduce
retention prevalence and decrease the number of talented female employees leaving this industry.

1 Introduction The main challenge women encounter in the sector

The transportation and logistics sectors argoncerns balancing professional and family life within
unconventional among women as these industri§cietal expectations [1]. In most culturally strict
primarily employ men, which entails ‘masculine’ tasksPatriarchal countries, women are expected to spend more
Previously, the transport and logistics industrjime with their families. Working in the transportation and
(particularly shipping) was viewed as male-dominatel®gistics industry usually necessitates extended business
without any job opportunities for females. The global trenHiips and participation in several networking events in
highlights ~women’s  underrepresentation in thénale-dominated environments. Surveys emphasised these
transportation and logistics sector throughout Asia and tfutside-the-office activities” as the main inconvenience
Pacific [1]. Hence, inequity and career obstacles remain 8f10Ng women.
issue in the sector. Society perceives that woman should not work in

The complexities experienced by working mothers iflangerous and unclean areas, such as logistics. The
the transport and logistics sectors are caused by workil@gistics sector has traditionally been associated with
hours (such as in multinational companies), which clagilysical work and is dominated by men [5]. Nevertheless,
with their family commitments. Increased working hour@dvancements in logistics technology have increased
and related work stress can affect the amount and quaiployment opportunities for women while specific
of time with family [2]. Balancing between work andtechnological advancements continue to reduce incorrect
family life is becoming increasingly challenging as manyerceptions that certain job roles are too dangerous or
employers demand employees to work longer hours atfipractical for women. The logistics and transportation
perform more demanding workloads, which forces tradgéector gradually gained traction in becoming one of the
offs from numerous employees, mainly working womeRrimary sources of employment, hence the subject is
worldwide [3]. Although the pressure on women to worferucial. _ _
long hours negatively impacts their family life, women Female professionals experience greater challenges at

must accept the reality by making the appropriatéork and home, thus increased pressures at work could
adjustments [4]. affect family commitments [6]. Women are assigned to

certain home duties, which they must fulfil as mothers,
wives, and daughters-in-law [7] which is directly
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associated with turnover intent. Excessive work hours amagplied SDT to determine whether intrinsic or extrinsic
workload in the logistics sector will compete with familyfactors influence women'’s satisfaction and desire to remain
commitments as multinational supply chains requira the logistics sector.
regular round-the-clock assistance including on weekends
and holiday [8]. For instance, increased work hours arRl2 Intention to stay
related working conditions may influence the amount and Intention to stay was defined by [23] as an individual’'s
quality of relationships between family members. work evaluation upon entering the work domain and
Based on, [9] female employees’ turnover rates wefteracting with the working environment, the identity to
higher in the workforce, while the medical field recorde@ontinually participate in specific organisational goals, and
high turnover rates among female nursing staff in Chinae identity and willingness to remain in the original work
[10]. Studies on the factors of female employee turnovgbsition. In this study, the intention to stay denotes a
rate outlined an increase among female workers who quserson’s dedication towards their work and willingness to
Other studies highlighted factors influencing turnovefemain employed.
intention among female nurses working on shifts in the Studies in various areas have examined the intention to
medical sector, such as high work pressure and worstay, which includes all types of employees, such as public
family conflict [11]. Thus, insufficient empirical researchemployees [24] and care workers in the care service [25].
exists on female workforce retention in Supply Chaim the medical field, emergency nurses in Shanghai [26]
Management (SCM) to resolve the talent shortage [12]. were examined to determine the elements that affect their
The number of female employees in the workforce is @itention to stay. Past research emphasised a lack of
a reasonable rate. A low percentage of women employessipirical data on the intention to stay or commit,
is as good as males in their competencies [13]. Fgpecifically among women in the logistics industry. This
instance, women in the logistics industry (SCM) represestudy investigated the reasons underpinning female
35% of the workforce [14]. Notably, 38% of the labouemployees’ interest in working in the logistics industry
force comprises women, while 19% of the managemedéspite the complexities of doing so. The intention to stay
positions in port operations are held by women (Studyas the dependent variable that identified the factors
Survey, 2016). The Ministry of Women, Family, andaffecting women employees’ survival in logistics.
Community (2016) in Malaysia reported that women
accounted for 1.5% to 2% of the maritime logistic®.3 |Intrinsic

industry[15]. The current study investigated why female |ntrinsic motivation is the most individualistic type of
employees continue to be interested in working in th@otivation, which refers to engaging in an activity for the
logistics industry despite the issues. These factors thakasure and fulfilment obtained from participation. The
influence women workers’ intention to stay in thestydy defined intrinsic motivation as accomplishing
Malaysian logistics sector were examined. something without anticipating a fair value. Employees
Human Resource Management (HRM) in the logisticgork diligently when they are satisfied with their work and
industry should retain the number of women who work ignyironment. Furthermore, employees can be intrinsically
logistics. Due to globalisation, the development anghotivated by at least parts of their jobs (if not all) and tend
implementation of conventional HRM strategies angy display high-quality performance and wellness when
processes are insufficient to sustain trained staff in thgrinsically motivated [27].
present dynamic work environment [16]. The logistics A study on the hotel industry outlined a positive
company must reveal the factors influencing womeniglationship between intrinsic factors and job satisfaction
commitment towards the industry. This StUdy also benefiﬁnong hotel housekeepers [28] An interesting and useful
logistics industries that encounter various turnover issugsp to society has a higher intrinsic factor among hotel
Additionally, the current study presented a foundation tousekeepers, which results in job satisfaction. A
retain or reduce turnover among women employees in thgynificant relationship was identified between intrinsic

logistics field. motivation and job satisfaction among electricity
_ _ employees in Vietnam [29] Hence, the following

2 Literature review hypothesis was proposed:

21  Sdf-Determination Theory H1: Intrinsic motivation has a postive relationship

The Self-Determination Theory (SDT) was created bwith job satisfaction.
[17]. This theory explains that workers’ motivation for
professional activities impacts their performance and wel:4 Extrinsic
being. The SDT has been applied in various fields In works that are less intrinsically satisfying with
involving multiple employees, such as public employeeacentives directly tied to performance or results, such as
[18,19] in the performance of green supply chaibonuses and commissions, employees tend to consider
mangement [20], job satisfaction among hotemnoney as the major reason for completing the task where
housekeepers [21], and the intention to stay amomrgtrinsic motivation will likely continue [30]. In this study,
employees in the construction industry [22]. This study
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extrinsic motivation occurs when employees are rewardethd commitment to continue working in the logistics
for their hard work to encourage job satisfaction in theindustry.
company. Extrinsic motivation is often differentiated from Satisfied employees will be motivated to perform better
intrinsic motivation, which concerns behaviours performednd stay longer in the organisation [39]. Employees will
for reasons outside their inherent satisfaction. quit if their job satisfaction levels are continuously low. A
Extrinsic motivation among retail workers positivelystudy in the medical field [40] used job satisfaction as one
influenced job satisfaction [31]. In 2019, a study [21pf the variables that demonstrated a positive relationship
examined the determinants of extrinsic motivation acrosswards the intention to stay. Other studies discovered that
occupations and revealed a positive relationship betwesrost nurses were satisfied with their jobs (75%) and did
employees’ extrinsic motivation and job satisfactionnot intend to leave their current position [4Asignificant
Extrinsic motivation has become essential in achievingpsitive relationship was highlighted between job
higher job satisfaction in the hotel industry based on itatisfaction and intention to stay among government
positive effect on hotel housekeepers [28]. In the study [28imployees in Qatar [42]. Thus, the study presented the
among electricity employees, extrinsic motivatiorfollowing hypothesis:
positively impacted job satisfaction. Therefore, the current H4: Job satisfaction has a positive relationship with the

study presents the following hypothesis: intention to stay.
H2: Extringc motivation has a positive relationship
with job satisfaction 2.7 Organization commitment
The three distinct types of organisational commitment
2.6 Work-life balance are emotional commitment, continuation commitment, and

Work-life balance denotes how individuals can managermative commitment [43] Affective commitment refers
and overcome work and family conflicts to achieve balande the employee’s emotional attachment and willingness to
[32]. Work-life balance occurs when an individual feelsvork for the organisation. The literature emphasised that
similar participation and satisfaction in the work domaisatisfied employees tend to stay with their organisation.
and family with little conflict due to their capacity toThis study proposed that employees tend to leave their
manage various duties and establish priorities [33], #rganisation when no new opportunities are available in
positive work-life balance could boost moraletheir current field and a low level of job commitment [44]
productivity, and organisational commitment, and&ummarily, women in the logistics industry who are more
minimise absenteeism [34]. committed to their jobs tend to be more motivated to stay

Work-life balance is positively related to organisationain the existing organisation.
commitment among employees from various public and Numerous studies have revealed a significant
private sector organisations across Pakistan [35Elationship between organisational commitment and
Subsequently, the research [36] suggested that mamynover intention (intention to commit). Employees with
university teachers perceived a positive impact of work-lifeigh organisational commitment intend to stay in the
balance on the level of commitment towards theiestablishment [43]. A research [42], discovered a positive
organisation. In this study, women in the logistics industmelationship between industry commitment and intention to
may encounter more work and family issues. Increassthy as a government employee in Qatar. The following
demands at work could influence family responsibilitiefypothesis was proposed based on the aforementioned
[6]. Employees that appreciate work-life balance will beliscussions:
more committed to their organisation [37]. An improved H5: Organization commitment of women in logistics
work-life balance would increase employee commitmenhas a positive relationship with intention to stay.
as suggested in the hypothesis below:

H3: Work-life balance of women in logistics industry 2.8  Mediation

has a positive relationship on organization commitment. Mediation analysis is commonly used to signify the
theoretical contribution to the social science field [45],
2.5 Job satisfaction [46]. A mediating variable is a variable or strategy that

According to [38], Job satisfaction involves themediates the influence of an antecedent variable on an
physiological and psychological well-being of employeesutcome [47]. The mediator serves as a third variable that
The attention on the psychology and requirements describes how the independent variable of interest affects
employees would alter their behaviour and increase théire dependent variable [48,49].
productivity. Successful organisations prioritise employee Past discussions outlined a consistency in the
job happiness over customer satisfaction, recognising thiatationship between intrinsic motivation and job
satisfied employees will produce higher-quality goodsatisfaction [22,28,29]. A consistent positive relationship
achieve and maintain high work productivity, and remaiwas discovered between extrinsic motivation and job
loyal to the organisation [22]. This study defines jolsatisfaction [21,28,29,31]. Various studies also noted a
satisfaction as women employees' level of job satisfacti@monsistent positive relationship between job satisfaction
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and the intention to stay [40,42]. Therefore, this stud{89.1%). Additionally, 71.4% of the respondents were
suggested that job satisfaction mediates the relationslsipgle women. A majority of the respondents (61.3%)
between intrinsic motivation and the intention to staypossessed a bachelor’'s degree. As for ethnicity, a majority
extrinsic motivation, and the intention to stay. Thef the women were Malay (80.6%). In terms of income

following hypotheses are presented: level, the highest income level was between RM 1,000 and
H6: Job satisfaction mediatesthe relationship between  RM 3,000 (50% of the respondents). The respondents

intrinsic motivation and the intention to stay. mainly had 1 to 3 years of working experience (46.8%).
H7: Job satisfaction mediatesthe relationship between

extrinsic motivation and the intention to stay. 4.1 Common method bias

The study aimed to identify a predictive function and
Past studies also hlghllghted a consistent relations% appropriate application of the Smart PLS software [54]
between work-life balance and Organisational Commitmemsing a Single data source may result in a common method
[35,36,50]. Previous research has indicated a consistggfiance, which affects the quality of the findings [57,58].
positive relationship between organisational commitmenthe procedural and statistical methods of analysis were
and intention to stay [42]. Therefore, the current studypplied to address this issue. Hence, this study employed a
proposed that the relationship between work-life balanggfferent anchor scale to measure the constructs for the
and intention to stay is mediated by organisationgrocedural method [45,59] with full- collinearity analysis
commitment: . . [60]. A seven-point Likert scale was used to assess the
H8:  Organization commitment mediates the jntention to stay, while a five-point Likert scale measured
relationship between work-life balance and intention to  the other constructs. A VIF value of under or equal to 3.3

stay. indicates no bias in a single data source. The analysis
revealed that the VIF values were under 3.3, thus indicating
3 Methodology that the CMV was not a severe issue in the study. Table 1

A guantitative methodology was employed to evaluateummarises the complete collinearity testing for each
the assumptions and achieve its purpose. The unit adnstruct.
analysis was individuals and the most appropriate research
instrument was a self-administered survey questionnaire Table 1 Full collinearity testing
[51]. The study population was women in the logistics  EXT INS JS WLB ocC
industry currently working at a ngistics company in 1121 2.120 2 259 1.409 2321
Malaysia. All respondents participated voluntarily to
ensure result accuracy. A non-probability purposive
sampling method was deemed the most suitab Measurement model .
considering that the total population was unidentified and The analysis followed a two-step approach [54], which
the analysis was aimed at evaluating the theoretical efféé€ the measurement and structural models. Regarding the
[52,53]. A total of 248 data were gathered from the selff€asurement model, convergent an_d d|sgr|m|nant validity
administered questionnaires. must be established bgf(_)re_contlnumg W|th_the structural

This study employed structural equation modellin od_eI. Convergent validity is a test determining whe';her
using SmartPLS for hypothesis development. In applyir?ge items used to measure the same construct as _valldated
this approach for data analysis, the sample size should®e[45]. The loading must be 0.5, the average variance
established by the power of analysis, which is the minimgktracted (AVE) should be 0.5, and the composite
number of samples required based on the complexity of ti@liability > 0.7 to establish the convergent validity [61].
model [53,54]. Additionally, a medium effect size with alable 2 highlights the convergent validity results. The
power of 0.8 is suitable to identify a sufficient number of€terotrait-monotrait ratio of correlations (HTMT) is used
respondents in the social science field [55]. A study with @ €stablish the discriminant validity [61]. In Table 3, all
predictors and a medium effect size requires at least MT values were under 0.85, thus indicating
respondents [56]. The current study respondents were 2dggcriminant validity [62].

thus fulfilling the minimal sample size requirement. [63] recommended that the heterotrait-monotrait ratio
of the correlations (HTMT) be used for establish the
4 Analysis and Findings discriminant validity, As shown in Table 3, all HTMT

For data analysis, 248 questionnaire sets were usga:%e.ts Wzrseelitssbtlh:hn 0.85, indicating that the discriminant
Most respondents were between 26 and 33 years JR1aity w ISh.

Table 2 Convergent validity

~ 38 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 1 Pages: 35-46 [ISSN 1339-5629

To stay or not to stay: the mediation roles of job satisfaction and organization commitment among
women in logistics industry
Syaza Fatimah Sukri, Abdul Hafaz Ngah, Micheal Tio Boon Yiaw

ltems Loading CR AVE
Extrinsic EXT1 0.739 0.882 0.655

EXT2 0.938

EXT3 0.832

EXT4 0.707

Intrinsic INSL 0.589 0.893 0.584
INS2 0.792
INS3 0.822
INA 0.827
INSE 0.828
INSG. 0.696 0.954 0.873
I ntention to Stay ITSL 0.934
T 0.925
ITS3 0.943
Job Satisfaction Js1 0.915 0.917 0.786
I 0.879
JS3 0.866
Organization OC1 0.858 0.938 0.751
Commitment
oc2 0.824
0OC3 0.915
oc4 0.890
0OC5 0.843
Work-life Balance WLB1 0.856 0.875 0.701

WLB2 0.882
WLB3 0.769

Table 3 Discriminant Validity (HTMT)

EXT ITS INS JS OoC WLB
Extrinsic
Intention to Stay 0.26¢
Intrinsic 0.22% 0.54(
Job Satisfaction 0.101 0.58: 0.76¢
Organization 0.276 0.742 0.641 0.643
Commitment
Work-life Balance 0.20¢ 0.34; 0.57¢ 0.591 0.34(
4.3  Structural mode The direct effect results indicated that only intrinsic

The structural model tested the hypotheses updnotivation ¢ =0.673, p < 0.001) was positively related to
establishing the measurement model. A bootstrappif@p satisfaction. Hence, H1 was supported. Nonetheless,
procedure [61] with 5,000 samples was used to assess eginsic motivation [ = -0.025, p < 0.337) demonstrated
hypotheses developed based on the research model @eénsignificant relationship with job satisfaction. Thus, H2
Figure 1). The hypotheses are supported if the beta valgs unsupported. Job satisfactin=0.194, p < 0.005)
aligned with them with a t-value ofl.645, a p-value of and organisational commitment  0.574, p < 0.001)
0.05, and no null values for the confidence intervatositively influenced the intention to stay. Hence, H3 and
between the lower level (LL) and the upper level (UL) [45]H4 were supported. The direct effect of work-life balance

B =0.292, p < 0.001) also indicated a positive effect on
organisational commitment, thus supporting H5.
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14.146.
Intrinsic
0.420 Job Satisfaction 2571
Extrinsic 8.308 ,
Intention to Stay
3.632
Organization
Commitment
Work-life Balance
Figure 1 Sructural model
Table 4 Hypothesistesting for direct effect
Hypothesis Relationship BETA SE t- p- LL UL Decision VIF

value value
INS -> JS 0.673 0.048 14.146 0.000 0.587 0.742  Supported 1.042

H1

H2 EXT ->JS -0.025 0.060 0.420 0.337 -0.162 0.049 Unsupported 1.042
H3 JS >ITS 0.194 0.075 2.571 0.005 0.084 0.333 Supported 1.488
H4 OC > ITS 0.574 0.069 8.308 0.000 0.445 0.675  Supported 1.488
H5 WLB ->0C 0.292 0.080 3.632 0.000 0.151 0.412  Supported 1.000

The hypotheses for mediation are supported if the job satisfaction mediated the relationship between intrinsic
value of> 1.96, p-value of 0.05, and no null values for motivation and intention to stay. Hence, H6 was supported.
the confidence interval between the LL and UL. The The indirect effect of extrinsic job satisfaction and
mediation analysis results are from H6 to H8. Thetention to stayf{ = -0.005, p < 0.695, LL = -0.048, and
guidelines [64] employed in this study indicated that LIUL = 0.010) emphasised that job satisfaction failed to
and UL did not straddle a 0 in the middle, thus suggestimgediate the relationship between extrinsic motivation and
no mediation effect between the independent aritle intention to stay (H7). The indirect effect on the
dependent variables. The results in Table 6 demonstratethtionship between work-life balance, organisational
thatp = 0.130, p < 0.014, LL = 0.042, and UL = 0.253 focommitment, and intention to stay £30.168, p < 0.001,
the relationship between intrinsic motivation jobLL = 0.078, and UL = 0.258) signified that organisational

satisfaction and intention to stay, therefore signifying thaommitment mediated the relationship between work-life
balance and intention to stay. Hence, H8 was supported.
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Table 5 Hypothesistesting for indirect effect

Hypothesis Relationship BETA SE t- p- LL UL Decision
value value

H6 Intrinsic -> Job 0.130 0.053 2.449 0.014 0.042 0.253  Supported
Satisfaction -> Intention
to Stay

H7 Extrinsic -> Job -0.005 0.012 0.391 0.696 -0.048 0.010 Unsupported
Satisfaction -> Intention
to Stay

H8 Work-life Balance -> 0.168 0.046 3.621 0.000 0.078 0.258 Supported
Organization
Commitment ->

Intention to Sta

4.4 PLSpredict when most item differences are below the predictive
A study [65] proposed the use of PLS prediction. Thigglevance. Furthermore, a minority of the item with a lower
holdout sample-based technique makes case-lemgllue suggests a low predictive power [65]. Nevertheless,
predictions at the item or constructs level using the PLBedictive power cannot be established if the differences
Predict with a 10-fold procedure to evaluate predictiveetween all items exceed the predictive relevance. In Table
relevance. Strong predictive power is obtained when &l the results indicated that a predictive power for intention
item differences (PLS-LM) are below the predictivd0 stay and organisational commitment was not
relevance, while moderate predictive power is determing@stablished. Nonetheless, the results displayed a strong
predictive power for job satisfaction.

Table 6 PLS predict
tems PLSRMSE LMRMSE PLS-LM Q2 predict Decision
ITS1 1.027 1.008 0.018 0.155 Not Confirm
ITS3 1.057 1.021 0.035 0.119
ITS2 1.029 1.018 0.011 0.099
JS2 0.627 0.638 -0.011 0.300 Strong Predictive
JS3 0.709 0.712 -0.003 0.305
Js1 0.557 0.571 -0.013 0.398
0C2 0.763 0.730 0.033 0.060 Not Confirm
0oc4 0.754 0.692 0.062 0.044
ocC1 0.754 0.711 0.042 0.027
0C5 0.752 0.702 0.050 0.072
0C3 0.708 0.636 0.072 0.044
5 Discussion and conclusions promotions. The literature underlined that external

The results emphasised that intrinsic motivatiofotivation is essential in determining their level of

significantly affects job satisfaction and influencegatisfaction, which occurred during a normal scenario.
women'’s intentions to Stay in the |Ogistics industry_ |rN0nethe|eSS, the data were collected dUrlng the COVID-19

relation to H1, intrinsic motivation was positively related®@andemic, which forced them to choose between economic

to job satisfaction. The results were consistent with earligkability or their health, which offered a new finding
studies [22,28,29] where intrinsic explained jolFoncerning this relationship. This scenario aligns with the
satisfaction. The findings also indicated that women iRéw norm created by the pandemic, thus justifying the
logistics companies with intrinsic motivation tend to béelationship between extrinsic motivation and job
satisfied, hence they intend to remain in their workforcgatisfaction. Moreover, limited job opportunities during the
Employees who believe that their talents are beirg@ndemic raised awareness among the women in logistics
efficiently utilised indirectly influence their workplace Who are grateful for their jobs due to the number of jobless
satisfaction. people due to the crisis.

Extrinsic motivation and job satisfaction were not The relationship between work-life balance was
related (H2). Nevertheless, previous studies revealed tiR@sitively related to organisational commitment, thus
external motivations positively affected satisfactionsupporting H3 in line with prior research [30,42]. A
Interestingly, the studies discovered employees’ disinteresdccessful work-life balance can produce more dedicated
in external motivators, such as rewards, high pay, addd satisfied employees. Logistics companies must refrain
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from interrupting their employees after work hours and oexpanded SDT model contains theoretical and practical
off days to focus on their personal lives. Womenmplications to predict women’s desire to remain in the
specifically homemakers, could concentrate on theindustry. This finding will benefit human resources,
chores, such as cooking and cleaning. This is the compangnagers, and all logistics companies to maintain the
initiative to assist employees in balancing their familiesumber of women employees in the logistics industry.
with career life. In terms of theoretical implications, examining the
This study also explored the role of job satisfaction andtention to stay among women employees contributed to
organisational commitment in influencing the intention téhe existing knowledge of the subject [68,69]. The current
stay among women in the logistics industry. Hypothesisstudy provided vital insight into women’s intention to stay
highlighted that job satisfaction is positively associatenh the logistics industry. Studies have been conducted on
with the intention to stay among women in the logisticthe intention to stay. The results highlighted the expanded
industry. Previous studies [40,42] also supported thmodel as beneficial for predicting women'’s determination,
relationship between job satisfaction and intention to stawhich provided directions for future research to enhance
Satisfied employees are less likely to leave their current jofe understanding of women'’s desire to stay.
[66]. Offering greater professional development options Results of the direct effect show this study verified
through diverse projects and new responsibilities andtrinsic motivation as variable influencing job satisfaction
developing a reward system might enhance satisfactiand work-life balance influencing organization
among women in the industry. commitment in the logistics industry for women. Only
The findings suggested that organisational commitmeaktrinsic motivation is not able to be influencing job
is positively associated with the intention to stay amorgatisfaction in this study. Consequently, the current study
women in the logistics industry. Employees with higlenhanced findings from prior studies on intrinsic
organisational commitment intend to stay with thenotivation and job satisfaction [22,28] and studies on
establishment [43,67]. Employees dedicated to theivork-life balance influencing organization commitment
organisation have a more optimistic view of the compani¢36,50]. The mediation analysis provided significant
and a stronger intention to stay, thus minimising turnovegvidence of intrinsic motivation in shaping job satisfaction
The positive relationship between organisationand influencing intention to stay. Moreover, significant
commitment and intention to stay is generally supported evidence of work-life balance in shaping organization
previous studies. The independent variable has ceammitment influencing intention to stay, providing
significant relationship with the intention to stay [42]. Indeeper insight into the determination of intention to stay
this study, women in the logistics industry feel that thetowards women in the logistics industry. Extrinsic
commitment to their position is important to consider anthotivation is an insignificant factor to influencing
assist organisations achieve their goals. Consequenilytention to stay of women in the logistics industry,
their behaviour causes them to continue to commit to aedntrary to previous studies. The author encourages other
stay in this industry. scholars to study why this factor is irrelevant in the current
Job satisfaction and organisational commitment act astting. Future research could also provide a mediating
a mediator in the relationship between intrinsic (H6);omponent between this association, given that the current
extrinsic (H7), and work-life balance (H8) in the intentiorfindings contradict previous research. The author invites
to stay among women in the logistics industryother researchers to investigate why that factor is
Nevertheless, only H6 and H8 were supported. Hence, jotsignificant in the present context. Future studies could
satisfaction mediates the relationship between intrinsic aatso introduce a mediating factor between that relationship
extrinsic intention to stay. Job satisfaction has a mediatisgnce the findings contradict the literature.
effect on the intrinsic intention to stay. The findings The extended SDT model guides logistics company
demonstrated that intrinsic motivation ensures womenanagers regarding the factors influencing their women
employees’ satisfaction to remain in the logistics industrgmployees’ intrinsic motivation and job satisfaction.
thus supporting H6. Organisational commitment als@/omen employees who are generally motivated as the
mediated the relationship between work-life balance amabrk is interesting and desire to improve tend to persist
intention to stay, hence supporting H8. The mediating rolenger. Managers could enhance intrinsic motivation by
of organisational commitment established that women assisting women employees in recognising their
the logistics sector who can successfully manage work amprovement, receiving positive feedback concerning skill
family life are more committed to their jobs and possessdevelopment, and discussing what was learned from the

higher intention to stay in the industry. task. Effective work-life balance results in more engaged
employees with lower levels of absenteeism, sickness, and
6 Theoretical and practical implication stress, and raises the intention to stay in organisations.

The SDT constructs, intrinsic motivation, extrinsic-0gistics company employers must respect these women
motivation, work-life balance, job satisfaction, anchfter working hours by not interrupting after work hours

organisational commitment provided valuable insights int@nd on off days to focus on their personal lives. Women,
women’s intention to stay in the logistics industry. Théuch as, homemakers can focus on chores, such as cooking
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and cleaning. This is the organisational initiative to aid Maritime Transportation Industry to Support 3D Jobs;

employees in balancing their families and careers. Dirty, Dangerous and Demeaningddvances in
Transportation and Logistics Research, Vol. 2018, pp.
7 Limitation and future studies 796-814, 2018.

In order to broaden the applicability and transferabilit}é] LAMBERT, E.G., HOGAN, N.L., KEENAL, D,
of the suggested model and increase its adaptability to WILLIAMSON, L., KIM, B.: Exploring the
other nations and cultures, the proposed model must be Association between Different Types of Social Support
tested in different settings. Additionally, the questionnaire With Role Stress, Work—family Conflict, and Turnover
was designed to measure using the SDT variables and thelntent among Private Prison Stadfurnal of Applied
factors influencing women’s intention to stay in the Security Research, Vol. 12, No. 2, pp. 203-223, 2017.
|ogistics industry_ Consequenﬂy' the model can be https//d0|0rg/101080/1936161020171277866
improved by examining women’s intention to stay in thé’] GHANI, E., KERR W.R., O'CONNELL, S.D.: Local
logistics industry based on several theoretical viewpoints. industrial structures and female entrepreneurship in
Social exchange theory can be employed for future India,Journal of Economic Geography, Vol. 13, No. 6,
research as it has not yet been implemented in examining PP- 929-964, 2013. https://doi.org/10.1093/jeg/Ibt004
Malaysian women in the logistics business. Future studifd GOFFNETT, S.P., COOK, R.L., WILLIAMS, Z.,
could also enhance this model by integrating the variables GIBSON, B.J.: Understanding satisfaction with supply
impacting women'’s intention to stay within the logistics Cchain management careers: An exploratory study,
industry, such as work-life conflict and personal job fit in Journal of Operations and Supply Chain Management,

various nations and cultures. Vol. 23, No. 1, pp. 135158, 2012
https://doi.org/10.1108/09574091211226966
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Abstract: The COVID-19 pandemic has made the problem of companies adapting to operate under restrictions more
acute. Logistics companies were the special focus of researchers because of the specifics of the COVID-19 pandemic.
The article aims to determine the features of the management of logistics companies to adapt them against the background
of the COVID-19 pandemic restrictions. The methodological background of the analysis is the analysis of financial ratios
— Total Revenue Growth; Capital Expenditure Growth; Working Capital Growth; Debt/ Equity ratio; Equity/Total
Assets, as well as the case method — a description of the business situation of the company in the sample of JD Logistics,
which have successfully adapted to changes against the background of the COVID-19 pandemic. Analysis of the financial
statements of the surveyed companies revealed several trends in their financial management during the pandemic — a
decline in net income from sales after the pandemic; an increase of capital investments in 2019-2021; reduction of working
capital growth rates after 2019; growth of the debt-to-equity ratio after the beginning of the pandemic; maintaining the
equity to assets ratio at a stable level in 2019-2021. A set of factors influencing the exogenous and endogenous
environment is identified in support of the logistics companies adaptation programme under the COVID-19 pandemic
restrictions by the following blocks: “government action and regulatory policy”; “support of the company’s operation”;
“company finance”; “customer relations”; “relations with suppliers”. Prospects for further research involve studying
financial and market factors influencing the practice of adaptation of logistics companies in a pandemic, as well as
studying the problem of adaptation of companies in the post-crisis phase after the COVID-19 pandemic.

1 Introduction At the same time, the largest national economies were
The COVID-19 pandemic broke out in late 2019 ifnost affected by the COVID-19 pandemic. According to
Wuhan, China and quickly spread to more than 1dfe analytical platform Epidemic Stats [2] in April 2022,
countries out of 67,500 cases by February 2020 [1]. the TOP-5 countries (excluding China) were USA (83,567
2021, more than 517 million cases of infection and mof&ousand cases), India (43,102 thousand cases), Brazil
than 6 million officially recorded deaths from coronavirug30,558 thousand cases), France (28,928 thousand cases),
disease were recorded globally. The World HealtfPermany (25,337 thousand cases). Accordingly, the largest
Organization [1] reported the following number of cases dfational economies have been significantly damaged: the
infection in some regions of the world for 2021: Southea&ate of economic activity in all sectors of the economy in
Asia — about 41 million cases, America — almost g8general and logistics in particular is declining.
million cases, Europe — more than 64 million cases. The COVID-19 pandemic has entailed a large-scale
socio-economic crisis with a wide range of consequences.
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The restrictions imposed to combat the effects of thmontext necessitates a detailed study of the specifics of the
COVID-19 pandemic and to limit the spread of coronavirugdaptation of logistics companies to the COVID-19
disease have one of the most significant consequences. phademic restrictions. Much attention is paid to the main
above-mentioned restrictions affected all economic agen&spect of business process optimization based on logistics
households, corporations, governmental and nooencepts and technologies [3] and the development of
governmental organizations. However, different sectors pfocess optimization based on integrated pulling logistics
the economy have been affected by the COVID-1&chnology [4].
pandemic restrictions with varying degrees of severity Despite considerable attention to the problem of
depending on the specifics of their work and integratiooperation and adaptation of logistics companies under the
into the global economy. The logistics sector is one of thndemic restrictions, researchers do not cover the issue of
most severely affected by the COVID-19 pandemiadaptation of logistics companies in the long run, in
restrictions. Restrictions involved complete or partigbarticular in the context of digitalization. There is also a
shutdowns of logistics companies, their contractors arsignificant lack of practical guidance on comprehensive
supply chain partners, restrictions on access to transpadaptation measures for logistics companies, especially
infrastructure, strict public health and staff accessith regard to the impact of the COVID-19 pandemic
regulations, increased morbidity of logistics company staféstrictions and their effects in both the short and long run.
and their partners as a result of physical contacts
necessitated by the specifics of work, etc. Aim

All the foregoing affected the pace of development of The aim of the article is to determine the peculiarities
logistics companies, their market and financial positiomf the adaptation of the operation of logistics companies
prospects for future growth and the ability to create valugnder the COVID-19 pandemic restrictions. The aim
for stakeholders. These effects of the COVID-19 pandemiigvolved the fulfiment of the following research
restrictions have a negative impact on the state of logistigljectives
companies, as well as encourage the development and- analyse the market and financial condition of the
implementation of adaptation programmes in response delected logistics companies during the COVID-19
constraints imposed with the aim of combating the spreagandemic;
of coronavirus and reducing the socio-economic burden of - analyse the factors of exogenous and endogenous
combating COVID-19. Current changes occurring in thenvironment that affect the adaptation of logistics
exogenous and endogenous environment encouraggmpanies during the COVID-19 pandemic;
companies and governments to implement short- and long- - provide propositions for improving the practice of
term adaptation plans. In the short term, such changagaptation of logistics companies under the COVID-19
involve restrictions imposed with the purpose of reducingandemic restrictions.
the spread of the virus, optimizing staff, attracting support
through government programmes, adapting to changesan | jteraturereview
human behaviour in a pandemic, ensuring the company’s There is a significant number of studies on the
financial stability, establishing relationships betweeRonomic essence of the COVID-19 pandemic and its
counterparties and customers which have been disrupigthact on business, in particular, logistics companies.
by the pandemic. In the long run, the adaptation plangthors [5] study the impact of the COVID-19 pandemic
provide measures for digitalization, robotization, ensuring,, investment flows. A number of researchers study the
the stability of the company’s business model. economic essence of the logistics system and the impact of

In the context of the COVID-19 pandemic, th&ne pandemic on supply chains, in particular, the problem
management of logistics companies faces the difficult tagl handemic restrictions for logistics systems. Researchers
of developing and implementing an adaptation programmg;’ note that the pandemic has caused significant
in order to provide a comprehensive response t0 SoC{strictions imposed by the governments in terms of
economic challenges at both micro and macro levels. TRgonomic activity, particularly in companies’ operations
key steps involve adequate determination of the companygq |ogistics. This puts more strain on the infrastructure
current market and financial position, understanding @fng logistics system. Authors [7] emphasize that the
exogenous and endogenous dri_vers tha’g affect the comp@Avdemic has placed a significant punch to the global
during the COVID-19 pandemic, planning of short- angl;oqyction network and caused disruptions in the global
long-term measures in response to the challengﬁfgistics system.

underlying the decision on ensuring the company’s long-~ gome authors [8] note that supply chains are a system
term growth and enabling value creation for stakeholderss yessels of economic activity in the global economy. In
The need to take into account the trends of the modeg] is also stated that the restriction on freedom of
economy creates an additional complication, which haygq,yement, which directly affects the logistics system, is a
had and will have an impact on the development qfajor factor in the pandemic's impact on the logistics
companies in the future regardless of the epidemiologicglstem. Researchers [10] emphasize that supply chain
situation, in particular, the digitalization trend. Th'smanagement is critical for companies, especially those
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operating regionally or globally. A wide range ofsubstantiate that although supply chains may have
exogenous and endogenous factors influence supmyfficient margin of safety to operate fully in cases of
chains. The pandemic has significantly affected suppbmergency, the ability of supply chains to painlessly adjust
chain flexibility. during global and all-encompassing crises such as the
The is a number of studies that cover the problem @OVID-19 pandemic is objectively low. In addition to the
socio-economic effects of the pandemic for differerbove, it was advanced the following thesis: supply chains
sectors of the economy, industries, markets. Author [14fe vulnerable to unexpected sudden and spontaneous
notes that companies have to deal both directly with tleeises [10]. This is why the pandemic has aggravated
effects of the pandemic and the socio-economic effects @ipply chain constraints and has urged the need to adapt
the crisis. Some researchers [10] distinguish closed bordéiem adequately to the challenges of the exogenous
between countries as the key negative effects of teavironment.
pandemic restrictions. Authors [12] note that disruptions in Industry analysis, in particular, the analysis of air
transport and logistics have entailed significant disruptiongansport, is a particular focus in terms of problems of
in the proper operation of supply chains. operation and adaptation of the logistics system during a
In [13], De Vos points out that the restrictions imposegandemic. In [22], Tay et al. points out that the COVID-19
by governments in response to the pandemic hapandemic has significantly affected the aviation industry,
disrupted stable economic ties and affected transpevhich is a key component of the global logistics system.
networks in the sea, ralil, air and road transport. Prokopenkhis affects the entire value chain in logistics, as well as
and Mikiewicz [14] pay special attention to the study ofelated industries. In [23], it was noted that airlines are
the adaptation of shipping in the context of the COVID-1€eorienting their aircrafts from passenger traffic to freight.
pandemic. It was indicated that the COVID-19 pandemidamza [24] indicates that 90% of airlines have reduced or
has caused a number of serious disruptions in the transmrspended their passenger flights as a result of the
and logistics sectors, including the cancellation of flightgandemic. According to [24], this directly impacts the
which in turn has limited air freight transportationglobal logistics system and world trade, because 50% of all
disrupted global trade, caused labour shortages, and slowadgo transported by air is transported by passenger flights.
down customs clearance [15]. Some authors [16] explore A number of works study the problems of adaptation of
options for solutions in the transport sector. companies to the pandemic restrictions, including
A number of works focus on the peculiarities of theonstraints in the logistics system. In [25], Betti and Ni
restrictions and socio-economic effects of the pandemic. émphasize that the pandemic has urged the need to make
work [17] authors emphasize that the pandemic has had@npanies more efficient and sustainable. In [9], was
number of socio-economic effects: the shutdown gointed out that the pandemic has revealed not only the
production sites, the suspension and closure of businessesakness of global supply chains, but also the urgent need
According to [17], China was the first to experience supplp implement operational efficiency programmes aimed at
chain failures, which subsequently affected global supplgventory optimization, the introduction of flexible
chains in different regions of the world and individuaproduction systems, providing reliable sources of raw
countries in the early 2020. In [18], was noted that thmaterials. In [26], Wang notes that the implementation of
COVID-19 pandemic waves resulted in numerous casesinhovative solutions that promote the increasing quality of
suspension in various industries and chronic unforeselamistics services becomes especially relevant, which
disruptions in supply chains. In [19], authors state thé&acilitated by digitalization. In [10], authors indicate that
disruptions in logistics systems caused by the pandemic ameexpected events that negatively affect supply chains can
significantly different from the usual disruptions at theause serious disruptions in the operation of a
global and cross-sectoral levels, as well as the compamanufacturing company. This encourages the company’s
level. In [20], Tucker, notes that lockdowns and businessanagement to take measures to maintain secure stocks
restrictions have resulted in numerous bankruptcieand uninterrupted production, as well as to look for
According to [21], the pandemic has imposed restrictioraternative supply chains. In [27], Hrechyn et al. offer
on passenger traffic, has caused an economic downturreconomic and environmental valuation models to improve
the tourism sector. supply chain performance. Research is carried out on the
A set of studies deal with the problem of limited supplgxample of specific logistics processes for the collection
chains, which is particularly pronounced during globaind processing of woody biomass. Their result allows you
crises such as pandemic, and their subsequeatidentify the most vulnerable points of the logistics
transformation. In [10], researchers emphasize that thgtstem, opening up great opportunities for improving other
sudden nature of significant negative factors of thsupply systems. In addition to this thesis, researchers in
exogenous environment pose additional difficulties in thil9] emphasize that supply chains also have their margin
context of a pandemic. As a result, the pandemic ha$safety and a certain extent of flexibility, but they have a
revealed significant limitations in global supply chains. Itow ability to quickly adapt to significant negative factors
turn, this requires companies to provide the effectivef the exogenous environment.
management of supply chains. In [19], Craighead et al.
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All these considerations and strategies are subsumediimalyzed innovative capabilities in managing logistics
the term of Supply Chain Risk Management (SCRM) thatompanies in the context of Industry 4.0 paradigm [44].
can be understood as "a part of Supply Chain Managemént et al. [45] study uncertainty of post-COVID-19 era in
which contains all strategies and measures, all knowledgeanaging logistics companies. In [46], authors develop
all institutions, all processes, and all technologies, whidperational risk management tool for logistics companies
can be used on the technical, personal, and organizatiomathe light of COVID-19 pandemics. Kilpatrick et al [47]
level to reduce supply chain risks." [28]. The mairstudy specific tools for logistics companies in overcoming
objectives of SCRM is to increase the transparency aegogenous and endogenous disruptive effects of COVID-
robustness of processes to withstand any kind of supd9 pandemics. Was outlines a need for multidimensional
chain disruptions [29, 30]. Researchers are developingaol for managing risks in the context of COVID-19 [48].
number of approaches to the evolution of SCRM systems However, previous studies lack research on the
for logistics that gained importance in response tadaptation practices of logistics companies during the
pandemic-related disruptions. In [31], Dolgui et al. proposBOVID-19 pandemic based on an analysis of their
the concept of supply chains that are open tinancial standing combined with the implementation of
reconfiguration because they are flexible, digitalized arttieir short- and long-term market strategy. It makes this
efficient. In [29], was pointed out the potential ofstudy topical.
blockchain technology together with the use of smart
contracts to face supply chain risks and to improve ttf® Methods
transparency. In [32], Philipp et al. showcased how smart \wve  describe the procedure, methodological
contracts can substitute intermediaries in the supply chaigckground and information background of the analysis in
making the logistics system less vulnerable in time fccordance with the aim and objectives of the research. The
pandemic. In [33], authors propose an approach to tBfdy of the problem of adaptation of logistics companies
adaptation of logistics companies during a pandemic basgfthe COVID-19 pandemic restrictions involved synthesis
on effective risk management, in particular in inventoryethod to identify trends in the selected companies during
management, management of subcontractors, backiipandemic, as well as economic and statistical methods to
transportation route management. process statistical information and financial statements of

The problem of complexity of programmes of theselected companies.
companies’ adaptation in times of crisis is separately The methodological background of the analysis is the

emphasized. In [34], Margherita et al. point out that havingiethod of analysis of financial ratios, which includes the
an effective adaptation plan is a critical success factor f@§llowing indicators:

a company in a turbulent environment, such as a pandemic.
In [35], was emphasized the importance of the resistance . Total Revenue Growth:

of economic agents in the context of crisis adaptation and Capital Expenditure Growth;
examines the external — social and commercial — factors Working Capital Growth:

of resistance. In [36], Shin and Park studied the role of top Debt/ Equity ratio;
managers in successful adaptation of their companies to Equitv/Total A t
pandemic restrictions. In [37], authors deal with the drivers quity/Total ASSELS.
of companies’ flexibility and efficiency in terms of their

adaptation during the pandemic. In [38], Ketudat and The sample includes the leading Chinese logistics

Jeenanunta explore different cases of adaptation Grmpanies (5 companies), which are open joint-stock

T S . . companies, regularly publish financial statements, have
logistics companies in a pandemic, focusing on thé

competitive advantages and features of the business mo é(?.h Iqual_|ty (_j|sclofs]cgr_e fo; exterr}al_stakﬁholders: Th|sf
Okamoto [39] states a complexity of managing both f’idmpe.smefls sufficient for ?]na ysing the practice o d
micro and macro levels in the light of COVID-19. In [14],6l aptation o companlest toﬂf anges Im exogetnousf ?r?
authors discuss the main aspects of business proc %?ogenous env!ror_1men. € Sampie consists of the
optimization based on logistics concepts and technologi Zowing companies:

The issue of uncertainty and risk for logistics - L
companies in the light of COVID-19 pandemics is Deppor_1 I_.og|st|cs CO'.’ Ltd. (China);
developed in several research papers. In [40], authors JD Logistics, Inc. (China); -
consider peculiariies of managing business under ° STO Express Co., Ltd. (China);
uncertainty caused by COVID-19 pandemics. Shahbaz et * YTO Express Group Co., Ltd. (China);
al. [41] analyse an issue of managing supply chain under * ZTO Express (Cayman), Inc. (China).
novel risks in the light of COVID-19 pandemics. In [42],
authors further consider transformative response of The results of the adaptation of the selected companies
logistics companies in the context of COVID-19were studied by analysing the official financial statements
Wattanakul et al. [43] study uncertainty aspect in managi®j these companies, namely by analysing the financial
containerized logistics under COVID-19 pandemics. Was
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ratios for 2018-2021 and identifying trends before and after The methodological background selected for the
the COVID-19 pandemic. analysis of the said financial ratios is based on the OECD
The case method is another component of thmethodological study entitleGuidance on the Transfer
methodological background of this study— a descriptioRricing Implications of the COVID-19 Pandemij§0],
of the business casedd Logisticsincluded in the sample, where it is recommended to use financial indicators among
which has successfully adapted to changes during ttiee key performance indicators in the study of corporate
COVID-19 pandemic. The main criteria for selecting thigovernance in a pandemic. In particular, this is Total
particular company from the sample were the higRevenue Growth as an indicator of business success and
performance of the company compared to other selectadaptation to the pandemic.
companies which were identified by analysing the financial
ratios of the sample companies for the analysed period. In The analysis of financial ratios of the selected
particular, this is a positive dynamics of Total Revenueompanies was carried out for 2018-2021 on the basis of
Growth and Capital Expenditure GrowthJ Logistics the financial statements. Table 1 provides an explanation
as well as ensuring the development of the compawny the analysed financial ratios. T@hoo! Finance app
through adequate financing. andMS Excelsoftware packages were used to analyse the
financial statements of the selected companies.

Table 1 Financial ratios used in the economic and statistical analysis of the selected companies
Financial ratio Comment Calculation formula

Total Revenue Growth, Revenue growth ra Revenue t / Revent-1

Capital expenditure t /

. : 0 . :
Capital Expenditure Growth, % Capital expenditure growth rate Capital expenditure-1

Working capital t /

. . 0 . .
Working Capital Growth, % Working capital growth rate Workirg capital -1

Debt/ Equity, time Debt to equity rati Bank loans/Equity, tim

Equity/ Total Assets, tim Equity to assets rai Equity/Assets, tim

Source: prepared on the basis of author's analysis

4 Results Maintaining a stable Equity to Assets ratio of most
The results of adaptation of logistics companies durirgPMpanies in the sample in 2019-2021. _ _
the COVID-19 pandemic based on data from selected Table 2 summarizes the results of the analysis consider

companies are provided below. Analysis of the financiét more detail.

ratios of the companies included in the sample revealed the ) )

following: The success of the adaptation programme is reflected
Decline in the Total Revenue growth rate of the sampR¥imarily in the dynamics of Total Revenue (Figure 1) —
companies after the pandemic with the resumption ¥fith “years” for axis X and “dynamics of Total Revenue

growth in 2021; Growth of JD Logistics” in % for axis Y. We provide
Increase in Capital Expenditures of most sampldustrative material on the example of JD Logistics
companies after the onset of the pandemic; included in the sample, which most effectively implements
Reduction of Working Capital Growth of most sampldhe adaptation programme during a pandemic, as the
companies after 2019; analysis evidences. JD Logistics successfully develops its
Growth of the Debt-to-Equity ratio of most sampledusiness on the basis of R&D, in particular, digitalization.
Companies after the onset of the pandemic; The Total Revenue Growth most CIearIy indicates the

success of the companies’ adaptation to the pandemic

restrictions.
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Table 2 The results of the analysis of financial statements of logistics companies in the sample, 2018-2021
Ratio 2018 2018 2020 2021

Deppon Logistics Co., Lt

Total Revenue Growth, 9.7% 12.6% 6.1% 14.0%
Capital Expenditure Grow 57.1% 81.0% 36.7% 54.3%
Working CapitalGrowtl -47.3% -69.2% -56.6% -100.0%
Debt/ Equity, time 0.z 0.3 0.: 0.7
Equity/ Total Assets, tim 0.t 0.4 0.t 0.4

JD Logistics, Inc

Total Revenue Growth, 27.1% 31.4% 47.7% 42.6%
Capital Expenditure Grow -10.3% -26.2% 80.0% 31.6%
WorkingCapital Growtt -31.3% -42.9% -51.9% 100.0%
Debt/ Equity, time 0.C 4.z 4.4 0.4
Equity/ Total Assets, tim 0.C 0.1 0.1 0.t

STO Express Co., L

Total Revenue Growth, 21.4% 35.7% -6.6% 17.1%
Capital Expenditure Grow -15.4% -29.6% 20.7% 19.8%
Working Capital Growt -81.3% -164.1% 136.4% 58.0%
Debt/ Equity, time 0.C 0.1 0.4 0.t
Equity/ Total Assets, tim 0.7 0.7 0.€ 0.4

YTO Express Group Co., L

Total Revenue Growth, 8.7% 13.4% 12.1% 29.4%
Capital Expenditure Grow 9.8% -3.6% 55.2% 6.6%
Working Capital Growt -17.1% -25.2% -12.5% -4.4%
Debt/ Equity, time 0.3 0.z 0.1 0.z
Equity/ Total Assets, tim 0.€ 0.€ 0.7 0.7

ZTO Express (Cayman), I

Total Revenue Growth, 11.2% 25.6% 14.0% 20.6%
Capital Expenditure Grow 52.8% 31.3% 76.2% 1.3%
Working Capital Growt -4.7% -16.6% -3.3% -56.3%
Debt/ Equity, time 0.C 0.C 0.1 0.1
Equity/ Total Assets, tim 0.¢ 0.t 0.t 0.t

Source: calculated on the basis of official financial statements of the sampled companies
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Figure 1 The dynamics of Total Revenue Growth of JD Logistics, %, 2018-2021
Source: calculated on the basis of official financial statements of JD Logistics

Another important criterion for success of the logistic€apital Expenditure Growth of JD Logistics” in % for axis
company’s adaptation programme is the dynamics of Increasing capital expenditures allows for the effective
Capital Expenditure. JD Logistics increased its capiténplementation of an adaptation programme based on the
expenditures in 2020-2021 during the pandemic ioreation of competitive advantages. The company is unable
response to the challenges of the socio-economic crisis maintain market leadership in the long run without
(Figure 2) — with “years” for axis X and “dynamics ofcapital expenditures.

100,0%
80.0%
80,0% .

60,0%
10.0% 31.6%
20,0%

0.0%

248 2019 2020 2021
-20.0% -10,3%

-40,0% -26.2%

Figure 2 The dynamics of Capital Expenditure Growth of JD Logistics, %, 2018-2021
Source: calculated on the basis of official financial statements of JD Logistics

The dynamics of Working Capital is another criterior2021 (Figure 3) — with “years” for axis X and “dynamics
for the implementation of the adaptation programme of th& Working Capital Growth of JD Logistics” in % for axis
logistics company. The common practice of crisi¥. The reason is the company’'s ambitious development
management indicates the urgent need to increase fwals in the market and high development rates, which
company performance, which is primarily implementedesults in the growth in inventories and accounts
through the optimization of working capital in order tareceivable. This thesis is confirmed by the dynamics of
avoid the immobilization of funds in excess stocks. Motal Revenue Growth, which was significantly higher
should be noted that JD Logistics reduced the amount th&in in other companies in 2021.
working capital throughout the analysed period, except for

120,0% 100,0%
100,0% p
£0,0%
60,0%
10,0%%
20,0%
0.0%
.20.0% 2018 2019
10,07 31 ;::‘"“‘-—‘_._
«60,0% -42,9% ‘_q|_'.;,u°

Figure 3 The dynamics of Working Capital Growth of JD Logistics, %, 2018-2021
Source: calculated on the basis of official financial statements of JD Logistics
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The company’s anti-crisis management activities entatéixpand the company’s adaptation programme in a rapidly
the growth of the Debt-to-Equity ratio, especially in thehanging environment. JD Logistics actively attracted debt
context of the implementation of its adaptatiorfinancing as part of the adaptation plan during the COVID-
programme. There are two underlying reasons for thdt9 pandemic (Figure 4) — with “years” for axis X and
First, companies tend to attract additional funding ttdynamics of Debt/Equity ratio of JD Logistics” in times
overcome the negative consequences in their exogendaoisaxis Y. The reason for the decline in the Debt-to-Equity
and endogenous environment during a socio-economitio in 2021 is a significant increase in equity.
crisis. Second, additional debt financing is attracted to

44

0.0 I_I
00

OIS 2019 2020 2021

Figure 4 The dynamics of Debt/Equity ratio of JD Logistics, times, 2018-2021
Source: calculated on the basis of official financial statements of JD Logistics

Adaptation to the pandemic restrictions requiresatio of JD Logistics increased after the onset of the
maintaining the equity to assets ratio at a stable levglandemic (Figure 5) — with “years” for axis X and
which is due to the urgent need to ensure the financialynamics of Equity/Total Assets ratio of JD Logistics” in
stability of the business. This is characteristic of mosimes for axis Y. This indicates support for the company’s
companies in the sample in 2019-2021. The equity to assatiaptation programme in terms of financial stability.

0,6
05

05

0.4

0.1 0.1

0.1
o [N
0.0

2018 2019 2020 2021

Figure 5 Dynamics of Equity/Total Assets ratio of JD Logistics, times, 2018-2021
Source: calculated on the basis of official financial statements of JD Logistics

We will describe in more detail the adaptatiorindicators of investment in the development of new
programme of JD Logistics under the pandemic restrictiomschnologies among Chinese companies. JD Logistics aims
in the case format. JD Logistics focuses on the creation atedspread its technology in logistics, supply chains outside
application of innovative logistics systems. The companyf China. Another goal of the company is to give its
was the first in the world to open a fully automategbartners access to a retail platform ecosystem that includes
warehouse in Shanghai, China, and to launch autonomdusliding distribution channels and an international trade
delivery vehicles. Other promising technologies such gdatforms [49].
electronic logistics, artificial intelligence and virtual reality JD Logistics has one of the largest service fulfiliment
in logistics systems are areas of interest of JD Logistics.infrastructures. The company uses a network of more than

In 2021, JD Logistics presented a new missiorB00 warehouses covered by its open warehouse platform,
“Applying technology for a more productive andwhich enables delivery of 90% of items the very next day
sustainable world.” JD Logistics has invested about $X#ter forwarding. An important component of the
billion in R&D since 2017, being one of the highestompany’s strategy is the standardized management of the
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entire set of 10,000 delivery points [49]. Delivery points < More than 900 warehouses managed by JD Logistics;

remained a weak spot for the company, especially under « More than 1,400 “cloud warehouses” managed by

the COVID-19 pandemic restrictions. third-party warehouse owners operators as part of the JD
JD Logistics implemented the following technologicalogistics’ open warehouse platform;

complex solution, which is designed to increase the e« The total area of warehouses is 21 million square

efficiency of management and operation of delivery pointsnetres (including the total area of cloud warehouses);

All-in-one solution reduces equipment costs at delivery ¢ More than 240,000 warehouse and delivery

points (router, WIFI, VPN, firewall). employees;

Accessibility for businesses is enabled by backup to ¢ 190 thousand corporate clients in 2020 [49].

multiple WANS.

Security of data transfer and user access to the Internet. It should be noted that the company did not terminate

No need for on-site IT staff to support the system. implementing its strategy after the onset of the pandemic,

Reduced system deployment costs. but rather took measures to adapt to the new conditions of
Ability to open 1,000 delivery points per month [49]. the endogenous and exogenous environment. The JD

JD Logistics considers itself as an e-commerckogistics continued its market growth even after 2019, as
technology company and a leading provider of supplgvidenced by the positive dynamics of net income from
chain technology and services. Some of these technolggyduct sales. The company has decided not to reduce
solutions include warehouse management, transportati@apital expenditures in light of the socio-economic crisis
shipping, after-sales service, as well as cloud services azalised by the COVID-19 pandemic as its market
data analytics. JD Logistics believes that the companysadership is based on technology and powerful
competitive advantage is provided by two main factorgnfrastructure. The company also needed to develop its
quality customer experience and operational efficiencfleet of autonomous robotic delivery vehicles in Chinese
The core of the company'’s strategy is aspiration to proviadties, which is especially relevant under the pandemic
consumers with a wide selection of quality products okstrictions. JD Logistics attracted debt financing in order
authentic origin at adequate prices, which is supported hy solve the problem of limited access to financing, while
investment in technology and logistics infrastructure. Thisicreasing the level of financial stability, namely the
is necessary to provide efficient and reliable logisticaweight of equity capital in the financing structure. The
service fulfilment, which contributes to greater customeromprehensive adaptation programme allows JD Logistics
loyalty. The key of JD Logistics’ value proposition is high+o maintain leadership in the market and have significant
quality, reliable service based on the quality and speedddvelopment prospects both in China and in other countries
the delivery network and the work of the company’s stafand regions of the world.

This is enabled by the company’s focus on innovation. JD It is important to emphasise that the company takes into
Logistics has a team of more than 3.5 thousand R&Bccount various challenges of the exogenous and
specialists. The company also has more than 4,000 patestislogenous environment which helped it to prepare for the
and copyrights for computer software with more than 2,5@cio-economic crisis in general and the COVID-19
patents in the field of automation, robotics and unmanngdndemic restrictions in particular. JD Logistics ensures its
vehicle control technologies [49]. long-term stability, ability to adapt to the challenges of the

JD Logistics’ strategy focuses on efficient logistics andxogenous and endogenous environment, creates value for
provides that the company completely covers the entigtakeholders based on global development trends, in
supply chain process from the purchase of goods to thparticular, the digitalization trend.
transportation and their distribution to end customers. JD Table 3 presents the factors influencing the adaptation
Logistics’ warehouse network covers almost all countiesf logistics companies to the pandemic restrictions based
and districts in China. The company’s infrastructuren the results of the analysis. The impact factors are
consists of: divided into the following blocks: actions of governments

and regulatory policies, maintaining company’s activities,
company finances, customer relations, relations with
suppliers.
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level

Table 3 Factors influencing the adaptation of logistics companies to the COVID-19 pandemic restrictions

I mpact factor

Explanation

Government action
and regulatory policy

sQuarantine restrictiol

Exportcontro

Restrictions on the operation of the infrastruc

Support of citizens and busines

Maintaining
company’s activities

Availability of key personn

Maintaining the operation of critical infrastruct

Ensuring the normal functioning of the production site under quarantine restr

Legal suppo

Adequate risk managem

Company finances

Ensuring adequate liquid

Optimizing and increasing operational efficie

Attracting shareholders’ suppt

Settlements creditor ban

Customer relations

Checking the status of the counterp

Changing the value proposition to meet the new customer

Industry analysis of the customer portfolio with a focus on the openness of the i
to pandemic risk

dustry

Flexibility in working with custome

Changes to the terms of service and cooperation with cust

Relations
suppliers

with

Status of air carriers (available capacity, financial status of the ¢

Status of railway carriers (restrictions on crossing the border, financial status
carrier)

of the

State of marine carriers (availability of containers, financial state of the ¢

The condition of motor carriers (complicated customs control procedures,
condition of drivers, financial condition of the carr

health

Continuity of warehouse facilities operat

Health condition of employe

Source: developed on the basis of the author’s analysis

The selected factors focus on both the exogenous agifective adaptation of the logistics company to changes

challenges.

important aspect thatompany, for example, the Balanced Scorecard.

endogenous environment. Another advantage of thmder the pandemic restrictions. The above-mentioned
outlined set of factors is its ability to support the planninfactors can be evaluated both in quantitative and qualitative
and implementation of an adequate adaptation programbeems and applied as part of various analytical tools of
by the logistics company in response to macro- and micrstrategic and operational management of a logistics
Another
distinguishes the set of factors proposed above is the focus
on the short- and long run, which contributes to a more
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5 Discussion research and supported by findings in the papers. This
So, the importance of the drivers of adaptation diroposal is supported in [43] where was put forward an
logistics companies to the pandemic restrictions wadea on digitalized ways of handling uncertainty for
established, in particular, in terms of the dynamics d@gistics companies under COVID-19. Authors in [44]
capital investments, operational efficiency, financialurther develop issue of uncertainty in managing logistics
stability. The results of the study of a sample of logisticgompanies in terms of its innovation capabilities and risks
companies are confirmed by the previously obtaine®f Industry 4.0 transition. Stewart [48] further emphasizes
results, in particular, in terms of the importance of adequafée need of a multidimensional approach of managing
pianning of the adaptation programme, Organizationuncenalnty IN Crisis thIronment for |Og|St|CS Companlgs.
flexibility, business efficiency in times of a crisis.Shahbaz et al. [41] in turn proposes to employ a risk
According to [34], adequate planning of a comprehensidassification tool in terms of managing supply chain under
plan for the adaptation of companies to crisis conditions §20VID-19 crisis situations. Sharma et al. [40] elaborates
of great importance in the pandemic context. In tur®n @ need for a complex approach towards uncertainty and
researchers outline the drivers of flexibility and efficiencyisk management for logistics companies under COVID-19
of companies in terms of their adaptation under tHeandemics both in its exogenous and endogenous
pandemic restrictions [37]. In [38], authors have a cloggvironment. This context is further developed in [42],
position, who focus on the competitive advantages aéhere is proposed a transformative response for supply
peculiarities of the business model of small, medium-sizédain challenges under COVID-19 business environment.
and large logistics companies, which necessitates Need for specific management tools dealing with
individual planning of adaptation to the pandemidincertainty and risks is also emphasized in this paper
restrictions. supported by a body of other research papers. In this
A set of factors of exogenous and endogeno@$ntextauthors in [45] outline a need for an integrated tool
environment influencing the adaptation of logisticdn the light of post-pandemic challenges concerning
companies to the pandemic restrictions was also identifieé¢icertainty for logistics companies. Kilpatrick et al. [47]
They involve the following blocks: government actiong&mphasise need for smart management tools for supply
and regulatory policy; maintaining company’s activities€hain risks under high uncertainty caused by COVID-19
company finances; customer relations; relations withandemics. Nguyen et al. [46] put forward a proposal for
suppliers. This thesis is supported by Majid [11], whé&isage of an operational risk analysis model in terms of
emphasizes that there is a complex list of factors to K&VID-19 pandemic crisis environment of logistics
taken into account when the company makes decisions @Hmnpanies. S _
adaptation provoked both by the pandemic directly and the The great role of digitalization in the adaptation of a
socio-economic crisis. In turn Choi [17] distinguishes thigistics company is also confirmed on the example of JD
factor of a significant reduction in economic activityL0gistics included in the sample. In turn, Wang et al. [26]
because of the suspension or closure of production sitesN@fes the urgency of the implementation of innovative
[13], De Vos develops the thesis and emphasizes th@lutions that promote the growth of the quality of logistics
comprehensive limitation of the operation of the logisticgervices through digitalization. Similarly, in [31], authors
infrastructure in terms of transportation by air, road, railustified the concept of supply chains open to
and marine transport_ In [15], Gosshng et al. agrees Wifﬁqo_nfiguration due to their erX|b|I|ty, digitalization and
this and separately emphasizes the impact of the reductRfficiency.
in air transportation on the functioning of the logistics However, unlike previous studies, the results of this
system as a whole and the logistics company in particul&tudy indicate the importance of maintaining a balance
The importance of adequate market and financi®etween short-term and long-term measures in the
planning of the operational work of the sample logisticdaptation of logistics companies to the pandemic
CompanieS’ in particuiar' maintaining the dynamics dﬁstrlctlons. The results of the anaIySIS of the dynamlCS of
Total Revenue Growth and an adequate amount &&Pital expenditures and the financial stability of the
Working Capital, was emphasized. In turn, was in [gjompanies selected for_this stu_dy showed the importance
emphasized the importance of maintaining the operation@®k long-term factors influencing the programme of
a logistics company during a pandemic. According to [19fdaptation to the pandemic restrictions.
it is necessary to pay significant attention to the problem of
inadequate strength of supply chains caused by a large- Conclusions
scale unexpected crisis. Similarly, in [10], researchers The problem of adapting the operation of logistics
emphasized the importance of adequate planning acdmpanies to the new conditions of the exogenous and
implementation of supply chain adaptation programmes éndogenous environment has become especially urgent in
the context of COVID-19. the context of the COVID-19 pandemic and the socio-
Uncertainty and risk drivers in managing logisticeconomic crisis, which was caused both by the spread of
companies under crisis situations, incl. COVID-13he pandemic and restrictions imposed by the governments.
pandemics is also another major area covered in thife results of this study evidenced the high importance of
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an adequate adaptation programme of logistics companiesAvailable: https://covid19.who.int [11 May 2022],

in the face of the challenges of both the COVID-19 2021.

pandemic and global development trends, in particular t[2] Epidemic Stats, www.epidemic-stats.coRealtime

digitalization  trend.  Successful  planning and coronavirus statistics with chartfOnline], Available:

implementation of the adaptation programme of logistics https://epidemic-stats.com [27 Jun 2022], 2022.

companies under the pandemic restrictions will allow thef8] PROKOPENKO, O., DIKIY, A.,, BUTENKO, N.,

to ensure the successful survival of the socio-economic NAUMENKO, M., DEDILOVA, T., MIROSHNYK,

crisis in the short run, and the creation of value for a wide R.: Business process optimization based on logistics

range of stakeholders during the COVID-19 pandemic and concepts and technologiekjternational Journal of

in the post-pandemic period in the long run. Advanced Research in Engineering and Technglogy
Analysis of the financial statements of the logistics Vol. 11, No. 6, pp. 184-196, 2020.

companies of the sample revealed changes in their mar§tPROKOPENKO, 0., TOKTOSUNOVA, C,,

and financial management in order to adapt to the COVID- SHARSHEEVA, N., ZABLOTSKA, R.,
19 pandemic restrictions. In particular, the analysis of the MAZURENKO, V., HALAZ, L.: Prospects for the
selected companies revealed: Reorientation of Investment Flows for Sustainable

a drop in the Total Revenue growth rate after the onset of Development under the Influence of the COVID-19
the COVID-19 pandemic, with the recovery of growth PandemicProblemy Ekorozwojuvol. 16, No. 2, pp.

rates in 2021; 7-17, 2021. http://doi.org/10.35784/pe.2021.2.01
increasing Capital Expenditures after the onset of tfj] PROKOPENKO, o, KICHUK, Ya.,
COVID-19 pandemic; PTASHCHENKO, 0., YURKO, I,

a reduction in the Working Capital growth rate after 2019; CHERKASHYNA, M.: Logistics concepts to optimise
the growth of the Debt-to-Equity ratio after the onset of the business processeSstudios de Economia Aplicada

COVID-19 pandemic; Vol. 39, No. 3, pp. 1-13, 2021.
maintaining the Equity-to-Assets ratio at a stable level in https://doi.org/10.25115/eea.v39i3.4712
2019-2021. [6] PRANSKUNIENE, R., PERKUMIENE, D.: Public

perceptions on city landscaping during the outbreak of
The practical value of the results obtained involve the coronavirus disease: The case of Vilnius pop-up beach,
proposed set of factors influencing the exogenous and Lithuania, Land Vol. 10, No. 1, pp. 1-18, 2021.
endogenous environment in terms of adaptation of logistics https://doi.org/10.3390/land10010032
companies to the COVID-19 pandemic restrictions. THg] ARAZ, O. M., CHOI, T. M., David, L. O., Salmaf,
following blocks of impact factors were distinguished: S.: Data analytics for operational risk management,
government actions and regulatory policy, maintaining Decision Sciencesyol. 51, No. 6, pp. 1316-1319,
company’s activities, company finances, customer 2020. https://doi.org/10.1111/deci.12443
relations, relations with suppliers. The importance dB]LIN, Q., ZHAO, S., GAO, D., LOU, Y., YANG, S,
planning and implementation of the logistics company’s MUSA, S. S., WANG, M. H., CAl, Y., WANG, W.,
adaptation programme is emphasized both in the short- andYANG, L., HE, D.: A conceptual model for the
long run, which implies different effects of the above- coronavirus disease 2019 (COVID-19) outbreak in
mentioned factors for different time horizons. The Wuhan, China with individual reaction and
described case of JD Logistics included in the sample is governmental action, International Journal of
also of practical interest, which successfully implemented Infectious Diseases/ol. 93, No. April, pp. 211-216,
a programme of adaptation to the COVID-19 pandemic 2020. https://doi.org/10.1016/j.ijid.2020.02.058
restrictions based on digitalization and the reasonable U8¢LIN, J., LANNG, C.:Here’s how global supply chains
of market and financial drivers. will change after COVID-19,[Online], Available:
Prospects for further research involve an extended https://www.weforum.org/agenda/2020/05/this-is-
study of the factors influencing the logistics companies’ what-global-supply-chains-will-look-like-after-covid-
programme of adaptation to the COVID-19 pandemic 19 [06 May 2020], 2020
restrictions. The study of both financial and market factof40] SENIR, G., BUYUKKEKLIK, A.: The effects of
influencing the practice of adaptation of logistics COVID-19 outbreak on supply chains and logistic
companies in the context of the COVID-19 pandemic also activities,Reflections of the Pandemiopl. 1, No. 1,
evoke scientific interest and is a promising research area. pp. 623-640, 2020.
Further research should also examine the challenges[bf] MAJID, A.: Pakistan’s supply chain resilience impact
post-crisis adaptation of companies after the end of the of Corona  Virus, [Online], Available:

COVID-19 pandemic. https://doi.org/10.17613/4dr4-6g09
[24 Aug 2020], 2020.
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Abstract: In Iraq, there is a vast construction movement. Still, it is accompanied by many problems, the most important
of which is the delay in completing projects during the specified time. The time must be optimized by adopting the
leadership practice and dedicating it to the benefit of performing the process and functions of the project. The research
aims to identify the most important reasons and factors that affect the project delivery process within the specified period.
The investigation initially dealt with the most important previous studies, on this subject, by researchers, then touched on
the concept of construction projects, their types and details. A questionnaire containing reasons for the delay was
identified and divided into several items. It concluded that the most common reasons for delays are delays in laboratory
testing of materials, assignment of works to the lowest bidder, contractors' financial incompetence, and high building
materials prices. The most crucial factor is to streamline building material inspection procedures, set up inspection
laboratories on several occasions and assess the contractor's effectiveness and ability to implement before the project is
referred financially. Organizations and individuals should coordinate their work between the construction departments to
prevent any issues that may arise during completing tasks.

1 Introduction modern technologies, poor working conditions, delays, a

The main objectives of this study are to identify the lack of planning, and poor project safety planning are
root causes behind time overruns on construction projectg§ome factors contributing to unfinished projects in the
in Irag. The building industry is one of the essential areadradi construction industry [6]. After the invasion of Iraq
for a country's economic development [1]. Constructionin 2003, the Iraqi economy experienced several crises.
projects in Iraq, like those in other countries, necessitat&estructive policies were implemented, which worsened
a wide range of resources, induding |abour’ funds'the situation after the civil war in 2006 and the financial
equipment, machinery, materials, and technical expertiseSfisis in 2008, which led to fluctuating oil prices that hurt
This puts building projects at risk of delays and costthe environment for construction projects [7]. The most
overruns [2] Whether it's Simp|e home Construction’crltlca-l faCtorS.affeCtlng construction prOJthS n |raq are
multistory flat residences, or civil engineering projects, terrorism and its impact on worker and equipment safety.
all projects have completion deadlines [3]. However, theT errorism has become a significant issue in world politics
primary purpose of this research is to identify theand threaten; construction, particularly in countries like
variables that contributed to delay from the employersirad, where fighting and wars are common. These issues
perspective to assist them in setting proper evaluations iwill have a substantial impact on the performance of
future contracts via the use of quantitative data gathereg@onstruction projects.
in this article. Delays are rather usual. It is critical to ) )
ensure that the project is completed on schedule. Itisong  Literaturereview
of the most important requirements of clients in the There are several construction project delays based on
building industry [4]. The amount of time allotted for a who is responsible for them. Compensation for a short
construction project's completion is essential for both thedelay, customers' actions or inactions may be to blame for
project owner and the project contractor. Delays and thehis form of hold-up. Contractors are entitled to additional
inability to complete work on schedule are the primetime and reimbursement for delays if they face this issue.
sources of construction conflicts. Time delays areln the case of the client's architect, the late release of
common and are virtually always related to constructiondrawings is an example [8]. Excusable lateness without
projects [5]. Economic crisis, poor management,remuneration is also responsible for the delay in the
ineffective design, financial corruption, lack of contractor project. This type is brought on by third parties or events
experience, inefficient scheduling, changes in legislatioroutside the client's and contractor's control. Unexpected
and government Regulations, a lack of application ofweather, strikes, fires, and government acts in their
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sovereign role are common examples [9]. A thorougBustomers, consultants, and contractors were all included
literature analysis and survey of Iraqi project participania the poll. Assaf et al. [17] also did a time performance
was conducted to learn more about the most commassessment in Saudi Arabia to identify the importance of
reasons for delays in public works projects. According teach project participant (client, consultant, and contractor).
the literature research and pilot study, 65 reasons wddgring the investigation, they discovered 73 reasons for
divided into four categories: client-related, contractordelays [17]. Zack defined delay as an act or event which
related, consultant-related, and external variables [1@xtends the required time to perform or complete work of
They concluded that the most significant causes of delaly® contract and manifests itself as additional days of work.
in Iragi public projects were the security measure§he main causes of delay were identified as a designer,
government changes to rules and bureaucracy, official anser changes, weather, site conditions, late deliveries,
unofficial holidays, the poor performance of lowest biddeeconomic conditions, and an increase in quantity (i.e., poor
contractors in the government tendering system, desigesign and negligence on the part of the owner, change
changes made by the owner and consultants, delays in tinders, weather, site conditions, late deliveries, economic
owner making progress payments, issues with the loaanditions, and an increase in quantity). According to the
community, and the owner's lack of constructiomeport, paying close attention to these delay causes will aid
experience. Kazaz et al. [11] used a questionnaire to suryaglustry practitioners in reducing contract conflicts. Delays
71 enterprises operating in Turkey. The analysis concludate also significantly linked to contractor failure and
that out of 34 factors impacting project time, design andefficient performance [18]. Momani [19] offered a
material changes were the most important, followed kyetailed evaluation of 130 public projects, including
payment delays and cash flow issues [11]. Abd El-Raze&sidential, office, hospital, school, and communication
et al. [12] investigated the reasons for construction projefetcilities. Poor design, change orders, weather
delays in Egypt. The most common causes, accordingdwcumstances, site conditions, late delivery, economic
the research, include contractor financing duringonditions, and an increase in quantities were all major
construction, delays in owner payment to contractorsguses of delays in the research. The Pourrostam et al. [20]
design modifications by the owner or his agent duringesearch was conducted used an essential index scale to
construction, partial payments during construction, andvestigate sixty-four reasons for delays in Lebanon's
non-use of expert construction/contractual managemebtilding sector. Financing and scheduling of
Two studies have been conducted in Jordan. Sweis etalbcontractors, poor contractual ties, and design
[13] investigated the reasons for construction delays modifications by owners were identified as the most
residential projects. They found that the contractorsgnificant delay causes. The researcher proposed value
financial issues and the client's many change orders are émgjineering and creative management strategies to
most common causes of delays [13]. Al-Momanimprove efficiency and effectiveness [19] and identified
performed the second research, which looked at the reastives primary causes and repercussions of delay in Iranian
for delays in 130 public projects in Jordan, includindpuilding projects, identifying the (10) most important
housing, office and administration buildings, schoateasons for a delay from a list of (27) distinct sources of
buildings, medical centres, and communicationelay that contribute to (6) various delay effects [20].
infrastructure. According to the study, the most common

delays in public buildings are connected to the designg, M ethodology

client changes, weather, site circumstances, late deliverigs)  Description of the individual survey

economic situations, and increased quantity [14]. Kaming This study intended to choose a research sample from
etal. |nvest_|glateq the_elementsmfluencmg the constructigfirveyed individuals with experience and know-how in
of Indonesia’s high-rise structures. The study discovergdnpieting construction projects. The aim is to benefit
that design modifications, low worker productivity, PoOkyom the accurate and helpful information provided by
planning, and resource limitations are the main causesiffm and obtain ideas that enhance the importance of the
delays. Two studies, one on Saudi Arabia and the other QRyearch. In line with that, the authors of this study began
Libya, are used as the literature review of emergingsiributing 62 forms that included engineers and workers
countries [15]. Shebob et al. [16] investigated the effects pf onstruction projects, and 50 valid responses were

delays in Libyan building projects by identifying andyptained for analysis, meaning that the response rate was
evaluating the elements that cause delays. Libygpoy,

construction projects discovered low workforce skills,
changes in the project scope, slowness in issuiRg, Analytical tools
instructions, and other crucial variables. The significance |,
of the data was tested using statistical methods, and

findings were confirmed to be significant [16]. Assaf et a
[17] obtained the reasons for delays in Saudi Arabigp
construction projects. Across nine primary categories, tzg?
researchers collected data on 56 different reasons

e analysis relied on a set of statistical methods and
Bans for data processing, tabulation, and scheduling and
he responses contained in the questionnaire in proportion
the number of sample members [21]. The statistical
ogram statistical package for the social sciences (SPSS)
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was also used. It reviews the mathematical details of the 7. The f-test shows each variable's effectiveness and

tools used in the current research: verifies the signature of the functional
1. Repetitions: review the answers of the relationship between the variables.
respondents.

2. Arithmetic mean: to display the average of th.3 Description of theindividuals surveyed
answers for a particular variable, which is a sum The investigation aimed to select a research sample
value for their number. from individuals surveyed who have experience and
3. The standard deviation shows the degree ®howledge of completing construction projects and their
dispersion of the answers from their arithmetigequirements. This was done to ensure that accurate and
means. helpful information is provided and to obtain ideas and
4. Percentage: A mathematical expression thaluggestions that enhance the importance of the research. In
shows the percentage of answers for a giveme with that, the researcher began distributing 62 forms
variable. that included engineers and workers in construction
5. The Kendall correlation coefficient [22] revealsprojects, and (50) valid records were obtained for analysis,
the correlation between two variables for nonmeaning that the response rate is (83%), and Table 1 shows
parametric studies. It is a preferred coefficienthe characteristics of the individuals surveyed in the
because it modifies and treats the abnormal valuesnstruction projects.
in the respondents' answers.
6. Simple Regression Coefficient: to measure the
effectiveness of an independent variable on a
dependent variable.

Table 7 Characteristics of the research sample

Distribution of the respondents according to ge
male female
numbe % numbe %
44 88% 6 12%
Distribution of the respondents according to age gi
From 2f-28 From 3(-3¢ From 4(-4¢ From 5(-5¢ | <6C
NO. % NO. % NO. % NO. %
8 16% 21 42% 15 30% 5 J10% |1 [2%
Distribution of the respondents according to years of se
1-5 6-1C 11-1E 16-2C 21-2¢ 26-3C >31
NO. | % NO. | % NO. |[% |[NO.|% NO.[% [NO.|% |NO. %
10 20% |10 |20% [5 [10% [10 [20% [10 [20% | 4 8% |1 2%
Distribution of the respondents according to acadachievemer
Doctol Maste Bachelor Diplome
NO. % NO. % NO. % NO. %
- - 1 2% 2 4% 47 97%
4 Analysisand findings by the answer field (7), to the lowest weight, which is the

The answers to the researched variables are descrifié?f field, which is represented by the answer field (1), and
and interpreted in the light of the data and information thRetween them, there are five othereights (6,5,4,3,2).
was done either using a questionnaire to know the result8Us, it's hypothetical mean is the value of the weighted
or using descriptive statistical methods (means Standatithmetic means equal or greater than (4), which means
deviations, weighted percentage). The statistical effdffat the sample on the variable tends to agree on its
requires early detection of the strength and weakness of ghilability. Still, if the values are less than 4, the sample
answers to reach its goal. The use of a heptagonal Likafswers to the variable tend to disagree. This investigation
scale [23], which consists of seven fields distributed frordlso found that there is a discrepancy in the results of the

the highest weight, which is the field which is representeg®mple according to the answers of the piece researched in
the projects (Table 2).
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Table 2 The level of the research variables by extracting the arithmetic averages and standard deviations

The daily work falls
within a list of the task

The project activities
shall be carried out

Adjust the daily
project schedule @

Scheduling daily

Questions that | want to according to an Setting the project | part of the contro] activities often leads tg TOTAL
Time planning accomplish daily withil organized schedule faccording to a timetaljle process. To be |the speedy completion pf
paragraphs arranged|irdefine and documentt supervised by planned projects
order of priority the worl managemel
Strongly agree 6 2 0 2 2
Agree 19 6 8 3 7
Somewhat agr¢ 18 22 9 14 9
Undecide 3 5 5 4 3
Somewhat disagr: 2 12 27 17 1€
Disagree 1 2 1 8 10
Strongly disagre 1 1 0 2 3
N (No. of respondents 50 50 50 50 50
Mear 5.340( 4.420( 3.920( 3.740( 3.680( 4.2z
Standard deviatic 1.2224: 1.3107: 1.2094¢ 1.4820( 1.6467 0.911¢
Weighted percentage 76.3 63.1 56.0 53.4 52.6 60.3

Questions
determine priority point

The organization set|
priorities for project
completion to be

° consistent with its

The organization setq
fimetable for achievin
the project objectiveg
which helps in the
speed of their

Delegating authority i
one of the priorities o
the organizatios'work

in completing its

fSCompIete project

on time, one of th
priorities of the
organization's wo

The organization is keg
g0 adhere to the deadlin
for the completion of
projects and consider
k them among its main

TOTAL

strategic objectives ; projects —
achievemer priorities
Strongly agre 2 1 1 2 4
Agree 3 7 6 6 6
Somewhat agr¢ 1C 7 9 9 15
Undecide 4 5 5 4 1
Somewhat disagr 21 23 18 1€ 12
Disagre! 7 5 7 7 4
Strongly disagree 3 2 3 6 8
N (No. of respondent 5C 5C 5C 5C 5C
Mean 3.5600 3.7000 3.6400 3.5800 3.8571 3.677¢
Standard deviatic 1.4730: 1.4321: 1.4950: 1.6913¢ 1.8819: 1.316¢
Weighted percenta 50.¢ 52.¢ 52.C 51.1 55.1 52.F

There is clarity in the
responsibilities for th

The result of the

D

Specialized and

The organization

There is an assortment

Questions organization in the - . can provide S
e work of the e efficient staffs work ir).. . heads and supervisors
about wasting time o . spirit of one team at| o financial resources .-~ ;
organization despite tl our organization within the same project
] work promptly
overlap in the powe
Strongly agree 3 2 2 3 2
Agree 5 7 6 3 3
Somewhat agr¢ 8 1C 1C 7 5
Undecided 5 2 3 4 3
Somewhat disagr: 18 22 2C 18 22
Disagree 8 6 7 10 8
Strongly disagre 3 1 2 5 7
N (No. of respondent 5C 5C 5C 5C 5C
Mear 3.680( 3.860( 3.760( 3.380( 3.160(
Standarcdeviatior 1.6091 1.4984: 1.5327 1.6274: 1.5433¢
Weighted percentage 52.6 55.1 53.7 48.3 45.1
Strongly agre 3 2 2 3 2
Individuals in the There is a severe The 9r9?‘”'zed d ’V.'?”y of tEe .
Questions organization rely on tfj interest in preparing communication systej decisions t_a en in
e L 2| between the relevant the organization TOTAL
about wasting time method of self- |project implementatio| - )
> authorities as being| are well thought
censorship follow-up )
effective out
Strongly agre 3 3 2 2
Agree 6 4 5 3
Somewhat agr¢ 4 4 9 6
Undecide 2 2 1 3
Somewhat disagr 18 18 1€ 18
Disagre! 1€ 1C 12 4
Strongly disagree 4 9 5 17
N 5C 5C 5C 5C
Mean 3.3200 3.1200 3.4000 2.7959 3.3832
Standard deviatic 1.7313: 1.7337( 1.6781 1.7075¢ 1.223:
Weighted percenta 47.L 44.€ 48.€ 39.¢ 48.%
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The time management variable included threwas (4) onthe scale area, this indicates the average answers
dimensions (time planning, setting goals and priorities, amd the respondents were close in terms of the agreement on
avoiding time wasters). With a standard deviation dhis dimension. The relative importance of the stage
(0.9118), and since the hypothetical mean is (4) on theached 56.1, which is higher than the average. Paragraph
scale area, the research sample agrees about the import@nadated to the project team's experience and competence,
of time planning. It was obtained that the highest averagehieved the highest arithmetic mean of 4.2200, while
of 5,340; as for the lowest standard of my account, wasiragraph 5 on project management's follow-up to changes
obtained in paragraph (5) related to (scheduling daignd conditions had the lowest arithmetic mean of 3.7000.
activities plays a high role in the speed of completion of About the second dimension (the project planning
the planned projects), and their mean was 3.680. stage), the weighted calculation means reached 3.628 with

As for the second dimension (setting goals and standard deviation of 1.3407. Paragraph 2, related to the
priorities), the weighted mean reached (3.6776) with groject management determining start and end dates of
standard deviation of (3146.1), and since the hypotheticattivities, achieved the highest arithmetic mean of 3.8000.
mean was (4) on the scale area, this indicates that faragraph 5, related to effective communication plan for
respondents' opinions were almost in agreement towanisk management, contracting, and auditing, had the lowest
the stage of setting goals and priorities. arithmetic mean of 3.20. As for the third dimension, the

The relative importance of the location reached (52.5)roject implementation stage, the weighted arithmetic
which is an average percentage, and paragraph (5) relateeln reached 33.96 with standard deviations of 1.5458.
to (the organization's keenness to adhere to the deadlir@isice the hypothetical mean was (4) on the scale area, this
considering them among its main priorities) achieved thadicates a simple agreement for the sample of respondents
highest arithmetic mean (3.8571), while the lowestbout the project implementation stage. As for the relative
arithmetic mean was obtained by the paragraph (1). Thaportance of the location only, it reached 48.5, which is
value is related to the organization sets priorities for theose to the average. Paragraph (1) related to (the project
completion of projects to be consistent with its strategimanagement is keen to apply international standards and
objectives and it's an is 3.5600. use modern technology methods to improve the quality of

As for the third dimension, avoiding time wasters, th&vork) achieved the highest average calculation of (3.5200),
weighted arithmetic means reached (3.3832) with while the lowest arithmetic mean was obtained by
standard deviation of 1.22. Since the hypothetical meg@aragraph (5) related to the project management checks
was (4) on the scale area, this indicates that the averagel inspections. As per the fourth dimension (the stage of
response of the respondents was almost in agreemelasing or termination of the project), the mean was 3.196,
towards avoiding time wasters. As for the relativend the standard deviation was 1.5526. Since the
importance of the stage, it reached (48.3), which is a serhigpothetical norm was (4) on the scale area, this indicates
average percentage; paragraph (2) related to (ttieat the average answers of the respondents agreed to some
organization prevails in the spirit of one team at work). kxtent about the stage of closing or ending the project. As
achieved the highest average calculation of (3.8600), whiler the importance, the relative level for the setting only
the lowest arithmetic mean was obtained by paragraph (@ached (45.7), which is close to the average. Paragraph (2)
related to (many decisions taken in the organizatiaelated to (the project management possesses high
carefully studied) whose arithmetic mean reached 2.7956onfidence in the qualifications, performance and

The time management variable reached the arithmetichievements of its workers) achieved the highest
mean (3.7620) with a standard deviation (1.04609), amdithmetic mean of 3.5400, while the lowest arithmetic
since the hypothetical mean is (4) on the scale area, thigan was obtained by Paragraph (5) related to (take
indicates good progress in a positive direction towards tinlroject management reviewing what has been achieved
management, and the relative importance of the variablealtd research by performing better than its competitors)
reached (53.7), which is a good percentage, and tlfiEable 3). Its arithmetic mean reached 2.7600 for the
indicates that the respondents focus on completing theariable as a whole (Management and Completion of
projects within the specified time and identifying theprojects went the arithmetic mean) (3.5370) and with a
obstacles that hinder work. standard deviation of 1.2155 and since the hypothetical

The project completion stages included foumean was (4) over an area. The scale indicates that the
dimensions: the project initiation stage, the projectiespondents were not satisfied with the processes of
planning stage, the project implementation stage, and tb@mpleting their projects within the specified time, but this
project's closing or termination stage. did not prevent them from presenting what they could

Regarding the first dimension (stages of starting theccomplish even as much as possible. The variable in
project), the weighted arithmetic mean was 3.928, with gquestion only had a relative importance of 50.5, indicating
standard deviation of 1.3048. Since the hypothetical mearmedium level of importance.
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Table 3 The level of the study sample's answers to the paragraphs of the second phase (stages of project completion)

Questions
About project plannin

)

Project management
prepares project phase
within a specified schedu

The project manageme|
| determines the start an
’ end date of each proje

D

mhanagement cg

cresources at th

d provide

gariables into accou

Project manageme
takes environments

when setting the

nt is keen to develop an

departments to ensure 1

. The project managemer-lrthe project tea Establishing an offiq .
The project management . - consists of ) There is a follow-up by
. . e . is keen on defining the . for the project to -
Questions regarding obtains information from S . 1experienced an . . .~ | the project manageme:lt
. . - activities and scheduling listen to the opinion ; OTAL
Project start multiple parties for the . competent for the change in the
L the material resources{ ."~. * of workers and - L
feasibility study : individuals S project's conditions
the project beneficiaries
Strongly agre 3 2 2 1 2
Agree 4 7 8 8 7
Somewhat agr¢ 15 1€ 1€ 11 9
Undecide: 5 4 4 3 4
Somewhat disagree 12 14 15 16 17
Disagre! 7 3 3 7 6
Strongly disagre 4 4 2 4 5
N (No. ofresponden 5C 5C 5C 5C 5C
Arithmetic meal 3.880( 4.080( 4.220( 3.760( 3.700( 3.92:
Standard deviation 1.64924 1.58874 1.48860 1.62330 1.66905 1.3048|
Weighted percenta 55.£ 58.2 60.2 53.7 52.¢ 56.1
Project The project management

| effective plan for
communication betwee|

MOTAL

activity. right tlljrgr(]eﬁ?nd : project schedule management
q Y contract and review
Strongly agre 2 3 2 2 1
Agree 6 5 4 4 8
Somewhat agree 10 11 12 10 6
Undecide 3 3 8 4 3
Somewhat disagree 19 18 13 20 11
Disagre! 8 8 7 9 9
Strongly disagre 2 2 4 1 12
N (No. of responder 5C 5C 5C 5C 5C
Mear 3.740( 3.800( 3.740( 3.660( 3.200( 3.62¢
Standard deviation 1.54933 1.59079 1.56244 1.45139 1.86263 1.3407|
Weighted percenta 53.£ 54.% 53.£ 52.% 45.7 51.¢
Questions
. . Project Project manageme the. project management
The project management|is . - carries out sudden cheq
. ) Project activities are |management cq follows the method - . f
keen to apply international d . -l and inspections to verify
. . carried out exactly as deal with  |of external control i ;
Project execution | standards and uses modern . ; the quality of the [TOTAL
planned and according to unexpected the project . :
technology methods to . . . implementation of the
. . the schedule crises implementation -
improve the quality of work project contract and
successfully process .
review
Strongly agre 3 2 1 1 2
Agree 5 6 6 7 4
Somewhat agr¢ 12 1C 9 8 6
Undecided 4 2 5 2 3
Somewhat disagr 1C 13 13 14 1€
Disagre! 3 7 9 13 13
Strongly disagree 13 10 7 5 6
N (No. of responder 5C 5C 5C 5C 5C
Arithmetic mean 3.7400 3.4200 3.4400 3.4000 3.2000 3.396
Question
. Theblueprint for the proje The project management Project The project Project management ta
Close or terminate the . . lhas high confidence in {| management aims o .
; is matched with what hag I management a review of what has be
project ) qualifications, create a good .
been accomplished, and seeks t@nhanc - .lachieved and research @YOTAL
. performance, and h .”| reputation among its . .
results are recognized and ) . |trust with servic . doing better than its
achievements of its L competitors through .
matched beneficiaries | ~. . competitors
workers its achievemel
Strongly agree 3 2 3 2 2
Agree 5 6 4 3 5
Somewhat agr¢ 8 9 5 5 5
Undecided 2 4 5 3 0
Somewhat disagr 11 13 13 14 12
Disagree 15 11 16 17 7
Strongly disagre 6 5 4 6 18
N (No. of responder 5C 5C 5C 5C 5C
Arithmetic mean 3.3600 3.5400 3.3000 3.0200 2.7600 3.196
Standard deviatic 1.8034( 1.7048t 1.6690! 1.5842: 1.9012: 1.562¢
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This suggests that respondents have an intermediateThe results indicate a positive and significant
level of knowledge about the problem of completingelationship, where the correlation between time planning
construction projects due to various obstacles, such as lasid project completion (project start, project planning,
of experience and efficiency, lack of resources angloject implementation, project closure) was recorded in
development, and adherence to outdated methods. A labk amount of (0.367, 0.336, 0.457, 0.290, 0.414),
of a scientific research unit to keep pace with scientifiespectively. It is a significant correlation at the level of
development also contributes to these difficulties. Th8ignificant 0.01. If the P-value is less than the significance
evaluation also reported that the delay of one activitgvel. A considerable correlation indicates that time
makes it impossible to start the next one, which is similalanning has a meaningful relationship in those

to the research of [24,25]. dimensions. As for the correlation between time planning
and project completion stages, the Kendal correlation
5 Testing the correlation and effect coefficient reached 0.414. It is significant, and this

indicates a significant correlation between time planning

between the researc.h Va”ab.les and project completion stages. Table 4 shows the values of
5.1 TheKendall correlation coefficientwasused  yengall's correlation coefficient between time planning

511 Thefirst sub-hypothesistest

There is a significant correlation between time planning
and project completion stages (initiation, project planning,
project implementation, project closing)

Table 4 Values of Kendal correlation coefficient between time planning and project completion stages (project start-up, project
planning, project implementation, project closing)

Project startefl Projectplanning Project Close the project Project completion
executiol stage
Time plannin 0.036" 0.336’ 0.457° 0.290’ 0.414
p-value 0.001 0.001 0.002 0.00¢ 0.00(
Significance level at the
L moral moral moral moral moral
level of significance 0.(
* |t indicates a significant level of 0.01.
5.1.2 Test the second sub-hypothesisfor thefirst priorities and (project start-up, project planning, project
central hypothesis implementation, and closing the project) of (0.453, 0.415,

There is a significant correlation between setting goalg,496), respectively, and it is significant at the level of
priorities, and project completion stages (Initiating theignificance (0.01) if the P value is less than the level of
project, planning the project, implementing the project, angorale. Thus, there is a moral correlation relationship, and
closing the project). The results showed a positive arbis indicates that setting goals has a significant, influential
good moral relationship. The correlation was recordegélationship in those dimensions as for the correlation
between setting goals, priorities, and project completigilationship (0.513). This shows the existence of a
stages (project start-up, project planning, projecubstantial correlation between setting goals, priorities and
implementation, and project closure). project completion stages. The correlation coefficient

And there is a correlation between setting goals améached Kendall (0513) (Table 5).

Table 5 Shows the values of Kendall's correlation coefficient between setting goals, priorities, and project completion stages (project
start-up, project planning, project implementation, project closure)

Project startef Projectplanning Project Close the projec Project completion
executiol stage
Setting goals and prioriti 0.453’ 0.415%° 0.496° 0.403° 0.513
p value 0.002 0.00( 0.001 0.00( 0.00(
Significance level at the
s moral moral moral moral moral
level of significance 0.(
* |t indicates a significant level of 0.01.
5.1.3 Test thethird sub-hypothesis of the first project planning, project implementation, and project
central hypothesis closure).

There is a significant correlation between avoiding time The results indicated a positive and good significant
wasters and the stages of project completion (project staglationship, where the correlation between avoiding time
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wasters and the stages of project completion (project stamibstantial relationship in those dimensions, as for the
project planning, project implementation, project closurejorrelation relationship between avoiding time wasters and
was recorded as (0.314, 0.354, 0.455, 0.442), respectivahe stages of project completion. The Kendall correlation
which is a significant correlation at the level of (0.01roefficient reached (0.442), indicating a significant

important. Suppose the P-value is less than the level ajrrelation between avoiding time wasters and the
significance. In that case, there is a significant correlatiolgcations of project completion (Table 6).

which indicates that avoiding wasting time has a

Table 6 Shows the values of the Kendall correlation coefficient between avoiding time wasters and the stages of project completion
(project start, project planning, project implementation, project closing

Project startedProjectplanning Project Close the project Project completion
executiol stage
Avoid wasting timi 0.314’ 0.35¢4’ 0.455’ 0.360’ 0.442’
p-value 0.00¢ 0.001 0.00( 0.001 0.00(
Significance level at the
level ofsignificance 0.0 moral moral moral moral moral
* |t indicates a significant level of 0.01
5.2 Test the second central hypothesis Suppose the value of the P-value is less than the level of

There is a significant correlation between timeenergy. In that case, there is a significant correlation,
management and project completion stages. The resufigicating that time management has a substantial
indicate a positive and good considerable relationship. Trelationship in those dimensions. As for the correlation
correlation between time management and project stadgigween time management and project completion stages,
was recorded, as the correlation coefficient amounted tiee Kendall correlation coefficient was (0.533), indicating
(0.433, 0.426, 0.541, 0.380, 0.533) respectively, which isgasignificant correlation between time management and
significant correlation at the significance level (0.01)project completion stages (Table 7).

Table 7 Shows the values of the Kendall correlation coefficient between time management and the stages of project completion

Project startedProjectplanning Project Close the project Project completion
executiol stage
Time manageme 0.433* 0.426* 0.541* 0.380* 0.533*
p value 0.000 0.001 0.0Q2 0.000 0.00(
Significance level at the
L moral moral moral moral moral
level of significance 0.(
* |t indicates a significant level of 0.01
6 Second impact tests of covering time on the likely variable, the stages of project
6.1 Thefirst sub-hypothesis test completion.

There is a significant effect of covering the time in the 1he Fvalueis calculated (37.078), which is greater than
project completion stages, afd amounted to (0.880). the tabular value at the level of significance (0.01,0.05) and

Table 8 shows the regression analysis results of the eff@&low the degree of freedom (48). TheeeRplained (44%)
of the number of contributions made in the stages of jazz

projects, and the respective value is presented in Table 8.

Table 8 Results of the impact of the time coverage phase on the project's completion phases using the ordinal logarithmic model

Independent . Constant B parameter| Coefficient The calculated F
. Dependent variable 5
variable value value value F value
Time planning Proje‘gtggg‘p'e“o” -0.177 0.880 44% 37.078

Beta ) refers to the probability of Type Il error in athe degree of freedom (48) = 10.
statistical hypothesis test. The first dimension by one unit
leads to a speed in the completion of projects by (0.88@.2 The second sub-hypothesis test
An F-value is the ratio of two variances. If the F-value was There is a significant effect of setting goals and
Tabluted below the significance level (0.05), then thgriorities in the project completion stages. Table 9 shows
degree of freedom (48) is 3.84. On the other hand, if the the regression analysis results of the effect of setting goals
value is tabulated below the significance level 0.01, theind priorities on the approved variable and stages of
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project completion. It is noted that this dimension has the estimated contributions made in the stages of project
significant impact on the steps of project completion, as tlkempletion, and the valuygé amounted to (0.533). It also
calculated F value was (46.44), which is greater than thadicates that the change that occurs in the second
tabular value at the level of significance (0.01, 0.05). Undédimension by one unit leads to Increasing project
the degree of freedom (48), ancd?\Rxplained (41%) of completion stages by (0.533).

Table 9 Shows the impact of setting goals and priorities in the stages of project completion using the ordinal logarithmic model

independent . constant | P parameter| coefficient The calculated F
. dependent variable 5
variable value value value F value
Setting g(_)als and Project completion 0621 0.533 21% 46.44
priorities stage
7 Main Hypothesis Test completion. 48) Rexplained (39%) of the contributions

There is a significant effect of time management in th@ade in the project completion stages. Thevalue
stages of project completion. Table 10 shows thmounted to (0.852) and indicates that the change that
regression analysis results of the effect of timeccurs in the independent variable time management by

management on the adopted variable, stages of projef€ unit leads to an increase in the project completion
stages by (0.852).

Table 70 Shows the results of the impact of time management on project management and completion using the ordinal logarithmic,
linear model

constant| B parameter| coefficient| The calculated Indication
value ¢ value value F? F value level

1 0.109 0.852 39% 45.33 There is an

independent
variable
Avoid Project and achievemen

wasting tim manageme!

dependent variable

effect

8 Conclusions 6. The study is counting the balance of the research

The current study's has some outcomes and sample with the deadlines specified for project
suggestions, which are given below: completion and measuring project implementation
1. Most respondents ignore the importance of time according to a timetable. This may be due to the
management’ especia”y with their da||y schedules. nature of the unstable conditions within the sample.
This, combined with a lack of credibility and 7.The absence of a team-working method makes the
realism in project scheduling at both lower and work challenging and complicated.
upper management levels, leads to projects not
being completed within the planned timeframe aniRefer ences
at the required pace. [1] POURROSTAM, T., ISMAIL, A.: Causes and effects
2.The lack of seriousness of the surveyed of delay in Iranian construction projectsiernational
organizations in achieving their strategic objectives Journal of Engineering and Technologol. 4, No. 5,
leads to the lack of priorities for the implementation pp. 598-601, 2012.
of projects. The main reason for not completing thi2] AL-MOMANI, A.H.: Construction delay: a
strategic goal is the management and central quantitative analysidnternational Journal of project
funding of the surveyed organization's construction managementvol. 18, No. 1, pp. 51-59, 2000.
projects. [3] NAFE ASSAFI, M., HOSSAIN, M.M., CHILESHE,

3. The research sample tends to be more interested inN., DATTA, S.D.: Development and validation of a
planning time than it is concerned with setting goals framework for preventing and mitigating construction
and priorities and avoiding waste of time due to delay using 4D BIM platform in Bangladeshi
completing business requirements. construction  sector, Construction  Innovation

4. The plans for the completion of projects do not Vol. ahead-of-print, No. ahead-of-print, 2022.
agree with the strategic directions, which are https://doi.org/10.1108/Cl-08-2021-0160
considered among its main objectives due to tHd] KASIMU, A.M., ISAH, A.D.: Causes of delay in
lack of coordination between activities. Nigeria construction industry, Interdisciplinary

5. The research sample lacks the fundamental mandate Journal of Contemporary Research in Busin®&s, 4,
of its engineers, which leads to sluggishness in the No. 2, pp. 785-794, 2012.
performance of tasks, scheduling work and studiefs] DATTA, S.D., RANA, M.J., ASSAFI, M.N., MIM,

It is required during the specified time and is alsoa N.J., AHMED, S.: Investigation on the generation of
routine that hinders taking urgent decisions during construction wastes in Bangladesinternational
the completion period of the project.
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Abstract: In the process of dismantling tapioca flour, waste occurs due to activities that do not provide added value (Non-
Value Added). The purpose of this study is to identify and analyze the types of waste and then propose improvements to
eliminate activities that do not provide added value. By using the concept of lean supply chain and value stream mapping
(VSM) it is expected to eliminate activities that do not provide added value and make the company more productive.
Through the analysis of seven wastes and fishbone diagrams, it is known that the biggest causes of waste are waiting for
the arrival of workers, waiting for pilot/tug boats, waiting for trucks to arrive, and working on sacks that have fallen and
torn. Meanwhile, the recommendations given are to coordinate and evaluate the performance of workers, increase the
number of pilot/tug boats and trucks, and supervise the unloading process to minimize mistakes made by workers. With
the proposed improvement, the cycle time, which was originally 335.34 minutes decreased to 271.97 minutes, and for
Process Cycle Efficiency (PCE) which was originally 68.30% increased to 84.22%.

1 Introduction time of each activity to determine the type of waste that

Gelora Samudera Company is engaged in loading afgicurs in the unloading process at Gelora Samudera
unloading services at Makassar Port. Makassar Port is dga@mpany in Makassar Port and analyze the main problems
of the ports in Indonesia which is located in Makassatsing seven waste and fishbone diagrams.

South Sulawesi for loading and unloading activities. One

of the problems that exist here is that there is waste in tBe M ethodology

process of demolition activities that are here, namely ti&1l Data collection dan processing

existence of waste in the process of demolition activities This study was conducted in August-September 2021,
that do not provide value added (Non-Value Added) andlis research was conducted at Gelora Samudera Company,
have an impact on waiting times and cause losses. which is located at Makassar Port, JIl. Nusantara No. 378

Martono [1] found that waste is an activity that does naflakassar City, South Sulawesi. In this study, the primary
add value to business and manufacturing processes. d&ta in this study were obtained directly from the research
using Value Stream Mapping, it can be seen what kind ebject through observation and interviews, while
waste that occurs in the process of dismantling tapiogacondary data were sequence of unloading activity
activities. The process of dismantling activities at Gelorgrocess and unloading activity process time.

Samudera Company still has waste, so research is needed

that can increase company productivity in terms of Furthermore, data processing used in this study uses a

effectiveness and efficiency. This research applies th@an Supply Chain approach which consists of:

concept of Lean Supply Chain and Value Stream Mapping. Current State Mapping

In addition, Anne-Marie et al [2] concluded that lean Process Activity Mapping or Big Picture Mapping is

supply chain is an overall supply chain strategy to increase used as a tool to describe or describe the entire system

effectiveness. Lean Supply Chain also aims to optimize all and value flow in the supply chain [3,5,6].

processes from all supply chains, seek simplification,

reduce waste and reduce activities that do not provide Waste Identification

added value. There are seven types of waste in the manufacturing
Moreover, Irvansyah [3,4] recommended the value process [1,7]:

stream mapping is a tool used to describe or describe thea. Overprocessing,

entire system and value stream in the supply chain. b. Transportation,

Therefore, this method could be used to show the detailed
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¢. Unnecessary Motion, consisting of 21 operating activities or 50.71% with a total
d. Defect, time of 170.04 minutes, 8 transportation activities or
e. Waiting Time, 34.49% with a total time of 170.04 minutes, and 3 delay
f.  Overproduction. activities or 14.81% with a total time 49.65 minutes.

3. Inventory 3.2 Big picture mapping current state

Determining the Most Influential Waste After that is  The Big Picture Mapping above illustrates the flow of

the processing of questionnaires that have beee tapioca unloading process at the Makassar Port which
distributed to the Chief Officer, Chief Stevedoring, angs divided into several stages, namely the preparation of the
Foreman, to find out what type of waste is the mosgfocking ship starting from the ship preparing to dock to the

influential and with the highest level of urgency. dock by turning on the main engine, then pulling the ship
with a pilot/tug ship to the dock, after the ship is leaning

4. Root Cause then the process of anchoring and tying the rope to the pier
Fishbone diagram is an analysis that can make it easiercarried out. The next activity is the work preparation

to find the causes of a problem that arises [3,8]. process starting with a work agreement discussion between
the Chief Officer and Chief Stevedoring, after the
5. Proposed Improvements discussion, the Chief Officer will instruct the operator to

Proposed improvements are given based on the megien the hatch cover/pontoon with a crane, after the hatch
influential waste and the highest level of urgency, witls open, Foreman will install protective nets on the side of
the hope that the company will become smoother, motige hatch. Hull. The next activity is the unloading activity.

productive, effective, and efficient. After the hatch is open and the hull nets are installed, the
_ next activity is sea workers arranging and stacking tapioca
6. Future State Mapping sacks on sling ropes, after the sacks are arranged the next

In the Activity Mapping Future State process, ifprocess is lifting the sacks using a crane, while the sacks
provides a physical flow of information, the timeare lifted using a crane, tallyman counts and records the
required for each activity, the distance traveled in eac¢tumber of sacks lifted, then the sacks are lowered into the

stage of the process in the post-repair state. back of the truck, after the sacks are unloaded in the trunk,
the land workers arrange the unloading of the unloaded
7. Process Cycle Efficiency (PCE) sacks, after the truck is fully loaded the tallyman will make

This calculation is carried out to compare the road transport bill to the driver. The next activity is the
company's performance before and after theriver sending tapioca flour to the destination warehouse.
improvement by using the efficiency of the procesErom the observations made, the delivery of tapioca flour
cycle (Process Cycle Efficiency) [4,9,10], with theto the destination warehouse takes 45 minutes.
following formula:
Figure 1 describes the process flow of tapioca
x100% (1) unloading activities at Gelora Samudera Company at
Makassar Port. So, it is known that the total value of the
. : value-added activity is 335.34 minutes. While the
3 Result and discussion unloading is 106.27 minutes. From this description, it

3.1 Process activity mapping current state indicates that in the process of unloading activities, there is
Following are the results of direct observations that willsj|| waste that can be reduced if possible.

be described in the table above, there are 32 activities

Value Added Time

Process Cycle Efficiency =
y y Total Lead Time
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Table 1 Activity data (unloading) tapioca

. Time Activity Category Activi
No Activity (Minutes) Total O TT[I[S]D Typety
Preparation of the Vessel
1 Ship Preparation 30.25 O VA
2 Waiting for the guide/tug boat 30.71 153.85 D NNVA
3 Pulling Ship 61.56 - T VA
4 Ship docks and tie ropes 31.33 @) VA
Work preparation
Work agreement talks between Chief
: Officer and Chief Stevedoring 327 © VA
6 Operator prepates Crane 14.36 O NNVA
7 Opening and folding hatch tarps 20.14 O NNVA
8 Open hatch/pontoon hatch 2157 | P [To VA
9 Attaching the Hook to the Crane 2.49 O NNVA
10 Attaching the sling to the crane 1.19 O NNVA
11 Installing the ship's hull nets 10.90 O VA
Unloading
12 Waiting for Labor to come 8.42 D NVA
13 Marine Workers enter the hold 3.95 T NNVA
14 Waiting for Trucks 10.52 D NVA
15 Foreman steers Truck in 2.54 T NNVA
16 Land workers get on the Truck 0.21 T NNVA
17 Marine workers arrange tapioca sacks 13.46 o VA
on rope slings
18 Lifting tapioca Sacks from ship to 238 o VA
truck using a crane
Tallyman counts and records the
19 : number of sacks lifted 204 © va
20 Removing the sling 0.25 O NNVA
21 Dropping the sack onto the Truck 0.60 @) VA
» Sewing the sack that was torn from 2.00 62.77 o NNVA
the fall
23 Picking up a fallen sack 2.63 O NVA
24 Attaching the sling to the boat 0.17 @) NNVA
25 Returning the sling strap to the Ship 151 O NNVA
2% Land Worker§ arrange unloading sacks 513 o VA
in the Truck
27 Land workers get off the Truck 0.15 T NNVA
28 Foreman steers Truck out 1.70 T NNVA
o9 | Tallyman makes a f()’fld transport bill 178 O VA
to the driver
30 The driver put the rope and tarp on 281 o NNVA
the truck
31 The driver took the transport receipt 0.54 T NVA
from Tallyman
Flour Delivery To Storage Warehouse
0 Tran.spo.rtation of Tapioca Flour to 45.00 45.00 T VA
Destination Warehouse (Parangloe)
Total 335.34 21 8 10| 0 3 32
~73 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics

Volume: 10 2023 Issue: 1 Pages: 71-77 ISSN 1339-5629

Waste analysis of tapioca unloading process with lean supply chain approach in Makassar Port
Suradi Suradi, Dirgahayu Lantara, Ahmad Padhil

Supplier

FT.
TEGUHWIBAWA
BHAKTIPERSADA

PT. GELORA PT. PANCARAN
SAMUDERA GEMILANG ABADI
PBM/Stevedoring -
Distributor

Gl

30.25 61.56 3133 azr 2.7

10.80

" Stacking Counting | [Lowering the
ahip 7 Laan and lin Wark Hatch s tailing thef Unlaading k Faading Maka o Dalivary
Pulting Ship sacks on and taking sack onte
prepamtion o mpa Agmamant apanar nnts alings tapioea fiour it p e sncks Irnapoe process
L - » m"’:‘;“" | T:E e || o arocess Tha process W E==— Th:r"lm” | [the pocess| | Tatlyman Sonding
Hoating the | | Tewina e [~ Shin docim T -l of installing of warkars || The pmcess ] TeIRAD s af workers makes a *tngicca fiour
mlw":“ ‘ne| | e withia | Jand moordng i arr- e thee bull amanging fifing saced | F2ORSM ] | ""“" < assombling road o
" guianug precess i Chict gz protoction sackson | Lsingacrand | el e | fewnehatiel  [the unicaded| |transport sil dasEnation
stovadeang Y nets afing ropes Iltgatn sacks ta the driver warshouse
Ship dock preparation work preparation Demolition activities (Unfoading) Delivery process

13.46

23 6 T8 45.00

30.25

B s s W e A T

0 5.13 1
335

0.25 631 1.85 NVARNUA_: 106.27

Figure 1 Bigpicture mappingcurrent state

3.3 Determination of the most influential waste
The following are the results of the weighting of waste The problem-solving concept used in this research uses

which will be presented in Figure 2.

Waste Weighting

Weighting

1A 24 3A 1B 28 3B
Activity

4B 1c

1D

Figure 2 Critical waste weighting

3.4 Root cause

a Fishbone Diagram which is useful for finding the root of
the main problem, namely Waiting Time.

1. Man Factor

a. Waiting for the arrival of workers, the lack of
coordination between the foreman, labour foreman and
other workers causes workers to often arrive late during
shift changes and during breaks, the arrival of workers one
by one causes workers to sometimes not be available to
work immediately. This has a direct impact on the delay in
unloading activities.

2. Machine Factor

a. Waiting for scouts/tugs, scouts/tugs are often not
available due to the demand for the use of scouts/tugs at
the same time, while another reason is the lack of available
scouts/tugs causing ships to wait a long time and the
incoming and outgoing flow of the pier to be hampered.

Based on the graph above’ it can be seen that the totalb Waiting-for the arrival of trucks, the m|n|mal number
average weight of the waste waiting is 28.33, then the tof] trucks available and the large number of simultaneous
average weight of the unnecessary motion waste is 22, th&§¢ of trucks at other loading and unloading companies
the total average weight of the overprocessing waste is FBM) are the reasons why tapioca unloading activities
and the total average weight, waste defect is 8, 67. It cBAve to wait for the unloading process to be carried out on
be seen that waste waiting has the largest average weiHgks. Another cause is the lack of maintenance and

with a total of 28.33.

regular checks carried out by the truck provider which
causes trucks to often break down and have trouble,
resulting in trucks often arriving late.

3.Factor Methods
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a. The sacks fell and were torn, the piles were too high
and too heavy to cause the sacks to fall and tear when theyln addition to fixing the main problem in waiting time,
were lifted using a crane and when they were unloading thther improvements that can be made to minimize the types
load on the truck, this was because the workers wewné waste other than waiting time to improve the process,
chasing production targets. A pile that is too high and taocluding (Table 3):
many causes the sacks to fall and tear frequently, if this

happens, rework will be carried out, as a result, the work

Table 3 Fixes for other types of waste

takes longer and requires more energy [11,12]. Types of Wasting Troubleshooting
: Supervise and evaluate the
3.5 Proposed problem fix Defect performance of workers

Based on the cause analysis that has been descri
using a fishbone diagram, Table 2 shows the result

problem solution for the company:

Table 2 Recapitulation of suggestions for repairing problems

Supervise and evaluate the
performance of workers
Mark the unloading ar

Add lighting facilities

Overprocessing

The main ] . Supervise and evaluate the
Sub Problem Repair Unnecessary Motiot]
problern b y performance of workers
Waiting for the Coordinatiot Tallyman gives the bill directly
Arrival of Labour performance to the drive
Workers evaluatiol
" Increase the Number ¢f 3.6 Future state mappin
Waiting for the , Statemapping -
Waitin Guide/Tugboat Flee The following is a description of the prediction of the
arting Adding Ship Maste future state or condition of the supply chain system from
time i : )
Increase the Number of the unloading process flow of tapioca (Figure 3). The
Waiting for Truck| Flee conditions in the value stream mapping are the results of
To dc predictions (not yet implemented by the company) which
The sack fell and Maintenance regulal are expected to reduce the waste that occurs.
was torn Supervis
TEGU:V-I\—IIBAWA PT. GELORA PT. PANCARAN
TP na i /r/ SAMUDERA GEMILANG ABADI
PBM/Stevedoring
Supplier Distributor
H
T |
Al
Stackin Countiny Lowering the
o | pungsnp| foanenase —| | 2R | e sackson | |Uioats | |andtaking | [aackano | | e | | Mekecn osased
Working The process e process '@ Process The process e process allyman ending
g v || e [ el T8 1S i ot e 200 0 i [ e
hip's engine| | *CLlChug process :EE{EES H:‘m‘:: P"’r“eai;'“ jﬁ.;";::s ising a crang] s’zz‘;':i:l: EI::;EF;E%.‘E: he ::é?\as“d I{Oarl\:ep:r; :;I: :::2:::::
Ship dock preparation work preparation Demolition activities (Unloading) Delivery process
30.25 61.56 3133 .27 21.37 10.90 13.46 2.38 204 0.6 1.78 45.00
LII_II_II_II_Il_Il_ILIUI_II_Il_ILMW
345 3.68 025 168 NVANNVA - 4291

Figure 3 Future state mapping
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Future State Mapping provides an overview of the ned Conclusions
process flow, namely after the proposed improvement, This study concluded that there were several wastes
where the time for activities that are not added value bigat did not provide added value to the tapioca unloading
are processes that cannot be eliminated, have been redug@flity process, namely waste of waiting (waste caused by
and have discarded processes that are considefré waiting process), including the following: man factors
unimportant. By looking at the Future State Mapping in thech as waiting for the arrival of workers, machine factors
picture above, it can be seen that with the proposefich as waiting for pilot boats / tugs and waiting for trucks
improvements, it is able to reduce the time of non-valugs arrive and methods factors such as sacks falling and torn.
added activities by 59.62%. It is known that based on the From the results of data processing, the total processing
Current State Mapping that has been discussed, the amaitik of 32 activities and the total time of the entire process
of time from non-value added (NVA) is 106.27 minutess 335.34 minutes after repairs can be reduced to 21
and the future state mapping can be reduced to only 42 &divities and the total time of the whole process is 271.97
minutes. However, this condition is only a predictionminutes. PCE initial conditions were the total processing
because the proposals given have not been implementedifye from 68.30% increased by 15.92% to 84.22%, the VA
Gelora Samudera Company itself. value remained the same at 229.07 minutes, the NNVA
which was originally 84.16 minutes decreased to 42.91
Process cycle efficiency minutes, the NVA which was originally 22.11 minutes was
Process cycle Efficiency (PCE) is a comparisoremoved.
between Value Added (VA), Necessary Non-Value Added The improvement proposals given to reduce and
(NNVA), Non-Value Added (NVA) and Total Lead Time eliminate waste that exist in the process of unloading
or cycle time. Based on the data above, the PCE calculatigpioca activities include the man factor, namely by
is as follows: coordinating and evaluating the performance of workers,
from the machine factor, namely by increasing the number
of pilot / tugboat fleets, increasing the number of ships.
pilot/tug boat captain, increase the number of truck fleets
and carry out service and maintenance regularly and the

3.7

a. Before repair

Process Cycle Ef ficiency (Before) =

Value Added Time 440, (2) methods factor, namely the foreman must supervise to
Total Lead Time minimize errors made by workers.
. 229.07 Based on the research that has been done, the researcher
Process Cycle Ef ficiency (Before) = x 100%

feels that there are still many shortcomings, therefore, the
following are suggestions that are expected to be input in
an effort to reduce waste in the future and to be able to
develop and use new methods which can vary other
methods to analyze and identify the types of waste found
in the process of unloading tapioca. In addition, deeper

335.34
Process Cycle Ef ficiency (Before) = 68.30%

b. After repair

2
Process Cycle Ef ficiency (After) =

Process Cycle Ef ficiency (After) =

Value Added Time

Total Lead Time

x 100%

0,
27197 * 100%

Process Cycle Efficiency (After) = 84.22%

Based on the results of the above processing, it can be Efficiency at Pt.

(3)

waste analysis including the distribution process until the
goods arrive at the destination warehouse.
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Abstract: The green concept in operations is becoming an inevitable part of global maritime logistics activities and has
an important influence on the improvement of efficiency and environmental performance. This paper aims to assess the
continuous monitoring and tracking of container shipments at the ports in order to reduce carbon emissions thus improving
environmental performance. In this research, near real-time RFID data tracing and tracking container cargo are shared by
the automated monitoring system. The collected data gathered via digitalization is further analyzed to ensure a greener
maritime logistics system. The significant findings of the study for the literature show that the actual fuel consumption is
reduced when automated monitoring systems are used at the ports (Ports and CFS (Container freight station)). The reduced
fuel consumption during the transit between the ports and CFS has resulted in a reduction in carbon emissions of
environmental performance. The results show a 6 % reduction in emissions from port to CFS and 23% from CFS to ports.
Thus, effective practices in Green Logistics are considered to be beneficial for carbon emissions. These findings
contribute to the understanding and development of effective strategies for logistic operations using technologies to create
a green performance. The study was performed in a certain set of environmental dimensions and the results may vary
depending on the organization, which can be studied further in future research.

1 Introduction play a major role in the future economic growth of
Maritime Logistics is the foundation of nationaldeveloping countries. It is important that their work needs

development and economic growth. India's freigh© be productive and properly organized to support the
transportation is likely to be approximately USD 15dncrease in trade and GDP. Rao et al. say that the
Billion [1]. The transportation sector, including both roadmplementation of environmental principles can be an
and maritime, is expected to rise thus, Global Maritim@dvantage in maritime logistics. N .
Logistics would have an impact on the world economy. Managing the efficiency and productivity of the port is
80% of the amount of world merchandise trade is borne ByVital factor in today's economy. Monitoring maritime
ships and a high proportion of developed countries' tradel@gistics can forecast shipping routes and delivery times
also carried by ships [2]. In India, transport and logistic®ore accurately. The logistics monitoring system has
expense is 14% of its GDP, as opposed to 8% to 10%afivanced considerably ~since the comprehensive
the GDP for developed countries [3,4]. International airfaidevelopments in computer technology and information
in India has further risen in the past ten years. The magysStems.
issues for the high cost of transport in India are maritime Emerging technologies such as big data analytics, the
logistics inefficiency and delays. Ports contributdnternet of Things, and cloud computing boost consistency
effectively to the nations and global economy [5]. As oceald responsiveness [9]. When these technologies are
ports across economies transact cargo and constitute 8@vgluated in terms of climate, they help to minimize carbon
by volume, similar are the effects due to carbon emissiofBlssions. GPS-enabled navigation and Internet of Things
emitting 940 million tons of carbon dioxide per annum [6{/0T)-based devices can effectively assist the logistics
and this quantum is expected to increase with the growiHglustry to track efficiency since they can be used to
volume of trade [7]. optimize routes. Indian logistics companies need to use
Therefore, these inefficiencies occur as a result of tf€W technologies in their green logistics strategies.
lack of proper basic infrastructure, lack of tracking and In recent years, technology has offered a great
monitoring systems, lack of protection, and excessiv@Portunity for the logistics industry at ports, particularly
fragmentation of the logistics industry. Contemporarin India, to address the environmental considerations at sea.
technologies allow logistics processes to change thdle to the absence of information systems in India for
traditional way of functioning [8]. Maritime logistics will tracking marine containers, here is a case study of container
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transportation in ports through IT-based devices. Thef pollution control and calculated its monetary benefits.
results of the study will be used to inspire other maritim&he largest net profit of this new insurance is 1 billion
logistics companies to use new technology to ensure gremuros a year, and the equivalent gross expense is 230
logistic operations at the ports. million euros a year.

After that, the rest of the paper is structured as follows. The author suggests that the adoption of a reduction of
Section 2 briefly presented the literature review on greapeed and fuel transfer as a green strategy could result in
maritime logistics, the application of informationpollutant emissions decreased and possible monetary
technology, and performance management. Sectionirgentives for the shipowner. This is done to study the
discusses the methodology of the research studglationship between rates, costs, and efforts of green in
Furthermore, section 4 gives the case study of the reseancaritime shipping. According to the research, there are
and the mathematical analysis. The conclusion deals wihbstantial reductions in the sum of CO2 emissions from

the findings, study management, and future. steaming slowly relative to high-speed container
transportation [19].
2 Literaturereview A proposition of a quantitative model to measure the

As a whole, the global maritime market is demandiny/oyage cost and landed logistics cost for carriers. The
Since 1997, the International Maritime Organizatioiesults of the analysis provide all sides with guidance for
(IMO) has been active in controlling shipping pollutionhegotiation [20]. Several researchers have argued that the
However, there have been some improvements on tialuences of competition, trade patterns, distribution of
front. In 2008, the Marine Environment ProtectiorfCOnomic activity, product styles, and consumer strength
Committee (MEPC) of the IMO adopted amendments @€ central elements of the shipping market. Another
the Regulations of Annex VI of the Internationalesearch explored the influence of the dynamic shipping

Regulations for Preventing Collisions at Sea (MARPOLINdustry on the distribution of trade and the level of
that deal with SOx and NOXx pollution. economic activity [21]. To devise pollution reduction

On the GHG front, shipping is still not the strategies, the baseline and projected output of pollutants,
responsibility of the United Nations Frameworksuch as baseline and future emissions, are estimated in

Convention on Climate Change (UNFCCC). Shipping i€Mmission inventories.

the top energy-consuming transportation and the top major Emission accounting is a policy instrument to rate goals
polluter in the world [10]. According to a report from thefor pollution reduction. Emission estimation models have
Intergovernmental Maritime Organization, ships' sulfuP€en used to assess the possible environmental impacts and
dioxide emissions will cause more than 570,000 addition@kpense of mitigating risks. A port case study suggests that
global premature deaths [11]. Recently, being “green” h&e supply of berths is crucial in their staterooms case
become very common for maritime Sh|pp|ng due to thgudy There are eXperlmeﬂtS in which the flndlngs were
lack of harm to the environment. The research combin@®tained by the reduction of the shipping speed to improve

several sources of knowledge to estimate the exhadétquality and lower the emission of toxins [20].
emissions of ships [12]. Global AIS data combined with data about vessel

In the modern world, ship speed is a major factor igharacteristics was used to establish comparable vessel
traffic flow and environmental pollution. The developmengnvironmental indices (Els) for major Chinese ports [20].
of a ship traffic emission model is a high spatial-tempordihey listed many applications of IoT to enhance port
resolution for evaluating ship emissions. A research stu@perations, including RFID containers, electronic seals,
produced results on the carbon emission of a leadiRg't equipment condition tracking, engineering equipment
shipping line while evaluating their network and it®Sset management, and wireless automatic meter reading.
implications on marine policy [13]. The study identifiedVarious research studies have emphasized reducing the
the results of regions and ports of the east-west corridgfpact of emissions by introducing logistics platforms for
Various research studies have researched the EU emissiiagking and monitoring [22-24]. .
trading system (ETS) [14-17]. The European Commission The research emphasized the role of loT in ports to
proposed and defined the scope of ETS (Emissions tradifignimize out-of-date data collection, improve productivity
system) for the emissions from the maritime sector [18]. in data collection, and ensure the |m.med|§te transmission

The models considered the various vessels, operatify such data [25]. These authors identified an overall
modes, discharge equipment, time, and location. AgfChitecture of such a new generation of ports based on a
analysis of the efficacy of the green flag incentive progrageries of Management Systems (MSs): intelligent planning
and the effects of activities on vehicle fuel consumptiofystem, intelligent warehouse system, intelligent vehicle
and emissions in a port city is presented in [9]. The studgontainer) system, smart ship system, electronic
suggested that implementing reducing speed and fugpnitoring network, and regional data center. The research
transfer, decreased CO2, and SO2 emissions effectivdfentified that logistics was a priority sector that required
Moreover, to provide environmental protection, SucgrOWth. It was shown that there is a correlation between
regulation would affect the strategic decision of shippinr%”\(i@nmemal and economical degradation and good green
lines. The econometric study showed the possible expen@@istics performance in the Asian region.
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The green maritime logistics sector will encouragapproach was chosen to provide a better understanding of
economic development because it will help save mondlye problem [28], as it could reveal new perspectives from
and the energy of the countries. Transportation activity httge environmental point of view. The research comprises
a significant impact on efficiency enhancements in gredwo parts: the first part is an interview with practitioners
logistics. To reduce the effect of globalization problemsnd experts of the port industry; the second is the case
the performance management of green logistics activitistudy of the data available from the Logistic Data Bank.
is very vital [26]. The change in the logistics sector woul@he interview process comprised semi-structured in-depth
further lead to a lower carbon footprint. It is challenging tinterviews based on the snowball approach for discussion.
provide green and cost-effective services of logistics whdarhis approach is one of the techniques which enabled
adequate monitoring is not performed. researchers and responders to evaluate the response to

The lack of implementation of new technology isspecific questions and subsequently converse with other
reducing the effectiveness of logistics services. A study lsgspondents while enabling a wider discussion on the topic.
Z. Bendiabdellah et al. [27] proved the effectiveness of the In total there were eleven experts that took part in the
technology Vehicle to Grid (V2G) which can inject theinterview. The choice of the participants was based on their
power contained in the batteries of the electric vehicleleep knowledge of the practical side of the problem of
(Evs) into the smart grid and thereby control the, CQrongestion of containers and the influence of this
emissions. congestion on the environmental aspect. The experts

Green logistics management ensures that all logistiospresented sectors such as ports, freight forwarders, and
facilities and operations are handled under sustainabilityf, implementation partners for tracking, along with
with environmental issues considered. A major obstacle secondary data from data bank reports. The respondents
logistics resource management systems is the issuecomprised of hierarchy from directors, managers, and
collecting real-time information on logistics infrastructureexecutives across management and operations. The
Data obtained are either manual or computerized data. specific set of questions focused on the importance of

There has to be robust knowledge sharing for Gregracking, and monitoring transit time, dwell time, its
maritime Logistics management. The given research hamnagement, and scientific impact on carbon reduction
found a lack of awareness and the unregulated ability while keeping the climate protection goals of the port and
trackless vehicle systems. Lots of transportation shipmemsuntry (if any). Subsequently, apart from controlling
are tracked and handled, globally. They built a foundatiazarbon emissions, other benefits that respondents utilize
for monitoring and tracing activites and have morand foresee for an automated container tracking system.
influence on logistics. All the questions while interviewing focused on the

There are difficulties concerning tracking the efficiencyautomation of container tracking while digitizing
of various green practices during the transportation dbcumentation, notifications, = payments, process
goods from port to CFS and from CFS to port. The role &fansparency and customer experience. While respondents
green logistics monitoring and management in the futumere encouraged to share their views, the technique
demand equal attention. This field requires research butaissisted researchers in collating data across the board of

lacking in several aspects. container transportation management. The second part of
the research consisted of the analysis of secondary sources
3 Methodology and Logistic Data Bank project reports. The main idea was

This research aims to assess the influence of procé@ddentify the influence of the usage of automatization on
automation (namely the introduction of RFID) on thdhe congestion at gate ports and, thus, on the environmental
reduction of carbon emissions and to propose the appro&&inpound. Data analysis was based on the open, axial and
for automatization of data gathering and monitoring ofelective coding technique [29], which was used to
container cargo. The operational process of cargo tracifyercome the challenges of the analysis of unstructured
and tracking was discussed with the practitioners arftfita and to maintain qualitative consistency and structure.
experts in the field, considering also the environmental
compound of the process. The objective of the discussién Results
was to understand the nature of container tracking This section represents the detailed overview of the
operations by port operators for a check on transit time agdalitative study along with the condensing of interview
dwell time of containers, that is directly or indirectlyresponses, represented in a summarized form (Table 1).
impacts carbon emissions as well. The challenges werbe section also illustrates the calculation of carbon
considered together with the data comparison of tl@missions through automated tracking data and producing
Logistic data bank project reports of the port industry iresults. Briefly, the study of a single tracking platform for
India. container visibility logistics data bank along with analysis

As one of the solutions RFID implementations werés briefed.
considered the major technology for monitoring the
process of container movement. Considering the lack of
information on the data sharing in port the qualitative
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4.1 Qualitative study and data analysis qualitative nature of evaluating tracking and its impact on
Data sharing through the tracking and tracing procesgrbon emissions. This method also assisted in overcoming
supports the seamless data exchange between varithg challenges of structuring and analyzing large
container stakeholders, thus enabling terminal authoritigg)structured interview data. Responses that were open-
container freight stations, transporters, ship liners, amhded were analyzed by mapping and refining excerpts into
customers to share the data and identify the near real-tiggfegories for similar conceptual alignment. This process
location of the container. This assists in responding quickiy supported in deriving relations while analyzing the data
to any critical situation and leads to minimal waiting atesults and reducing them into similar categories. These
gates and in transit for container movement. were labeled as first, second and third-order aggregates.

This qualitative study data analysis was performed Table 1 illustrates the resulting data structure on first,
while evaluating the unstructured interviews performegecond and third-order affordances and transformational
utilizing the open, axial and selective coding techniquegggregate along with environmental factors that result as
This method is primarily selected to maintain théhe part of the port adopting tracking process for visibility

and reducing congestion time and tracking.

Table 1 Resulting data structure on interviews (Source: Author)

First Order Second Order Third Order Aggregates | Environmental
Factors

Tracking and Tracing Automation Data Yes
Electronic Notification Standardizatic
E-documentation. Process Management Improved Efficiency Yes
E-Paymer
Congestion Management. Operations Digital Innovation Yes
Onrtime arrival of the contain
Process transparency. Innovation Value added service No
Marketplace for truck management.
Customer notification. Customer Experience No
Availability of empty container

Additional benefits of data standardization and efficiennathematically relating the reduction in transit time to
tracking benefits are as follows: carbon emissions calculation.

a) Information exchange between multiple container
stakeholders for operational efficiency and productivity. 4.2.1  Logistics data bank project

b) Congestion and delivery times of container, thus Logistics Data Bank (LDB) is an information
leading to a reduction in operational times and carba@ommunication technology tracking solution that is
emissions. Continuous tracking of container can lead ttealing with supply chain stakeholders and provides
planning FIFO and LIFO strategies based on urgency of thacking information [30]. The goal is to reduce
cargo consumption at last mile user. With coordinatelansportation lead time and logistics costs by creating a
efforts performance parameters of ports, container freigbystem for tracking containers through the sharing of
station and transporter can be managed with effectii@ormation in real-time.
control and better operations. The idea of Logistics Data Bank is to integrate and

¢) Managing and reducing the dwell time of thestandardize the existing IT systems and provide a “single
container. Coordinated operations between differenegndow”, thus managing the process effectively by helping
stakeholders with continuous information flow leads tin the visualization of container tracking from an end-to-
better planning and thus reducing the dwell time ofnd perspective. The process’'s movement can be

container during storage and in transit operations. streamlined in transit and the result of visualized
information can be analyzed in order to find the bottleneck
4.2 Logistics data bank project summary and of each entity in the supply chain. Visualization of the
mathematical analysis supply chain would lead to the enhancement of the process.

This section illustrates on the logistics data project o _ _
brief, while explaining the importance of single window4.3 ~ Carbon emission mathematical analysis
tracking system for benefits on operations and carbon The mathematical calculation for the effects of carbon
emission control. Subsequently, the focus is given @@mission due to the reduced congestion in time by the
automated monitoring system is performed in Table 2.
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Table 2 Calculation criteria (Source; Authors)

Calculation
formula Carbon Emisson = a*b *c @)
wherea is the Average Fuel consumption per hour
bis the Average Transit time (per hour)
andcis Carbon emitted per litre fuel consumption (for diesel)
. Gross Velicle Fuel consumption upper Average fuel Average fuel .
VeS| weight (tomes) | ¥ <8| SP¢d |y /100km) | consumption (V100km) | consumption (V100km) i
y a | - Fuel used per hour = (Speed
N3 Tractor 4022899 o 40 il 40 161 (40 kmh)*Fuel consumed
Trailers X knvhour | i (40lts))/(distance covered
40.2-49.0 634 43
| (10km))
Import Cycle Export Cycle
Average distance Average distance
covered by truck | 20-Apr | 21-Apr covered by truck CFS 20-Apr 21-Apr
Port to CFS to Port
19 24 23 19 48
Fuel consumed 39.12 36.8 Fuel consumed 76.8 59.2
Carbon Emission in Import Cycle Carbon Emission in Export Cycle
For Dieseal (Kg :
Formula Co21) i | Formula For Dieseal (Kg CO/lir) Amilis DA
Carbon emission =
Fuel Consumed * Carbon emission = Fuel
Fuel Emission | Consumed * Fuel Emission
Factor 2.9 113.4 106.7) Factor 2.9 222.79] 171.7
Assumption at that | Assumption of truck/vehicle movement at a constant speed of 40 Kmph in the [ndian
time scenaric
Reference of | International Council on Clean Transportation (2017) [31]
numerical value Cefic and ECTA, Carbon emission for diesel fuel, (2011) [32]

The traveling time or transit time is calculated based dhe logistics container custodian stakeholders where RFID
the analysis of the secondary reports of the logistics dategs can be read, and the calculation includes Port
bank project which provides the timestamp (location 1, INerminals, CFS’s (Container freight station), toll plazas
time & location 2 Out time) between two location(s). Thisround JNPT port region & toll plazas on Maharashtra-
is calculated by the difference in the time stamp of locaticBujrat National highways.

1 & Out timestamp of location 2. This travel time The calculation of Carbon emission for diesel fuel is
constitutes all container trucks that have transported cangderred to as per the report published by [32]. A detailed
containers between Mumbai-Delhi industrial corridorsummary of the analysis of carbon emission and the energy
Logistics data bank data and reports are in reference to@hsumption is illustrated in Table 3.

Table 3 Sectors wise carbon and energy emission [33]

NOx emissions _ Nox emission per tonnage
classified through . __'759
. Rail w
transportation =
N,
=\
|
Ship —'ﬁ‘%']
/
- 1/17
Truck 'dla,a
0 200 400 600 800 1000 1200 1400
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491 .
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The analysis of the effect of the automated monitoringf 2019-2020 to 2020-202. This has resulted in a reduction

system is performed for two

legs of containein carbon emissions from 113.4 kg CO2 per liter to 106.7

transportation. First the movement between port to CHg CO2 for Port to CFS and 222.4 to 171.7 kg CO2 per liter
and afterward between in transit to toll plans for the onwafdr CFS to port. These reductions attributed to the
delivery for the last mile. Figure 1 illustrates the reductioreduction of 6% and 23% respectively in these two
in transit time from 2.4 hours to 2.3 hours for Port to CF&iovements of container cargo.
and 4.8 hours to 3.7 hours for CFS to Port during the time

/

Transit Time (April’20
ga Average Transit Time (in hrs)

Port to CFS CFS to Port

-

CO2 emission (April 20

2224

€02 emission per litre per truck (in kg CO2/Itr)

\ Port to CFS CF5 to Port

e

Decrease in Transit
between JNPT port

and surrounding
CFS has caused

reduction in carbon
emission by trucks
4

6% 23% CO2 emission per litre per truck (in kg CO2/Itr)
decrease decrease
in CO2 in CO2 +
emission emission Y :
(Port to CFS)  (CFS to Port) = 1717

Transit Time (Apr’21

I

I

1 oA +

| gB Average Transit Time (in hrs)
I

I

|

m E

Port to CFS CFS to Port

\

CO2 emission (Apr’ 21

\ Port to CFS CFS to Port /

Figure 1 Comparison of reduction in congestion time through automated monitoring
(Source: LDB Reports [34] and Authors computation)
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Carbon Emission in Import Cycle around port region

FY 19-20 | FY 20-21 )
(Previous year) (Current Year)
250.0
1,20,000
1,00,000 200.0
80,000 150.0

60,000

100.0
40,000
50.0
20,000
0 0.0

Figure 2 Annual comparison of carbon emission from Port to CFS (Import)
(Source: LDB reports [34]/authors computation)

Figure 2 illustrates the Carbon Emission during theesulting in continuous tracking and reduced congestion
import cycle between Port and CFS for the last financiduring in transit.
year (FY 19-20 & FY 20-21) to observe the cyclical Figure 3 depicts the Carbon Emission during the Export
movement of container transportation during seasongycle between CFS and Port for the financial year (FY 18-
activity. The overall volume has increased in the year (FYO & FY 19-20). The overall volume has increased
20-21) compared to the previous year (FY 19-20jhroughout the year (FY 19-20) compared to the previous
however, the carbon emission has decreased by 6 % in yiear (FY 18-19), and the carbon emission has decreased by
FY 20-21, due to the automated monitoring syster®3 % in the FY 19-20.

Carbon Emission in Export Cycle around Port Region

FY 19-20 e FY 20-21 —_—
(Current Year)

400.0

12,000
350.0
10,000 300.0
8,000 250.0
' e 200.0

6,000
150.0

4,000
100.0

2,000
| I I I 50.0

0 0.0

Figure 3 Annual comparison of carbon emission from CFSto Port (Export)
(Source: LDB reports [34]/author s computation)
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Results displayed in Figures 2 and 3 illustrate thqRefer ences

automated monitoring systems contribute to the reductigf) Global Container Shipping Market (by Container
of congestion time and transit time of container cargo Size, Type & Region): Insights & Forecast with

which is directly proportional to the reduction in carbon potential Impact of COVID-19 (2021-2025),
emissions during the traveling time of container cargo Concept Analytics, 202

trucks. [2] Review of maritime transport, in UNCTAD,
) [Online], Available: https://unctad.org/topic/transp
5 Conclusion ort-and-trade-logistics/review-of-maritime-

Climate change across the globe is at the center stagetransport [0 Fek 2022], 201¢
for discussion at various strategic summits. This i8] India’'s Growing Logistics Sector, India Brand
primarily due to the growing demand for reduction in Equity  Foundation, [Online],  Available:
carbon emissions across sectors. This research studyhttps://www.ibef.org/blogs/india-s-growing-
presented a mathematical analysis of the impact of the logistice-secto [14 Nov 2022], 202z
reduction in transit time and congestion time by af] SHARMA, S.: How a new govt division plans to
automated monitoring system in reducing carbon reduce India’s logistics cost to less than 10% of
emissions. A case study of logistics data bank project is GDP, The Economic Times, [Online], Available:
evaluated to present the effect of reduction in travel time of https://economictimes.indiatimes.com/industry/tra
containers from Port to CFS (Import) and CFS to Port nsportation/shipping-/-transport/how-new-govt-
(Export). This travel time reduction leads to a reduction in division-plans-to-reduce-indias-logistics-cost-to-
congestion at gates and in transit, leading to a considerableless-than-10-of-gdp/articleshow/62395133.cms
decrease in carbon emissions. [17 Oc12022], 202z

It has been identified that implementing automatefb] YU, Y., SUN, R., SUN, Y., WU J., ZHU, W.:
tracking and monitoring system for container movement China’s Port Carbon Emission Reduction: A Study
between PORT and CFS leads to continuous tracking and, of Emission-Driven Factorgitmosphere, Vol. 13,
thus, positively influences the operational planning of No. 4, pp. 1-13, 2022.
cargo containers, as tracking and data storage can providehttps://doi.org/10.3390/atmos13040:
a better understanding of the current situation arj] MA, X., WANG, C., DONG, B., GU, G., CHEN,
contribute to the creation of the activities to desire the R., LI, Y., ZOU, H., ZHANG, W., LI, Q.: Carbon
better results from the point of view of the creation of emissions from energy consumption in China: Its
greener activities. This has led to a decrease in containermeasurement and driving factoi&ience of The
cargo travel time from 2.4 hrs to 2.3 hrs for Port to CFS Total Environment, VVol. 648, pp. 1411-1420, 2019.
and 4.8 hours to 3.7 hours for CFS to Port. This reduction https://doi.org/10.116/j.scitotenv.2018.08.1:
in container cargo travel time has led to a decrease [if] FENG, C., XIA, Y., SUN, L.: Structural and social-
carbon emission from 113.4 kg CO2/ltr to 106.7 kg CO2/ltr economic determinants of China’s transport low-
from PORT to CFS and 222.4 kg CO2/Itr to 172.1 for CFS carbon development under the background of aging
to PORT. The results are significant to be noted as it has and industrial migratiorEznvironmental Research,
led to a decrease in carbon emission by 6 % in the Import Vol. 188, 2020.
journey and 23 % in the Export journey of container cargo https://do.org/10.1016/j.envres.2020.109
travel time. [8] SAINI, M., EFIMOVA, A., CHROMJAKOVA, F.:

An analysis on a year-on-year basis illustrated a Value stream mapping of ocean import containers:
considerable decrease in transit time leading to a reductiona process cycle efficiency perspectivécta
in carbon emissions. This also contributes significant logistica, Vol. 8, No.4, pp. 393-405, 2021.
results on the mathematical analysis of the carbon emission https://doi.org/10.22306/al.v8i4.2
reduction based upon the automated monitoring systdd] KAMBLE, S., GUNASEKARAN, A., SHARMA,
management. The results show that an automated R.: Analysis of the driving and dependence power
monitoring system is vital for the timely planning of cargo of barriers to adopt industry 4.0 in Indian

to reduce cargo travel time. manufacturing industryComputers in Industry,
Vol. 101, pp. 107-119, 2018.
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Abstract: The aim of this post is to point out the use of RFID robots in the management of logistics processes. RFID
technology is defined first. RFID technology represents identification using radio frequency waves. The principle is to
store the necessary data in radio frequency memory chips and then repeatedly read or write the data using a reader. We
divide RFID chips into active and passive. Active RFID chips use energy from a battery, while passive RFID chips are a
technology without an internal power source. Passive RFID is the most common form of RFID in warehouses, using
which inventory is taken using RFID robots or hand-held RFID readers. Nowadays, many RFID robots from different
manufacturers are available on the market. When choosing, | must consider where we want to use the RFID robot and
choose the one that suits us based on its specific characteristics. The RFID robot is a mobile and autonomous RFID system
that performs an inventory of the given space based on our initial setup. The RFID robot locates each item in 2 dimensions
(x and y). Most robots can move in all directions because they can rotate without shifting. The accuracy of the inventory
using the RFID robot ranges from 95-99%, while the accuracy of the inventory performed by employees using handheld
RFID readers ranges from 85-95%. As for speed, it is on average 10 times faster compared to manual RFID readers.

1 Introduction 11 Internet of Things(loT)

We live in a world full of smart devices. We have The term "Internet of Things" (loT) was first used in
smartphones, smart home appliances, smart sensors, 3889 by British technology pioneer Kevin Ashton to
many others. We could write this list for a very long timglenote a system in which objects in the physical world
and will probably continue to increase. It is thanks to theould connect to the Internet using sensors. Ashton coined
engineers who design equipment using informatioie term to illustrate the power of attachment of radio
technology. New electromechanical components now th&gquency identification tags (RFID) used in corporate
can quickly process and calculate large amounts of dasalpply chains to the Internet to count and track goods
Products made using this technology can not only fulfwithout the need for human intervention [1].
their original role but can also do much more. By The Internet of Things (IoT) is a global network
interconnecting smart devices, the world has become manérastructure that connects physical and virtual objects
accessible. Smart devices are used almost everywhersing data collection and communication capabilities [2].
making the Internet of Things popular with businesses atid will offer specific object identification, sensor, and
services in all industries. One of these technologies is radionnectivity options as a basis for the independent
frequency identification (RFID). development of cooperative services and applications.

We have divided this article into two parts. The firsThey will be characterized by a high degree of autonomy
part is devoted to the definition of RFID technologies aniéh data capture, event transmission, network connectivity,
the classification of RFID tags and their advantages a@gid interoperability [3].
disadvantages. The second and main part is devoted to the
use of RFID robots in the management of logistics systends2  RFID technology
In this section, you will also get information on the RFID is an abbreviation of the English word Radio
advantages and disadvantages of using RFID robots, whigtequency Identification, so it is about radio-frequency
are then explained in the conclusion. identifiers working in the high-frequency band. As one of

the main areas of possible use, during the introduction of
RFID technology, use as an alternative to the barcode was
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considered. Compared to the RFID barcode, tHeequencies (UHF). Microwave RFID is also available.
technology offers higher scanning speed and easierequencies vary widely depending on the country and
deployment in automated systems. RFID elements anegion [7].

systems are most often divided according to: .
* Frequency band.
* Type of identification element.
* RFID application.

Radiofrequency identification (RFID) - is used for *
automatic object identification and capturing data about
that object that is stored in a small microchip tag and
attached to the object. The RFID tag has a built-in antenna
that communicates with the sensor a device that reads the ¢
data remotely. The data is then transmitted from the
sensing device to the enterprise application software in
which they are stored. Each RFID tag has its own unique
identification number [4]. .

RFID can be used to record and control the movement
of assets and employees. Tags You've probably seen RFID

Low-frequency RFID systems. These range from
30 kHz to 500 kHz, though typically the
frequency is 125 kHz. LF RFID has short
transmission ranges, in general from a few
centimetres to approximately 1 meter.
High-frequency RFID system. These range from
3 MHz to 30 MHz, while the typical HF frequency
is 13.56 MHz the standard range is less than 2
meters.

UHF RFID systems. These range from 300 MHz
to 960 MHz, with a typical with a frequency of
433 MHz and can generally be read from more
than 7.5 meters.

Microwave RFID systems. These run at 2.45 GHz
and can be read at more than 9 meters.

on the back of library books or even new books biometrz1  Advantages of RFID technology in logistics

passports [5].

1.3 Passive RFID

One of the most significant advantages of this
technology is the possibility to assign a unique number for
a specific assortment of items, which can be useful if your

A technology without an internal power source thavarehouse receives and stores goods from several
uses radio to send the signal waves created by the RFlppliers at the same time [8].
reader. Passive RFID is the most common form of RFID in In addition to a more accurate view of inventory status,
warehouses. In Table 1 we can see the advantages R®ID technology allows you to track average delivery
disadvantages of passive RFID [6]. times and track inventory in and out in real-time, which
will help ensure the correct shipment of the item and reduce

Table 1 Advantages and disadvantages of passive RFID the number of product returns [10].

Advantages Disadvantages
Low cost (~ €0.10 pef Expensive RFID signal 2.2 RFID robot
label, readers are requir The fields of artificial intelligence, automation, and
Small dimensions anfdThere is a short-range robotics scored in the last decades of tremendous growth
weight and innovation. RFID inventory accuracy with handheld
Use up to 20 yes Unable to save memc RFID readers could exceed 98%, but flawed procedures

and human error reduce this accuracy to 85 - 95%. The

14 ActiveRFID RFID robot is a mobile and autonomous RFID system that
Technology that uses battery power to continuousigutomatically performs the inventory of a given space, for

broadcast a unique identifier label into the given readeexample, a retail store or a warehouse, which provides
Active RFID is not as common in warehouses as passikitgher RFID inventory accuracy than handheld readers.
RFID. In Table 2 we can see the advantages ataventory accuracy ranges from 95 - 99%. It works

disadvantages of active RFID [7].

Table 2 Advantages and disadvantages of active RFID

completely autonomously: the user specifies when the
inventory should be performed, and the bot starts when it
is scheduled. RFID the robot also locates each marked item

Advantages

Disadvantages

in 2 dimensions (x and y) [12]. This information is given

Long reading range

Higher costs (~ €20
label

perto process to create a planogram of items inside the space.
Information-generated RFID robots can be used to help

Readers with lowe

performanc

I Battery life 3-5 years

employees detect wrongdoing placed items, to speed up the
management of picking and returning goods, and for

They can have bot
sensors and data stor

hLarger size and weight

purposes of money mapping and other operational

processes [13]. Most RFID robots can already move in all

2 Typesof RFID systems

There are three main types of RFID systems:
frequency (LF), high frequency (HF), and ultra-hig

directions because they can rotate without shifting.

Therefore, it can easily move around any space. Speed is
logynchronized with tag reading to maximize reading speed.
hl he RFID robot contains: - an RFID system with a certain
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(2

number of antennas, which depends on the size of the given 4. After it completes its inventory, it navigates back

RFID robot. Currently, there are several companies (see

to its docking station to recharge.

Table 3) that are dedicated to the production and provision

of RFID robots.

Table 3 Producer and brand of RFID robot

2.3 Useof RFID robot in logistics
Poor inventory management is one of the distribution's
biggest nightmares because it has a negative impact and

Producer Brand of RFID robot means losses for the company due to incorrect data on
keonr Robir-20C™ stock and errors during transportation [19]. Using RFID
MetraLab: TORY RFIC robots allows us to get an overview of where items are
PAL Robotic: StockBo located and how much stock is available to avoid pre-
fetch robotic TagSurveyc stocking and insufficient supply due to possible product

Simbe Robotic Tally RFID losses. The use of RFID robots helps reduce the number of

human errors that can have a significant impact on
In Figure 1, we can see RFID robots from PAlwarehouse management. That also helps free up employees
Robotics, Simbe Robotics, and fetch robotics. to work on higher-value tasks, such as optimizing
warehouse management and providing better customer
service.
The use of RFID robots in logistics brings many
advantages, but also disadvantages, which are shown in

_5 Table 4.
‘ T Table 4 Advantages and disadvantages of using RFID robot
Advantages Disadvantages
@ High accurac High entry cosl
P High spee Interferenc

Multiple scannini
Many format
Costreductior

Data protection issu

It is clear from the table that the use of RFID robots
brings us more advantages than disadvantages. The RFID
Each of the listed RFID robots (see Table 3) hambot can recognize and capture 98% of all products
specific properties that distinguish it from others. Thenarked with an RFID label. As for speed, it is on average
biggest difference is how high it can scan RFID tagd.0 times faster compared to manual addition supplies. It
Among others, the differences include autonomouzn also scan many more items at once compared to
navigation and obstacle avoidance, the possibility dfandheld RFID scanners. All scanned data is stored and
autonomous docking and charging, the possibility to plegent to corporate information systems companies. The data
to scan routes, uploading data to the server customerignstored in various formats so that we can use it further.
various formats, and many others [14]. Since The RFID robot works autonomously, thus we can
Most RFID robots work on the same principle. We careduce labour costs.
summarize these principles in four points [16,17]. A big disadvantage when implementing RFID
1. During the first operation in a new space, théechnology and buying an RFID robot is that they are
RFID robot mostly moves around the space usingxpensive entry costs, which will be returned to us over
the interface application. In this step, the RFIDime. Another of disadvantage of using RFID in the robot
subsystem does not work. may be the inaccuracy of the scanned data because certain
2. This user-guided navigation allows you tomaterials such as heavy metals and radio wave sources can
automatically generate a map space. Thisterfere with data transmission. The use of RFID
mapping process needs to be repeated only if wikchnology and RFID robots can pose a data protection
significantly change the layout of the space. risk. These data will prove to us to be hacked by hackers.
3. The user plans when the RFID robot shouldFor this reason, it is very important to have well-secured
perform inventories. For example, every day atata and invest in security software [20].
22:00. At the indicated time, the robot will begin
to move autonomously around the space, readir®y Conclusions
and locating RFID tags and storing this The main contribution of the article is defining the
information. advantages and disadvantages of using RFID robots in the
management of logistics processes. Currently, there are

Figure 1 RFID robots
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many companies dedicated to the production of RFI[3] STRAKA, M., SPIRKOVA, D., FILLA, M.: Improved
robots. Among the most famous companies that are efficiency of manufacturing logistics by using
engaged in the production of RFID robots are MetraLabs, computer simulation, International Journal of
PAL Robotics, Simbe Robodics and many others. Each one Simulation Modelling Vol. 20, No. 3, pp. 501-512,
of the manufacturers specifies a certain type of RFID robot, 2021. https://doi.org/10.2507/13SIMM20-3-567
according to its use. We can use them in retail operatiof¢] FEDORKO, G., VASIL, M., BARTOSOVA, M.: Use
but also in large logistics warehouses. Each RFID robot has of simulation model for measurement of MilkRun
its own specific characteristics that distinguish it from the system performanc€pen Engineeringvol. 9, No. 1,
others. The main differences include the size of the RFID pp. 600-605, 2019.
robot itself, the number of RFID antennas, the speed of https://doi.org/10.1515/eng-2019-0067
movement, the speed of scanning RFID tags, the accurdgby KOVAL CIK, J., BALOG, M.: Automatic identification
of scanning RFID tags, autonomous navigation and systems for management - material flow control and
obstacle avoidance, the possibility of planning routes and stock statusActa logistica,Vol. 8, No. 1, pp. 55-64,
several data storage formats. 2021. https://doi.org/10.22306/al.v8i1.202

The RFID robot is a mobile and autonomous RFI[6] ZUPANCIC, D., BUCHMEISTER, B., ALJAZ, T.:
system that performs an inventory of the given space basedReducing the Time of Task Execution with Existing
on our initial setting, which we can adjust according to Resources — Comparison of Approachetgrnational
needs. During the inventory, the RFID robot locates each Journal of Simulation Modelling, Vol. 16, No. 3, pp.
item in 2 dimensions (x and y), while all the information is 484-496, 2017.
stored and then we can use it for further processing. The https://doi.org/10.2507/I3SIMM16(3)10.394
accuracy of the inventory using the RFID robot rangg3] DURICA, L., GREGOR, M., VAVRIK, V,
from 95-99%, while when inventorying by employees MARSCHALL, M., GRZNAR, P., MOZOL, S.: A
using manual RFID readers it ranges from 85-95%. This Route Planner Using a Delegate Multi-Agent System
accuracy is lower mainly due to human errors or the use of for a Modular Manufacturing Line: Proof of Concept,
faulty procedures. Another great advantage of using an Applied Sciences, Vol. 9, No. 21, pp. 1-20, 2019.
RFID robot is the speed of scanning RFID tags, but also https://doi.org/10.3390/app9214515
the speed of taking inventory. As for the scanning speed[8] HRICOVA, R., BALOG, M.: Introduction of RFID
RFID tags, it is 10 times faster compared to manual RFID System into Transport and Defining its Model of
scanners. Other benefits include multiple scanning, saving Return on Investment,International journal of
data in different formats, and cost reduction despite high engineering research in Africd/ol. 18, pp. 130-135,

input costs is very important. 2015.
https://doi.org/10.4028/www.scientific.net/jera.18.130
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Abstract: The research scientific article summarizes the arguments within the scientific discussion on the issue of internal
transport and machine park in mining companies. The machine park in mining companies is base of efective mining
processes and optimal results of mining. The machine park in the mining company introduces a combination of stagnant
and active equipment in the process of mining. The goal of this article is to reflect the innovative approach in the creation
of internal transport by machine park in the mining company with the aim of increasing the reliability, safety, failures,
and efficiency of mining equipment. The entity of the investigation was the selected mining company in Slovakia focused
on limestone mining. Approach of research were focused on using comparative analysis of the technical parameters of
mining machines and their technical performance. The relevance of the decision of this scientific research was connected
with the innovation of a mining machine park focused on mobile machines with a combination of stationary machines.
The article presents the results pointing to significant improvements in the machine park of the mining company. In this
paper we suggest two alternatives (two models that monitor the factors as quality, costs, safety, reliability, and
optimization of company resources, which are important for the optimal arrangement of equipments) of the composition
of the machine park for a selected mining company with Mobil crusher Sandvik QJ341+, Mobile sorter McCloskey S130,
Wheel loader CAT 972 M, and tracked excavator CAT 336F and second alternative Mobil crusher Hartl 12/65J, Mobile
sorter Anaconda SR514, Wheel loader CAT 966 M and tracked excavator CAT 329E. The results of two alternatives of
the machine park in a mining company can be recommendations for other mining companies in the area of building the
machine park for mining processes and its optimization.

1 Introduction production equipment in the individual processes of the
The basic pillars of the “Sustainability” of mining mining life cycle (Figure 1). The mining company has
processes are innovative approaches to the minifgalized production equipment for some main processes
equipment, machines, technologies, and optimand the research was focused on helpful equipment used in
application of the mining area in the synergy of théhe main mining processes. The main goal of thl_s article is
operation of the machine park for the internal transport & Point out the innovative approach in the creation of the

each mining company. The production cycle of limestorf@achine park in the mining company with the aim of

mining and processing is based on the efficient use Wrgasing the rellablllty, Safety, failures, and efﬁCiency of
mining equipments.

e .
. e o

Figure 1 Main processes of limestone Mining (own source)
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2 Literature review and administrative activities during the life cycle of objects

Ambrisko [1] and Grzegorzewka, Stasiak-Betlejewskamachines and production equipment to fulfill the required
[2] comment that the production potential createfinction [1,6].
indicators such as the number of machines, number of Process management can be provided by managerial
products, number of services, value of the gross valiRstruments which are focused on special areas as
added, the price of buildings, the number and price #faintenance. The most frequently implemented
assets, the average level of employment, productivifpanagement approaches include: Supply chain
growth, the value of the machine, the efficiency, profitnanagement which is an important managerial tool
technical parameters, repairing, maintenancééeterminant all conditions significant for suppliers and
modernization and others. Those indicators create a b&R3gir use in praxis by the buying of machines in mining
for the value chain and for performance management §@mpanies [7]. Maintenance management is focused on
various enterprises in various processess [2]. Changifgjiability, safety, functionality, reliability, quality, time,
market requirements, pressure to minimize productigivironment, and company costs [3,6]. Building a machine
costs, competition, but also legislative restrictions have &grk in mining companies is the basis for the success of the
impact on mining processes and technical area of machfiféning process and very important part for financial page
park in the mining companies [3,4]. Operational costs afé the company. The Machinery park in a mining company
very important part of th& management of the machinesstands on the financial plan which is creating one part of
and their performance. The main goal of mining comparfinancial management. Financial management content is
is minimize the operational costs. The one part of machifgcused on the perception of the most important key factors
park is transport infrastructure and internal transport i@ its sustainable effectiveness and performance in the
mining company. This area create 20% costs of genef&ntext of its social, technological, and process aspects
costs of mining company and than is very important tguch as maintenance efficiency [8].
solve transport and costs of machines park. Andrejiova,
Kimakovéa [5] they indicated in the final study in their3d Methodology
research that the transport infrastructure and the In the scientific research of the mining company, we
development thereof significantly affect performance gfrogressed based on the algorithm of steps (Figure 3),
companies.The development of the transport segmentwhich was the principled tool for leading complex research
currently an essential process which affects industriad the mining company in area of machines. The subject of
companies. The transport infrastructure and the servioesearch was the machine park in the mining company for
provided in this sector influence economic growth, themestone mining. Many methods were used in solving the
efforts aimed at increasing competitiveness, as well assearch, such as analytical, economical, graphical, and
prosperity of the society [5]. other.

Machinery management (Figure 2) in mining

companies is a major process focused on an efficie ¢~ ™
maintenance system. Analysis of production equipments,
P collection of information
\ r
Machine Park Model |
Compare analysis of production
Machine Park Conception - performance, reliability, functionality, _{ equipments

durability

| The suggestion of parameters of the mining machines |

—[ Evaluation of production equipments

| Mining machines supplier selection |

machines park in mining company

Purchase of machines, their installation, and bly | Suggestion of production equipments in

The trial operation of the mining machine with testing )

| Commhlning S{ike Siiting Mk | Figure 3 Algorithm of research in mining company (own source)

Figure 2 Machine Park model in mining company (own source)
In this research, we dealt with the life cycle of

The level of fleet maintenance has a significant impa@roduction equipment in the phase of effective use in the
on the performance of mining processes that are checkyning process. By comparing analysis we watched the
performance indicators as index of efficiency, coeficient dechnical parameters of production equipment. The
function and other index of performance of technical stagconomic life cycle of production equipment in the phase
of machines [3]. The maintenance process according to #leusing means for the modernization, repair of production
ISO 13306 standard is one part of process management &adipment, or buying new production equipment. The
it is a prerequisite for performing technical, managemerigsults of the research were the suggestion of production
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equipment for a machine park in a mining companyl] Results
Analysis of production equipment, collection of Mining companies in the frame of innovation are using
information - this step of the research was realized bymobile machines with a combination of stationary
personal visit to the mining company. Comparing analysifiachines. Mobile machines are bringing advantages for
of production equipment - consists of comparing originghcreasing demands of customers, for increasing volume of
(past) and new equipment. Evaluation of productioproduction-mining, for flexible reaction to market changes,
equipment - it consists of selecting the optimal productiognd for an easier process of production [4]. The company's
equipment for the machinery park in a mining companyecision depended on increasing sales and insufficient
The suggestion of production equipment in machine parkgoduction capacity in the process of crushing and sorting.
in mining companies - creates a model of using productigme innovation process for the mining company meant
equipment in machines parks for the life cycle of miningyying new machines. The mining company bought a new
and its sustainability. mobile crusher (Figure 4). The significance of mobile
machines is connecting to transport extracted raw material.
In this way, the mining company is able to bring a mobile
crusher, a mobile sorter directly to the excavated rock.

A : : 1‘!"‘&3‘”3 ‘ ‘;h

Crusher Sandvik QJ341+

o 2 i N - M
Crusher Hartl Powercrusher 12/65J

Figure 4 Mobile crusher in Machine Park in mining company (own source)

Based on a comparison (Table 1) of the performance wifaterial. In the event of a failure of one device, the device
the original Hartl 12/65J mobile crusher and the newill be replaced by another device without cessation of the
Sandvik QJ 341+ mobile crusher, we can conclude that tbeuishing process. This machine is capacity reserve in
Sandvik mobile crusher is more powerful to 50t/h foMachine Park. This machine is capacity reserve in
fraction 0-63 mm and 80 ton/h for fraction 0-100 mm. Th&lachine Park. The capacity reserve in Machine Park in
mining company is able to use both crushers at the saméing company is instrument for to block the mining
time and thus produce more fractions of extracted raprocess of reason no functionality of machine [9].

Table 1 Analysis of technical parameters of mobile crushers

Original machine New machine

Mobile crusher [ Hartl 12/65. | Mobil cusher | Sandvik QJ341
Machine performance

fraction 0 — 63 mm 150 ton/t fraction 0-63 mm 200 t/t

fraction 0 — 100 mm 250ton/h fraction 0 =100 mm | 330 t/t

Source: (own source — research)

The mining company bought a new mobile sortematerial into 0-10mm fractions, 10-32mm fractions, 32-
(Figure 5). As part of the mining company's machinery, 80mm fractions and an oversized 80-130mm fraction. The
was also necessary to purchase mobile sorters as part ofittioduction of new mobile sorters has increased the
following post-crushing process. Anaconda SR514 arftixibility of processing the extracted raw material.
McCloskey S130 mobile sorters sort the crushed raw
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Figure 5 Mobile sorter in Machine Park in mining company (own source)

The flexibility of handling mobile devices significantly loaders (Figure 6). Due to the mobile crushers and screens,
facilitates the transfer of equipment and preparation for tlitewas necessary to add more powerful wheel loaders. The
processing process (crushing and sorting), whidiinction of wheel loaders is to load trucks and fill hoppers
significantly increases overall productivity. Otherthat feed the raw material into mobile crushers.
equipment that is used in the mining process is wheel

Wheel loader CAT 966M
Figure 6 Wheel loader in Machine Park in mining company (own source)

With the help of new wheel loaders (Table 2) with @aechnical parameters than the new CAT 966M and CAT
larger spoon volume, the loading time of cars will b872M wheel loaders. Operating weight is higher on 9200
significantly reduced, thus speeding up the actual shipmée for CAT 966M in comparing with Dosan DL 250and
and the continuity of the crushing and sorting process. TB800kg for CAT972M with comparing with Volvo L120E.
Dosan DL250 and Volvo L120E wheel loaders have lower

Table 2 Analysis of technical parameters of wheel loader

Original machine New machine

Wheel loader Dosan DL 25 Wheel loader CAT 966M
Operating weight 14 000k Operating weight | 23 200k
Spoon volume 2.5m* Spoon volume 4.4m®
Wheel loader Volvo L 120E Wheel loader CAT 972M
Operating weight 19 000k Operating weight | 24 900k
Spoon volume 3.3m* Spoon volume 4.8m®

Source: (own source — research)
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Spoon volume is higer on 1.93for CAT 966M in  based on the volume of the bucket and the number of lorry.
comparing with Dosan DL250 and Spoon volume is higérhe following facts were found when comparing old and
on 1.5 ni for CAT972M with comparing with Volvo new wheel loaders (Table 3).

L120E.More powerful wheel loaders had to be evaluated

Table 3 Analysis of wheel loader

Wheel loader Spoon volume | Number of lorry (24 ton)
Dosan DL 25 4.0C 6.00
Volvo L 120E 5.28 4.55

CAT 966M 7.04 3.41

CAT 972M 7.68 3.13

Source: (own source — research)

The results of the wheel loader optimization show thaxcavators (Figure 7) with greater weight and the
the new CAT972M wheel loader is able to load a trucssociated possibility of a larger volume of bucket used,
almost twice as fast as the Dosan DL 250 wheel loader,wakich allows you to use the capacity of production
the volume of its bucket is almost twice as large. As part &dcilities to the maximum and reduce the time required to
the optimization of the machinery in the mining companyship processed raw materials.
it was necessary to purchase more powerful tracked

———

Tracked excavator CAT336F Tracked excavator CAT329F

Figure 7 Tracked excavator in Machine Park in mining company (own source)

The function of the tracked excavator is to load theew crawler excavators. More powerful crawler excavators
excavated rock into a mobile crusher. We analyse théll ensure continuous production due to the constant
technical parameters (Table 4) of tracked excavators irutlization of crushers and shorten the interval of moving
mining company. We can see a comparison of original atasted rock from the floor to the crushing site.
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Table 4 Analysis technical parameters of tracked excavator (own source — research)

Original machine New machine
Tracked excavator | Dosan DX 22 | Tracked excavator CAT 329E
Operating weight 23 600k Operating weight 30 500k
Spoon volume 1.7m? Spoon volume 1.8m*
Tracked excavator \E/(C):I\ZISOCNL Tracked excavator CAT 336F
Operating weight 31 000k Operating weight 27 200k
Spoon volume 1.7m? Spoon volume 2.2me

Original machine New machine
Tracked excavator | Dosan DX 22 | Tracked excavator CAT 329E
Operating weight 23 600k Operating weight 30 500k
Spoon volume 1.7m? Spoon volume 1.8m*
Tracked excavator \E/(C):I\ZISOCNL Tracked excavator CAT 336F
Operating weight 31 000k Operating weight 27 200k
Spoon volume 1.7m? Spoon volume 2.2me

Source: (own source — research)

The technical parameters of the new tracked excavatafsthe machines park [12]. Recent developments in smart
are reflected in the operating weight and spoon volummining technology have enabled the production,
Operating weight for CAT 329E is higher on 6900kg taollection, and sharing of a large amount of data in real
Dosan DX225 and Spoon volume is bigger 03fanCAT  time. Therefore, research employing machine learning
329E. Operating weight for CAT 336F is lower on 3800kgML) is very efecive . Among the ML models, support
to Volvo EC290CNL and Spoon volume is bigger 05 mvector machine was utilized the most, followed by deep

for CAT 336F. learning models. The ML models were evaluated mostly in
terms of their root mean square error and coefficient of
5 Discussion determination [11,13]. In mining machine park is

The framework of the mining machine park and asseégportant to use new technologies. Currently, the global
the technical level of the machines used affects thgining industry is seeing a growing interest in battery-
dynamics of volume of the extraction [10]. Very importanPowered electric machines, which are replacing solutions
part of the machine park is the technological safety ®owered by internal combustion engines. Both machines
mining equipment. Dogan, Derya (2021) comment th&ere specially designed to substitute diesel machines in the
technical and economical style makes it possible &Pnditionsofan ore mine. They are the lowest underground
determine the optimal structure of the mining equipmengattery-powered drilling and bolting rigs with onboard
park, as well as to modernize the technology of tHehargers. The machines can also be charged by external
production process of extraction and to form appropriaf@st battery chargers [14]. Modern theories that make up
mobile sets of machines for the extraction [11]. Mininghe paradigm of sustainable development, and the best
organizations need to use different kinds of techniques aRefctices derived from them, are based on the consistency
tools in order to fulfill their foundation goals of the miningof individual and public needs, factors of economic growth
process. In this aspect, using machine learning (ML) could ecosystem protection [15]. Green economy expansion
be very helpful for dealing with challenges in mining. Thés moving from a challenge facing modern society to the
parts of this machine learning technics created i.glominant area of scientific thinking, which is increasingly
clustering,  classification,  regression,  correlationfocused on solving the problems of reducing the
algorithms - i.e., support vector machine, neural networRnthropogenic impact on the environment consist by
learning types i.e., ensemble learning, deep learning, aMdning activities. It is very important fact for mining
performance metrics i.e., accuracy, mean absolute erf§¥mpanies to create machine park with machines focus on
which are connected with risk management [11]. environmental sustainability [16]. The need to optimize

Risk management in mining companies is an importafteé machinery in the selected mining company and the
part of quality management orientated to maintenance apdrchase of new equipment arose due to an increase in

creates the view for the use of lean management in the afgnand from the steel and construction industries to cover
all orders from customers.
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Figure 8 New Machine Park in mining company (own source)

The first step in the optimization process was th#acked excavators with better technical parameters were
decision to combine stationary and mobile equipment &iso replaced, which was reflected in the productivity of
the mining process. Mobile equipment with the ability tahe mining process. The first alternative (Figure 8) for
move in the mining area will save time and power for thmachine park in mining company is combination of
processes of crushing the raw material and its sortinguachines: Mobil crusher Sandvik QJ341+, Mobile sorter
Mobile crushers and screens purchased by the miniMgCloskey S130, Wheel loader CAT 972 M and tracked
company for flexibility and simplification of the excavator CAT 336F. The second alternative (Figure 9) for
production process are used and bring benefits to theachine park in mining company is combination of
crushing and sorting processes. The mobile crusher améchines: Mobil crusher Hartl 12/65J, Mobile sorter
mobile sorter is able to deliver directly to the excavatelnaconda SR514, Wheel loader CAT 966 M and tracked
rock, which represents flexibility and operability. As parexcavator CAT 329E.
of the optimization of the machine park, wheel loaders and

Figure 9 New Machine Park in mining compny(own soue)
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Abstract: Free economic zones are one of the many ways for governments to alleviate a national crisis situation, by
helping increase trade, enhance production, and create provisions of foreign direct investment. That can help in improving
the economic condition of the country and enhance the quality of life of the country’s population. Free economic zones,
or free zones, in Morocco have also been established for similar reasons, and due to its perfect geographical location, has
become one of the top priority destinations for regions across the globe for logistic purposes. To meet this objective, the
reflection carried out at the level of this study turned towards the development of free zones in connection with the
business environment in emerging countries, taking into consideration the case of Morocco, then it has a very strong
logistical evolution as well as an exceptional geographical position for the improvement of its positioning in international
competitiveness. This article presents the results of a quantitative study on the business environment of free zones in
Morocco as well as on their economic impact aimed at improving the country's logistics level. This study aims to
understand the theoretical and practical purpose of establishment of free zones in Morocco, their significance in the
logistics industry, and their key advantages and challenges. This study provides a research background for industry
practitioners and academicians of different regions alike to understand the use of Moroccan free zones to effectively
strategize logistics decisions from a corporate standpoint, leading to better economic performance.

1 Introduction point in front of the regions of Asia and Africa. Taking
International trade is now a real source of added val@&vantage of this opportunity, the government of Morocco
for customers, suppliers and businesses in the form s set up free trade routes through many ports in the
service reliability, performance, efficiency in terms of imgountry over the years to facilitate international trade [3].
and responsiveness while calling for an efficient logisticdowever, the use of free trade must be observed and
system. In addition, free economic and industry zones $§udied to allow a comprehensive understanding of how it
the main place for the profitability of the company, througkan help companies that have logistical needs requiring a
the process aimed at optimizing production capacitieg{opover or a need for transport through Morocco. The
stocks and costs. country is close to Europe, but the business practices, the
In this perspective, this article attempts to identify in gstablishment of rules and regulations, the payment of
clear and scientific way the impact of the economic ari@xes and logistical costs, among others, are very different
industrial free zones on the economy of a well-definelom the European and American modes and the needs

country, namely Morocco. must be assessed In the Oxford Business Group Report
[4]. Inaresearch study [5] The Moroccan business style is
2  Materials and methods quite different from the way trade relations develop in the

uropean and American regions, and this business style
uld be studied to ensure the full use of the free zones of
Moroccan logistics sector. This study makes it possible

Assess the Moroccan logistics industry and to understand

In a research study [1] , Morocco, due to its geograph
presence in North Africa, has become an essential site
the major logistical and commercial processes between

west and the east of the world. The country is at the ceniﬁg logist d 1 t or in M ;
of many international trade routes and links the Unite; € logistics and transport sector in - Viorocco for
ternational business and international trade.

States, Europe, Africa and Asia. Many countries in thedd The aim of th dvi e a basi d di
regions have invested heavily in terms of foreign direct 1€ a&im of the study is to provide a basic understanding

investment and have been able to take advantage o&lhe Iogistﬁcs industry in Morocgo,.with an _emphasis on

. fting : ivitiedhe evaluation of free zones within the kingdom. The
between the Eastern Hemisphere and the Westéﬂ?thOd(?IOgy to gchieve the objective of the study W”.I b.e
Hemisphere of the globe following a study [2] . Thd© examine the literature on the free zones of the logistics
Kingdom of Morocco is only 14 kilometres from Sector of Morocco through articles, syntheses and research

continental Europe, but far enough to become a stoppiWé“Ch have been published in specialized journals, reports
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on the sector. transport and logistics of the countrilorocco by companies from the EU and the United States
newspaper and magazine articles concerning industf@]. Other agreements include the Morocco-EFTA Free
trade and transport across Morocco. Subsequently, we Fedde Agreement (European Free Trade Association), the
up a quantitative study with companies in a few industriéMlorocco-Turkey Free Trade Agreement for trade in goods
free zones to understand their perceptions of the level aid the Arab Free Trade Agreement for the trade in
logistics, the business environment and overafiroducts from the Arab States with the exception of

performance. prohibited products regarding a study [9]. These
agreements facilitate the conduct of business with very
3 Result and discussion little or no intervention on the part of customers and

In the software industry, the developers will never stag@enerating very few commercial costs.
that the product is free of imperfections, dissimilar to other

modern item makers generally do. This distinction i§-2 Thecurrent tax systemin Morocco _
because of the accompanying reasons. The normal tax rate in Morocco is 30% and applies to

both resident and non-resident taxpayers. The tax is applied

31 Presentation of the logistics sector in territorially in the country and companies operating on
Morocco Moroccan soil are also required to pay taxes on all income

The Moroccan economy is improving and, according {gf Moroccan orgin [9]. The country's tax system also
its annual growth of around 4%, the country is movin llows for optional advance taxation, which represents
towards economic stability. Its political position and goo round 8% Of. the contract value.. In a study [9] Businesses
geographical location are reasons which give it [ust pay their taxes befofe April 1 of each year, and all
competitive advantage compared to other North Africalxpayers are a_Iso required to pay VAT on taxable
fransactions. With regard to expenses incurred by

countries. As a result, it is more likely to become L . X o :
transition center in the logistics process for manEompanles in the exercise of their activities, the tax is

companies in North America and Europe [6]. Foreig eductible if not otherwise specified regarding a study of

direct investment has led to the development of free zo J .Fo:vlcompanl.es 8092(?“”(? in free trade Zones, the tax
for international companies. In addition, with the signin ate in Morocco is 8.75%. Corporate taxation concerns
d@rmgn companies more than businesses in the region.

of free trade agreements with the European Union, t ies h 6 il
United States and Turkey, alongside the increase in proccan companies have to pay 6 taxes a year, while
mpanies in the Middle East and North Africa have to pay

capita income, Morocco has become an enviab i Ameri 05 10 1 dG
destination for international trade. The Moroccart/ UMES, American companies Imes an erman

government is also investing massively in the developme‘ﬁ?mpan'eS 9 timefd 0],
of the country's commercial position, by promoting foreign ) ) )
trade through maritime routes. The govermnment hasS Key challengesin the implementation of free
developed and maintained more than 35 commercial ports ~ ZON€S
in Morocco and has also spent around 3-4 billion dirhams Free zones present challenges that can threaten the
to modernize these seaports. In addition to seaporgifective use of their benefits. The most common
regarding a study [7] the government has also worked §Rallenges include environmental degradation, scarcity of
the development of its road, rail and air network to improv&sources and the mismatch between industrial and social
its logistics sector. This has led to increased public sec@gvelopment. In terms of environmental degradation,
investment in the development of physical infrastructur@overnments and companies generally abandon the
thanks to which the country has evolved into one of tRvironmental assessment when setting up these free
main transportation and logistics centers for Nortgones, endangering the environment of the region [12]. In
America and is striving to become an Essential “hot spo# study [19], Goodwill generally reflects the value of
for companies in the eastern and western parts of the woiliustrial assets such as brand awareness, good
The average of import days in Morocco is 14 daygelationships with customers and employees, and
which is higher than that found in the countries of thBroprietary patents and technologies, which allows for
Organization for Economic  Co-operation andetter economic improvement. This poses a long-term
Development (where the average is 9 days), but well betfyp_blem. Anothe_r challenge is the shortage of resources,
than the rest of North Africa and the Middle East (wher@hich can occur if the balance between demand and supply
the average is around 24 days). This offers betti not properly assessed and if the country is not ready to
opportunities to the Moroccan logistics industry. Ifmeet the demands of the free zones [13]. In addition,
addition, free trade agreements have been signbtprocco could experience a delay in social development,
unilaterally or bilaterally with the European Union (signedvhich creates an imbalance in civil society, since the
in 1996, entered into force in 2000) and with the Unitegountry's industrial development involves leaps and
States (signed in 2004 and entered into force in 200&punds due to free zones [14].
providing for the development of economic activities in
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3.4 Impact of free zoneson cost reduction analyzed the data using SPSS (v21.0) and Microsoft Excel
Free zones have substantial benefits for businessetistical tools.
mainly financial incentives that help reduce costs. In a Descriptive analysis was performed for both
study [25] , Industrial zones help simplify administrativelemographic factors and logistic performance factors,
procedures and save money because they encourdguding the test of frequencies, mean variance, and
foreign ownership. During the last thirty years, importargtandard deviation. In addition, inferential analysis was
practices have been implemented to achieve #@erformed which included normality test, reliability test,
improvement in development, but also to acquire bettéggression21].
adaptation, while bringing a real modernization of For the statistical analysis of the aspect of the study, the
infrastructures [24], without forgetting the establishment ditatistical precision must be taken into account. Statistical
necessary institutional reforms. at the legislative level. Frggecision presents the narrowness of the margin of error in
zone regulations are relaxed and subsidized, encouragthg study. For increased accuracy, a larger sample size is
companies to save despite long-term leases, expatriggguired. However, the accuracy slowly increases due to
employment or by exempting income taxes. Regardingthe square root of n in the denominator of the formula.
study [15], Morocco also offers a tax holiday option forf hus, to halve the margin of error, the sample size would
companies of around 5 years. These benefits being végve to be multiplied by four. The margin of error is also
lucrative, the free zones are very popular and prosperoinfluenced by the level of significance or level of
especially in this country. Knowing that the level ofconfidence, but this tends to remain fixed within a field of
competition with innovation in technologies andstudy. The inputs are the assumed or estimated value of the
emergence of FinTech have gone higher [18]. proportion, the desired level of confidence, the desired
precision of the estimate, and the population size for
3.5 Changein the face of the Moroccan industry  bounded population sizes. The desired precision of the
after the establishment of free zones - estimate (also sometimes called the allowable or
specialty review acceptable error in the estimate) is half the width of the
Research on this subject has made it possible gesired confidence interval. Statisticians use a confidence

apprehend the free zone of Morocco (Table 1), motaterval to express the degree of uncertainty associated
precisely the free zone of Tangier (TFZ). The country's fré’éith a sample statistic. A 99% confid_ence inf[erval will be
zone has created a different perspective on the traditio§4f€r than a 95% or less precise confidence interval. Thus,
export process thanks to a multisectoral approach iy the present study, an accuracy of 95% was taken into
development. The creation of this free zone dates back&gcount. ) . R
1999 and it was opened to operations from 2000. This free € importance of the "Cronbach's Alpha” reliability
zone is located near the airport and covers an area of 4gst consists in finding the mtgrnal consistency between the
hectares. Around 400 companies are operational in tY@rables of the study. It is also done to check the
space. In the Oxford Business Group. Report (2016) TH%te_rrelanon between the variables of the pr_OX|m|ty_ of_t_he
users of this free zone of Morocco have invested roughf@riables between them [17]. However, high reliability
500 million euros for their installations. The free zone had0€s not show one-sidedness of the variable and is simply
created around 40,000 jobs, the majority of which are hefgtest to find the constant measure of a theory. In addition,
by Moroccan citizens, Oxford Business Group. (20165a_n(_)ther hypothesis test was performed to determine the
This improved the economic conditions of these worker¥alidity of the collected and expected data. The hypothesis
while the free zone represented an increase in Morocdagrmality test was performed to assess whether the found
exports to the tune of 1.2 billion euros, of which one tenfigtaset was collected from a normal distribution [16].

comes from the free zone. The Moroccan free zone has af¥file performing a normality test, it is necessary to check
led to the development of the logistics sector in thiwhether the variables show a statistical test of “Shapiro

country, since many companies manufacturin&V"k (W)” less than “1", which can be interpreted in the

components also require a transport service regarding@Se that the observed distribution does not correspond to
study [19]. normal distribution [16]. It is also necessary to check that

when the "W" value is small enough, the p-value should.
3.6 Quantitative analysis: normality, reliability
and regression test
Quantitative data from 50 employees of logistics
companies in the Tangier Automotive city We then
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Table 1 Free zones operational in Morocco

Overall cost| Jobs identified /
Free zone Activity area Area (hectares| (millions of Companies
DH) established i

Automotive industry; aeronautics;
agro industry; textile and leather;

X L 45 (planned .
Tangier (TFZ) chem|§try and paraphemlstry,_ extension of 740 44210 10b$ /415
metallurgical, mechanical, electrical companies
i . -— | 100 hectares)
and electronic industries; and service
related to the above activities
_ M_au_n_ly gutomqtlve sector; cher 1,020 jobs / 4
Tangier activities: agro-industry, textile and companies (and 1
Automotive City| leather industries, metallurgical, 178 1181,7 omp

. . . in the process of

(TAC) mechanical, electrical, electronic,

chemical and para-chemical industries being set up)

Mainly aeronautics and space
industry; Other activities related to

security and detection systems, 5 companies (and
Nouaceur medical industries and embedded 78 887,6 3 in the process o
metal, metallurgical, electrical and installation)

electronic industries as well as
precision systems

11,245 jobs / 7

Kénitra Automobile industry 199 1214 X
companies
Equipment activities for sustainable
Technopole development and the industrial 6 (of which 40
C . . 160
d'Oujda professions of renewable energies and completed)
energy efficiency
Services: banking, insurance,
Tétouan-shore accounting and finance, human 6
resources, general back office,
customer relationship management
. R ] 26,000 jobs
Casanearshorg Services: bank, creche, shops, Med% 53 (eventuaIIJy) /70
Sourcing One Stop Shop, restaurants /
companies
Rabat Services: bank, créche, shops, MedZ 107 30,000 jobs / 76
Technopoli Sourcing One Stop Shop, restaurants companies
. Services: bank, créche, shops, Medz .
=55 Sl Sourcing One Stop Shop, regtaurants 22 15,000 jobs
. Services: bank, créche, shops, Medz :
oujea Slhsire Sourcing One Stop Shop, regtaurants 22 2,000 jobs
Table 2Shapiro-Wilk normality test for the collected data set
Shapir-Wilk
Statistics (w Ddl Signification (p
Performance lev 0.867 50 0.001
Technical leve 0.949 50 0.019
Organizational Lewv 0.984 50 0.009

Table 2 shows the Shapiro-Wilk normality test fo(0.009); are less than 0.05 and therefore do not show a
respondents working in the Tangier Automotive city. Thaormal distribution. Thus, from the normality test, it can be
variables used for the normality test show that all othassumed that the collected data set does not have a normal
operational factors of the port are not normal. This idistribution.
because the p-values for Technique (0.019), Organization
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Table 3 Co-effectiveness of Cronbach's Alpha reliability

Cronbach reliability te

Factor: Cronbach's alpt Number of item
Technical leve 0.885 16
Performance lev 0.895 14
Organizational Lewv 0.848 09

ISSN 1339-5629

The reliability test was carried out to check the stabilitps shown in Table 3 were found to be greater than 0.6;
and consistency between technical, organizational factds885) for Technical, (0.895) for Organizational and
and the general performance of the companies. It wé&848) for global performance, thus showing a relatively
undertaken to determine the consistency of the datégh consistency. Thus, it can be interpreted that the factors
collected during the survey. Cronbach's alpha coefficiengse very stable and consistent.

Table 4 Model Summary of regression analysis between organizational performance and logistics operations
Mode| R R-R R- R adjuste
1 0.955 0.927 0.810

The regression analysis between the differemhany companies from the United States, Europe and Asia.
organizational services provided by the companies in ti@&obalization has recently become a slogan which has
logistics zone of Tangier has been shown in Table 4. Itlimosted business investment in developing countries,
relevant from the regression statistical table that R-squgrarticularly in Morocco. The free zone established in
of 0.927 or 92.7% and Adjusted R-square of 0.810 ddorocco has thus been very successful and new free zones
81.0% showed that for each logistics service fact@re being created. However, calling on investors for the
indicates variation in overall operations. Thus, with thdevelopment and initial launch of a free zone is a difficult
increase in the variables of the organization's performanaed complex process, and the road to success is long. The
factors, there will also be an increase in the overareation of these free zones also helps a country to improve
operations at the level of the companies in the logistié@s economic score. For Morocco, the free zone has led it to
zone of Tangier. maintain its political and economic stability for the past 15

to 20 years and has enabled it to become one of the most
3.7 Discussion stable economies in the North African region. With regard

The free zone has made it possible to develop seapotgsthe future direction, it is very important to understand
roads and airports. The direct role of the logistics sectortRe pitfalls of free zones in order to be able to establish a
reflected in its contribution to national GDP, which is 5%global image of the economic zone.

However, the logistics sector plays many indirect roles in In this study, the researcher focused on the impact of
Morocco's economic development, which has been maitfeglustrial free zones on the technological economy of
possible only through the creation and development of tl@erging countries: the case of Morocco, he concluded
country's free trade areas. The success of free zones thas the establishment of free zones within any emerging
also prompted the government to further develop tregconomy will allow an improvementin the performance of
logistics sector by increasing port capacity, creatingpe country but this through the technologies made
logistics free zones, building distribution infrastructure andvailable by the parent companies, and this has had a very
developing dry ports and multimodal connectidd®] positive impact on the performance of all the players, in
This is a very positive sign for the whole industrythis context it is strongly recommended to carry out similar
regarding a study [22]. Knowing that it is necessary todagfudies on the possibility of emerging high technologies in
to systematize the applied concepts of economics a@therging countries.
supply chain management following a study [23]. Thus, the Regarding the difficulties encountered, since the free
creation of free zones in Morocco has led to long-terindustrial zones are very far away, this forced us to work
economic development and political stability in thedon the minimum number of cases due to the logistics of the
country. study. As for future directives, our next research work will
focus on the port performance of ports with direct
4 Conclusion connectivity to industrial free zones.

Free zones are very lucrative options for countries
looking for foreign direct investment to strengthen theiR€ferences
economic situation. Morocco used the construction of frdé] BENABDEJLIL, N., LUNG, Y., PIVETEAU, A.:
zones to promote itself on the world stage in order to L'émergence d'un pble automobile a Tanger (Maroc),
become a profitable destination for the start-up of Emergence of an automotive cluster in Tangier
companies and commercial and industrial operations by (Morocco) Groupe de Recherche en Economie
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Abstract: The subject of consideration in the paper are negotiations between companies cooperating within reverse
logistics. The objective of the paper is to present a concept for describing the specificity of such negutitigrting

the ability of cooperating parties to create and recover value within reverse logistics. As introductory part of the article
the methodology used for preparation of article is presented. Then, reverse logistics as the activity influencing value
creation and value restoration is characterized. In next part of the work main units cooperating and negotiating within
reverse logistics are distinguished. In this part the specificity of reverse logistics as environment for negotiations is also
presented. Within the subsequent parts of the article in order to present the features of negotiations within reverse logistics
cooperation the original methodological framework is applied, comprising the key aspects of negotiation’s definition,
distinguished on the basis of different approaches presented in literature, e.g. as a process, methods of conflict
management and reaching agreement, mutual dependence of the parties and processes of: decision making,
communication, mutual exchange and value creation. The summary synthetizes the major features of the considered
negotiations, and also indicates the directions of research enriching the proposed concept. The approach to description of
negotiations presented by the authors of the paper is a novelty and has an original character, i.e. it is based on their own
thoughts on the specificity of the negotiations under consideration. No such concept has been presented in the literature
on the subject so far.

1 Introduction comprehensive logistics service for the supply chain.
Integrating the cooperation of enterprises in supplgharacteristics of waste, recyclable materials, its impact on
chain is distinguished among the key factors enabling tHee environment result with numerous regulations of
achievement of competitive advantage and increasifigtional law as well as international agreements and
performance effectiveness. In the supply chain, suppliegg@nventions regulating cooperation with service providers
(of raw materials, materials, semi-finished products, partdf]- o _ S
manufacturers, wholesalers, retailers, as well as providers Due to the diversity of enterprises participating in
of specialized logistics services cooperate with each otH@verse logistics, wide range of issues to be agreed there
to deliver products to recipients. are differences in the expected effects of cooperation, as
In terms of the development of the concept of Gregiell as the need to ensure continuity and security of
Supply Chain and Sustainable development, the companf@pperation. It is important to properly prepare and
operating in the field of reverse logistics are also of greg@nduct negotiations, especially in bilateral relationships.
importance. Reverse logistics is treated as important arE@ese negotiations are conducted in special conditions, in
of value creation and value restoration [1]. It igvhich the expectations and individual attitudes to
concentrated around three main directions of activitgooperation depend on the links with other partners.
recycling, reuse, remanufacturing [2]. Values achieved Byegotiating and updating the terms of cooperation in such
the reverse logistics can be of tangible or intangiblonditions requires a specific approach [7].
character [3-5]. Considering the above statements, the objective of the
Types of operations included in reverse logistics majaper is to present s_pecmc features of negotiations between
be carried out by suppliers of specialized logistics servic€goperating parties influencing further ability to create and
collecting waste and secondary raw materials, unif§cover the value in reverse logistics. It is also important to
disassembling used and damaged products, Compad@ycate the significance of various types of activities fqr
processing secondary raw materials, as well as compariiég processes of value creation, as well as value restoration.
dealing with final waste disposal. The issue of cooperatiore significance of individual types of operations affects
with service providers is treated as one of most importalfte roles of the participants carrying out these activities in
problems when managing reverse logistics [1]. Activitie1e negotiation processes.
carried out by specialized service providers may be
implemented separately but may also be part of
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2 Methodology It should be also emphasized, that the preparation of the

The concept of product/service value used in this articf@ntent is also supported by authors' individual experience
refers first of all to generic core designed to fulfil basiéh the area of designing reverse logistics management
customer needs, surrounded by additional attributes ®¥stems, negotiating and preparing the terms of
supplementary services [8]. The approach refers also @@0peration with service providers specializing in handling
understanding how the relationship between exchangged products, products with expired date of use,
parties contributes to understanding value. There is alifyclable materials, as well as waste. Therefore, the
another way to consider value, presented in literature. aaracteristics of negotiations carried out in reverse
relates to trade-off between benefits and tangible monetd@gistics presented in the next part of the article in terms of
sacrifices, as well as intangible costs, that customer mai@y dimensions of this type of negotiations is based on the
to buy the product [9]. This aspect of the Va|u@gthors_' own suggestions as to the interpretation of these
considerations is not addressed in the article. dimensions.

As the main approach for the preparation of this article
desk research is used. The application of such a concepBis Results and discussion
supported by the analysis of studies presented in literatd  Reverse logistics as the activity of value
in which generalizations and detailed experience are recovery
presented, concerning value in reverse logistics and the According to one of the early comprehensive
impact of cooperation with logistics service providers ofescriptions of reverse logistics such concept is defined as
the processes of value creation and recovery. In orderdqyrocess of planning, implementing, and controlling the
develop the characteristics of negotiations within reversgficient, cost effective flow of raw materials, in-process
logistics cooperation, a number of detailed methodologic@ventory, finished goods and related information from the
tools were applied. First of all, the method of analysis argbint of consumption to the point of origin for the purpose
its various types were used, mainly cause-and-effegf recapturing value or proper disposal [1]. The main
structural and comparative analysis. In addition, researgtivities distinguished in the area of reverse logistics
tools such as expert method, morphological analysigclude product repair, recycling, refurbishing, upgrade,
scenarios, SWOT analysis, benchmarking, case stu@ysassembly of a defective or used product to recover parts
documentation  analysis, modelling, synthesis an@r reuse, as well as disposal of products with expired date
classification methods were used. of use and also disposal of waste [7]. The implementation

Published studies, taken into consideration can b these activities requires taking into account transport,
divided into several groups. The first of these containg|ection, storage as well as packaging. More specifically,
basic studies on the genesis and essence of reverse logigiigscharacteristics of the tasks related to the flow of goods
[1,10]. The second group consists of review papers on tfgreverse logistics include [6,12]:

essence of reverse logistics activity, its contemporaty collection of goods to be returned to supplier — it
development trends, as well as structures of cooperation in cgncerns identification of incorrectly delivered,
reverse logistics channel [7,11-16]. The studies included in redundant, defective goods, as well as the identification
this group take also into account the assumptions of o materials, damaged parts and separation of the
activity in the field of reverse logistics, principles of  number of units to be returned, this process may also
shaping the relationship between participants cooperating apply to goods from recipients,

in reverse logistics, as well as conditions of cooperatiQqn qjection and sorting of expired used, as well as
with specialized service providers, operating in such areas damaged products, waste and recyclable materials, it
as: transport, storage, processing of recyclable materials rg|ates to the qualification of mentioned types of goods
and waste disposal [7,14,15,17]. Considered group of ¢o frther actions (use of product components in re-
studies includes also the issues of legal regulations manufacturing process, recycling, repair of product),
regarding the handling of various types of waste and ecovery of parts suitable for remanufacturing by
recyclable materials, in particular the conditions for —icassemply of products that turned out to be defective

handling hazardous goods [6,13,16]. The third group of 54 \yere not sold as a result of quality control after the
studies are those that concern the identification of activities end of production or due to defects disclosed in the

that affect the recovery of values in reverse logistics yictribution channel

[15,18]. The last group of studies used in the preparatign recovery of parts from end-of-life products for use in

T con i oL oot remanuiactung, Which Tees.disassemting of
P ’ these products, inspection and sorting as well as

conflicts, preparation of contracts, assumptions for limiting ualifying suitability for reuse

conflicts in organizations and between cooperating units qualying Y '

were considered. The authors’ methodological framework 'cPa of damaged pro-duct,

was applied [19], comprising the key dimensions of dellve_ry of waste fpr disposal, . .
recycling of materials for further use in manufacturing

negotiation’s, including the concepts by other authors, e.g.
[20-24]. process.
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The implementation of the above-mentioned activitieand processing relate to the utility of the product form, as
becomes possible primarily through the provision olvell as possession inthe area of reverse logistics. Transport
transport. Similarly to forward logistics activities related tas about the utility of time and place to use this product. It
transport are emphasized among the main activities thafluences also possession of product.
significantly affect the effectiveness of value creation in Types of activities presented so far, influence processes
reverse logistics, [10]. Taking into account four mairmf value creation and value restoration in reverse logistics,
aspects of economic utility, which influence the value dds it is reflected in Figure 1. The diversified impact of
product for recipient (the usefulness of the form, plac&dividual types of activities on these processes reflects
time and possession), it should be indicated, that tldso the different bargaining power of units specializing in
aforementioned activities related to securing, preparatigrarticular tasks in negotiation with the client.

A - product repaired,

value delivered to customer
- recycled materials
used in manufacturing
- accepted parts
of disassembled
products reused

) in manufacturing

- repaired product - waste processed

(result of

approved complaint)

- recycled materials,

- damaged product recovered, checked. product delivery.
cleaned at the point accepted parts use of

of disassembly, for reuse storage recovered parts
of repair, calibration recycled materials

- waste and recyclables waste processing

. repair, replacement
at the point fpd p‘d
- ds . . of damaged parts,
damaged product of further processing ged pars.
assembly, calibration

delivered storage
of products

for complaint,
- pOSt- i aste recveling of materials

post produ.gtlun waste transport ecycling ¢ erials
selected, delivered

- cleaning,
to recipient .
ccpie further selection

of waste

ransport ) and recyclables
collection, selection

storage

of waste, recvclables

- damaged product time, cost

at the customer,
- post-production
waste and recyclables
Figure 1 Value creation in reverse logistics (source: own research based on: [11,15,18,25-27]

Considering the information in Figure 1 it should be It should be also emphasized, that the value created in
added, that the places where the increase in value is markederse logistics is not just about preparing recycled
do not reflect the differences in the size of the increase. imaterial for reuse in manufacturing process, reusable parts,
addition, presented diagram does not take into accouspairing the product and restoring its functionality to the
returns of full value goods. In such a case, value creationstomer. These are activities related to recovery value
scheme is simplified. It covers only the return from thassociated with the product for the customer. Along with
point of sale to the supplier, who, after receiving thisuch activities, there are other activities related to the
product, prepares it again for sale and passes it to #treation of new value, playing also important role. An
distribution chain. The place where a recycled material example is the production of energy in the process of waste
a reusable part from disassembled product, accepted disposal by a company, often for own use.
further use is waiting to be used in the manufacturing
process means entering the value chain of product
manufacturing and delivering it to the customer.
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3.2 Types of companiesinvolved in reverse products, companies processing recyclable materials into
logistics cooperation materials and companies dealing with final waste disposal.
Taking into consideration previously mentioned types
of activities in the area of reverse logistics, relationshipd3  The dimensions of negotiations within
between reverse logistics and the flow of goods in reverse logistics
manufacturing process, as well as the ways &31 Processof negotiation
specialization of service providers following types of Due to their complexity and volatility, the negotiation

participants can be distinguished: processes in general, and those considered here in
e product suppliers, particular, are not easily structured. They can be

« recipients (using the delivered goods in the furthetisordered, and unpredictable. Some activities are carried
production or distribution process), out intuitively, spontaneously, and even instinctively.

« end users of products, Other ones are formalized by procedures. Quite large

« units disassembling worn, damaged, spoile@mount of data facilitates the implementation of these

products, processes, especially the identification and analysis of the

negotiating situation.
The scope of negotiations in reverse logistics can vary
&reatly depending on the specific characteristics of the
ods to be exchanged. Sometimes the negotiations cover
I?é)e terms of the transaction considering typical, standard
elements, and in other cases they concern very specific

In practice, there may be enterprises combining tﬁgoducts and their parameters. In addition, in the

above-mentioned specializations, in accordance with Ieg}ﬁgonatlon processes under consideration, there are

restrictions related to the handling of waste and recycla festrictions on the free_dom of sp_euahst actions due.to
materials. numerous legal regulations regarding the way of handling

Product suppliers, by establishing cooperation withi\.’idual types of goods (yvaste, seconda_ry raw materials,
further manufacturers or sellers of finished product‘%XIOIred products) - security for the duration of transport

negotiate with their recipients the rules of handing over ‘%nd storage, requirements of means of transport and

the supplier of unused products, products with expired u{gk_orage area, storage process, neutralization of threats to

by dates, end-of-life products, products being the subjet® enwronmgnt, docgdmerlt_anon. TTJUS' t[]e rllegotlatllon
of a complaint, and packaging for re-use. If the supplier (:celsses under c_f(?n5| eration may be not only complex,
products is also authorized to collect materials f ut also very specific.

recycling and waste for disposal, the rules for coIIectinrq Atr) t!mportf;ltnt 'SSU\G;h is the selepgllon tr?f thﬁ nl?jhi)
these goods may also be negotiated. egotiation partners. enever possible, they should be

Suppliers may also negotiate with users of finisheﬂr}dte.rtakﬁ.n with k;[hofse ednt|t|e(:js W'.tr: 'th?ml pc(szl_t':_ve
products the rules for collecting used products gf'ationships can be lorged and maintained. In adartion,

complaints about broken products, treating it, for examplﬁervIce providers that have special licenses to handle

as an additional element of the offer as part of the sale o?%rta'n types of goqu, such as liquid goods that need to be
new product. Also handing over of the generated waste H nspprted in special tanks, often must be selec_:ted. When
materials for recycling (e.g. used packaging, parts replacg(alecnng waste and secondary raw mfaterlals from

during repair) to the supplier may also be the subject E stomers, you also need to consider their preferences,

negotiation. Reverse logistics negotiations can also inclu itations in the ab|I|t_y to prepare for the transfer of waste
the rules of transfer of waste to final waste disposgpcondary raw materials, out-of-date products to suppliers,

companies. It relates to cooperation with produ tc. As a result, some partners may have greater bargaining

manufacturers, distributors, units disassembling produc? wer. . . . . .
as well as companies recycling materials. There is an increasing r}eed to negotiate with m_ult|ple
Taking into consideration the process of transferrin artners at the same time. Undertaking multiparty

waste and recyclable materials, specialized logisti gotiations is, however, difficult due to the limited

service providers authorized to collect, segregate aRgssibilities of?nalysmg thel(rjco?tex;[hselecTtlr?g strategies,
transport waste and recyclable materials may al ranging meeungs, ana conducting tnem. “nus, In reverse

participate in negotiation with companies mentione giSti.CS: we d.eal With both biIatergI_anq multilateral
earlier negotiations, i.e., with the participation of the

Negotiations on the terms of collection of waste an foremg_ntioned partners, cooperating ‘F‘ reverse logistics.
secondary raw materials with such companies can a(_j(_j|t|on, negotiations must tak.e.mto account the
conducted by producers and distributors of productgond't'ons resulting from legal provisions, but also the

companies dealing with disassembly of used and brokéqg'v'dual conditions of units that specialize |n.recycl|pg or
waste management, etc. As a result, seemingly bilateral

negotiations may be conducted under the influence of

* units recycling materials for reuse,

* Uunits participating in waste disposal,

» specialized service providers authorized to colle
and transfer waste and recyclable materials to t
places of their further use.
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conditions imposed by third parties participating in thevebsite. You can make better use of their positive

processing, etc. functions, especially stimulating changes that improve
Conducting considered negotiations requires higberformance.

flexibility of operation and efficient, direct and multi-

directional coordination of activities carried out in3.3.3 Reaching agreement

networks of numerous interactions. This dimension concerns their intended result,
beneficial to all their participants, i.e., meeting their needs.
3.32 Managing conflicts They also have common goals, so they are interested in the

It is a competitive dimension of negotiations withinresults of negotiations, which constitute important values
reverse logistics as their participants strive to achieve théir them (tangible and intangible). The cooperation of the
own goals and obtain the best possible results. They haaaties is therefore necessary to achieve the desired level
divergent intentions and different views on the issues undefr effectiveness. This, in turn, requires concluding a
consideration. The contradictions also concern the valuesimber of contracts (implicit and explicit), specifying the
principles, expectations, perceptions, etc., which creatssms of the agreement between them. It is therefore the
the emotional context of the negotiations, significantlgooperative dimension of negotiations.
influencing the substantive issues. Nowadays, under the so-called revolution 4.0, the

On the one hand due to the large amount of data wipossibilities of identifying new, potential  negotiating
virtually unlimited availability and a wide exchange ofpartners are large, provided that there is access to data on
information, the number of potential conflicts between ththeir reliability, credibility, etc. The choice of partners,
parties to the considered negotiations may be large, assually made from among many alternatives, is
result of many different interactions between them. Thetg/pothetically easier, because a relatively good recognition
are very violent and sharp disputes over fundamentalf the negotiation environment increases the probability of
mainly material, issues. There may also be unnecessameracting with relevant partners, establishing and
data conflicts, very often occurring in practice andnaintaining positive and beneficial relationships based on
sometimes difficult to recognize, but here they do not resutiutual trust, which reduces the risk for the course and the
from their lack (as is usually the case) but from their exceeffects of negotiations. To achieve this, a reliable analysis
and mutual lack of understanding, which also cause$the partners' credibility is required.
unnecessary disputes. As a result, the parties to In addition, in the current reality, sometimes limited,
negotiations are then not able to properly identify anshort-term or even virtual contracts are established, which
assess the causes, effects and the course of such conflaisthe one hand frees us from permanent obligations, but
as well as the negotiating situation. on the other hand increases the risk of losses due to the

The available data may be unreliable, erroneoupartners failing to meet contractual arrangements or
selective, incorrectly compiled, etc., or differentlyconcluding incomplete contracts. It should be noted,
interpreted by negotiators. Unnecessary data conflicts caowever, that with broad, virtually unlimited access to
cause other serious misunderstandings, mostly abal#ta, signals about disloyal or unreliable partners are easily
values and relationships, and even stimulate real confli@sailable in the negotiating environment. In general,
of interest. Therefore, it becomes necessary to providenagotiators are more inclined to establish and consolidate
reliable and comprehensive explanation of the situation Ippsitive relationships and to use cooperative-oriented
confronting the possessed information and organizing riegotiating techniques.
based on commonly agreed standards for its presentationlt is therefore advisable to rely on proven partners,
and evaluation. This may allow for a relatively quick anéspecially those trusts. Therefore, the scope of cooperation
cheap solution of the discussed conflicts, which wilvith them should be expanded.
prevent their escalation. The virtualization of contacts causes that their

On the other hand, the increasing speed of action, timeplementation is usually faster, and it is often necessary
multiplicity and virtualization of relations, and sometimego consider many different issues and many different goals,
the anonymity of the partners to negotiations mean thlabth common and contradictory.
possible conflicts are mostly short-lived, unnoticeable,
they cannot fully reveal themselves, let alone develof.3.4 Mutual dependence
Moreover, due to possible anonymity of partners or There is an interaction of the dimensions of cooperation
incomplete knowledge about them, it is much moréollaboration) and competition (rivalry), i.e., the
difficult to use competitive negotiation techniques, use ttepexistence of contradictory and convergent goals of the
effect of surprise or asymmetry of information, strengtheparticipants in the considered negotiations. It expresses the
bargaining power, threaten and promise, bluff, etcefforts of the parties to achieve a favourable result,
because the parties are "well-informed". It is much easieonditioned by the necessity to resolve the conflict between
to explain the nature of short-term conflicts, their causelsem. Neither party can achieve its goals on its own, and at
and effects. They are and must be dealt with on an ongoithg same time each of them can achieve their goals by
basis, when and where they appeatr, directly through thethers. If the partners saw alternative and more effective
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ways of achieving their goals, they would not negotiatepecificity of the negotiation process itself and the
Thus, such a relationship expresses a close relationshiglundancy of information.
between the two previously discussed dimensions. Therefore, the information needs of negotiators as
In today’s business the parties are rarely "doomed tkecision makers are, in principle, satisfied to the required
each other", much more often negotiating by choice thalegree, so their choices should be accurate, adequate to the
by force. On the one hand, a large amount of informatigroblems, made on time, adequately detailed, etc. That
available expands the group of potential partners feubstantially increases the quality of decisions. Moreover,
cooperation, but on the other hand, it makes it difficult ti significantly reduces the uncertainty of their performance
search for and select the right partners and analyse thenaimd the effects of negotiations. In this case, the difficulty
the context of negotiations, and competition intensifiesnay be the excessive amount of data, requiring their
and conflicts may arise. There is much more interactiarareful analysis and selection.
between the parties to the negotiation. Mutual relations are The disadvantages of the decision-making process in
varied, usually stronger, symmetrical or asymmetricathe considered negotiations include the need to act quickly,
although sometimes short-lived or momentary, creatirfgrcing the parties to decide, the presence of an excess of
complex networks of connections. information and the need for careful selection, expanding
It is easier to build and maintain lasting positiveanalyses, and making choices too quick and hasty. As a
relationships, especially partnerships. You are more likehgsult, decision-making processes can be more time-
than usual to establish and maintain positive and beneficansuming, although burdened with lower risk.
relationships with negotiators based on mutual trust. The Taking this into account, the most significant positive
aim is to shape and maintain them in order to ensuedfects of the decision-making process in negotiations
effective cooperation, beneficial to all, but it is not alwaysvithin reverse logistics are better and faster decisions,
possible and/or necessary. Signals about disloyal worore settlements in real time, data availability for
unreliable partners are easily available in the negotiatimgnovation and lower costs.
environment. Moreover, generally "well-informed"
negotiating parties are more likely to establish an83.6 Communication process
maintain positive relationships, and to use cooperative- This dimension concerns the mutual exchange of
oriented negotiation techniques. Cooperation andformation, "penetrating” all activities of the parties in the
competition coexist in the form of a coopetition strategyiegotiation process, from the initial presentation of
On the other hand, establishing and developingositions, through: shaping relations, formulating, and
partnerships is usually time-consuming and generalgxchanging offers, persuading, asking questions and
costly, and sometimes unprofitable or risky. Anonymouanswering, listening, clarifying doubts, etc., to final
functioning in a negotiating environment may turn out tarrangements and drafting the contract.

be more beneficial and even safer. On the one hand, as a result of the impact of revolution
4.0, and big data in particular, the exchange of information
3.35 Decison-making process in the considered negotiations is significantly enriched.

It is the most important interpretation of negotiations aBhe parties to the negotiations have practically unlimited
it expresses direct finding solutions to the negotiated issugscess to all necessary data in real time, although, for
by the parties involved. In the preparatory phase, thidvious reasons, not all information necessary for action is
process is carried out by them independently of each othpublic, presented to everyone on the forum. High
i.e. each of them analyses the negotiating situation from theailability of information and transparency of
point of view of their goals and interests. On this basis, thepmmunication allow negotiators to properly determine
determine initial solutions to negotiated problems based twow to better achieve goals. It increases the efficiency of
their own criteria for selecting solutions. Then theynalytical and diagnostic activities. It significantly enriches
iteratively make the necessary arrangements of possilee tools for conducting negotiations, i.e., increases the
alternatives, determining the scope of negotiations, i.e.namber and quality of offers and the accuracy of
set of acceptable solutions to negotiated problems, baseduments, improves the effectiveness of questions,
on the analysis of the community and divergence décilitates clarification of doubts and the effective selection
interests. By adopting common selection criteria and rules, negotiation techniques. In addition, virtual negotiations
they find a solution acceptable to everyone. create greater opportunities for the negotiating team to

In negotiations within reverse logistics, all typicalcommunicate during the negotiations, allowing for
activities within the process of interactive decision-makingstablishing a common ground.
by negotiators, i.e. identifying problems, collecting and On the other hand, negotiators are not favoured by a
analysing information, generating alternative solution&ind of artificiality of communication during online
selecting criteria for their evaluation, making choices anmeetings, a kind of "narrow field of view", and especially
the necessary implementation works, are facilitated dueltg limiting non-verbal communication. It is much more
both the wide access to data and strong relations of hficult to interpret and analyse the meaning of non-verbal
parties, as well as difficult and complex due to thenessages of other negotiation participants and their
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emotional behaviour. It is easier to hide some inconveniel¢ opportunities to surprise other negotiating participants
facts due to the lack of necessity to disclose some dateéhen they are not prepared to accept certain proposals.
which may be a condition for cooperation with negotiation
partners. There are fewer opportunities to care for da88.8 Creating values
protection and security, and limited awareness of potential The interdependence of the parties and the process of
threats in this area. mutual exchange in the negotiations allow the parties to the
In general, a wide exchange of information andegotiations to achieve mutual benefits by creating
efficient communication allow to better meet theadditional value, which would not be possible without
information needs of the participants to negotiations withinegotiation. These common values are a synergistic effect
reverse logistics. They improve the throughput of omnif the cooperation of the parties. Creating them is also
directional communication channels. They increase thpossible when one party has something to offer that is not
usefulness of information in terms of its detailedvorth much for itself but is of great value to other
parameters, i.e., reliability, authenticity, proper formparticipants in the negotiation - and vice versa. By

appropriate detail, etc. exchanging these values, each side loses little, but gains a
lot. Within reverse logistics usually we face the process of
3.37 Mutual exchange values recovery, creating a new one. It should be

It must take place on terms jointly agreed by the partiesmphasized, that this is another aspect of value creation in
through mutual agreements and concessions. It is favou@bperation in reverse logistics, next to the previously
by the differences in the hierarchy of negotiators' goalpresented issue of recovering value related to the use of
i.e., it seeks to obtain significant resources and valugmrts from damaged products, use of recyclable materials,
giving back less important but important for other partiewaste, etc.
in return. It concerns not only tangible resources, as well as Therefore, negotiations within reverse logistics are
intangible ones, i.e., ideas, ideas, concepts of solutions. characterized by the ease of their parties agreeing on

On the one hand, the positive aspect the negotiatiooemmon values that are to be the subject and effect of
processes under consideration is mainly expressed dgoperation. Orientation not only on the immediate effects
supporting the determination of the scope and condition$ negotiations, the strength and durability of relationships,
of a possible exchange due to the wide range of interactigheir positive nature, mutual trust of the parties, wide
and cooperation between the negotiating parties and tmechange of information about the values themselves and
appropriate scope of communication between them. It lse possibility of achieving them make their co-creation
much easier to obtain and transmit full and reliablemuch easier. At most, the prospect of quick and measurable
information about the needs of the parties and to gather thenefits as an effect of the temporary cooperation of the
necessary data on mutual requirements and expectatipasties may induce them to try to obtain these benefits.
already in the initial phase of the negotiations, as they are There may, of course, be the danger of unjustified
widely available. In other words, it is not difficult to defineappropriation of resources, and as a result, reliable partners
and confront the preferences of the participants imust be relied upon in the search for common values. In
negotiations, as their expectations are not undisclosedaafdition, cases of such unethical activities are exposed
unclear. online and widely stigmatized. Differences in the

Potential exchange offers are precise and well-thouglassessment of the values represented by their participants,
out, oriented not only towards material values. There are., different priorities, create the potential for reaching
favourable conditions for the creativity of the parties in thagreement through the exchange of values that are
search for opportunities to exchange immeasurable asséeneficial to them. On an ad hoc basis, these values may be
It is easier for negotiators to create wider possibilities aff little importance to the parties to the negotiations but
meeting their needs mutually. They rarely show a tendenbying them benefits deferred in time. Moreover, potential
to formulate non-equivalent exchange proposals only fapnflicts of values can and should be resolved by
the purpose of achieving quick and immediate benefitexplaining their causes and by convincing each other about
especially tangible ones. Negotiations based on interegtge positive impact of different values on the negotiation
dominate, not simple haggling. There are many options fprocesses.
selecting potential exchange partners and their offers. It is
easier to obtain and communicate complete and relialde Conclusions
information about the needs of the parties and to limit focus To sum up, the following features of negotiations
on immediate needs at the expense of long-term effectsujthin reverse logistics can be indicated:

On the other hand, the significant acceleration and  gybstantial acceleration of the conduct of these
increase in the complexity of the considered negotiation  processes, especially pre-negotiation — analysis
processes may cause them to appear too quick and simpler (gpecifying, for example, bargaining power of parties
exchange proposals with a higher "weight”, entailing  resylting from the importance of each party in the

when formulating exchange offers. In addition, there may  |qgistic, obtaining recommendations),
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« significant increase of the scope of such analysis in a On the other hand, the following disadvantages of the
wider negotiating environment (e.g. taking intosuggested concept may be pointed out:
account the influence of other entities cooperating <« its use can sometimes be too laborious,

with negotiating parties), » it may leave aside the scope of considerations of

» searching for trusted negotiation partners, shaping secondary but important conflict goals for
and maintaining positive relationships with them, individual parties to the negotiations,

» adopting a broader perspective when looking for ¢ sometimes it leads to the conclusion of the so-
possible alternative solutions (e.g. considering other called sick compromises that do not satisfy any of
potential service providers of the same type, avoiding the participants,
excessive dependence on the entity with which oneis « companies having strong bargaining power may
negotiating), dominate over other co-operators.

» increased flexibility of performance, especially when
searching for options for solutions, The suggested concept of the description of

» seeking for new strategies and negotiation techniquseggotiations within reverse logistics cooperation presented
aimed at finding a balance between cooperation aiflthe paper is a preliminary approach to the issues under
competition, consideration, since they are relatively new, not fully

« enriching the tools of multiparty negotiation, moreg'ecognized in theory and research, as well as in economic
and more dominant in contemporary socio-economgractice. Therefore, the authors will strive to enrich and

life, broaden his concept, mainly by searching for more precise
« full acceptance of the multicultural nature of thecharacteristics of the considered features of the
negotiating environment and its creative use, negotiations under consideration. It is also planned to

. particular attention is related to compliance wittffonduct comparative empirical research in order to verify
limitations resulting from law on environmentalthe usefulness of this concept.
protection, treatment of special types of goods, In addition, it is planned to expand the context of
dangerous goods waste and recyclable materials @siderations, i.e. to create a broader concept of the
well as with requirements of permits for transportconditions of ~negotiations within reverse logistics
storage, securing, etc. resulting from thesB0Operation in the current economic reality by proposing
regulations, the principles of their conduct, and thus creating a specific

«  paying much more attention to information security,”ormative model of such negotiations. The second,

e using modern systems of supporting negotiations vRyomising direct_ion of research Wi" be cqnside_ring the
the Internet more general issue of managing relationships with

partners, and not only the negotiations with them.

These are not all the suggestions that are useful jn

negotiating with service providers in the area of rever cknowl_edger:nentt) . d by the Mini f Sci
logistics. Those presented are treated as most important "€ Project has been financed by the Ministry of Science

The main advantages of the suggested concept d II|-|ighe"r Education within “Regional Initi_ative Of_
negotiations are as follows: Excellence” Program for 2019-2022. Project no.:

e it is conducive to effective cooperation betweerQZl/RlD/zom/lg'

companies,
* moreover supports the management of relatior‘geferenceS _
among them, [1] ROGERS, D.S., TIBBEN-LEMBKE, R.S.:Going

« what is more, it influences the effective shaping and Backwards: Reverse Logistics Trends and Practises

maintenance of partnership relations between them,_ R€Verse Logistics Executive Council 1999.
+ stimulates the search for effective solutions t([)z] JAAdYAR;AMAI\#hV., LhUNO ' Y‘\'/ (ljreaélng thom}zethltlve
problems arising in cooperation, vantages Through New Value Creation: A Reverse

. : . : Logistics Perspective,Academy of Management
» facilitates the resolution of potential and real conflicts ,
within cooperation, Perspectives Vol. 21, No. 2, pp. 56-73, 2007.

. .. _http://dx.doi.org/10.5465/AMP.2007.25356512
* helps to reach compromises and consensuses WI]%TJAYARAMAN v GUIDE  JR V.D.R
resolving these conflicts, ' N ! s

. . . SRIVASTAVA, R.: A closed-loop logistics model for
» supports the search for creative solutions to improve remanufacturing,Journal of Operational Research

cooperation, _ . Society Vol. 50, No. 5, pp. 497-508, 1999.
» leads to the conclusion of effective contracts between https://doi.org/10.2307/3009998
partners, [4] JAYARAMAN, V., PATTERSON, R.A., ROLLAND,

* inthe end, it increases the efficiency of cooperating” g : The design of reverse distribution networks: Model
parties, as well as entire supply chain’s performance. gnq  solution proceduresEuropean Journal of
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Abstract: The aim of this study is to find out the optimal path for the manual picking process used by warehouse operators
to enhance the productivity of the manual picking system in the retail warehouse in Jordan using simulation Software.
WMS Software was used to determine the different picking methods and the distance travelled in each path of the order-
picking process to discover the optimal layout design for the warehouse. Several time studies were conducted using the
stopwatch to determine the average picking time for each operator using those paths that were suggested by the simulation
program to choose the same arrangement. Then, the average throughput was calculated for each operator for each routing
method. The results showed that there is a strong correlation and relationship between the routing method and operator
productivity. Further, it is found that productivity is higher by 29% when the operator chooses the optimal path shown by
the simulation program, and this improvement in order picking will lead to a high level of service satisfaction and a lower
level of operational cost for storage. Improving picking methods and optimizing picking paths can increase the total
number of orders an operator can fulfil in a single working day, resulting in increased operator utilization.

1 Introduction time of handling. The factor of picking time can be divided

Warehouses are the link between production pointdto the time required to reach the product storage location
(such as factories and the like) and various sources (®alking and access time). In addition to the time of other
consumption in the supply chain (SC), so the work demaining logistical activities such as the time of product
warehouses is considered important and necessary SRiection and picking the products (obtaining a pick list and
different SCs [1]. In this study, we use one way to redud@ empty pick holder) through manual selection processes
the handling time by finding the optimal routing design ofside warehouses, and often it is considered time access to
the warehouse. Most retail warehouses have difficuli{ie product is the largest factor in the total time at the time
defining the accurate workforce, because the workload @ picking [4]. To decrease the tour time to pick up the
highly variable and volatile, particularly the outboundrder, various methods can be used through nficeet
businesses that have strict commitments. The storagentrol mechanisms. Zoning is one of the method that used
process is directly related to other logistical operatiori§ minimize the travel times, that is an order picker picks
such as transportation, care, picking, handling, loadiniyst that part of an order, which is in his or her assigned
un|oading, packaging, processing and repair arfpne. Other method is the storage task rules that can
maintenance operations for goods and products betwedgfrease tour times by allocating goods to the correct
different production points and consumption points i§torage positions. For instance, repeatedly demanded
different markets and countries [2]. There are sever@iPods can be stored where they are readily to be accessed.
different operations and activities that take place insidtnother approach is to accumulating/assorting as a means
warehouses, such as receiving orders, locating storagk, minimizing tour times. Accumulating/assorting is
replenishing the shortage of products, preparing arl,ra_;er_ested in gollectln_g different orders in a one-order-
processing different orders, accumulating and sortirigjcking track (i.e. partially). The last method is to define
goods, packaging, and distribution, sending orders a@@od routes for order picking. The process of sequencing
shipping them within their specified time. and_ finding the products reqL_ured retrieving f[hem from

The order-picking process is a retrieving logisticalh€ir storage places and positions must take into account
activity of different products from particular storage zonethe distance travelled to reach them. It is desirable that it
according to customer orders. Generally, one of thee known and as short as possible, and this in itself is a
logistical activities inside warehouses that consumes a loRgPblem in determining the paths and methods of selecting
time is the processes of selecting and picking differead picking orders, hence this study, which will present
orders, as it contributes significantly to raising the totdterformance comparisons between optimum routing and
storage costs. [3] indicated in their study that 70% of tHBference on repositories [5]. o
time it takes to pick the order, while it includes 55% of the This study was conducted in aim of performing five
total storage costs. The order-picking logistical task coufifferent manual routing maps created by the simulator for
be multi-dimensional (i.e. one, two, and up to three). Ordéfferent methods including: S- shape combined, aisle-by-
picking productivity can be enhanced by minimizing th&isle, large gap in addition to a self-experimental rout done
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by a picker by walking through the warehouse to pick itenmocess, where the rest of the parts of this study are
as well as an optimal one in the retail warehouses in Jordartluded the following sections. Section 2 is a background
The performance of all those routes is compared to identifferature review that is highlighting warehousing and
the best and optimal order-picking route for the same orderder-picking operations and optimization, in addition to
with the highest picker’'s productivity in the warehousethe warehouse's internal layout and routing tracks and
that generates the shortest order picking routes. The e&tensions of some current routing methods. Section 3
shape routing policy or the traversal strategy that each stintains the purpose and the study questions. In Section 4,
aisle including at least one requested item leads to a pétle simulation model is described to compare the
that is traversed totally. These path aisles are travelledparformance of all routing methods. Section 5 illustrates
an S-shape form [6]. It is the simplest strategies fdhe results and discussion. The conclusions of this study are
routeing pickers he or she gets in an aisle from one end andilable on section 5. Finally, section 6 includes
leaves from the other end, starting at the left side of ttienitations of the study and future works.

warehouse. In the picker returns to the front end of the aisle

after picking the last item. Routing strategy is used whe® Literature review

the further time to modify lanes/aisle is terse and th#] \wWarehousingand order picking systems

quantity_ of picks_ per aisle is few. The idea was presented optimization

as an alsle-by-z_msle route by [7] Wh.'Ch r_efers to the route \yarehouses are considered a safe place to receive
that the order picker visiting each pick aisle only once. In) J4s and products in large quantities. Warehouses

this _Ztrza/tggly/ ' ;[L]ettou_r ,:N.'” tsr’iart fromhthe left S'td? .Of tft1 rovide the necessary environment to maintain them in a
corridor/aisie that exist in the warehouse contaning fe and secure manner and for varying periods of time,

items, the items in that main corridor/aisle are selected n work on preparing and rearranging them according to

rations contain inbound logistical processes (i.e.
eiving, and storing goods, etc.) and outbound logistical
8rations (.e. order picking, packing, distribution, etc.).
file warehouses frequently control the smooth flow of
Bducts in a good manner due to restricted linkages with

! i . . ' Hpfeir providers/suppliers, many prior studies concentrated
other routing strategies [8]. The combine or hybrid routing,, gither outhound or inventory logistical processes [12].
method combines and merges the best attributes of

X §ua|ly, most of their customers work in a timely manner
return and cross-cut methods. The composite strateg

sequential manner so as to reduce the distances travele
select the request. Minor changes have been made to
adopted path since these paths start and end at
warehouse and that because this rout compatible with

walked in them from one corridor/aisle to another in %c

S ) . ©HX% ., just in time) and have an urgent need to receive their
minimMizes the journey dlstanc;e between the extreme piCkSyers and deliver them within a period short time. While
in two closest aisles [9]. This route will be started an

ded b ok h h Th ok bound warehouse operations minimum time tension is
ended by a picker at the warehouse. Then piCker MoveRy cisaq as arriving products are stocked as safe stock
through the leftmost pick aisle that consists of goods acr

thout the use of few unit load handling [13], except for
the block outmost from the warehouse that has go0Gsnss docking products. In addition, warehouses have the
C_opsecutlvely, the sub-als_les of the _furthest bay/zone aa{ﬁility to adjust their workforce within the warehouse to
visited from the left-hand side to the right-hand side. Aftel up the preparation of various orders for their
that, the picker gets into the next block/bay; the o

block/bav that | h h ™ ki stomers due to fluctuations in demand, which facilitates
ock/bay that Is nearest to the warenouse. Then pICKINgG .16 forecasting of the volume of short-term work and

the items in this bay/block. Then again until all bays/blocksi. tive  |abour management necessary for chain
with items have been visited. The sub-aisles are eithel  iinc as a whole. In addition to identifying and

totally traversed or the order picker enters and/or leaves 0osing appropriate locations for storing goods in order

sub-aisles from the same flank [10]. Optimal routing, < aod up the various picking operations and obtimizin
method is calculated the shortest order picking routesqligutzs angriime [\/14]| US picking operatl plmizing

warehouse.s_, regardles_s the design or storage 1o picking of orders is considered one of the most
places/p03|t|on§ of the items. The best (short)/optimgj, a5 operations within warehouses, which require
routes seem I|_ke a blend.of. S-Shape and the Iarg(-g e and cost in preparing customer orders, for this reason
gap. The majority of order picking processes use heurisjiGeqires the provision of a large human factor in order to
routing methods. This strategy is commonly used if,qce the time required for the picking process as much as
practice since it simple to know more and produce routgipie and to the minimum [15]. Therefore, the process

that are quite consistent in nature [11]. . of picking orders is considered one of the processes that
Therefore, this study sheds light on the analysis of tl?gquire more labour-intensive  operations  inside

process of picking orders in retail warehouses in Jordan\}if?arehouses, especially those warehouses that still use

reach the solutions and recommenda’uons f[hat nual systems in the picking order process, which
necessary to solve the problems related to this important
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increases the operational cost of the entire supply chain. viarehouses whose decisions are based on a strategic basis
for warehouses that use modern and automated systearxd are not easy and expensive for alert purposes. The
They require labour less, faster, and less time, whistarehouse's internal layout design regards the defining the
increases the level of service in a satisfactory mannewumber of blocks, in addition to the aisles' length and range
Knowing that most of the previous studies indicated im each block. Therefore, the primary goal is to reach the
their results that the picking order process is estimatedkast layout, and approach for warehouses. In relation to
more than 50% of the total operating expenses oertain functions, taking into account the main
warehouses. As a result of that competitive models for casiguirements, restrictions, regulations, and security and
reduction help the professionals of warehousing to talggotection instructions for both personnel and products.
into account the order-picking logistical activity, which isWith a great focus on the important, sensitive, and most
considered the highest factor portion to improving theommon function, which is determining and calculating
productivity [16]. Most of the previous studies indicatedhe distance and time of arrival to the goods to be reached
and focused on the importance of picking orders arguickly and in the least time [20]. It is possible to follow
including them in one of the four operating strategies ithe scenario of zoning within the warehouses, where the
order to improve the performance of the system througirder-picking zone can be split into various other
proper and effective planning of material flow, pickingareas/zones, each area/zone for which a certain operator is
orders in a sequential manner, effective routing, as well alocated so that he chooses the part of the order within the
choosing suitable and more effective storage places. dnea/zone allocated to him/her. Therefore, one of the main
addition, the policy of the process of picking orderadvantages of zoning is that each picker is limited to a
includes designating the appropriate elements for handlisgecific area only, which works to reduce traffic
the materials, and determining the locations of the ordergngestion and allows the picker to identify the main
and the best paths for the rounds of picking through aontents of the goods within his/her designated area/zone.
number of effective functions. Additionally, includingHowever, this scenario is represented by a major
them in the system such as collecting, sorting, batchingisadvantage, which is the division of orders, which often
classifying, and dividing areas/zones in a way that suits th@rks to merge orders with each other before the process
nature of the stored materials. Where, paths are identifiefitransferring and shipping them directly to the customer.
and directed to pick different orders in several way#s for the order batches, it works to set specific groups of
ranging from simple heuristics to the optimal path andrders into a certain number of sub-orders, after which
procedures. It is necessary to estimate and specify #eery group can be picked during one round of picking.
SKUs for each product in its storage locations. In generdlywo factors for this batching process are the nearness of
the most widely used and common warehousing operatiaihe picking sites and the time. [21] defined the
are random warehousing, which depends on the basisamtumulation/sorting (A/S) process as the collecting meet
category warehousing, so that goods are sorted on the béisés items per customer order by applying the batching
of ABC analysis across different warehousing categoriesnd/or zoning with some further efforts. The aim of the
Therefore, proper and organized planning processes basentk presented in this case study was to find out the best
on a scientific and thoughtful basis play an important rolgpproach for improving the overall productivity of the
in choosing the efficiency that involves guidance, thpicking orders process in the warehouses (select the best
selection site, and the identification of cross paths amduting method). To achieve this aim, a method was
paths [17]. Increasing the service level of productivity witlenhanced to estimate the productivity of the manual order
respecting resource constraints is the most popular aimpi€king, taken into consideration various options, in a total
order-picking operations. The ultimate importantf five options (including 5 routing methods in addition to
connection between the order-picking operation and tiself-experimental case), respectively after the
level of service required is that the acceleration the pickingnplementation of various routing methods. By applying
is done will become better. Travel of journeys is performeaind created, a simulation model in this study, the picking
around 50% of the time required for the order-pickeime was considered for measuring of the performance. A
process in an ideal picker-to-parts warehouse. Thereforeyitriety of alternative routing methods was tested.

is a most committed issue for improvement. [18] presented

an optimized journey time or journey distance in short timg.2  Labour productivity

and way in the warehouse. Thus, the manual picking order In retail distribution warehouse the customer demand is
processes that the person can concentrate on the typigalally customer orders are characterized by short-term
internal warehouse layout design, stock activitfuctuations. In a number of recent studies that were
approaches, routing approaches, demand batching, ordpplied to warehouses, it indicated in its results that
sorting and allocation, and zoning as shown in (Figure Ajarehouses in general resort to hiring permanent
[19] presented that six policies that were mentionegimployees and temporary workers in order to keep pace
previously, if they are improved, ensure that warehousgth the change in requests and adapt to the fluctuations
work remains within the tactical and operational levelthat may occur at workload [22]. Some warehouses
alike, and this procedure is necessary and important i@liberately work to their full capacity and staff from
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permanent employment in only one case if they cannot

depend on tentative employment obtainable at the __ __crossaisle P
appropriate one. This study presents that the enhancemer - ."l L} ] :-J: ' -
of the labour productivity by using the optimal routing M ¥ mEmmlCmmb
Y . JENE _HENE-EEE
method could help the decision makers to organize and ' ' L] s
manage the number of workers in warehouses, which is & ' ' HEEREE- EEH
vital and important issue, it is necessary to deal with and ' ; 1 ;}a—ag ILJ;
keep up with fluctuations in daily customer request - ' — lL LU
» : cross aisle

|

2.3 Warehouse layout design and routing W[N]
methods ol

In this study the warehouse layout ‘s sketch has parallel
of pick aisles and has no unused space as shown in (Figur
2).The warehouse layout consists of two blocks, in which
every block has a number of sub aisles. Whereas inside
each block a sub aisle is part of a pick aisle. The aisle’ can
be used when a statement holds for both aisles including
the pick and sub-aisles. Cross aisle exists at the back and
front of the warehouse and in the mid site of every pair of
blocks. In spite that cross, aisles do not have stora
locations and do not contain items, through which it i

Figure 2 The warehouse layout with multiple cross aisles

[24] show that the aisles are narrow enough to allow
%king from both sides of the aisle without changing
osition. Each order consists of a number of items that are

possiple to work on the use of aisles. anh block contai §ually spread out over a number of subaisles. Where the
a corridor that connects the front facade with the rear of the, .1 ouse is located at the beginning of the first asiler of
storage area, as the. rear facade of one O.f the rear _bIo first interface, and also note that the location of the
serves as the front aisle for the block that is located in t rehouse can have a major role on the mean joureny time

numberl of UOCkS adding one, due fo the presence Of. O¥der of all of the item. Routing strategy linked with
cross aisle in the front and another in the back, in additi dering a pick list in an organized order that will reduce
to the presence of other passage between every two blogks oy e| distance of the order picking [25] showed that the
adjacent to each other [23]. The operators of the ordgl;n

ki d 1o be abl q o] of routing techniques is to put the products in sequence
picking are supposed to be able to pass and cut aisles, /iy, o pick schedule to produce a proper route over the
both directions and also be able to alter direction inside t

rehouse. Practically, the problems of the order pickers

aisles as well. routing in a warehouse is almost resolved using heuristics
[26] mentioned in their study, that number of empirical and
practical methods were distinguished for routing the order
Rl L ,51"'39;;:;95“"‘5“‘ pickers in the depots. However, they were carry out the
- ---,-g--- — p —— single-block storage process, with presenting a number of
\ methods such as traversal in the form of the letter S, the
\ midpoint, return, the large gap method, and the aggregate
: ¥ method (compound). This study describes beld¥eint
o P T » Dol Metok types of routing: S-shape and largest gap, both of these two
Y S - X route are a well-known rout for basic layout. Moreover,
N ' aisle by-aisle route, which is the routing method of [27].
u ¥ 4 K The fourth one is the combined rout; it is a combined
Order Baiching |« 3| Ordar Accumision strategy (hybrid) that accumulating parts from S-shape and

largest gap. In addition, the optimal rout for finding the
route of the shortest travel distance.
Figurellmproving low-level, non-automated order-
picking tasks [14] 2.3.1 S-shape

The S-shape routing technique is also called the
traversal strategy that every aisle containing at least one
requested item leads to a path is traversed totally. It is the
simplest strategies for routing pickers this route is where
an order picker gets in from the edge of the aisle, while
departing from the end of the other edge, starting from the
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left side of the depot. Aisles and sub-aisles are bypassed O SR T oeeoae .
and skipped, when there is no process to pick anything up 1 [ ) i
any order. Therefore, in this route, the main aisles are €
passed in the form of the letter S. The picker returns to the ; i
front end of the aisle after picking the last item. This rout =
is used usually, since it is very easy and simple to apply it. R

= =t

=

However, it outperformed by more complex heuristics.
[28] in their study, they mentioned that this strategy works
to enhance the time and distance of the round, because it
can lead to the picker making rounds in other sub-
regions/aisles in the cluster regions from left to right.
Therefore, the picker has to traverse a large portion of the
forward choppy lane (cross aisle) before he can return to
the beginning of the warehouse. The function of the time-
complication of this route is distinct from the number of
pick positions and enhances linearly with the number of
picking aisles. Sub-aisle has in basic not less than one pick o . ) .
location traversed over the whole length. In addition, as  Figure 4 Largest gap heuristic-routing order pickers in
[29] showed, where the pick-up process performed by the a warehouse

picker starts from the front of the warehouse and takes

place for proceeding ahead, then starting from the mam>:2  Largestgap route

aisles closest to the front facade of the warehouse, which 1 NiS Strategy occurs when the order picker enters the
aégle further into the gap of that aisle as well as all of the

contains at least one item and more. The process will be , . . .
in the following steps: (1) the main aisle of the warehoudiSIe'S sub-aisles. This gap works to separate any two picks
t are closely close to each other, meaning the first pick

is crossed to include the farthest block, which contains o X , . .
item or more. (2) In the current block that contains onl nd the f|r§t pass picker, or the ar.nldst.of th_e last p'f:k gnd
one element or more, the picker will immediately go to th e back aisle. Where this route is divided in the picking

left aside that contains more elements, or it will go to tHJ€@S into two main groups through the sub-aisle, where
tope group is dealt with and entered in these locations

right aisle, which also contains other elements, so tha . A
g through the use of the crossed back aisle, while the other

will be the closest one in this case. (3) After that, the pick d th h th iq| h
will pass from one aisle to another aisle, so that it travers@@uPs are entered through the front cross aisle. In the

the aside containing the elements completely, then tRPCK that one of the two groups is empty or even both, it
picker will return to the beginning of the block (4). In cas not important to enter.the _sub-a|sle from.thls side. The
the block that has no elements, the aisle of that block f/9est gap inside an aisle is the order picker does not
traversed, as this process will be repeated for all bloc{&VES€ the portion in that..When there are a IargesF gap
until reach the block that is closest to the warehouse G§\Ween wo picks which adjacent to each other, the picker

reached (5). Lastly, the order picker goes back to the depfo0Ses the route back by using both ends of the aisle.

B
WD (7T

HN EEEN

9

; Moreover, a return route from the front or back aisle is

See (Figure 3). ’ . . :
(Fig ) used. The back aisle can just be accessed through the first
DD or last aisle. This routing strategy used in the case that the
Eg . extra time is short to change aisles, the amount of shots

each aisle is also small. [30] showed that this rout usually
outperforms the midpoint approach and the S-shape when
i i : the pick density is less than about four picks in each aisle.
€Y While, from an application viewpoint, the midpoint

approach is easier and more direct. As shown in (Figure 4)
==

IR RNEN
il
1

in which the largest gap rout is used to pick items, like the
S-shape route, the picker advances to the front of the
nearest aisle in the warehouse that contains one or more
items. Therefore, the aisle that contains the element is
almost from the right or left side, since this aisle is
completely traversed. Then, each aisle is entered at the
posterior end of the depot until the “largest gap” and left
i i i from the same side in which it was inserted. After that,
ey P h ) progress is made through the last aisle forward, and then
dhe aisles that are located at the front end of the warehouse
are entered into the "largest gap”, which leads to the

TITET

:

1
u
T

Figure 3 S-shaped route-routing order pickers in a warehous
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existence of another gap between each two adjacent —
picking sites, either within the sub-aisle or between a cross
aisle and the nearest picking site. If all items to be prepared
have been picked up, the picker returns to the warehouse.

2.3.3 Aisle-by-aisle rout

[31] presented this rout in which order picking routes
visits each main pick aisle will just once. Where the first
round of pickers in the warehouse begins by entering first
from the far left side of the aisle that contains the items,
and then the process of picking and selecting all the
required items in this main aisle takes place, after that to
move forward to the next main aisle, the cross aisle is @ | " o T
chosen. Where this process will be repeated until all the o]
required items in the main aisle are picked up, in addition p—
to that, the work of the pickers continues in the next main
aisle. Where the paths of the cross aisles that must “-
toured are determined and used to move from one lane
another in a way that reduces the distances travelled for
picking process. Some minor modifications are made Order picking Routing Method Increase productivity of
this tour because these tours start and end at the warehao optimization toour
and because the aisle is sometimes compatible with ot
routing strategies. See (Figure 5).

| I pp———————————————

—— 11— |
I:______-'I

N EEEEEE EEEEEE

|HE EEEEEEE NN

[ e o e e s e e e e o

Figure 6 Combined route-routing strategies

Figure 7Research model of this

2.3.4 Combined (hybrid) rout , . Furthermore, [34] in their study, a comparative study

[32] presented the composite routeing method. Thigyas conducted of 80 cases in different warehouses for six
rout combines and merges the best attributes of the bagkaihqds of routing to report the combined heuristic, which
and transversal methods. The composite strategy s referred to in the results of the study on 74 cases out
decreases the journey distance between the outermqst gg that they studied and analysed. Combined'’s
picks in both adjacent aisles. [33] state that the aisles Wit a\wbacks that being dynamic, the order picker is not
picks in this rout are either entirely traversed or enteredyo\ved to recognize the routing heuristics. Furthermore,
and left at the same end. In addition, it was indicated if35] geveloped a strategy in each case in which all the
their study that one of its main advantages is that it igjements of one aisle are picked, an inquiry arises about
distinguished ~and superior to other experimentalyoing to the back end of the aisle or returning to the front
methods/heuristics in numerous cases. end of the aisle. By making comparison of these, both

choices with each other to know which substantial will
Poo oo produce the shortest route. Therefore, there are always two
| En - i routes that are possible to follow. See (Figure 6).

From a practical point of view, there was a need to
highlight and use a routing strategy that generates clear and
simple pathways to understand its structure. There are
different patterns of clear routes, which work to reduce the
time required to pick the product by the picker in finding
and specifying storage locations for different materials, as
well as working to reduce the risks of errors that may occur
during the selection/picking process. Therefore, the
mixed/hybrid routing method may result in such kind of
use of these routes. Order picking routes visits each sub
aisle that contains items just once. This rout will be started
and ended by picker at the warehouse. After that, the picker
goes along out of the pick aisle, usually from the left side,
which consists of several items, towards the block farthest
from the side of the warehouse, which contains the items
Figure 5 Aisle-by aisle routing order pickers in the depot needed to be picked. Consecutively, the process of visiting

the next aisles branching from the main aisle (sub-aisle) to
the farthest block from the left to the right, after that, the
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picker enters the logical block of the next block. Which ifor this case study, an interactive warehouse simulator,
considered the one block and is the closest to thiene study and excel was done.

warehouse, and then the picker selects the elements to be
selected/picked in this block. Then this process is repeatec
until all the blocks that contain the elements to be accesset
are visited, picked and prepared, where the sub-aisles ar
completely crossed or the order picker enters and leaves th
sub-aisle from the same side [36].

2.3.3 Optimal routing method
An optimal routing developed by [37] to route

warehouse operators to walk in a rectangular manner in the
warehouse without cross aisles. Regardless the design c
storage location of the items, this strategy is calculated the - - 1]
shortest order picking routes in warehouses. Optimal *jues
routes seem like a mixture of S-Shape and Largest Figure 8 Warehouse layout and depot location/top view
Gap. The majority of order picking processes use heuristic (Developed by authors)

routing methods. This strategy is commonly used in
practice since it simple to know, produce and understand ]
the consistent pathways/routes in nature.

I

I

l

l

I

I
T (T

3 Purpose of the study and research

guestion -
This study aims to find out the correlation between the - E o
productivity of the operator with the different routing
methods used in the picking process. Moreover, it answers
the question of how the rout layout of the manual picking
process effect operator productivity in the warehouse.

1 et pot]
The researc h modeI. of Fhe study presented fOIIOngFigure 9 Order distribution-top view of storage area storage
scheme as illustrated in (Figure 7).

area (Developed by authors)

4  Research methodology 4.3 Theinteractive warehouse
4.1 Research design The simulator was used to determine order picking
This study mainly follows a simulator software. Theoutes map and the average travelled distance in each rout
first research question is about the optimal layout design @ the same order distribution, a top view of the warehouse
the warehouse routing, and its role in improving thereated by the simulator after defending the parameters
productivity of the manual order picking system. While(humber of blocks, number of aisles, number of locations
the second one is about its benefits in reducing the overgdr aisle, depot location, aisle length, crossover length).
cost in warehouse sector which aimed to describe strategig@gch square depicts a storage location. Walking is possible
applied by decision makers to make recommendations f@r the aisles between the black squares. The simulator
the company through knowing the optimal routes. In thigreates a map for five different routing including the
study, various sources of data have been used, includiggtimal one using different methods, which are: (1) S-
EHS website, videos, company documents, textbookshape; (2) Combined; (3) Aisle by aisle; (4) Largest gap;
scientific journal articles, internet sources, newspapgs) Optimal; and (6) Self-experimental. One of the

articles, as well as documents. operators was asked to generate his own route (self-
experimental), without using any of the routing methods,
4.2 Methodology using the simulator. The simulator calculated the total

The warehouse studied in this research is a low-levehvelled distance in meter for each route.
picker to stock manual order picking system. The
warehouse layout structure composed of 2 blocks as showd  Time study analysis
in (Figure 8) each block consists of 6 wide aisles and each Thjs study was made to determine the average picking
aisle have of 11 picking locations, the aisles are open fraffhe that the operator needs to complete each route, a
both side such that allow the operator to move within tmopwatch was used. P|Ck|ng t”'ffp is calculated using
aisle in both directions. The depot is located at the bottogguation (1) as shown below [38]:
left corner of the first aisle, order-picking start from the
depot where the operator fined the order list and the cart. Tp=t1+t2+t3+t4 (1)
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Where:

was calculated for each route to define the effect of routing

t1 -Average travelling time [s]; t2 -Average extracting method on labour productivity.

and searching time [s]:

t2=x1-x2- ti (x1- Average number of locations per Order =~ 5 Results and discussion

[pieces], x2- Average number of positions Per location In this section, the experiment result will be presented
[pieces], t3 —-Information Processing Time [s]: t3= (10- to help in understanding the used methodology.

15 s5)x1; ti- Time needed for picking. On one position (3-

6) [s]).

5.1 Interactive warehouse simulation
In this part the simulator generates a random order as

Five operators did the experiment and they werghown in (Figure 9), then a map for each routing methods
followed in order to define the total picking time they needreated by the simulator as shown in (Figure 10). The
to complete each rout. The operator starts from the dep@tulator calculated total travelled distance for each route

with the map of

each rout and he asked to pike the giventime study was performed to determine the speed for the

order using the given route map. For each route, an averdige operators using stopwatch after that the 5 operators
picking time was taken. Since the operator work W&ere asked to pike the order using the given route and the
hours/day the productivity of the operator (how manpicking time was measured using Equation 1, the result for
orders the operator can accomplish in each working dayach route each route shown in following Tables.

3
=t

%ﬁ
i

%
.

Oy S 1T S
SE—F

3 K
i

= s =
Koo

A. Aisle by aisle route map

B. Combined route map C. Largest gap

ﬁ% % i iﬁ ﬁ «F 4
Sa— = EmS o+ HE—hE—LE—hE
D. S-shape route map E. Self-experimental route map F. Optimal route map

Figure 10 Routes Map-Top View of Storage Area

Table 1 S-shape route total picking time

S-Shape Rou | 320.0¢ Metel
Time Needed Processing

Speed| T1 for Pickingon | T2 Time Per T4 | Picking

Operato (m/s (sec One Positio (sec Locatior | T3(s | (s) | Time(s
1 0.8¢ | 385.6¢ 5.0( 5C 12t 128 | 23C | 790.6

2 1.2¢ | 260.2¢ 3.0¢ 3C 1C 10C | 20C | 590.2¢

3 0.87 | 367.9. 5.0( 5C 12 12C | 25C | 787.9.

4 0.7¢€ 421.1° 6.0C 6C 1t 15C 28C | 911.1°

5 0.€ 355.6¢ 4.0C 4C 11 11C | 20C | 705.6¢
Average 358.1: 757.11
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Table 2 Combined route total picking time

Combined 244.45  Meter
Time Needed Processing
Speed| T1 For Picking On| T2 Time Per | T3 T4 | Picking
Operato (m/s (sec OnePositior (sec Locatior | (sec | (sec | Time(s
1 0.8 | 294.5: 5.0C 5C 12.5 128 | 23C | 699.5.
2 1.23 | 198.74 3.00 30 10 100 200 528.f4
3 0.87 | 280.9¢ 5.0C 5C 12 12C | 25C | 700.9¢
4 0.7€¢ | 321.6¢ 6.0C 6C 15 15C | 28C | 811.6¢
5 0.c 271.6: 4.0C 4C 11 11C | 20C | 621.6:
Average 273.5( 672.5(
Table 3 Largest gap routing total picking time
Largest Ga 237.5¢ Metei
Time Needed Processing
Speed| T1 For Picking On T2 Time Per | T3 T4 | Picking
Operator (m/s) (sec) One Position (sec) | Location | (sec) | (sec)| Time(s)
1 0.8 | 286.2( 5.0C 5C 12.5 128 | 23C | 691.2(
2 127 | 193.1¢ 3.0C 3C 1C 10C | 20C | 523.1:
3 0.87 | 273.0¢ 5.0C 5C 12 12C | 25C | 693.0¢
4 0.76 | 312.57 6.00 60 15 150 280 802.p7
5 0.c 263.9¢ 4.0C 4C 11 11C | 20C | 613.9¢
Average 265.7¢ 664.7¢
Table 4 Aisle-by-aisle route total picking time
Aisle By Aisle | 215.3t  Metet
Time Needed
For Picking Processing
Speed T1 On One T2 Time Per | T3 T4 | Picking
Operato (m/s (sec Positior (sec Locatior | (sec | (sec | Time(s
1 0.8¢ 259.4° 5.0C 5C 12.5 128 | 23C | 664.4°
2 1.22 175.0¢ 3.0C 3C 1C 10C | 20C | 505.0¢
3 0.87 247.5¢ 5.0C 5C 12 12C | 25C | 667.5¢
4 0.7¢ 283.3% 6.0C 6C 15 15C | 28C | 773.3
5 0.c 239.2¢ 4.0C 4C 11 11C | 20C | 589.2¢
Average 240.9¢ 639.9¢

Table 5 Self-experimental route total picking time

SeltExperimentz | 38( Metel
Time Needed Processing
Speed| T1 For PickingOn | T2 Time Per T3 T4 Picking
Operato (m/s (sec One Positio (sec Locatior (sec| (sec | Time(s
1 0.8 | 457.8! 5.0C 5C 12.5 12t 23C 862.8!
2 1.2¢ | 308.9: 3.0C 3C 1C 10C 20C 638.9¢
3 0.87 | 436.7¢ 5.0C 5C 12 12( 25C 856.7¢
4 0.7€ | 500.0( 6.0C 6C 15 15C 28C 990.0(
5 0.c | 422.2: 4.0C 4C 11 11C 20C 772.2.
Average 425.1¢ 824.1¢
Table 6 Optimal route total picking time
Optima 215.3t  Metel
Time Needed Processing
Speed T1 For PickingOn | T2 Time Per | T3 T4 Picking
Operato (m/s (sec One Positio (sec Locatior | (sec | (sec | Time(s
1 0.8¢ 259.4° 5.0C 5C 12.5 128 | 23C 664.4
2 1.22 175.0¢ 3.0C 3C 1C 10C | 20C 505.0¢
3 0.87 247.5¢ 5.0C 5C 12 12C | 25C 667.5¢
4 0.7¢ 283.3% 6.0C 6C 15 15C | 28C 773.3
5 0.9 239.29 4.00 40 11 110 200 589.29
Average 240.9¢ 639.9¢
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The average Picking time for each route was calculatdatal working hours = 7 hrs/day
as shown in the above Tables 1, 2, 3, 4 and 5, then ®eductivity = total working time (min)/ total picking time
productivity, how many order that the operator can performeeds to complete one order (2).
in one working day, was calculated as shown in Table 6 for
the operator when he use each route using equation 2:

Table 7 Productivity for each rout

Route Average Picking Time (hrs.) Productivity (Order/Person/Day
S-Shap 320.0¢ 33
Combined 244.45 37
Largest ga 237.5¢ 38
Aisle by aisle 215.3¢ 3¢
SeltExperimente 380.0( 31
Optima 215.3¢ 3¢

As shown in (Figure 11), a strong correlation was found between the average travelled distance for each route and the
operator productivity.

Correlation between Productivity and Travelled Distance

...

s | *eq  R2=0,9902
36 [ e

3 | e

w T
2
200,00 250,00 300,00 350,00 400,00

Productivity
(oreder/person/day)
®

Travelled distance (m)

Figure 11 Correlation between productivity and travelled distance

As a result, the routing method the operator use can affect his productivity as shown in (Figure 12).

40
P
S 35
5 30 I
>
© 25 l
o
5 20
s shape combined largest gap aisle by aisle self optimal
experimental
Routing Method
Figure 12Productivity for each routing method
6 Conclusion picking orders is one of the most important activities that

The main aim of this study work was to solve a relevatepend on time in most warehouses, and that plays a big
problem within the field of the logistics sector in generdiole in influencing the entire supply chain. From this point
warehouses order picking route activity in particulaif view, this study provides suitable solutions optimize the
showing its influence on labour productivity and itgoute selected for order picking and preparation of different
contribution to the retailer warehouse in an emergingfders for customers in a rectangular warehouse that
economy. Analysing and diagnosis of the current situatigiPntains multi parallel-aisle with section aisles in the centre
of the retailer warehouse order picking route was presentaad edge of each aisle. Where this study aims to propose a
as the main problem the low productivity rate in thélirective policy that works to reduce the total time and/or
processes of storage and picking, resulting in the use storten the distance travelled in the processes of picking
overtime to not affect the level of service to the custome®nd selecting different requests, which would reduce the
impacting on the cost overrun. The logistical activity ofotal costs and work to raise the productivity of the labour
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available in the warehouse. Where this was achieved managed effectively and correctly, it may result in a
through the improvement in labour productivity using the failure in investment and a decline in performance.
simulation method. Two different ways/options adopted Therefore, it is necessary for companies to alert to
based on the order-picking process allocation into the increase awareness among employees and workers in
warehouse have conducted the simulation. 12 various pick- them by creating an organizational culture that will
order locations were simulated and the simulation raise the level of readiness and readiness to keep pace
delivered routes for various routing policies: S-shape, with rapid technological progress.

combined, largest gap, aisle-by-aisle, and self- Process re-structuring and re-engineering Regardless of
experimental for both scenarios. The results illustrate that the need of the companies and their warehouses for the
the proposed approaches outperform the S-shape,need for organizational culture, the reason for failure
combined, largest gap, aisle-by-aisle, and self- may be attributed to the failure to adopt a policy and
experimental methods by 29%, 24%, 21%, 19 %, and 17%, implement the process of re-structuring and re-
respectively. The major outcome that can be reached from engineering operations when necessary and the urgent
this conducted study, and based on the obtained results, isneed for that. Therefore, companies today must
that the order-picking process in the warehouse operation determine the necessary needs for their operations and
needs a high number of laborers. In order to reduce this various logistical activities, including the order-picking
number labor, utilization must be increased; this research processes of different customers’ requests according to
result shows that if the operator was provided with the the latest new and adopted technology.

optimal route to use in the picking process that productivity Staff resistance to change: most of the workers in the
has increased by 29%. Optimizing order picking as various companies and warehouses tend to resist
suggested would improve the processes that would run change by replacing them with technology, due to their
more efficiently. The enhancement includes discovering natural fear of putting them in the job danger zone.
the optimal route by a simulator that will directly have a Typical questions are asked to the workforce who work
positive impact on the consumption of order-picking time. in the logistics sector in general, and to workers in the
Future research work can be conducted to overcome Thereorder-picking techniques in particular when it is
are some limitations during conducting the current directed towards adopting new technologies or systems
simulation model. Therefore, some modifications can be in order to maintain the workforce in companies and
made to the simulation that was applied in this study by their warehouses and increase awareness of it through
selecting and defining different locations to accommodate successful and effective management. In addition to
more realistic and actual situations. Moreover, the data can adopting an effective and continuous training system to
be used and developed by researchers in more complexkeep abreast of various developments in updating
situations; for example, multiple pickers in relatively large systems, which include it will facilitate the tasks and
and multi-purpose warehouses, in addition to that other work of the various workers.

uncertain factors can be introduced, such as bottlene¢ksAdopting a new motivation style for maintaining a new
that occur in traffic through different paths and errors in approach to performing the picking order process
operators. Kanban triggers can be taken into considerationwithin businesses and their warehouses: next, perform

by performing random optimization. a multi-level run installation for the order-picking
process via simulation, it is crucial to keep the new
6.1 Practical implications of the study approach to acting and executing order-picking

Through the gained results, a time study was made processes in the business and in its warehouses. Finally,
using a stopwatch to define the average picking time of continuous improvement of the order-picking process
each operator using simulation tool for those routes, there should be adopted as an approach to preserve the users
are a number of useful practical implications that can be interests; thus, their proposals for enhancements from
acquired. It deals mainly with (a) organizational culture, the workforce are crucial with the new systems adopted
(b) process re-structuring and re-engineering, (c) staff such as picking order at warehouses.
resistance to change, and d) motivation for maintaining the
new way of doing business. We can summarize the main This study highlights further future research work.
implications of the study as follows: While satisfying its goals, the research expanded and

v Most of the companies and their warehouses needigentified other possible approaches for optimization.
adopt an effective digital transformation approach iiVithin the established methodology, there is still room for
the various logistics functions and move from théurther optimization, such as zoning, batching and others
system of picking orders in the traditional way to thénethods to increase the productivity for the studied or
system of picking according to the future visionjnvestigated warehouse. Adopting and implementing this
bypassing only the process of updating the curremethodology, ensuring that the automatic handling process
technology used. Where the adoption of new anebuld be recommended instead of manual handling in the
modern automation tools can result in a state &tudied warehouse. Adding a new technology as light or
dissatisfaction among the workforce, and if it is nosound picking for observed warehouse in this case study.
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Finally, most of the case study concentrates on a specifi?] DEKKER, R., DE KOSTER, R., ROODBERGEN,
order picking situation or decision problem. Therefore, itis  K.J., VAN KALLEVEEN, H.: Improving order-
not straightforward to apply approaches developed for a picking response time at Ankor's warehouse,
specific situation to another situation. General design InterfacesVol. 34, No.4, pp. 303-313, 2004.
procedures and global optimisation models of ordéi3] ENGINEERINGNOTES. COM: 4 Main Strategies

picking are still lacking. Used in Routing | Networking | Computers [Online],
Available: https://www.engineeringenotes.com/netw
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Abstract: Austria tries to reach its decarbonisation targets by 2050. The significant attention lies in the carbon intensity
of transport, with commuting of particular interest. The paper presents E-Commuting practices that are suitable tools to
intervene in these journeys; however, it seems to be difficult. Exploring and understanding the commuting system of
everyday lives is crucial. It is through this understanding that alternative avenues for intervention arise, for example into
the practice of flexible working models. To understand the influence of e-commuting, the questionnaire via WhatsApp of
685 respondents was conducted, which considered an understanding of work and the commute necessary. The aim of the
paper was to explore the workers' routines for in-office days and work-from-home days. The results show that the
employees want to work remotely full or in hybrid mode and this trend is going forward. The employees are more
productive with flexibility mode — 73.08%; they wish more flexibility in terms of returning to the cubicle — 71.79%; they
desire the same amount of time of flexibility and going into the cubicle — 70.51%. Finally, in the case of any flexibility
in their current organization, they would consider looking for another job that did not require return to the cubicle with
the same salary — 53.85%.

1 Introduction « In what ways does flexibility relate to
The return to the cubicle debate continues with commuting?
different directions and no clear resolution for employers
and employees. Modern organizations have seriously The authors of the paper firstly discuss the current state
considered diversifying their geographical footprint wittpf e-commuting, providing definitions and previous
cubicles closer to their workforce or flexible work modelstesearch. Next, the methodology is being described. The
However, recent data indicate that those organizations thgrth part of the paper presents the findings. Then follows
wish to have their workforce back in office in 5 days &he section presenting the authors of the paper discussions.
week could fail [1]. Generally, the cubicles reached by tHeinally, the last section is devoted to their own conclusion.
cars have filled back up fastest. Based on CBRE [2] survey
results, 85% of participants want workforce in the cubicle 1 E-commuting
at least half the time, despite a hybrid policy. But who Commuting is an important aspect of our lives. In 2021,
should determine the required days? Will it force morghe rate of regional commuting in Austria in the same
employees back into the cubicle or will Work from Homgegion was 3731.4 thousand and 436.6 thousand in another
(WFM) or hybrid work practices persist? There is no ongegion [9]. Further data indicates that Austrians commuted
size-fits-all solution to the return to cubicle approach b@n average for 26 minutes and 27 km in 2020. In the
as Beno et al. [3] emphasized “managers should k@rveyed region, commuters spend 31 minutes in Lower
prepared for incidents, accidents and emergencies RMstria [10].
having a magical “Plan B” in place”. It has become Commuting is a daily activity that generates the lowest
increasingly clear that work flexibility increases [4,5] andevel of positive affect, as well as a relatively high level of
employees are happier about shortening the week in fav@igigative affect [11]. The recent study indicates that there is
of flexibility, even, if it involves a salary reduction [6]. Thea positive correlation between the indicators of 1-9 minutes
authors of the paper are of the opinion that there is a wapd 45-59 minutes of commuting and happiness [12]. An
to join both worlds: commuting and e-commuting. Theffective transportation system increases productivity and
authors of the paper have a unique opportunity to bring téan be seen as the key to shortening commute time. But
change in relation to commuting and e-commuting, angbmmuters with longer commuting time report lower

this should not be squandered [7,8]. subjective well-being [13]. Christian et al. [14] further
The research questions for this study are as follows: added that over time long commutes may contribute to
* How do Austrians travel to work? obesity and other poor health outcomes. According to
*  Will Austrians change cars with other practices?Friman et al. [15] satisfaction with daily commute linearly
» What is flexible working as a practice? affects both experiential wellbeing and life satisfaction and
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that higher satisfaction with daily travel is highest for thosdiscussion platform. This tool is widely used among the
that walk and cycle and lowest for those that use publiustrians. The questionnaire data plan was activated after
transport. B&o [7] stressed that commuters in Austrica potential participant provided informed consent by
preferred cars over public transport. sending a text message back to the researchers. The series
E-commuting means working remotely on a full-timeof short videos explaining, how to respond to questions and
or hybrid basis. Working remotely reduces travel to thmteract with participants was provided. The answers of the
cubicles primarily through modern information andespondents were filled in excel sheet by investigators.
communication technologies. For the purpose of this paper
work, the commuters are those who travel into work dail3  Result and discussion

and e-commuters are those who partly work from home go, 22 organizations agreed to participate in the survey.
and commute or fully work from home withoutThe participating organizations were based in Lower
commuting. Austria (n=22) and represented only the private sector. The
Nilles [16] started the research of connection betwegfistribution ~ of  participating  organizations by
e-working and commuting. Since then, many otherganizational size of employees was as follows: large
e-working studies have been done [17-21]. De Vos et @:200) 54.55%, medium (20-199) 18.18% and snsalDj
[19] stressed that e-working policies seem to be effectiver 2794, A total sample of 685 responded to the study, out
of trying to alleviate congestion and transport-relategf them, 46.42% of respondents were female. The mean
emissions. It saves time otherwise spent in commuting @gde of respondents was 30.3. Most (78.69%) were married
a daily basis [22]. Additionally, employees can saver |iving with a partner. The majority (89.34%) had

considerably by e-working [23]. permanent employment status.
Driving cars is still the most popular commuting
2 Methodology method among Austrians. 41.75% of the Austrian

This work is based on quantitative primary researdhouseholds own one car and 31.24% two or three cars (see
using WhatsApp. The main aim of the study was to explofieablel).
the workers' routines for in-office days and work-from-

home days. Therefore, commuters and WhatsApp users Table 1 How many cars do you own?
were selected to participate in this study as a target N=68¢ N %
audience. The research was carried out fré§rddcember 0 125 | 17.9¢
till 9" December 2022. 1 28€ | 41.7¢

For this study, a sample of 685 adults from 22 2-3 214 | 31.2¢
participating organizations, age 18+ from Lower Austria 4ormore | 62 | 9.0t

were asked in German to give their feedback to set
questions in questionnaire using WhatsApp. A broad range However, the survey also found that there is a change
of companies were surveyed, with respondents drawn fram the ownership of cars since the pandemic. 28

many different occupational groups and from across mam¥spondents (4.09%) sold a car. It means that, in total 151
industries within the private sector. So far, the participatingouseholds do not own any car (total 19% increase). As the
organizations were recruited through email invitation angch and automotive industries advanced electrification,

the authors’ contacts. households reconsidered buying hybrid or electric cars, 45

All the participants engaging in the WhatsApprespondents bought them (6.57%) as demonstrated in
questionnaire were fully informed in relation toTaple 2.

confidentiality, privacy, sensitivity, and data protection.
However, all the respondents were informed that Table 2 Has COVID-19 changed your car ownership?

participation was entirely voluntary. N=68¢ N %
Yes, | changed to hybrid, electric | 45 | 6.57
2.1 WhatsApp questionnaire survey Yes, | bought an additional 26 [ 3.8C
The WhatsApp questionnaire survey included 11| Yes, | sold a c: 28 | 4.0¢
guestions designed to examine the role of a range dfng 58¢€ | 85.5¢

workforce on in-office days and work-from-home days in

relation to commuting. Most of the questions were of & The pandemic remade the way Austrians work and
Likert-type format, requiring the respondent to indicate theommute. The authors of the paper have asked respondents
level of quantity, periodicity, and agreement on a differeq} give an answer about their transportation needs today.

point scale. 245 (45.88%) still drive a car, 289 (54.12%) combine car
_ and public transport (see Table 3). 74.17% (112) people
2.2 Data collection said they use public transport, 19.21% (29) use

When adapting our methodology to a phone-baséfike/scooter and 6.62% (10) walk (see Table 3).
strategy, the authors of the paper used WhatsApp as the
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Table 3 How often do you use the following modes of For workers returning to some pattern of the morning
transportation? commute, the authors asked respondents if they expected
N=534 N % their work commute to change. More than one quarter of
Cal 24c | 45.8t the Austrians indicated that they expect a change, almost
Hybrid — car & public | 28¢ | 54.1: 65% did not expect it (see Table 7).
N=151 Table 7 Do you forecast that your work commute to
Public 11z | 74.15 change?
Bike 29 19.2] N=68¢ N %
Walking 10 6.62 Yes 17z | 25.1]
No 44t | 64.9¢
Interestingly, despite the car dependence, 24.09% (165) | do not knov 68 9.9:¢

the Austrians walk more often since the pandemic, 45.69%

(313) about the same amount and only 14.01% (96) less More than half of them (51.16%) expect that they will

often (see Table 4). drive to work more often, almost one-fifth of them
(20.93%) expect to commute less due to the flexibility of

Table 4 Since COVID-19, do you walk more often, less often aheir work options. 13.95% expect to walk or bike/scooter

about the same amount? more often. Only 12.21% will take public transportation
N=68¢ N % more often (see Table 8).
More ofter 165 | 24.0¢
About the same amot | 31% | 45.6¢ Table 8 How do you forecast your work commute to change?
Less oftel 96 14.01 N=172 N %
NA 111 | 16.2( Drive more ofte 88 51.1¢
Commute less due WF | 36 20.9¢
Working remotely saved the Austrians hours of Walk or bike more ofte | 24 13.9¢
commute time. More than a quarter of Austrians spend Take public more ofte 21 12.21
more than 30-44 minutes on a one-way commute, just | do notknow 3 1.74
under the 23.65% who spend 10-19 minutes commuting
(see Table 5). Human beings make decisions based on the options that

. are placed in front of them. When the respondents were
Table 5 Before COVID-19, how '0[)‘9 took your journey (one asked about the status of their work model, nearly one-
way) to work’ eighth worked remotely, almost one-fifth worked in hybrid

N=68% N % - working model and 451 respondents worked in cubicles
<1C 94 | 13.7 (see Table 9).

1C-1¢ 16z | 23.6¢

20-2¢ 10 | 15.3¢ Table 9 Are you currently working from home?

30-44 182 | 26.7: N=68¢F N %

45-5¢ 36 5.2¢ Yes-no commut 83 12.1C

60+ 22 3.2] Yes- hybrid 151 | 22.0¢

No commute/WFN 83 12.12 No 451 | 65.8¢

Before the pandemic, only 48 respondents (7%) worked Employees want to work remotely full or in hybrid
from home (no commute), during the pandemic there is aflode going forward. The respondents (N=234) were asked

increase of 79% (233) and now 83 (12.12%) of them woks what extent they agree or disagree with the following
remotely without commuting (total increase of 42%) astatements:

shown in Table 6. It is evident that organizations were able « | am more productive with flexibility mode —
to create culture when part of the staff prefer to be around 73.08%.
a lot and part of their staff being around more flexible. « I wish more flexibility in terms of returning to the

cubicle — 71.79%.

Table 6 Did you work from home (no commute) before COVID- | desire the same amount of time of flexibility and

19, during pandemic and now?

N % going into the cubicle — 70.51%.
* No flexibility is in my current organization, |
Before 48 7.0C 7 . . .
Durin 537 134,00 would consider looking for another job that did
Nu Ing 83‘ 12'1, not require return to the cubicle with the same
ow T salary — 53.85%.
Hybrid 151 | 22.0(
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12.12% (83) respondents are the opinion that all #tat e-working and the home office are not just a solution
home seems to be the right mix of working model, 15tb a crisis.
(22.04%) prefer splitting at home and at the cubicle, 451 According to the survey respondents, willingness to
(65.84%) think that all at the cubicle is the right mix ofvork remotely full or in hybrid mode is going forward.
working (see Table 10). Those e-workers feel being more productive. Comparably
to Bloom et al. [30] and Beno and Hvorecky [28] study. No
Table 10 WFM, hybrid or on-site, what is the right mix of ~ flexibility in current organization, 53.85% of employees

working? would consider looking for another job that did not require
N=68¢ N % returning to the cubicle with the same salary. The recent
WEM, no commut 83 12.1% study highlights that after their move to home offices, the
Hybrid 151 | 22.0¢ employees are prepared to accept a pay cut. There are
Onsite 451 | 65.8¢ differences among countries, but two interesting outcomes

were noticed in the studied countries:

Driving cars is still the most popular commuting 1. The higher age, the greater the readiness to accept a
method among Austrians. Abrahamse et al. [24] data cut;
demonstrate that the more respondents felt able to reduc@. The smaller the cut, the greater the readiness to
car use for commuting and the less favorable their attitude  accept it [6].
toward car use, the less often they tended to drive to work.
This is in the line of obtained results from thi study wherEurther other survey shows similar data [32].
151 households do not own any car (total 19% increase). 12.12% (83) respondents are the opinion that all at

Interestingly, the mode of ransportation in Austria stilhome seems to be the right mix of working model, 151
does not lead to sustainable development. Comparable(22.04%) prefer splitting at home and at the cubicle, 451
Guth et al. [25] study where an increase of cros$65.84%) think that all at the cubicle is the right mix of
municipality commuting volumes as of the commutingvorking. These data are on the lines on Cushman &
distances can be observed. 245 (45.88%) still drive a cwWakefield [31] survey where on average 2.7 days on office
289 (54.12%) combine car and public transport. 74.17%nd, 2.3 days at home.
(112) people said they use public transport, 19.21% (29)
use bike/scooter and 6.62% (10) walk. This may concdr Conclusions
with the widespread use of mobile phones on public pifferent types of transport are key accelerators for the
transport nowadays, which indicates that commute time dgvelopment of population mobility [33]. For many,
often used by people to communicate with their friends aRémmutes are time-consuming experiences. The trip from
family [26]. Interestingly, despite the car dependenc@ome to work and back is therefore an important aspect of
24.09% (165) the Austrians walk more often sincghodern life, affecting commuters’ well-being. The
pandemic, 45.69% (313) about the same amount and oflvelopment of the transport system is essential for the

14.01% (96) less often. Due to a shift from privateconomic development of the country [34].
motorized transportation to more active transportation, this «  How do Austrians travel to work?

can, among other things, deliver significant health benefits

[27]. o . . Whether you live in the city or must drive in from the
With the cost-of-living, energy crisis attacking thecountry almost all Austrians have to deal with some type
Austrian workforce from all angles, maybe working fromsf commute. In fact, based on received data, cars still
home will be costlier than commuting in. Howevergominate in transportation. A daily commute is an essential
working remotely saved the Austrians hours of commuigctor in lives of Austrians. 245 (45.88%) still drive a car,
time. Similar to B&o [28] results study. More than agg (54.12%) combine car and public transport. 74.17%

quarter of Austrians spend more than 30-44 minutes on£12) people said they use public transport, 19.21% (21)
one-way commute, just under the 23.65% who spend 1§se a bike/scooter and 6.62% (10) walk.

19 minutes commuting. Aimost in accordance with the .,  \vill Austrians change cars with other practices?
recent study which indicates that there is a positive
correlation between the indicators of 1-9 minutes and 45- Tphe past years have not changed, Austrians still love

59 minutes of commuting and happiness [7,]- _cars. However, the survey also found that there has been a
Hajal [29] highlighted that teleworking’s popularity change in the ownership of cars since the pandemic. 28
was rising. This confirms the collected data from thigagpondents (4.09%) sold a car. As the tech and automotive
study. Before the pandemic, only 48 respondents (7%)qustries  advanced electrification,  households
worked from home (no commute), during the pandemigonsidered buying hybrid or electric cars, 45 respondents
there was an increase of 79% (233) and now 83 (12.12%8ught them (6.57%). More than one quarter of the

of them work remotely without commuting (total increaseysirians indicated that they expect a change, almost 65%
of 42%). It confirms Beno and Hvorecky [28] statemengiq not expect it.
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Abstract: This study investigates the artificial intelligence (Al) adoption drivers and the mediating effects of trust and
how the latter influence human resources management (HRM) of the banking sector in Saudi Arabia. A survey-based
guestionnaire was employed to collect data from 261 practitioners and professionals working in different banks in Saudi
Arabia. Partial least squares structural equation modelling (PLS-SEM) was used to analyze data. Significant and positive
effects of perceived usefulness and trust on artificial intelligence adoption in human resource management are highlighted
by the results. In addition, the indirect effects of trust between perceived usefulness and Al adoption in human resource
management were also found to be significant.

1 Introduction Based on that and according to the analysis of the

In the age of globalization and fast technologicaPrevious literature, companies have begun to place a
advancement, organizations have prioritized huméifeater emphasis on Al and different technical tools
resources as a way to obtain a competitive advantage &hepugh which they may develop organizational
long-term sustainability [1,2]. By way of these systemglerformance and compete accordingly, in order to achieve
many businesses have refocused their attention on adop#hg/ariety of benefits. Integrated entities, information
new technologies to enhance their performance [3] adgcessibility, the capability to analyze big data and
aligned their strategies to enhance overall performance Rgification systems are common examples of these
a consequence of the increasing adoption of those technfe@nefits, which attempt to create a highly competitive

tools, such as human resources information system (HRRSjvantage and added value for operations [12-14].
and artificial intelligence (Al) applications [4,5].  However, in the banking sector in Saudi Arabia, there

Accordingly, HRIS has ostensibly evolved into artificialare various challenges that need to be addressed in terms of

intelligence, enabling organizations to significanthhuman resources management. The implementation of
improve their performance and productivity, perforn@itificial intelligence (Al) in this sector can bring about
specified human resources functions, analyze data aignificant improvements in terms of efficiency and
assist human resources departments to focus on thipductivity. However, like other technology, the adoption
primary responsibilities. The adoption of Al in anof Al requires the strict implementation of quality
organization claims that patterns of HR practice, rath&inciples and practices. According to [6] the banking
than single actions, are required to meet organizatiorggctor in Saudi Arabia needs robust improvement and
goals [6]. Nonetheless, Al has recently gained a reputatifational preparedness to counter financial emergencies in
as a more strategic tool, linked with organizational valuef}e future not to repeat the sufferings that had damaged the
goals and visions [7,8]. Additionally, several studies hawhole society finically, physically, and emotionally.
addressed Al in HRM from different perspectivesIherefore, it is high time to integrate and implement best
specifically the qualitative differences that are to bg)anagerial practices, principles, and approaches for
expected at the level of HRM skills and competencies, bof€ating agility in the banking sector of Saudi Arabia.
prior to and after the implementation of Al within anGiven the rabid growth of banking sector in Saudi Arabia,
organization [9]; the challenges and opportunitiedis study exists to fill this gap.

associated with the adoption of Al in HRM [10,11]; the Accordingly, this study argues that there are many
impact of employee commitment and trust as regards télgvers affecting the adoption of Al in the HRM in the bank
adoption of Al [9]. In particular, the study examined &€ctor in Saudi Arabia. T_hose factors include ease of use,
range of factors identified by previous research based Brceived usefulness, infrastructure, along with trust.
the analysis of the theoretical literature which includebfowever, the researchers attempt to establish a model by

trust, perceived usefulness, user behaviour, ease of use B@&ns of mediation relations across study variables to
infrastructure address gaps in the current literature. Furthermore, this
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research contributes to the area of HRM in the Sauiformation databases via the use of algorithms by enabling
banking sector by analysing the current literature morastant access to data and rapid transmission which
thoroughly and examining the mediation effect of trust anehhances human resources [22]. The ability of Al to

user behaviour. The rest of the article is structured as; thmote individual workplace learning through a crucial

second section comprises the theoretical background of tiepect of database management [23]. Consequently, the
study, and the third and fourth sections encapsulate thenager has access to all records and can use them
methodology, and results. While sections five and six amhenever necessary. It also supports decision-makers

the discussion and conclusion sections. through the use of big data and machine learning
algorithms [24]. Additionally, fostering organizational

2 Literaturereview and hypothesis learning and eventually improved knowledge management

development enables businesses to derive valuable insights from

pdividual behavior. Besides, [25] provides a piece of

human capital to be able to conduct business and achi dence for the _transformatlonal outcomes of Al in HR
its goals. Human resources comprise personnel that'} ctions. [26] pointed out that Al has a significant positive
employed in an organization to perform their daily tasks i ILIJence on emR:oy%e pﬁrfo;néﬂce and W(.)rk enga_gemefnt.
exchange for a salary or rewards. Besides, the creativity of n prgctlcg, aids the proce?fs In da variety o
employees is becoming increasingly imperative to th\é‘?’?d Iata dase kmlanaglemeqt '3270 ere t%. SLCijpOI't
success of a business and its long-term sustainability [15]° |r:/|.ua 1€ (\j/vor pﬁ_ce learnl.ng [It ],ﬁusmg '9 | ata
Conversely, HRM refers to a set of professional practicé c mqugst anh n(]j?C 'nﬁ. .earn;ng. Lo gzrs ?n Inc l.j[SIer
which include a range of personal practices that can ngrloac 0 "Bn mgf Iring, -training, e\ézopn;?n IO
combined to ensure that an organization hasaprofessioﬁg]p.oyees.’ and periormance reviews [ ]’. also
approach to managing people. These practices mi pwdgs Intuitive demsmn-makm_g [24] whilst Als
include training and supporting qualified workers throug apacity to b.u'ld a substantial library of knowledge,
stages beginning with selection and recruitment arffocess anq h!storythatHR managers may consult and use
including compensation and motivation [6]. as required is invaluable [23].

HRM is critical in motivating employees to achieve the More ggnerally, Al ‘is changing how businesses
anage their staff, develop HR calendars and assess

Each organization, whether small or large requird

adoption of Al technology to ensure agile operations ha\;gbqts fqr HRM, they open up several opportunities and
b 9y g P ist different HRM services [20]. Several scholars

the best possible tools and to be a high-tech compa%S . - . .
compared to rapid world innovation and revolution. In facbUPPOIt this argument and highlight the ways In which
the relationship between businesses, employees puter- based ;oftware and Al tOOIS. f_aC|I|tate the
customers is fundamentally changing as a result of the fa@fganizational setting and enha_nce productivity Ievgls [29].
paced expansion and widespread deployment of Atrtificial . Many recent studies have discussed the adop“of‘ of Al
Intelligence (Al) and other ground-breaking technologie?”vers within the context of HRM and have questioned

It should be noted that Al is referred to as "comput pctors that affe(;t the ?dOP“O” (.)f Al in HRM. [3(.)]
intelligence,” "human intellect emulation” or »mind 'dentified three primary drivers that influence the adoption

machine” [9]. [16] defined Al as "the science an®f Al in HRM including technological, environmental, and

engineering of constructing  intelligent machinesorganizational context factors. However, [22] extended the

According to [17] and [18], the primary principle of Al is Classification of these factors to include organizational
that automated equipment, for instance, machines, rob paredness, perc_elved beneﬂts_, and t_ephn_lcal expertise.
and software can perform everyday jobs that have typica oreover, [31.] provided systematic cIas_§|f|c_at|ons of_t_hese
been undertaken by people. In other words, Al refers ctors including effort expectancy, facilitating condition,

using technology to perform a task that requires some le§rformance expectancy, perc.eived credibility, along Wif[h
of intelligence to be accomplished [19]. Moreover théomal influence. Issues and drivers that affect the adoption

adoption Al is particularly useful for businesses as it caff Al as mentioned in previous studies, mcI_udg technical
r performance-related factors, organizational or

foster more productive coordination and cooperatior‘?. .
Likewise, the adoption of such a tool offers SeVer(,ﬁnwronmental factors and user-customer factors. These

opportunities to improve and reduce the cost of HRM tas Ludies hav_e primarily focused on one or a few of these
[20]. actors. This study seeks to investigate other factors

Specifically, Al can reform the structure of HRM and-nCIUding ease of use (EOU), perceived gsefulness (PU),
ffrastructure, trust, as well as user behavior (UB).

be an integrated system that delivers excellent results wi The first dri i this stud tains ¢
the aim of enhancing performance management, workfor e first dnver in this study pertains 1o ease of use
OU) which refers to the extent to which a product can be

planning, people analytics, virtual assistants for sel d by individual . hi e obecti
service/HR service delivery, career patching, Ieadersh;E;e y Individual users 1o achieve Specific Objeclives,

and coaching [21]. Al creates accurate and trustwort pth .effe.ctively and satisfactorily [32]. [33]_asserted that
OU is directly related to a person's perception of the effort
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required to operate a system and is a key componentcoitical infrastructure in an organization and without a high
perceived ease of use. It is important to mention that EQ&lel of readiness, Al applications will fail. From the above
could be extremely important in determining theliscussion, it can be hypothesized that:

acceptance of Al from the perspective of the user on

account of the unique nature of Al, which demands a H3: |nfrastructure has a significant impact on the
certain level of knowledge and expertise. Various previougjoption of Al applicationsin HRM in the banking sector
investigations have provided empirical evidence for thig Saudi Arabia.

argument [34-36]. Similarly, EOU is preferred and

included among the suggested conceptual model for a the feature that attracts or impedes a user from
particular reason. Practically, the results of using Al opting Al apps is trust, which is vital in regard to
applications have been widely considered as having a higfymoting the adoption of Al In his definition of trust, [48]
degree of complexity and ambiguity [37-39]. Therefore, {,iained that it is "a confidence or anticipation about the
was plainly noted that EOU might be one of the MOg{iner narty or as a behavioral intention or desire to depend
crucu’:_ll fact(_)rs that mlgh_t S|gn|f|cantl_y mflue_nce whetheg, of rely on another party, coupled with a sense of
Saudi Arabia's banking industry decides to implement Al inerability or danger if the trust is violated. From the
applications. From the above discussion, it can Rgewpoint of the user or HRM, trust is described as the
hypothesised that: user's expectations of how the Al applications may provide
opportunities and guarantees [49]. [50] ascertained that the
creation of trust between people depends significantly on
the trustee's outward look and that the embodiment of Al
will quite possibly play a significant role in building that
. L trust between people and Al applications. Accordingly,
One of the criteria applied in the study relates tg g may be cognitive (based on reason) as well as
perceived usefulness (PU). This is defined as “the degrgg,otional (based on affect), [51]. In this study, we wil
to which a person believes_that using a particular systel§~antrate on trust as an emotional effect.

would enhance his or her job performance” [33]. In the \ymerous previous researchers have demonstrated the
previous literature, PU has been identified as one of the, fica influence of trust on the acceptability of IT, Al
most mfluenyal dn_vers for managers to adopt Al [29,405 4 technological applications [52-54]. In this study, we
42]. Accordingly, it could be argued that users of thgyyressed the mediation role of trust between EOU, PU,
banking system who have adequate skills and believe in te - «tructure and the adoption of Al in HRM. In their
benefits of Al applications are more likely to perceive Al egfigation of the mediation role between PU, EOU and
as beneficial in their work. From an HR standpoint,  chase intention, [55] determined the significance of this
workers must receive adequate training and information {8yationship. Nevertheless, we contend that infrastructure,
better comprehend the advantages and anticipated resyi§. ang QU are crucial in raising user’s trust levels and as
By doing so, the perceived usefulness of the technology.eq it act as a dynamic construct that may persuade users

will increase and, in turn, this will influence the adoption, 4qopt Al applications. From the above discussion, it can
of Al [35,37]. From the above discussion, it can bgg hypothesized that:

hypothesized that:

H1: Ease of use has a significant impact on the
adoption of Al applicationsin HRM in the banking sector
in Saudi Arabia.

i . L . H4: Trust mediates the relationship between EOU
H2: Perceived usefulness hasa significant impact on - 4 the adoption of Al applications in HRM in the
the adoption of Al applicationsin HRM in the banking banking sector in Saudi Arabia.

sector in Saudi Arabia. H5: Trust mediates the relationship between PU and

) the adoption of Al applicationsin HRM in the banking
In the context of a corporate IT environmentetor in Saudi Arabia.

infrastructure refers to the collective hardware, software, g Trust mediates the relationship  between
network resources, and services that are necessary for;the v\ cture and the adoption of Al applications in
existence, operation, and management of the environmefb\ in the banking sector in Saudi Arabia.

[43-45]. Infrastructure systems will be crucial in supplying 7 Trust has a significant impact on the adoption of

and maintaining services for this ever-increasing demang applications in HRM in the banking sector in Saudi
as Al applications become more connected, complicateg, oy

and digitalized [46]. [47] determined that without the
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Figure 1 The research model

3 Methodology participants were taken and an online survey using Google

A quantitative technique was used in this study tEPrms was undertaken. a convenience sample technique
obtain quantitative results and a level of significanc&as applied. We were able to collect 261 completed
reflecting the impact of Al adoption drivers in humarfluestionnaires, which is an adequate sample size for the
resource management and the mediating role of trust. kid of data analysis applied in this study. Structural
survey-based questionnaire was used to gather data. Figsiation Modelling (SEM) using smart PLS was used to
survey consisted of four primary constructs in th@nalyse the research data. PLS-SEM is an efficient
questionnaire, each with a validated instrument frodgchnique to investigate the interrelation among multi-item
previous studies. A five points Likert scale was used. TePnstructs [56,57]. Table 1 summarises the characteristics
collect data, banks in Saudi Arabia were selected and thefithe sample, highlighting the variation in the respondents’
human resource departments were contacted to outre8€mder, ages, levels of education, work experiences and
the potential participants. The emails of the potentidlierarchical positions.

Table 1 Sample characteristic

Category Iltems Count %

Sex Male 136 0.521
Femal 12F 0.47¢

Age 20 to 35 yeal 60 0.23(
36 to 50 yeal 18( 0.69(

51 years and abo 21 0.08(

Diploma or les 59 0.22¢

Education Level Bachelor": 12t 0.47¢
Postgraduate (Master and P 77 0.29¢

< 2 year 50 0.191¢

Experience 2-5 year 70 0.268:
6 to 10 yeal 75 0.287¢

>11 year 66 0.252¢

Total 261 100%

The majority of the study participants were maleS.1 Measurement model
(52.1%). Most of the participants were aged 36 to 50 years Assessments of measurement models are made in light
and had Bachelor in qualifications. In terms of experiencef construct validity through internal consistency,
the majority (28.74%) had experience between 6 and iéliability, and discriminant reliability [58,59]. To
years. While 32.8 % were serving in managerial positiondetermine the construct validity, the factor loading values
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of all of the items must be greater than 0.6) which is tt®@7. To confirm the convergent validity of all the
case for all the items [60]. (See Table 2). Likewise, theonstructs, the average variance extracted (AVE) for each
construct's reliability was then evaluated using Cronbacltenstruct must be more than 0.5 [61]. These requirements
alpha and the composite reliability with a cut-off value oére all satisfied, as evidenced by the findings in Table 2.

Table 2 Construct validity

Constructs ltems Loading Mean SD
Q1 0.81¢ 4.28¢ 0.79¢
ceseonveepoy) |9 |02 i ool

(Cronbach’sx= 0.871; CR=0.903; — : :

AVE=0.609) Q4 0.801 4.01 0.87¢
Q5 0.651 4.31¢ 0.64¢
Q6 0.76¢ 4.27] 0.71¢
Q7 0.72¢ 4.47] 0.691
Perceived Usefulness (PU) Q8 0.80¢ 4.471 0.62¢
(Cronbach’sy= 0.825; CR=0.877; Q9 0.69¢ 4.41¢ 0.591
AVE=0.589) Q1C 0.80¢ 4.41¢ 0.64:
Q11 0.79¢ 4.38¢ 0.63¢
Qlz 0.83: 4.257 0.57¢
Infrastructure Ql1: 0.62( 4.057 0.82¢
(Cronbach’sx=0.835; CR=0.873; Q14 0.83( 4.18¢ 0.81¢
AVE=0.634) Q1t 0.80: 4.02¢ 1.06¢
Q1€ 0.661 4.34: 0.82¢
Q17 0.82¢ 4.157 0.82:
Trust (Cronbach’e=0.803; Qle 0.66: 4.27] 0.77:
CR=0.873; AVE=0.634) Qlc¢ 0.84¢ 4.12¢ 0.80¢
Q2C 0.83: 3.971 0.87¢
Q21 0.821 4.32¢ 0.71Z
Q2z 0.721 4.27] 0.75¢
Al Adoption (Cronbach’$:=0.862; Q2 0.78: 4'25,‘ O.80§
CR=0.895; AVE=0.551) Q24 0.63¢ 4.34: 0.65:
' ' Q2t 0.77¢ 4.18¢ 0.961
Q2€ 0.66¢ 4.52¢ 0.62¢
Q27 0.77¢ 4.64: 0.53¢

The heterotrait-monotrait ratio test (HTMT) andAVE square root of AVE is larger than its association with
Fornell and Larcker's (1982) criterion were then employesther variables [59]. (Hair et al., 2017). The variables'
to assess the discriminant validity. The Fornell and LarckefTMT values must subsequently be less than 0.9 [58].
test initially suggests determining whether each construcTable 3 displays the results of the discriminant validity.

Table 3 Discriminant validity*

Al . EOU Infrastructure PU Trust
Adoption
Al Adoption 0.74:
EOU 0.59( 0.781
Infrastructur: 0.37¢ 0.64 0.75¢
PU 0.63( 0.72¢ 0.41¢ 0.76¢
Trust 0.68¢ 0.57: 0.55( 0.552 | 0.79¢

*The square root values of the (AVE) are in bold in the diagonal cells. Below, we present the values of correlations between
the constructs. The heterotrait-monotrait ratio scores are inserted above the diagonal cells.

3.2 Structural modd assessment standardised root mean squared residual (SRMR) score, to
The assessment of a structural model includeyaluate the model's predictive accuracy indicators.

determining the model's level of quality. We made use éfdditionally, the SRMR statistics need to be lower than

common methods, such as the R2 coefficient and tBe08 to confirm that the proposed model fits the data
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[60,61]. The findings reveal that the R2 for Al adoption i8.3 Hypotheses testing

0.545, whilst for trust, it is 0.435. The SRMR is 0.057 The results of the hypothesis tests based on the PLS

which demonstrates adequate scores for both indicatorsstructural model analysis are explained in Table 5.
Following the recommendations of [62]. A bootstrapping
approach was used to produce reliable coefficient estimates
with 5000 subsamples.

Table 4 Hypotheses test

Path Relationships B) ggi/ir;g%rrd T Statistics | p-valueg
Hypothesis 1

EOU — Al Adoption | o189 | 0166 | 1138 | 0.255
Hypothesis 2

PU— Al Adoption | 0272 | o155 | 2753 | 0.040
Hypothesis 3

Infrastructure—> Al Adoption | 0129 | 0120 | 1078 | 0.281
Hypothesis 4

EOU— Trust— Al Adoption | 0.064 | 0092 | 0691 | 0.490
Hypothesis 5

PU— Trust— Al Adopton | 0159 [ 0074 | 2138 | 0.000
Hypothesis 6

Infrastructure— Trust— Al Adopton | 0.166 | 0.104 [ 1603 | 0.109
Hypothesis 7

Trust— Al Adoption | 0497 | 0152 [ 3277 | o0.001

According to hypothesis (1), the EOU has a positiv8audi Arabian banks revealed that PU and trust have a
and significant impact on the adoption of Al. The result didirect impact on the adoption of Al.
not support this predictior(= 0.189, p >0.05). H.1 is The analysis findings are in line with earlier
therefore rejected. According to hypothesis (2), PlpublicationsPU (H2) plays a significant role in motivating
significantly and positively influences the adoption of AIHR professionals and decision-makers in banks to adopt Al
The results support this predictidgh« 0.272; p<0.05). H.2 applications [35,37]. Similar to this, previous research
is therefore accepted. Hypothesis (3) predicts thatipports the importance of trust in the adoption of Al (H7).
infrastructure has a positive and significant influence d®0] pointed out that establishing a technological culture
the adoption of Al. The result does not support thigithin banks that will increase user acceptability and allow
prediction § = 0.129; p >.05). Thus, H.3 is rejected. management to reduce errors and boost performance

Furthermore, H4, H5 and H6 predict that trust mediatgs2,53].
the relationship between EOU, PU, infrastructure and Al Likewise, the mediation effects of trust on the
adoption. The findings provide evidence that just one pathlationship between PU and the adoption of Al was
that includes the trust factor between PU and the adoptiascertained to be significant and positive (H5). This result
of Al (p = 0.159; p<0.05) is accepted. Consequently, H5 iadicates the fundamental role trust plays in promoting the
supported while H4 and H6 are not supported. Finally, Hidoption of Al among users in the banking sector in Saudi
predicts that trust has a direct impact on the adoption of Adrabia. The association between the adoption of PU and
The findings support and provide evidence for thidl was also determined to be significantly and favourably
prediction = 0.497; p<0.05). As a result, H7 is supportednediated by trust (H5). This conclusion emphasises how

important PU is in boosting user confidence and

4 Reaultsand discussion encouraging the use of Al technologies in Saudi Arabia's

To recap, the research question in this study focused @anking sector. _ _
assisting the adoption of Al drivers in HRM in the Saudi Accordingly, the numerous theoretical and managerial
banking sector. The mediation role of trust is alsBnplications gained from our research can be presented as
investigated. The findings attributable to the PLS-SENPllows. By identifying the key factors influencing user

analysis on data collected from 261 practitioners at varioggoption in the banking sector in a developing nation
(Saudi Arabia), this study makes a significant contribution
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to the field of Al in HRM. The research presents PU anldave more awareness among employees and PU with EOU
trust as efficient antecedents of Al adoption in HRM ands Al features will be reflected in their effects on their
as a result, generates additional insights to the existirRM performance. The results of this study show that trust
literature on Al (e.g., [12,22,30]). This research contendsn achieve by PU and EOU with different supporting
that rather than focusing on the direct influence of trust arfaims about the importance of these enablers [40,45].
the adoption of Al, management should concentrate @&ince this study revealed that PU and EOU have a positive
emphasizing the expected advantages of such applicatioeffect on trust when implementing Al in HRM, it follows
This can be achieved by actively involving employees ithat if an organization has higher levels of PU and EOU, it
such practices, besides developing a continuousll be better able to identify and manage the potential risks
improvement policy before providing employees within the Al, resulting in a more effective and responsive
instructions related to how to use Al applications. Thimechanism. Similarly, the positive impact of PU and EOU
demonstrates how trust between PU and the adoption ofldads to an increased level of trust if an organization is
has an indirect effect. better equipped to Al implementation exploration and
Additionally, this study highlights the importance ofexploitation in its banking activities. However, it must be
PU and trust, which can provide practitioners and decisiopensidered that this correlation does imply causality as
makers with beneficial information concerning bankingrumerous can be factors that might impact this relationship
sector practices when implementing Al in HRM. As @etween Al adoption and HRM. Future research could
result, the findings are in favor of PU's active involvemergxamine the impact of Al on employee performance in
in promoting the adoption of Al. Top management has tmore detail. This could include identifying which job
understand the value of PU and how banking institutiorignctions are most affected by Al and how employees react
may use it to develop HRM and Al application integrationo working alongside Al tools. Besides, future research can
policies that keep pace with developments in IT. also address employee attitudes towards Al, including how
One significant benefit of Al applications in humancomfortable they are working alongside Al tools and how
resource management in the banking sector is its potentiay perceive the impact of Al on their job security.
to improve efficiency in various HR processes such as
recruitment, selection, and performance evaluation. ARefer ences

based recruitment systems can help banks to identjfy] KHANDEKAR, A., SHARMA, A.: Managing human
suitable candidates, thereby reducing recruitment time and resource capabilities for sustainable competitive

costs. Additionally, Al can help to analyze employee data advantageEducation + Training, Vol. 47, No. 8/9, pp.
to identify patterns and insights that can inform g28-639, 2005.
performance evaluation and training needs. These benefiif STOFKOVA, Z., SUKALOVA, V.. Sustainable
have been supported by several studies, including development of human resources in globalization
[18,21,28] which showed that Al applications improve period,Sustainability, Vol. 12, No. 18, pp. 1-14,
recruitment efficiency and employee performance in the 2020. https://doi.org/10.3390/su12187681
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