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Abstract: This paper deals with the topic of Key Performance Indicators as a tool for evaluating the efficiency of
production processes. In the current competitive market environment, manufacturing enterprises face increasing demands
for maximizing efficiency and performance. Traditional financial indicators often fail to capture the complexity of process
improvement, necessitating a shift towards more comprehensive evaluation methods. Key Performance Indicators (KPIs)
have become essential tools for assessing production efficiency, providing a framework for monitoring, measuring, and
optimizing various production activities. This paper examines the implementation and benefits of KPIs in an engineering
company specializing in CNC machining of metallic and non-metallic components. The research outlines a step-by-step
algorithm for KPI integration, including process mapping, identification of process owners, data collection, and
performance evaluation. The study specifically focuses on the KPI "number of non-conformities" to assess production
stability over a 16-month period, using internal parts per million (ppm) metrics. The results demonstrate the role of KPIs
in improving transparency, enhancing decision-making quality, and supporting continuous improvement initiatives.
Furthermore, the paper discusses the importance of adapting to market trends, such as technological innovations and
legislative changes, to maintain a competitive advantage. The findings indicate that the strategic use of KPIs allows
companies not only to track operational performance but also to proactively respond to industry changes, thus fostering
sustainable growth.

1 Introduction competitiveness must also pay attention to other decisive
The current competitive market environment imposef@ctors for the sustained success of the enterprise. These
high demands on the maximum performance dhay include implementing sustainability practices, which
manufacturing enterprises. With increasing competitioRot only reduce costs but also improve the company’s
and a high level of competitiveness, the pressure on tfgputation. Assessing a wide range of relevant indicators
performance and efficiency of companies is growinghat express the overall performance of processes plays a
Enterprise management recognizes that achieving apignificant role in today's context. These indicators are
gaining a competitive advantage leads through efficienégferred to as key performance indicators.
and process performance. Therefore, it is important to

monitor individual activities within the company to operate  For a better understanding of the current market
efficiently and strengthen market position. situation, it is necessary to consider other aspects that

influence the performance and competitiveness of the

Current basic financial indicators, which mostly focugnterprise. These factors may include innovation,
on the past and inadequately reflect the need fétvestment in human resources, development of new
improvement in specific areas to achieve the companygoducts and services, as well as improvement of
priority goals, are no longer sufficient for performancénanagement processes and communication within the
evaluation. Companies aiming to enhance thefompany. The role of employee engagement has also

~ 223 ~
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emerged as a critical factor, directly affecting productivitgan state that all authors agree that the most significant
and process outcomes. Effectively utilizing these aspeasntribution of KPIs lies in increasing the efficiency of
can have a crucial impact on the long-term success dmgsiness processes and improving product quality by
sustainable growth of the enterprise. introducing measurable production indicators [8,9].

Additionally, it is important to pay attention to rapid  After reviewing numerous literary sources, it is evident
changes and trends in the industry that may affect thtieat the implementation of key performance indicators
company's competitive  position. This includesrings many advantages to businesses that decide to adopt
technological innovations, legislative changes, changestilem. The following benefits are prioritized: providing
consumer preferences, and other factors that can haveamsparent goals for employees, enhancing productivity,
significant impact on the company's performancemproving the quality of managerial decision-making
Companies that actively monitor these changes apdocesses, making performance evaluations more objective
incorporate predictive analytics into their strategy arend purposeful, strengthening organizational efficiency,
better equipped to stay ahead. Therefore, it is necessarydohancing the quality of services provided, and
enterprise management to be able to react flexibly to thesgtablishing clear safety metrics [10-13].
changes and adjust their strategy according to the current

market situation. In conclusion, it is crucial for companie8 M ethodology for implementing key
to maintain flexibility and adaptability in order to performanceindicatorsin

successfully compete in a dynamic and constantl .
y comp y Y amanufacturing company

changing market environment. . . .
ging The research was conducted in an engineering
company specializing in the machining of both metallic

2 Literature re‘"e"?’ and non-metallic components using cutting processes [14].
Key Performance Indicators (KPIs) are among the mos

he products of the analysed company (Figure 1) are
common indicators of process efficiency in today's context P y pany (Fig )

Thi ¢ ndi : ; ; jlized in window system mechanisms, the furniture
is term refers to indicators, i.e., performance metrics at I:Stry’ hydraulic units, and primarily in products

measures asm_gned to a process, service, organizaligiay ¢actured by renowned automobile producers, as well
unit, or the entire organization. KPIs express the desirgd |- 2 sturers of heavy-duty vehicles

performance by assessing the quality, efficiency, or
economy of the evaluated entity. They are used at all levels
of organizational management, primarily in strategiFna
management, goal-oriented management, and service
management [1].

The production involves a wide range of components
nufactured mainly through cutting processes, ranging
m simple turned parts to intricately machined pieces
finished through grinding, threading, rolling, or milling.
The primary manufacturing process is CNC machining of
%oth metallic and non-metallic parts. The essence of the
duction technology is represented by machining
ntres, CNC lathes predominantly working with bar
Qferial, and compact horizontal centres. The products
nsist of turned and milled components, which can

8.3.2, key performance indicators are defined as fact
that an organization controls and are critical to its sustain
success. These must undergo performance measure

and be identified as key performance indicators (STN E

ISO 9094:2010)' KPls are undoubtedly essentlall tQOIS f%bsequently undergo finishing processes such as grinding,
measuring and contrqlllng all processes W"Fh'n Hhread rolling, or drilling. The company primarily monitors
organization. These indicators allow for the identification, yar-pased financial indicators. but it considers it
of whether activities are being carried out effectively anﬁlnportant and necessary to begin' tracking indicators that
help optimize all involved resources. KPIs must reflect t press the overall performance of processes.
organization's corporate strategy and competitive factors
and should focus on how results are achieved [3,4]. KPIs

musg a(ljs_o dbef mez_nmgful, cohere_nt, goal-drlvezjnf,f a mpany was divided into steps, the fulfilment of which is
standardized for objective comparison across differept,,qis| for the success of the KPI implementation itself.

organiz_ations_ [5]' Many puplis_hed research papers hayge sequence of carrying out these steps is vital both in the
de_:alt_ with defm_mg and |Qent|fy|qg the benefits associate anning phase and during the actual implementation of
with implementing KPIs into business processes [6,7]. Is into the company's processes

The implementation process of KPIs in the analysed

~ 224 ~
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Figure 1 Example of manufactured components

For the planning of individual steps of KPlindicators characterizing product quality include: the
implementation into production processes, an algorithmumber of complaints, plan fulfilment, the number of non-
was developed. This algorithm defines the specific stepsadnformities, overall productivity, and production time per
introducing KPIs, as well as the assessment of procassit.
performance and subsequent actions in case of not

achieving the goals: 4 Resultsand discussion
) For the purposes of our research, we selected the KPI
Step 1. Creation of processes maps. "number of non-conformities" [14]. Specifically, the

- o performance of orders for part A was assessed based on the

Step 2. Identification and determination of processegimber of non-conforming pieces over the total duration
and process owners to be measured. of the orders during the 16 months of 2022 and 2023. The
result is an expression of internal ppm (parts per million)

Step 3. Definition of key performance indicators for théor part A for each individual order (Table 1). The
process. evaluation is always conducted for the production period
of a specific order after its completion. The inputs are the
Step 4. Data sources, input measurements for seleci@finber of produced products per order and the number of
KPls. non-conforming products generated during that specific
) ) order. The indicator INTppm (1) represents the overall

Step 5. Analysis and reporting of current procesgroduction stability for the duration of a particular order

performance. during the evaluated period:
Step 6. Evaluation of the achievement of process INT, . = %, 1000000 L
performance goals. Q
Where:
Step 7. Identification of actions for improving proces§N — quantity of non-conforming products in the order,
performance. Qt — total quantity of products manufactured in the given
order.
Step 8. Verification of action implementation, and )
ongoing data collection and subsequent data analysis. In the graph (Figure 2), the values from the table

(Table 1) are visually represented. The graph illustrates a

Based on Step 3, KPIs relevant to the evaluaté®@mparative analysis between the quantities of produced
production were subsequently designed. The identifigtieces per order and the internal ppm per order.

~ 225~
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Table 1 Evaluation of order performance for part a using INTppm for the evaluated period

Order Number | Order Completion Total Quantity of Quantity of Non- Internal ppm
Date Produced Part A in the Conforming Part A (INTppm)
Order (Qt) in the Order (Qn)
1 3.1.2022 1536 5 3255
2 27.1. 2022 1536 0 0
3 24.2. 2022 1536 1 651
4 9.3.2022 2304 2 868
5 21.4.2022 2304 29 12587
6 28.6.2022 2000 3 1500
7 21.7.2022 2304 22 9549
8 1.8. 2022 2022 14 6076
9 9.9. 2022 2152 12 5576
10 10.10. 2022 2304 5 2170
11 7.11. 2022 890 8 8989
12 19.12. 2022 1536 16 10417
13 13.1. 2023 1152 5 4340
14 15.2. 2023 1920 5 2604
15 22.3.2023 2304 0 0
16 15.4. 2023 2000 5 2500
14000 2500
12000
2000 @
10000 3
8
E  go00 1500 &
o B
c 6000 1000 £
g -
£ 4000 | 3
| soo &
2000
0 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Order number

mmmm Quantity of products —  Internal ppm

Figure 2 Graphical evaluation of order performance for part a using internal ppm INTppm

When evaluating the results displayed in the graph the specific part A orders. In the analysed company, each
Figure 2, it can be observed that the INTppm values exhilsibn-conforming part is recorded in the company-wide
a highly fluctuating tendency, reflecting the instability ofinformation system called Dialog. Besides the count of
the assessed process. The target value for the evaluated id#-conforming products, the system allows for entering a
is the value of the overall internal ppm, which was set agddascription of the non-conformity and its root cause.
quality target for the company in 2022 and 2023, with Bollowing an analysis of the records in collaboration with
maximum value of 2000 ppm. Therefore, the targeiroduction operators, production managers, technologists,
INTppm value is to achieve a maximum of 2000 ppm faand quality department personnel, the following
each evaluated order for part A. The achieved averadescriptions and causes of non-conforming products were
value for individual part A orders during the monitoreddentified:
period, encompassing 16 initiated and completed orders,
was 4443 ppm. This indicates that the company's goalslin Short piece after turning operation, with the cause
terms of quality and process performance were not met for stated as "clamping error" in the turning operation.
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2. Damaged piece, with the cause indicated as "wocapacity to analyze individual processes holistically,
cutting insert, need for replacement of the cuttingeyond mere financial metrics. Through the introduction of
insert." KPIs, companies acquire an analytical tool to quantify

process performance relative to predefined goals, thereby
To eliminate the occurrence of non-conforming piecegnhancing stability and reliability while meeting regulatory

it was necessary to address the identified causes of netandards [15].

conformities. Based on an analysis of the causes of non-

conformities in the analysed process and feedback from The research focused on evaluating the performance of

stakeholders regarding the issue, the following actioggoduction processes with regard to product quality. The

were agreed upon: target performance value for part A production processes,
based on non-conforming product counts, was defined as

1. Elimination of the cause of improper clamping duringhe INTppm value. The target INTppm value, aligned with
turning - The technologist will consider the possibilitythe company's quality objectives, aimed to achieve a
of modifying the clamping process, adjusting the stopnaximum value of 2000 ppm for each assessed part A
and re-turning the soft jaws of the chuck. The stoprder. However, the average value attained for individual
against which the part rests during clamping needs part A orders over the observed period, encompassing 16
be adjusted so that the part is supported at multipleitiated and completed orders, was 4443 ppm.
points, thereby eliminating the possibility of skewedConsequently, the company's quality and process
clamping of the part in the chuck. performance targets for specific part A orders were not

2. Removal of the cause of worn cutting inserts and timetyiet, indicating a highly unstable process. In response,
replacement of cutting inserts during the turningctions were proposed to address the identified quality
operation involves appropriate diagnosis of théssue by modifying the lathe chuck design and
problem and machine maintenance. Preventing thmplementing timely diagnosis and maintenance of
wear of cutting inserts and the resulting nonproblematic cutting inserts, with the goal of rectifying the
conforming parts involves specifying an appropriatguality concerns [16,17].
replacement interval for the cutting insert. The
frequency of cutting insert replacement can bécknowledgement
determined based on the guidelines provided by tfighis article was processed within the framework of the
cutting insert suppliers and verified during subsequegtrant project APVV-17-0258 Application of elements of
production orders. The process of changing the cuttirigital engineering in the innovation and optimization of
insert is also critical, and it can prevent the occurrengzoduction flows. APVV-19-0418 Intelligent solutions for
of the first non-conforming piece by focusing onincreasing the innovative capacity of enterprises in the
critical dimensions. In this case, the critical dimensioprocess of their transformation into intelligent enterprises.
is the overall length of the product, which can b&EGA 1/0508/22 Innovative and digital technologies in
adjusted with a suitable excess and subsequerbduction and logistics processes and systems. KEGA

correction. 020TUKE-4/2023 Systematic development of the
competence profile of industrial and digital engineering
5 Conclusion students in the process of higher education. VEGA

The integration of key performance indicators (KP|S§-/0243/23 Evaluation functions inducing graph COlOfiﬂgS.
within the manufacturing company setting is a compleKEGA 003TUKE-4/2024 Innovation of the profile of
and lengthy endeavor. To effectively manage this proce#ddustrial engineering graduates in the context of required
the support of upper management, supervisors, ak@owledge and specific skills for research and
employees in positions related to the implemented KPIsifgplementation of intelligent production systems of the
essential. By monitoring KPIs, organizations establish fiture.
systematic approach to identify and establish operational
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Abstract: The article deals with the design of a lifting mechanism for trailer trucks used in various logistics operations,
e.g. forestry, farms and other areas. The study also includes a demonstration of lifting mechanisms for various logistics
operations and their technical description. The lifting mechanisms are used to load loads onto a trolley or to unload loads
from a trolley. Lifting mechanisms are usually driven by a separate motor unit. The transmission of forces is provided by
hydraulic cylinders. The lifting arm and its parts are modelled in SolidWorks. Material characteristics are assigned to the
designed mechanism and the links between the individual structural elements are defined. By meshing the model and
modifying the mesh at certain critical points, the lifting mechanism is ready for stress analysis calculation. The results are
von Mises stresses, displacements at individual points of the system and total deformations. The critical stresses are
removed by optimization, which means designing the best possible dimensions or adjusting the geometry of the arm so
that the mechanism is functional and safe. The final section deals with the various accessories that can be easily mounted
on the lifting mechanism.

1 Introduction 11 Hydraulicarmsfor forestry

The subject of work is the design of lifting mechanism Hydraulic arms are used in forestry in the primary
for trailer trucks. The lifting mechanism is to be used fdimber processing cycle (Figure 1). They are most often
loading and unloading of loads from the aforementioned¢sed in the logging sector and also in the subsequent
trolleys. The advantage of the arm is its light weight angansport of timber. Currently, there are a variety of
general use, since different types of accessories canhygraulic arms ranging from small to gigantic [1-6].
installed on the end part of the arm for different logisti€orestry is a global industry where high productivity is
operations. Different types of lifting mechanisms can beequired every day. Forestry machinery operators need
found on the market. However, the advantage of ttwgrsatile equipment to ensure smooth logging and logistics
proposed mechanism is its simple construction, whighf timber transportation. Forestry cranes are used right at
represents a low cost of its production. The practical pdfe start of the tree felling and transport process.
enumerates the products found on the market with their The weight and reliability of trailers with hydraulic
descriptions and their technical parameters are algdms are very important factors. Due to their low weight,
tabulated. The design of the arm itself, its stress analysidall trailers can move faster and do not leave such a
and optimization is solved using SolidWorks softwargloticeable trace in the countryside as large machines.
Voltage concentrators in critical sections are removed. TAgailers can be pulled by ATVs, UTVs, small tractors and
result of the work is the dependence of the load capacity the like. Thanks to their versatility, trailers together with
the load. It indicates the weight that can be loaded on thgdraulic arms can be used for various purposes not only
lifting mechanism in a given position. in forestry, but also in agriculture, construction, road

maintenance and so on.
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Avesta 4.2

The trolley is equipped with its own petrol unit
providing movement of the hydraulic arm, hydraulic winch
and wheel drive. When attached behind an ATV, UTV or
small tractor, you get an 8x8 powered balancing rig. Up to
2m? of timber with a length of 5.5m can be loaded on this
Swedish balancer behind an ATV (Table 2, Figure 3). The
construction of the balancer is galvanised and it has a
practical, swivelling hitch. It includes swing axles and low-
pressure, high-load tyres [8]. Various accessories can be
purchased for the balancer.

Figure 1 Trailer with forestry crane behind the ATV Table 2 Technical parameters AVESTA 4.2

Weight 400 kg

1.2 Thecurrent range of products on the market Carrying capacit 1800 kg

VahvaJussi 2000+ Low pressure off-road 22x11x8

It is the latest type in the range of professional small tyres
balancers (Table 1, Figure 2), which in combination with _Hydraulic arm reac 4,2m
an ATV, UTV or small tractor makes a very manoeuvrable  Lifting force of the 340 kg/1,7 m; 170 kg/3
balancing rig. A new feature is the Knott ramp brake. Also hydraulic arn m
improved and more protected is the all-wheel drive of the Hydraulic system driv Honda 6,5 hg
balancer, which is additionally available in two variants Dimensions 3200 (4100% 1350 mm

(200 or 400 cc). Of course, there are swivel tandem axles,
heavy-duty 8-ply tyres and a swivel hitch. A wide range of }
accessories can be purchased for the balancer to make thi
machine more useful, e.g. hydraulically folding bucket,

remote-controlled hydraulic winch, swivel hook, hay bale

loader, telescopic hydraulic arm extension, bulk loader, |
soil drills, splitter head, etc. [7].

Table 1 Technical parameters VAHVA JUSSI 2000+

Weight 440 kg
Carrying capaci 2000 kg
Low pressure off-road tyres STARCOSG .
300/65-12-8 o e
Hydraulic arm reac 3,2m Figure 3 Avesta 4.2
Lifting force of the hydraulic| 410 kg/2 m; 260
arm kg/3,2m 2 Handling equipment model design
Hydraulic system driv Honda GX 200 The handling equipment designed for the outboard
Maximum lifting force of the 530 kg trucks (Figur_e 4), or timber trucks,. is to be used for loading,
hydraulic arn unloading timber, bulk materials and other loads

depending on the situation where the lifting mechanism is
to be used.

X
.,

] igure VahvaJussi 2000+

Figure 4 Proposed hydraulic arm
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(A

(Figure 5a) marked STN 426937 [9]. The theoretical
2.1 Design of handling equipment weight of the profile is 11.3 kg per metre of length.
The lifting arm is attached to the trailer with bolts andepending on the location of the hydraulic hoses, oval
nuts. At the bottom of the arm there is a swivel devicholes are designed in the profiles to hide the hoses and also
which is driven by a motor. The basic parts aréo protect them against external damage and wear. There is
standardised profiles 80x80x5 mm. They are closedpin fit between the profiles (Figure 5b).
profiles with a square cross-section of grade 11, hot rolled

- b,,
7 —
R
o
S -
% ).;/ 1
a b

Figure 5 a,b Closed profile with square cross-section and fit detail

The diameter of the pin is 30 mm. A 25 mm diametdse mounted. The rotator in question has unlimited rotation
pin is designed at the end link where the last part of tfier both directions. The maximum static axial load is
proposed lifting mechanism connects to the rotator. This1900kg, with dynamic load (rotation), it is possible to
due to the assumption that a BALTROTORS GR10 rotatonove a load of 500kg. The transition parts between the
will be used for the arm in question, where the entry holaofiles as well as the attachment of the hydrovalves is
for the pin is just 25 mm, on which various accessories canlved by welding of 5 mm thick bent plates (Figure 6).

Figure 6 Transition between profiles

Straight-acting double-acting hydraulic cylinders ar@0 MPa. The piston speed is 0.5 m/s (Table 3). Two
used to transfer the forces, converting the pressure eneiggntical hydraulic motors are used for the proposed arm.
into mechanical energy. Hydraulics are basically divideflhe advantages of hydraulics are the possibility of
into stationary (presses, lifts ...) and mobile (agriculturalransferring large forces using relatively small
construction machinery, lifting arms). Mobile hydraulicsccomponents, starting from rest can occur even at maximum
move mostly on wheels, where control elements such l&d, self-lubrication, adjustability, controllability, easy
valves and distributors are operated directly by hand. @werload protection. Disadvantages are the threat of
the other hand, in stationary hydraulic mechanisms, thegpntamination by the flowing fluid, sensitivity to
are mostly operated electromagnetically. Hydraulic-baseéemperature changes of the fluid under pressure. Hydraulic
mechanisms use fluid to transfer energy. The energy sgstems are sensitive to contaminants [10].
manifested in the resulting axial force acting on the piston
rod. For the lifting arm, the PH-1 63x32/500 111 111
straight-acting double-acting hydraulic cylinders are th =
most suitable choice (Figure 7). The cylinder pressur
rating is 16 MPa and with a maximum working pressure of Figure 7 Hydraulic cylinder PH-1
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Table 3 Technical parameters of double-acting hydraulic Table 4 Honda GX 200 engine specifications
cylinder Engine categol GX
Rated pressu 16 MPa Engine typ 4-stroke single cylinder OHV
Maximum working pressu 20 MPa Stroke volum 196 cn®
Static test presst 24 MPa Maximum 4.1 kw at 3600 rpn
Working speed of pistc 0.5 m/s performanc
Working fluid temperatul -20 to +80 °C Coolinc by air
Working environment temperatt | -20 to + 55 °C Ignition transistor
Weight 16 kg
The hydraulic system is driven by a 4-stroke single-  Shaft typi horizontal

cylinder HONDA GX 200 (Figure 8, Table 4) with an

output of 4.1 kW at 3,600 rpm, which has an efficient The arm of model is a simple welded construction. In
combustion, high power to displacement ratio. The engifige open position, when both hydraulic cylinders are
is easy to start, consumes little fuel and engine oil. TR&tended to their maximum (Figure 9 a), it is possible to
engine is relatively quiet [10]. lift the load to a height of 3400 mm from the trailer floor.
The handling device can move about its axis and within
280°, but this is dependent on the type of trailer where the
arm will be positioned. If both hydraulic cylinders are at
minimum (Figure 9 b), the height of the arm is 1255 mm.
The advantage of using a hydraulic motor is that even at
maximum load the motors can operate reliably. The
designed arm is analyzed in SolidWorks in all critical
positions in the next part of the work.

Figure 8 Honda GX 200 engine

a b
Figure 9 Maximum (a) and minimum (b) arm range

2.2  Kinematic analysis hydraulic cylinder extended, this value is equal to 145°

A simplified model of the arm is created in the AdaméFigure 10 a). The third beam, 1500 mm long, makes an
computer program and subjected to kinematic analys@ngle of 60° with beam number two when the hydraulic
The length of the first vertical beam is equal to 1200 mngylinder is retracted. When the piston rod is maximally
Together with a second beam of length 2000 mm, th&xtended from the cylinder, the angle is equal to 160°
form an angle of 60° at the lowest position. With th¢Figure 10 b).
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145.01- . ; 160.0 7
102s{ / \ 110.0
5090 10.0 200 6085 100 200

a) b)
Figure 10a,b Angles between beams versus time t

The simulation is run when both piston rods are insideitial conditions defined before the actual stress analysis
the hydrovalves. Within a time period of five seconds, thean be run. The analysis is also performed in SolidWorks.
first of the hydromotors is extended to the maximurising the stress analysis, the total stresses and strains at
position. The second hydraulic motor then starts idifferent points of the structural system can be calculated
operation until it reaches the peak position. The next stapthe program [11-15]. The assembly deforms under load
is to lower the first thruster to the zero position within avith small rotations and also displacements. In the
time period of 5 seconds. The last part is the pulling in @halysis, the effects always remain static, neglecting or
the second hydrovalve. The whole cycle takes 20 secorigaoring any inertia. The effects remain constant over time
(Figure 11) The result is the workspace of the proposed aft6,17].

(Figure 12). The analysis does not consider the rotation The SolidWorks simulation uses the finite element

about the proper axis of the arm. analysis method. The goal of the method is to decode
structural elements into solid components or beams using
X 00 linear stress analysis when the elements or assemblies are
= A subjected to the effects of: force, pressure, acceleration,
\ J temperature, and contacts between components. Forces can
-1750.0 ¥ be imported from a variety of studies including thermal,
o T flow and motion. This is in order to be able to perform
L T, multiphase analysis. When defining the conditions, one of
-3500.9'5 10.0 s 20.0 the most importa_nt parts i; the input of material properties,
e.g. from the SolidWorks library [18].

1500.0 — For the proposed mechanism, the material from the
SolidWorks library was used, namely AISI 1020 steel

i 3 (Figure 13), which represents the material according to the
-1250.0 — Slovak technical standard - STN426937 [9]. The ultimate

strength of the material is 351.57 MPa, which means that

the maximum value of the conventional stress under

40045 10.0 20.0 maximum load must not exceed the given value.
Figure 11 Extension of the arm in the x and y axis direction as a
function of time t Property value Units
Elastic Modulus 2e+011 Mfm*2
Poisson’s Ratio 0.29 M/A
Shear Modulus T.7e+010 |N/mh2
hass Density T900 kg/m*3
work Tensile Strength 420507000 | N/m"2
space Compressive Strength Mim#2
Yield 5trength 351571000 | M/m*2
Thermal Expansion Coefficient [1.5e-005 |/K
Thermal Conductivity 47 W/ m-K)
Figure 12 Working space of the proposed mechanism inthe  Figure 13 Material characteristic of AISI 1020 stéeim
plane SolidWorks software
2.3 Stressanalysis The connection between the components of the system

Stress analysis allows to verify the quality and safety ® a "bonded" bond, which interprets a welded joint. In
the product during the design process. The proposed mogkices where square section profiles are connected by
of the lifting arm for the outboard trucks needs to hav@eans of pins together with the connecting parts, a so-

~ 233 ~

Copyright © Acta Logistica, www.actalogistica.eu



bc’ Acta logistica - International Scientific Journal about Logistics
g Volume: 12 2025 Issue: 2 Pages: 229-238 ISSN 1339-5629
3 / Design of handling equipment for logistics operations

?}o Jan Kostka, Peter Frankovsky, Ingrid Delyova, Peter Sivak, Jozef Kostka

(A

called "no penetration" bond is used. Since hydraulidepending on the distance of the end part relative to the
cylinders are not included in the stress analysis, the "rigifase beam, the loads are applied progressively [19,20].
bond has been used as a substitute. The lowermost par©ofe all the conditions are satisfied, the designed model
the assembly, where the lifting mechanism is fixed usingan be meshed. The elements that do not satisfy the first
bolts and nuts against the trailer trolley, is the fixed panmneshing stage are meshed separately (Figure 14).

The load is applied to the end pin in the assembly.

Figure 14 Solidworks mesh modeling of lifting mechanism

The simulation is then run. In the most ideal casdhe stress according to von Mises will be equal to
which represents the smallest distance between the expproximately 340 MPa at the critical point, which is still
point of the arm and the axis of the base beam, the assemblyer than the specified ultimate strength (Figure 15) [16].
can be loaded with 5500 N, which is approximately 550 kg.

wan kises [M/mm™2 (MPa))
339,983
l 311.651
L 283319
_ 254557
- 226,855
_ 155,323
L 165,951
_ 141660
_ 113328

- 54995

56,654
28,332
Qu000

— Yield strength: 351.571

Figure 15 The von-Mises field of principal stresses

When the arm is at the position of greatest reagiroposed assembly isloaded with a force of 2500 Newtons,
(Figure 16), i.e. the 3370 mm value of the end of the liftingrhich is approximately 250 kg. The maximum stress in this
mechanism from the axis of the base vertical beam, thase is 305 MPa.
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won Mises (N/mm*2 [MPa)]
305,700
l 280225
- 254750
o 229.275
_ 203800
- 178325
. 152850
L 127375
- 101,500

. Tad5

50.950
I 25.475
Q.00

— = Yield strength: 351.571

Figure 16 Main stress field at maximum arm reach

By successively loading the proposed model aequirements, so that the production costs are as low as
minimum and maximum range, | have arrived at the resulp®ssible, so that the product meets the safety regulations
as shown below (Table 5, Table 6). and many others. There are several ways to achieve

improved values. It is possible to change the part design,
Table 5 Stresses according to von Mises at minimum arm reagihape or dimensions. Design changes are represented by

Load | Stress according to von Mises parameters that change during optimization - topological
5500 M 340 MPx optimization - represented by material density in the design
4500 N 278 MPx: domain. Element removal is represented by assigning a
3500 N 216 MP« weight and stiffness small enough to not contribute to the
2500 N 154 MP: response. Shape optimization is represented by
1500 N 92 MP: displacements of nodes on the surface of the component.

Optimal design is achieved by shifting the nodes on the
Table 6 Stresses according to von Mises at maximum arm reagHrface of the component to local concentrators. In
Load Stress according to von Mises dimensional optimization, the dimensions of the
2500 N 305 MPa component are changed to increase the stiffness of the
1500 N 183 MPa whole system. It is possible to vary sheet thickness, Iength,
cross section, etc. In the case of the proposed mechanism,
S00 N 61 MPa these are mostly subtle adjustments, namely rounding at
critical locations where stress concentrators occur (if
The weight of the system is approximately 82 kgpossible), or minor adjustments to the geometry of the
However, this weight does not include the weights of th&iodel to avoid high stresses. After running the first
accessories and the fluid medium in the hydraulisimulation, the maximum stress was at 704 MPa, which is

cylinders. almost twice the allowable limit. The stress concentrator
was created at the edge of the bracket, where the first of the
2.4 Optimisation of the arm model two hydraulic cylinders is located (Figure 18).

Optimization in short means that we are looking for the
optmal solution so that the product meets the initial
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Figure 17 Critical point of the model assembly
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After optimizing the bracket, the voltages have dropped Table 8 Technical parameters of the Baltrons GR 10 rotator

significantly and no longer represent a critical point in the Rotations Unlimited for both
assembly. On the contrary, there were other places where direction:

the component shapes needed to be adjusted. Mostly, Maximum axial loac- static 10 kN (1000 kg
however, these were curvatures. After the optimization pfMaximum axial loac- dynamic 5 kN (500 kg
the liting mechanism was carried out, there were rjo Torque at 25 MF 350 Nnr
critical places with high stresses on the model. These are  Recommended oil flo 10 I/min
evenly distributed over the entire arm, so further Weight 10 kc

optimization would be in changing the smaller cross-

section profiles to larger ones, as well as the other pariso Grapple pliersfor wood VahvaJuss

HOV\(/jgt\_/er, this is ?_ofc_ngcissbz?ry;or our model as the initial Wood tongs (Figure 20, Table 9) are characterized by
conditions are satisfied (Table 7). their minimal size and minimal weight. Their maximum
S%[i)read is 75 cm. The tongs will be an accessory mainly for

Table 7 Technical parameters of the proposed lifting mechani finber extractors [21].

Maximum range (lengtl 3.3n
Maximum range (heigtk 34n
Maximum lifting force to 3.3 1| 180 k¢
Maximum lifting force to 2r | 350 k¢
Maximum lifting force 5500 N

3 Accessories for various logistics

operations
The model of the lifting mechanism is designed so that
a range of different accessories from catalogues can be
applied to it for different logistics operations. For the
proposed lifting mechanism model, it is necessary to mount
a rotator, which is an essential part of almost all lifting
mechanisms due to its features and capabilities.

3.1 Rotators o . . . Table 9 Technical parameters of pliers VahvaJussi
They are used in industrial machines that require Maximum openin | 750 mn

unrestricted rotation of working mechanical cranes Weighi 22 ke
(hydraulic arms). Thanks to their design, rotators allow a
continuous supply of hydraulic oil to the necessary
components without restricting rotation. They allow 360
degree rotation around their axis. They make the work
easier and faster and thus reduce costs [21].

For the proposed lifting arm, the Baltrotors GR10

hydraulic rotator (Figure 19, Table 8) is the most suitab@3  Loader for bulk materials FARMA 0,12 _
choice. The Loader for bulk materials (Figure 21, Table 10) is

a suitable complement for lifting equipment with already
installed grapple tongs due to its quick installation and low
weight. They can be mounted on the Baltrotors GR10
rotator [21].

Carrying capacit | 1000 k¢
Pressure fort 8 kN
Hole for rotato | 39,5 mn
Working pressul | 175 ba

Figure 18 Rotator Baltrotors GR10 Figure 20 Loader for bulk materials FARMA 0,12
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Table 10 Technical parameters of loader for bulk materials of the simplest possible design with the possibility of quick

FARMA 0,12 disassembly. The nominal load capacity should be 400 kg.
Spoon volum 581 The total weight of the proposed part is 83 kg.
Weight 36 k¢ In the introductory part of the thesis there is a
Pressure forc 6.3 kN description of similar mechanisms already offered on the
Carrying capacit | 500 k¢ market. It describes their mechanical properties and their
Working pressur | 17.5 MPx advantages. The practical part is the actual design of the
lifting mechanism. In the design, closed profiles with a
3.4 Swive hook VahvaJuss square cross-section are used as the main parts. The other

The hanging swivel hook (Figure 22) is the ideafléments are the connecting parts, which are bent.
complement to the hydraulic arms. The hook can easily ydraulic cylinders, pins and various other parts are

mounted directly on the hydraulic rotator instead of plief§corporated into the assembly as required. The arm is
or a grab. designed in SolidWorks environment where stress analysis

has been carried out. As a result of the work, a lifting arm
with a nominal lifting capacity of 400 kg has been
designed. The maximum reach of the mechanism is 3370
mm. The lifting capacity depends on the extension of the
arm. At the largest extension, the aforementioned 3370
mm, loads weighing 200 kg can be lifted.

The lifting mechanism designed in this way is suitable
due to the wide use of various accessories for different
logistic flows used in cargo handling.
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Figure 21 Swivel hook
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Abstract: The main goal of the study is to substantiate the conceptual aspects of the implementation of blockchain
technologies in logistics with argumentation of the main problems and development prospects. A critical and scientific-
methodological analysis of existing learning in the field of introduction of blockchain technologies allowed us to argue
the relevance and relevance of this learning. A critical and scientific-methodological analysis of existing learning in the
field of evolution of blockchain technologies allowed us to argue the relevance and relevance of this research. Current
trends in the introduction of blockchain technologies and their application in all areas and types of activities of modern
companies at the global level are stated. The key advantages and disadvantages of blockchain technologies are structured
The main directions and types of blockchain technologies with their subsequent introduction in the logistics activities of
companies are argued. To argue the specifics of implementing blockchain technologies in logistics and identifying the
main problems and evolution prospects, multidimensional cluster analysis tools were used. The trends in the evolution of
logistics activities in countries around the world based on blockchain technologies are assessed. Formalized main
prospects for the development of blockchain technologies in the logistics activities of companies. The main business cases
for the use and integration of blockchain technologies in logistics by world-class companies are classified. The obtained
learning results have their practical value and recommendations for company managers regarding the effective assessment
and organization of processes for the application of blockchain technologies in the logistics activities of current
companies.

1 Introduction acceleration, and optimization of complex business

The digital transformation of modern business and ifocesses in supply chain management, ensuring the
transition to online formats of interaction with clients andeliability and openness of information for making
counterparties leads to a rethinking of the essence gnagement decisions. Blockchain technologies, in
logistics as a basic tool for managing supply chains adddition to optimizing business processes reduce costs by

creating value and justifying the directions of changes thétitigating potential risks and eliminating unprofitable
must certainly be carried out in logistics under th&ansactions for clients. Based on what has been presented,

influence of technology. The intensive evolution oft shoulld_be noted thfat technologyinthe_current world_ acts
technologies, their scaling into all directions and busined$ a driving mechanism for the introduction of the business
segments, leads to their detailed study, determining tB8vironment of any company, which confirms the
main features, advantages and disadvantages fgfevance and relevance of this study. Current trends in the
Companies_ Blockchain techno|ogies are re|evant, m/0|uti0n of teChnOlOgieS and their key tools confirm the
demand in modern realities, which provide maximurfect that the application of blockchain technologies in the
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logistics activities and supply chains of companies ishain of blocks, which were needed to store documents
relevant and in demand. with a time and date stamp. Subsequently, this
The logistics industry is constantly looking for newdevelopment was expanded to include Merkle trees, which
ways to optimize work, and one of the innovative solutionisnproved its efficiency, which was ensured by collecting
is blockchain technology. It allows you to effectively solveseveral documents into one block [1]. However, the
problems with documentation, which complicates angdroposed technology was not used in practice and the
slows down processes and leads to costs. Mapgtent was lost in 2004, which was due to the emergence
international companies successfully use blockchaof Reusable Proof of Work. Scientist Harold Thomas
technologies in logistics and the establishment dfinney Il in 2004 introduced a system called RPoW,
commodity flows and supply chains, optimizing budgetsfReusable Proof of Work, which operated by obtaining a
Ensuring the efficiency of logistics with the help ofnon-fungible or non-fungible Hash cash token based on
blockchain technologies is ensured by the use of moof of work and signed in RSA, which could then be
distributed registry, which provides visibility andtransferred from person to person. person. Itis important to
information security, automation of processes. It should Istate that RPoW solved the problem of double spending by
noted that there is a need to consider the features of the o&@ntaining ownership of tokens registered on a trusted
of blockchain technologies in the logistics activities oferver that was designed to allow users around the world to
companies, which in turn will help to identify the main pairverify its correctness and integrity in real time. The RPoW
points, problems and development prospects. system was the very first and earliest incarnation in the
Global trends towards fundamental changes ardstory of crypto currency development [2].
transformations lead to a flexible management system and The next step in the evolution of the blockchain was the
adaptation to new challenges and application afitiation of a white paper in late 2008 that introduced a
technologies that are directly related to current processedecentralized peer-to-peer (P2P) electronic cash system -
Along with this, the application of blockchain technologieBitcoin, in which cryptography was sent by mail using the
in the activities of modern companies, which have pseudonym Satoshi Nakamoto. Based on the Hash Cash
number of advantages for strategical management amebof-of-work algorithm, but instead of using a hardware
evolution, is quite relevant and in demand in the currettusted computing function like RPoW, Bitcoin's double-
world. Taking into account what has been provided, it igpend protection was provided by a decentralized peer-to-
important to state that logistics activities in modern timgseer (P2P) protocol for tracking and verifying
are a key link in the mechanism of the global economy, theansactions [3].
efficiency and optimality of business processes of which The next stage in development was the emergence of
directly affect the results and stability of the globaBitcoin in 2009, the first Bitcoin block was created by
economy as a whole. Technological aspects in optimizir®atoshi Nakamoto. The first recipient of Bitcoin was Hal
logistics business processes based on the implementafionney, who received 10 Bitcoin’'s from Satoshi
of blockchain technology are relevant in the modern worldakamoto, in the world's first Bitcoin transaction. In 2013,
and require the development of conceptual approachesuvitalik Buterin, a programmer and one of the founders of
assessing the impact of these technologies on logisti@stcoin magazine, stated that Bitcoin needed a scripting
determining their key advantages, disadvantages, alahguage to create decentralized applications. So, without
development trends. It is also important to study existingceiving consent from the community, he began
scientific approaches to the implementation of blockchaiteveloping a new, distributed, blockchain-based
in the logistics activities of companies to argue for a unifiecomputing platform, Ethereum, which featured scripted
view and methodology for determining basic aspects afanctionality called smart contracts. Smart contracts are
recommendations. Increasing attention and demand for {m®grams or scripts that are applied and executed on the
implementation of blockchain technologies in the field oEthereum blockchain and can be used, for example, to
logistics activities determines the need and relevance admplete a transaction if certain conditions are met. Smart

this study. contracts are written in specific programming languages,

compiled into a byte code, which can then be read and

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

Constant modernization and optimization based dAtensity of technology implementation and innovation
technology and its implementation with innovation hav@ave rise to the massive emergence of DeFi (financial
led to the emergence of a new era of technologyServices and instruments that are based on blockchain
blockchain technology. The first fundamental descriptiokechnologies) and after that blockchain became a
and implementation of blockchain technology wa§ompetitor to the traditional financial system around the
prepared in 1991 by researchers Stuart Haber and W. S&g#ld. It is important to note that in modern conditions, the
Stornetta, who implemented a computationally practicgise of blockchain technologies is not limited to crypto
solution for time-stamped digital documents to ensure th@igrrencies; with the help of many advantages, they find
date and time cannot be tampered with. The propostigir application in all areas of the global economy [5].
system was based on the use of a Cryptographic Secu‘,l'é@refore, it should be noted that the use of blockchain is
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not limited to the sphere of administrative and financidbr making management decisions using a quantitative
management. The use of blockchain is most effective in alpproach. This approach allowed us to determine that the
areas where the reliability and immutability of alreadynost important criteria in logistics are security, openness
recorded information is required, for example: medicingnd audit, the most feasible logistics operations were
education, real estate, legal system, property righttansportation, loading and unloading, warehousing, order
management, data management, trade, logistics and mpecbcessing and fleet management in a possible blockchain
more. Based on this, it should be noted that blockchain @pplication. The developed methodology allows us to
today's business is a technology that facilitates ardsess the feasibility of blockchain in logistics operations
increases the efficiency of company resources. Thekat does not reveal the essence of their application with the
issues require more detailed definitions and determinatiangumentation of the main trends in their evolution,
of the role, influence and prospects for application in thedvantages and disadvantages, which requires
logistics activities of companies. improvement of this approach and further research.
[7] The features of the dependence of the financial
1.2 Theory of development and implementation results of Islamic banks on the application of financial
of blockchain technologies in logistics technologies are revealed. The role of FINTECH tools in

The demand for improvements and the search for ndgnerating income for the financial system is revealed, and
approaches to effectively manage the logistics of modefhseparate block of blockchain technology is highlighted,
companies is inextricably linked with the application ofvhich simplifies business processes and improves the
new technologies and tools such as blockchain. Todajiality and security of transactions. This approach is
blockchain is a complex mathematical algorithm thd€levant and fundamental in terms of organizing the
ensures security and confidentiality in data exchand@ancial activites of companies based on new
through peer-to-peer networks. The main idea dgchnologies - blockchain technologies but does not reveal
introduction blockchain technologies is a chain of blockie main aspects of logistics activities and features of
with information about each transaction, which is stored #lockchain application, which requires detailed study and
each unit of the computer network. The demand fé¥xpansion of the research area. _
improvements and the search for new approaches to [8] Is based on identifying key aspects of the impact of
effectively manage the logistics of current companies f§gitalization and innovation on marketing and logistics of
inextricably linked with the introduction of new companies. This approach is unique in that it structures
technologies and tools such as blockchain. Todafgchnologies depending on their impact on aspects of
blockchain is a complex mathematical algorithm thgt0mpanies’ activities, combining them into a single
ensures security and confidentiality in data exchanggarketing and logistics system. The features of innovation
through peer-to-peer networks. The main idea @nd digital technologies in the marketing and logistics
application blockchain technologies is a chain of blockgfrategies of current companies are revealed, but the
with information about each transaction, which is stored #Pecifics of the implementation of blockchain technologies
each unit of the computer network. Blockchain as @re not highlighted, which requires further improvement
technology provides effective and reliable data protectigid research in this area. 3
from hacking and third-party interference in the [9]Based on determining the specifics of the
information exchange process. Blockchain is the mofi{nctioning of marketing and logistics in the world during
important and effective method for the exchange o Pandemic. This approach is unique in that it analyzes
information between several parties. Taking into accoutends in the evolution of marketing and logistics under
what has been presented, it is necessary to conducgoaditions of restrictions and substantiates that these
thorough analysis and learn of existing scientifi¢estrictions have led to the intensive growth of the
approaches to the study and formalization of the featur@hnology market, including blockchain. The operational
of the application of blockchain technologies in théeed to optimize and increase the efficiency of processes
logistics activities of companies. It is important to note th&tas led to the rapid introduction of blockchain in all areas
in scientific literature there are many approaches a activity. It is important to note that this approach is
scientific views regarding the study of the evolution n ogeneral and determines only development trends but does
blockchain technologies, their introduction and the maiRot reveal the specifics of using blockchain in logistics,
aspects in a particular environment. The study took inthich requires a more detailed study. _
account only those that relate to the general principles of [10-11] The study is aimed at identifying trends in the
the evolution and formation of blockchain technologie§volution of logistics, its transformation and adaptation to
and the features of their application in logistics. Téhe changes that are taking place in the global economy.
substantiate scientific and practical recommendations ahf€ integration of logistics systems of developing
formalize the basic approach to implementing blockchafPuntries into international logistics channels based on
in logistics, attention should be given to the followingnnovative technologies, including blockchain, is justified.
studies: This approach defines the basic aspects of scaling logistics

[6] Reveals the possibility of using and implementingctivities based on the technological aspects of the
blockchain technologies in logistics companies as a bagiroduction of innovative technologies. However, the
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features of blockchain technologies in logistics are nditerature. There is no single approach and methodology for
fully disclosed, the specifics and main problems andetermining the role, specifics and features of the
advantages of their application are not determined, whigtmplementation of blockchain technologies in the logistics
requires further research. activities of modern companies, which requires detailed
[12] The focus is on blockchain technologies as a kagsearch and elaboration of this area.
catalyst for reverse logistics in the automotive industry.
The need to reduce disruptions and improve operatioral M ethodology
efficiency in the automotive industry has been identified, peer review process
which requires the application of innovative technologies The modern stage of functioning of companies'
to improve the flow of information and safety. Thisy,gness strategies leads to the mandatory application of
approach substantiates the role of blockchain teCh”("Ogl‘é%hnological innovations, which are caused by new
and their impact on the main processes of companies, Bhnologies and their tools. Technological innovations
does_ not reveal their impact on logistics activities, Wh'CBIay an important role in the global economy, and logistics
requires further research. _and supply chain management cannot remain aloof from
[13] Research focused on the Block Supply projecthis process. To argue the conceptual aspects of the
which is a groundbreaking initiative that aims to reimagingy,jjication of blockchain technologies in logistics with the
supply chain management by using blockchain technologyhstantiation of the basic problems and prospects for
to provide real-time monitoring of product movements ango|ution, a number of tools were used in the study:
improve transparency, security and traceability. This _ i, argue the relevance and necessity of the study, a
approach is relevant in modern conditions and can be usgentific and methodological analysis of scientific
as a basis for the application of blockchain in logisticgpnroaches and views in the field of research into the
However, the features of logistics activities based on thgeory of blockchain development and its implementation
application of blockchain technologies and the maip, |ogistics was carried out. The main most important and
problematic and promising points in evolution have nqQkaging studies that served as the theoretical basis for this

been disclosed, which requires improvement and furthgfudy are highlighted. The lack of a methodology for

research. _ determining the humidity of blockchain technologies in
[14] Focuses on the features of using smart Contra%@istics was noted.

based on blockchain in logistics and supply chains.”_ girycturing modern trends in the development of
Features of application, deployment, audit and operationghckchain technologies and their implementation in all
aspects of smart contracts on the blockchain applied 4geas and types of activities of current companies at the
land, sea and air logistics networks. This approag}lohal layer. For the first time, focus groups have been

conceptualizes aspects of blockchain application in sUPEYymed on the areas of development of blockchain
chains, while improving interactions and transactions Wi%chnologies and their application.

counterparties, which is relevant and valuable in modern _  ggjentific generalizations and analysis made it

conditions. It is important to note that the proposefyssible to identify and formulate the key advantages and
approach can be applied in practice as recommendationgjiBagvantages of blockchain technologies in current
organizing a flexible supply chain based on blockchaigyngitions.

technologies but does not reveal the specifics of their _ citical analysis and argumentation of the features of
application, taking into account all the problemsy|qcychain technologies provided justification for the main

advantages and disadvantages in their development, whighes of plockchain technologies with their subsequent
requires improvement and in-depth research. _evolution in the logistics activities of companies.

[15] This research aims to use blockchain technologies _ \yitidimensional cluster analysis made it possible to
to expand the supply chain capabilities of modergpstantiate the features of the application of blockchain
companies. Importantly, from a practical and theoreticgchnologies in logistics and identify the main problems
perspective, this study shows the development gfq development prospects.
blockchain technologies to shed light on challenges, pyitidimensional cluster analysis tools are a
opportunities, and prospects, contributing to the evolutiql,iigimensional statistical procedure that collects data
of new interdisciplinary supply chain research an@yniaining information about a sample of objects
practice. However, this approach does not reveal the mhygistics Performance Index (LPI) for countries of the
trends in the development of blockchain and itord), and then organizes objects into relatively
implementation in the logistics of companies, whicthomogeneous groups (structuring countries of the world
requires a more detailed and in-depth study. ~jnto homogeneous clusters according to the layer of

Conceptualizing the presented results of scientific angdgistics efficiency. Cluster analysis is not a single
methodological analysis of research in the field of thggqrithm, but a general problem for the solution of which
theory of b_Iockcham eVO|Ut.IC.Jn in qulstlcs, it should b‘%/arious approaches are used. In particular, clustering
noted that in modern conditions this area is relevant, Hlgorithms can differ significantly in terms of
demand, which does the number of scientific approach@ggerstanding what to include in one cluster and how to
and views confirm. However, despite this in Sc'e”t'f"éffectively search for them. Among the popular concepts
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of clusters are groups with elements that are developedtban 2/3 of the runs) are retained, then the cluster decides
the basis of measuring the distance and the payment ar@aaccept what remains.

between them, taking into account the periodicity and

statistical distributions. Therefore, clustering can b8 Resultsand discussion

formulated as a multi-criteria optimization problem. et The modern global logistics industry is a key link in
be the set of objects (Countries classified according to tbmanizing the mechanism for moving goods and services
global logistics efficiency index; be the set of numbers around the world. Traditional supply chain management
(the name of the structural indicators of logisticssystems often face challenges related to transportation,
infrastructure, customs, international deliveries, logisticsfficiency, and business process tracking. All of these
competence, tracking and tracing and timelinessghallenges will fundamentally change the logistics process
Additionally, the evolution trend of blockchain and lead to increased operating costs, delays, and a lack of
technologies and their introduction is considered anglist between various stakeholders involved in the supply
affects logistics systems in the world. The function is set #hain. The emergence of blockchain technologies has

interpose between objects (1): opened up many opportunities to solve these problems and
. open up new possibilities for managing logistics in an

p (x,x) (1) integrated and efficient manner. Blockchain technologies

act as a decentralized accounting system, ensuring

end selection of objects (2): transparency, security and stability of processes and
transactions between parties without the need for

Xm = {xq, 0,2y} ©€X (2) intermediaries. The relevance and demand for blockchain

technologies is confirmed by the constant growth of
Taking into account what has been presented, imterest in the world as an innovative technology that is
selection was then carried out on non-intersecting subsetsed for storing and transmitting digital data. Considering
which are called clusters (countries according to the laytre above, it should be noted that the blockchain (from the
of the global logistics efficiency index), so that each clusté&mnglish “block” - “block”, “chain” - “chain”) — a
consists of objects that are close in the metriand the classification of a global database of data from all over the
objects of different clusters were significantly differentworld, which is stored as a chain of blocks. Each block
For any skin objec; € X,, a number is assigned tocontains information about the volumes of transactions and

the cluster y data from the previous block, and thus they are all

The stagnant clustering algorithm is an approadﬁterconnecped. Global ldigitalizati_on _a_nd the introduction

function (3): of blockchain technologies have significantly transformed
supply chains, driven by the advent of tools such as GPS

aX=Y (3) tracking, radio frequency identification (RFID), barcodes,

smart labels, location-based data and wireless sensor

networks. Implementation of the presented tools and their

the cluster numbey € Y. further.i_ntegration v_vith web_services that_have the potential
The multiplicity Y in some cases is obvious fromfor unification of information and business processes,

behind, so the task is more often to determine the optinffiSUring openness and traceability of logistics activities of
number of clusters, depending on the criterion of clusterifg@MPanies in current conditions. Itis important to state that

efficiency. An important aspect in conducting a multi{fom @ supply chain management perspective, blockchain
world cluster analysis is those that are similar to the dafgchnologies provide security and trust in the process of
and themselves: objects are not guilty of correlating wi fo”.“at_'on exchange betwe_en stgkgholdgrs [18].' The
each other: objects loom but are dimensionless; thdnctioning of a moder_n busmes_s is inextricably I|nl_<ed
distribution of objects is close to normal: the objects ¥t long-term evoluyion, planning and an effective
guilt exhibit significant stability, which means the presencidiStics management system, which ensures the life cycle
of influx on their values of temporary officials; The©f goods and services. It is important and relevant in the
selection of data must be uniform [16-17]. The result giedem world to ensure the optimality, transparency and
multi-world clustering is a group of objects, united by th€3S€ Of business processes of companies, including
same characteristics and characteristics in this category @#iStics. Itis impossible to imagine achieving the strategic
clusters of regions according to the efficiency of logisticd0@lS and business objectives of modern logistics
and the trend of influx of blockchain technology on thenfOMPanies  without ~the application of blockchain
The verification of the stability of the isolated clustering i%eCh”OIOQV' Considering what has been presented, it should
limited to verification of its reliability. Here the basic ruleP€ noted that the application and intensity of scaling up of
of thumb is that there is a constant typology when definir%;CkCha'r.‘ teqhnolog_@s in the world is be.c"?‘“S? these
clustering methods. The results of cluster analysis sho hnologles, In addltlon_to the_ global optimization of
be checked using iterative cluster analysis and the k-me iness processes and increasing operaﬂqnal ef_f|C|ency,
method. When aligning the group, more than 70% (moR#Ve @ number of advantages that provide this. The

For any object of investigation € X set the alert to

~ 243 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 239-251 ISSN 1339-5629

Implementation of blockchain technologies in logistics: modern challenges, problems and prospects
Safa Suliman Al-Olimat, Rasha Mohammad Rathan Alraqqad, Hassan Ali Al-Ababneh, Olga Popova, Olena
Mizina, Olena Amelnytska

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

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

V

Decentralization and
—> daa security
resilience

Interactions without

Low transaction costg—— the need for trust

Figure 1 The conceptual advantages of blockchain technol ogiesin modern conditions

It is important to note that the world economy directlys possible in blockchain technologies, since they are a
depends on international logistics; this global businesnsolidated tool that optimizes and improves all key
process is quite complex technically and financially [19ktages of logistics. Processing time and requests are
In modern realities, the technological sphere does not all@ignificantly optimized, while the quality of logistics
us to fully comprehend the emerging problems anskrvices, their transportability, and accessibility are
difficulties in the delivery process, which leads to the faétproved, which increases their profitability. Based on
that most participants increase the final price of goods amdhat has been presented, the authors structured the key
services. There are also problems with tracking amitinciples of blockchain operation in the company’s
moving goods, where information is not always current ardgistics services using the example of transport
updated. Considering what has been presented, a soluti@msportation, which are present in Figure 2.

»i
l

Seller

BLOCKCHAIN TECHNOLOGIES

Customer orders| |  Logistics | | Goods-delivery Logistics
and contracts order: note history

A A A

Manufacturer Carrier \
y

L _ Consumer
Logistic company
Figure 2 Srructuring the key principles of blockchain operation in logistics services of companies (using the example of transport
transportation)

Based on what has been presented, it should be arguddch effective optimization of the work of modern
that the arrows show the process of interaction betweeampanies is impossible. Blockchain technology and its
transport structures and the main participants in ttapplication in the logistics business processes of
logistics process. It can be seen that at any given time, agmpanies simplifies cargo tracking, concluding long-term
link can view information about a particular process ancbntracts, processing transactions, and conducting any
track its parameters. All transactions are safe, transpareadits and observations by auditors. Consumers can
the possibility of fraud is eliminated the efficiency andndependently track at any time the location and the entire
rationality of resource use increases, which confirms thegistics path taken by the product. In current conditions,
peculiarity of blockchain as a transfer technology withowtompany strategies should be based on blockchain

~ 244 ~

Copyright © Acta Logistica, www.actalogistica.eu



bc’ Acta logistica - International Scientific Journal about Logistics
s Volume: 12 2025 Issue: 2 Pages: 239-251 ISSN 1339-5629
3 / Implementation of blockchain technologies in logistics: modern challenges, problems and prospects
?}o Safa Suliman Al-Olimat, Rasha Mohammad Rathan Alragqad, Hassan Ali Al-Ababneh, Olga Popova, Olena
& Mizina, Olena Amelnytska

technologies, which allow for real-time accounting andpplication in the business segment of the modern level,
tracking, what is still relevant and necessary todagplockchain also has its drawbacks, which are stated and
However, like all existing technologies that have theipresented by the author in Figure 3.

Implementation timeranges

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

J

4
I ntegration of blockchain into
thelogistics network of
companies

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

AV

-

Standar dization of business
processes

To implement blockchain,
standardized processes are requirgd,
optimization of non-transparent an
\_ complex stages

S
(l mmutability of smart contracts

Suppliers need the ability to chan

contract terms. This can happen due

to conditions beyond their control
but smart contracts do not allow

N/

\_ changes to be made.

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

It is important to state that blockchain in the supplgince data protection is guaranteed. Based on what has been
chain performs a number of important functions due to ifresented, it is necessary to consider the main trends in the
transparency, traceability and speed. These technolog@®lution and application of blockchain technologies in the
are characterized by transparency, which is an importamorld, which are structured and presented by the authors in
criterion when collaborating with partners and clientsrigure 4.

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

A.P. Moller -
Maersk CMA CGM
Deutsche Post
DHL Group
FedEx

United Parcel
Service

S B N W b~ O O

® Market leaders in cargo transportation and logistics
250,00
1.1.2024

200,00
1.1.2023

150,00
1.1.2022

10000

5000

0,00

Global blockchain technology market, billion dollars.
USA

Figure 4 Sructuring of conceptual trends in the evolution and introduction of blockchain technologiesin the world (a - Leaders of
the blockchain supply chain market; b - Leaders of the cargo transportation and logistics market; ¢ - Global blockchain technology
market, billion dollars. USA; d - Global blockchain technology market, billion dollars USA)

~ 245 ~

Copyright © Acta Logistica, www.actalogistica.eu



bc’ Acta logistica - International Scientific Journal about Logistics
g Volume: 12 2025 Issue: 2 Pages: 239-251 ISSN 1339-5629
3 / Implementation of blockchain technologies in logistics: modern challenges, problems and prospects
?}o Safa Suliman Al-Olimat, Rasha Mohammad Rathan Alragqad, Hassan Ali Al-Ababneh, Olga Popova, Olena

& Mizina, Olena Amelnytska

Conceptualizing what has been presented, it should imstability. The implementation of blockchain technologies
noted that the global size of the blockchain technologgquires a radical approach and global restructuring and
market is estimated at 197 billion US dollars in 2024. It istandardization of business processes, which in turn leads
important to state that from the previous trends, it i® increased profitability, reduced operating costs and
observed that the average annual growth rate of thdsmasiness scaling.
technologies and their use in the global economy is 17.5%. The present results of conceptualization of key trends
The high interest and demand for these technologies leadsthe development of blockchain technologies indicate
to a rapid increase in the number of blockchain usethat the blockchain technology market is developing under
Blockchain are often referred to as trust technologine influence of such factors as the growing demand for
because they do not have a single point of failure asécure and efficient digital transactions, the need for
cannot be changed from a single computer. In additiomansparent supply chains and the growing interest in
blockchain enables the use of tools such as smart contrades;entralized finance (DeFi) applications [22]. Changes in
which can potentially automate manual processes, frame legislative framework of many countries contribute to
processing claims and grievances to distributing thte development of this segment of the world market.
contents of a will. These are some of the desirable featusscording to international studies, about 77% of top
that are driving the BFSI industry to embrace blockchaimanagers of modern companies believe that blockchain
[20]. technology will become a new era in the development of

It should be noted that blockchain technology requirgdbe global economy in the coming years. This fact is
huge investments to create the appropriate infrastructugenfirmed by the growing potential of blockchain
and its maintenance. The important fact is that Blockchaitechnologies themselves, which are causing dramatic and
as-a-service offerings are transforming the BFSI industrgevolutionary transformations in many sectors of the global
with banking institutions and financial services companiesconomy. It is important to note that the presented structure
among the key investment companies. This is because waith blockchain technology development trends indicates
a plethora of high-value decentralized applications, it that the payments segment occupies a dominant position in
giving rise to new business models in various areas sucthtlas blockchain technology market, occupying more than
cross-border payments, remittances, exchanges, onld## of the share. This is due to the fact that blockchain
banking, and trade finance. However, it is still at a nasceteichnologies and their advantages that blockchain
stage in the market due to which banks and financiedchnology offers for making payments, such as increased
institutions are exploring the viable opportunities of thisecurity, transparency and reduced transaction costs.
technology and investing in it, which is likely to drive theBlockchain does not require intermediaries, optimizes
growth of the market. Although global freight volumesusiness processes and makes payments faster than
grew 3.6% year-on-year in 2022, supply chain bottlenecksditional banking systems. This capability is especially
continue to impact road freight transport. Logistics is ongseful in cross-border transactions, where blockchain can
of the priority areas of the global economy, which isignificantly reduce processing time and fees. The growth
actively implementing blockchain technologies into it®f blockchain implementation in payments is still the
efficient organization [21]. Supply chains undergo changegowing acceptance of crypto currencies and the growing
and transformations every year, which are caused bydamand for more efficient payment solutions in various
number of global factors: pandemics, uncertainty, warsectors of the global economy.

_——f

N
. N The emergence of new professions and directions in
[ Trending directions of development 9 busiﬁes
\ v
y y f . — .
Blockchain penetration into educational systems
Cryptocurrency Digital identity \
( D
Strengthening the security of transactions and social
network:
Vote Smartcontracts ] \ y
L (
Expanding the list of goods and services offere
Supply chain management L based on diaitalizatic

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

As world-class companies and consumers seelption for increasing the security and transparency of
aternatives to traditional payment methods, which can heansactions, including in logistics, an industry in which
slow, costly and prone to fraud, blockchain representspayment plays a significant role in the global economy
viable solution. Its ability to provide immutable transactiofi23]. Based on what has been presented, it should be
records and instant verification has made it an attractieenphasized that the process of intensive evolution and

~ 246 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 239-251 ISSN 1339-5629

Implementation of blockchain technologies in logistics: modern challenges, problems and prospects
Safa Suliman Al-Olimat, Rasha Mohammad Rathan Alraqqad, Hassan Ali Al-Ababneh, Olga Popova, Olena
Mizina, Olena Amelnytska

scaling of blockchain technologies in the global economirends in the development of blockchain technologies and
is increasing and growing every day. To argue artieir scaling in the world indicate their scaling and
structure the key development trends and determine timereased growth. Considering that logistics activities are
promising potential of blockchain technologies in theapidly developing and are the main artery of the global
world, the author presents the main ones in Figure 5.  economy, the implementation of blockchain technologies

Having stated the above, it should be noted th& relevant and in demand. Considering the relevance and
blockchain technology is a relatively new technology thatemand for blockchain technologies and their application
has potential for volatility in many industries worldwide.in the logistics of current companies as part of the need to
In today's environment, crypto cards are a popular paymeitimize business processes and achieve strategic business
instrument in terms of currency conversion. Therefore, it @bjectives, the author has structured practical examples of
not surprising that payments using crypto currency fdahe application of blockchain technologies in the logistics
goods or services instead of paying with regular cards a€excellent companies, which are presented in Table 1.
gaining popularity and scaling across business segments.

Table 1 Sructuring of key cases of implementation of blockchain technol ogies in the logistics activities of modern world-class
companies
WORLD ECONOMY CHARACTERISTICS OF THE IMPLEMENTATION FEATURES OF
SEGMENT BLOCKCHAIN TECHNOLOGIES
Launching our own payment servicB2B Connect. Thanks to this tool, busine
and companies can directly make crbesder payments for large amounts faste
cheaper without intermediaries and additional commissions, which improy
quality of interactions betweecounterpartie
The Crypto Secure system based on blockchain technologies has been impilg
which is focused on increasing the level of security of transactions, trackin
blocking transactions on exchanges with an increased riffauad, which help
prevent fraud, theft of personal information and other types of financial ¢
The introduction of blockchain technologies has made it possible to imple
WALMART tracking platform based on the VeChainThor blockchain with more than 100 g
lines and service
Retail and logistics |Implementation of the Food Trust platform based on blockchain technolg
NESTLE support managing ingredient supply chains, which allows consumers to stug
composition of product
Implementation of a distributed registry to manage the supply of medicati
accordance with EPCIS standa
Implementation based on the TradeLens blockchain ecosystem for tracking t
MAERSK and the supply chain. The platform consolidates and integrates cargo dat
single secure blockchain network and provides secure access to information,.
Implementation of blockchain and smart contracts to track and store recg
FedEx planning purposes amdeate a consolidated register for participants in supply ¢
with state contra
IBM, based on the application of the Hyperledger Fabistribution registry
launched the IBM Food Trust ecosystem, which is aimed at increasi

COMPANY

VISA

Financial sector

MASTERCARD

MEDILEDGER

Logistics and shipping

DOLE, TYSON, GSH

UNILEVER . . . .
' - transparency and traceability of food supply chains by creating esrtbttstories
e Logistics and food of each product. Today, the IBM Food Trust is a neutral platform that gamed
KROGER, supply system b . . L
DRISCOLL'S by any manufacturer, supplier, retailer or other market participant who wg
’ increase consumer brand trust and create a smarter, more sustainable and ti
MCLANE .
food supply chail
Blockchaintechnologies have been implemented to optimize the operation
Verified Gross Mass (VGM) logistics portal, which processes more than 8
KUEHNE, NAGEL transactions per month. The new technology is responsible for the safg
Logistics and Supply|immutability of information pasag through the portal, as well as for the autom
Chain of document flow.
The US Defense Logistics Agency (DLA) has implemented blockchain techn
DLA in logistics and supply chain management for the entire US military, as v
severafederal agencies and international al
Postal provider DHL and Accenture have implemented a prototype of a
platform for collecting information on production (formulation, ingredig
DHL Logistics and inventorjtechnologies and equipment), transportation and storage specifics of me

management Access to the databaser fmanufacturers, warehouses, distributors and
participants, who together with the blockchain will ensure the integrity ¢
information
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For example, payment options with crypto are offeretheir efficiency and effectiveness, which in turn leads to an
by such global brands as KFC, Burger King, Subwagconomy of time and financial waste and profitability
Starbucks, Microsoft, PayPal and many others. Agrowth. To implement blockchain technologies in the
important blockchain technology is digital identificationlogistics activities of modern companies, it is not necessary
which ensures the creation of secure digital identitigde develop their own solutions; today there are many ready-
protected from unauthorized access. National governmemiside solutions from tech giants such as (IBM, Microsoft)
to create a secure and openness electronic voting syst@md crypto projects (VeChain), which optimize the work of
can also use Blockchain technologies. It is important tl parts of the supply chain, regardless of the type and
create a register of transactions in the supply chain aspecificity of the activity companies [23,24].
logistics of companies. Blockchain technology allows you Having structured the conceptual features of the
to safely create and execute programs in a decentralizattoduction of blockchain technologies in the logistics
manner such as smart contracts, which can be usedatdivities of companies with the argumentation of key
automate many types of agreements: the purchase and saleantages, disadvantages and problems in scaling, a
of goods and services, financial management amdultidimensional cluster analysis should be carried out.
investment. It is important to state that blockchaifhe information base of the study was the structural
technologies can be used in any activity to increase thalicators of the logistics activities of companies and the
efficiency of business processes, optimize them ariends in the evolution of blockchain and its application in
increase their level of profitability. Based on what has bedogistics. To substantiate the features of the
presented, it should be noted that the number of areasimmplementation of blockchain technologies in logistics and
application of blockchain technologies and their popularityentify the main problems and development prospects,
in the world is constantly growing. From the presenteshultidimensional cluster analysis tools were used. The
examples of the introduction of blockchain technologies imain results of multidimensional cluster analysis of the
logistics activities, it should be emphasized that all largeatures of the application of blockchain technologies in
world-class companies have introduced these technologiés logistics activities of countries around the world are
into their business processes, at the same time increagimgsented in Table 2.

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

STRUCTURAL
INDICATORS OF MINIMUM RANGE OF RANGE OF CLUSTER LEVglF‘ I_OCI):GDIE'I\'/IECLSOEIPIADENT
LOGISTICS/ VALUE MAXIMUM AVERAGE NUMBER BLOCKCHAIN
BLOCKCHAIN RANGE VALUES VALUES IMPLEMENTATION
IMPLEMENTATION
BLOCKCHAIN 3.5C 45 3.35 1 High level
IMPLEMENTATION 251 3.0 242 2 Average leve
2.5C 2.99 2.38 3 Low leve
3.01 4.5 3.20 1 High level
LPI 251 3.0 242 2 Average leve
2.50 2.0 2.29 3 Low level
2.5C 5.0 3.55 1 High leve
CUSTOMS 2.39 3.0 244 2 Average leve
2.13 1.8 2.02 3 Low level
2.9¢ 45 3.65 1 High leve
INFRASTRUCTURE 2.50 3.0 2.46 2 Average level
244 1.65 2.01 3 Low leve
INTERNATIONAL 2.8¢ 4.0 3.01 1 High leve
DELIVERIES 2.55 3.1€ 245 2 Average leve
2.38 2.22 2.03 3 Low leve
LOGISTICS 3.10 4.5 3.15 1 High level
COMPETENCE 245 2.9€ 2.55 2 Average leve
2.49 2.07 231 3 Low level
3.1C 45 342 1 High leve
TRACK AND TRACE 235 29 232 2 Average leve
2.54 1.94 2.03 3 Low level
347 45 3.52 1 High leve
TIMELINESS 2.86 3.5 2.94 2 Average level
2.1C 3.0 245 3 Low leve

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

Having stated the presented results of @troduction of blockchain technologies in the logistics
multidimensional cluster analysis of trends in thectivities of countries around the world, we should
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consider the structure of each cluster, which is presented
by the author in Figure 6.
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Figure 6 Sructure of clustersfor multidimensional analysis of trends in the application of blockchain technologiesin the logistics of
countries around the world (a - Cluster of countries with a high level of efficiency in logistics and implementation of blockchain
technologies b - Cluster of countries with an average level of efficiency in logistics and implementation of blockchain technologies;

¢ - Cluster of countries with low efficiency in logistics and application of blockchain technologies)

Having stated the above, it should be summarized thatd manageability and improve their revenue side. It has
the introduction of blockchain technologies providebeen proven that the modern logistics strategy of
increased transparency and security of the supply chatmmpanies requires new technologies and approaches to
which, in turn, increases the efficiency of processes. Theild optimal business processes and supply chains that
application of the technology is complex, but the benefifday a strategic role in the global economy.
of blockchain outweigh these problems, as evidenced by The main theories of the evolution of blockchain as a
the results of the resulting clusters.

4 Conclusions ain t _
The conceptual results of the survey are that tHBOmentum and scaling into all spheres of human life. A
features and key trends of the need to implemesgientific and metho_dologlcal analy_5|s of existing scientific
blockchain technologies in the logistics activities ofPproaches and views was carried out as part of the
modern companies have been identified. The intensity rmation of the theory of the development of trends and
evolution and scaling of blockchain technologies in afiie introduction of blockchain technologies in the logical
industries and segments of the global economy #ftivities of companies in current conditions. The lack of a

technology are stated with the argumentation of the basic
stages and their role in the applications process. It has been
proven that blockchain technologies are rapidly gaining

generating demand for these technologies, as they ensddfied approach and the need for further research into
the efficiency of business processes, their transparenégnds in the development of blockchain technologies and
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their applications in logistics are highlighted, which is TechnologyEducational Administration: Theory and
characterized by increased interest and demand among topPractice, Vol. 30, No. 5, pp. 4321-4333, 2024.
managers of companies. https://doi.org/10.53555/kuey.v30i5.3631

Formalization of key tools and directions for thg8] AL-ABABNEH, H.A,, DALBOUH, M.AA,
evolution of blockchain technologies with arguments for ALRHAIMI, S.A., SIAM, .M.,
their key advantages and disadvantages. Structured basiclBRAGIMKHALILOVA, T.: Digitalization,
principles of operation of logistics of a road transport innovation and marketing in logisticActa

company based on blockchain technology. The logidtica, Vol. 10, No. 4, pp. 615-624, 2023.
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Abstract: The efficiency of postal delivery services impacts various aspects of business operations as well as the daily
lives of individuals. With the surge in online shopping, increasing expectations for timely deliveries, and intense
competition, postal operators are under pressure to optimize their transportation networks. This poses a significant
challenge for traditional postal systems, particularly in such areas as route optimization, resource allocation and network
planning. Postal operators recognize that optimizing transportation routes is a critical task to ensure cost-effectiveness
and customer satisfaction, which directly influences their business performance and market share. In this paper, we
analyze three possible approaches to solving a real-life, practical instance of a postal transportation plan optimization
problem. Specifically, we evaluate the performance of three metaheuristic methods: Simulated Annealing, Tabu Search,
and a Genetic Algorithm. We analyze which approach performs best in a real-life scenario inspired by the operations of
one of the biggest postal operators in Central and Eastern Europe. This scenario mixes elements of multiple standard
routing problem specifications, like capacity constraints of vehicles and network nodes, time windows, pickups and
deliveries or multiple types of vehicles.

1 Introduction provides a description of a real-life postal optimization

Optimization of logistics and transportation networks igroblem faced by one of the largest postal operators in
a key challenge in many industries, particularly in sectofgentral and Eastern Europe, with the goal of enriching the
where cost efficiency, timely deliveries, and resourcenderstanding of the complexities involved in practical
management are critical. Postal service operations, whi@Rtimization of transportation problems encountered by
involve the movement of large volumes of mail and parcef$!ch companies. Second, it presents a comparative study of
across extensive networks, require advanced optimizatiiee optimization algorithms. These methods are applied
techniques to improve performance while keeping cosi@ the same postal transportation case study, and their
under control. Given the combinatorial complexity of suckesults are reported and compared. As a consequence, the
problems, traditional optimization methods often struggleaper seeks to offer insights into the applicability and
to find high-quality solutions for problems that involveeffectiveness of the tree algorithms. We focus here on an
practical constraints. As a result, metaheuristic algorithn@erational level optimization of postal delivery plans, i.e.
have gained popu|arity as effective approaches for tack“N@ assume that the structure of the transportation network
large-scale, complex transportation  optimizatiofs fixed. Scenarios involving problem instances, where
problems [1]. technical parameters of the network elements can be

This study examines the application of metaheuristRdjusted by the algorithm, i.e. a brownfield scenario, and
optimization techniques to a real-world postal servicéhere only the Genetic Algorithm was used, were analyzed
problem, evaluating their ability to enhance transportatidfl [2], where the aim was to identify network elements that
planning and cost efficiency. Specifically, we compare theould serve as hubs for satellite locations.
performance of three popular algorithms — Simulated The remainder of this paper is organized as follows.
Annealing, Tabu Search, and a Genetic Algorithm, if€ction 2 provides a brief review of the main types of
improving pre-optimized transportation plans within dransportation problems and of the three metaheuristic
limited computational budget. These algorithms, know@lgorithms we employed for optimization. Section 3
for their effectiveness in combinatorial optimization, ar@resents the assumptions of the case study that we consider
tested under real-world constraints to determine theds @ reference scenario for testing the algorithms. Section
suitability for postal logistics planning. The case stud§ details the methodological aspects of the tested
presented in this paper incorporates multiple elements irigorithms. This is followed by a discussion of the results,
a single problem specification, including time windowspresented in Section 5, where results of numerical
vehicle capacities, postal outlets capacities, operating cogieriments are reviewed, and the algorithms are
of vehicles and postal outlets, multiple vehicle typegompared interms of the quality of obtained solutions and
multiple network connection types (standard and expres§)e robustness of their performance. Finally, Section 6
compatibilities between vehicles and postal outlets &@ncludes.
varying demand densities (low, expected, and peak loads).
Therefore, contribution of this paper is twofold. First, it
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2 Literature review In this paper we aim to evaluate the suitability for

Postal transportation systems play a crucial role iPplication of metaheuristic optimization algorithms to a
facilitating global commerce, trade, and communicatiofractical instance of a Rich VRP experienced by a postal
making them essential for the efficient functioning ofervice provider. We use three popular algorithms —
modern societies [3]. With the rapid growth of e-commerceimulated Annealing (SA), Tabu Search (TS), and the
and the increasing demand for quick and reliable delivefgenetic Algorithm (GA). These algorithms were selected
services, optimizing postal transportation plans hder benchmarking and comparison as each of them follows
become a critical task for postal operators [4]. To ensufedistinct optimization strategy: SA employs a probabilistic
timely delivery of mail and packages, postal servicéeafc_h_ process that balances exploration and epr0|tat|.on,
providers are increasingly focused on enhancing tHeS utilizes a structured, memory-based approach to refine
efficiency of their networks and of their transportatiorolutions, and GA applies evolutionary principles to
plans [5]. As a consequence, over the years, researcHiggatively enhance quality of solution. The SA algorithm
and practitioners have focused on developing and testi@s introduced by Kirkpatrick et al. in 1983 [13] and has
approaches to enhance the performance of transportatfdice become a widely used optimization technique for
operations [6-8]. solving complex optimization problems, both continuous

Technically, the problem analyzed in this article fall§ind discrete ones. It is inspired by the physical process of
into the category of Vehicle Routing Problems (VRP)nnealing used to determine low energy states of physical
which serves as a quintessential model for addressifystems. At the beginning of the search space exploration,
logistical challenges, including elements such déacts more like a random search method, and it gradually
optimization of delivery routes, vehicle assignments, arfifts towards a greedy search state. This state transition is
resource utilization [9,10]. In essence, VRPs address ti@verned by a parameter called the temperature. The TS
question of how to best allocate vehicles — and potentiafjethod was introduced by Glover in the late 1980s [14]
drivers — to deliver cargo (e.g., mail or packages) or &d it can be perceived as an enhancement of SA, where
provide services at specified locations. VRPs come Ihe search space exploration process is more guided, i.e.
various forms, each presenting unique challenges ait¢ neighborhood of the current solution is more
complexities. Among these, several types of VRP can Biensively explored before a transition to the new solution
distinguished [11], for example: Capacitated VREs performed. To avoid alocal minimum trap, the algorithm
(CVRP), where vehicles have limited carrying capacitietises a mechanism called a tabu list, which prevents it from
and the goal is to meet customer demands while adherféifling around local minima. GA was first introduced
to these capacity constraints, Heterogeneous Vehi@arlier, by Holland, in the 1960s [15], and also has become
Routing Problem (HVRP), involving a fleet of vehicles? Widely recognized optimization method across various
with diverse characteristics, such as capacity, speed, cé§lds. It is based on the principle, where new solutions are
fuel usage, or the type of cargo they can carry, VRP wifiPnstructed _from the existing ones, W|th elements of
Time Windows (VRPTW), where customers must b&ndomness involved. By employing numerical procedures
served within specific time slots, introducing a tempordialled genetic operators — selection, reproduction and
dimension to route planning, Multi-Depot VRP (MDVRP),mutation, it intends to mimic the process of natural
where vehicles can be dispatched from multiple depo€lection and evolution.
adding optimization opportunities, Pickup and Delivery
VRP (PDVRP), where vehicles perform both pickup and  Problem formulation
delivery operations, with each pickup task paired with a The problem considered in this paper falls into the
corresponding delivery task, and routes requiringategory of so-called rich or practical VRPs. These
adherence to specified sequences of pickups and deliverg®blems aim to determine optimal routes for a fleet of
Split Delivery Vehicle Routing Problem (SDVRP), whichvehicles while accounting for a variety of practically
relaxes the constraint that each customer must be visiietbortant constraints. In particular, the postal delivery
exactly once, allowing split deliveries, Vehicle Routingrersion of the VRP analyzed in this paper is based on the
Problem with Backhauls, where all deliveries on a rout®llowing assumptions.
must be completed before any pickups are made, and Each node in the network represents a postal operations
Dynamic VRP (DVRP), where problem parameters, such outlet. The network comprises 14 main nodes that serve
as customer demands or vehicle availability, change over as major logistics platforms, 12 local or regional
time, requiring real-time adaptation of routes. There are network nodes, 180 distribution and reloading nodes,
also other variants of VRPs, however, practical scenarios approximately 8,000 postal service nodes, and about
typically are more complex than theoretical models as they 34,000 post boxes. Postal service nodes and postal
mix different variants of VRPs. The version of a VRP outlets are integral to the first- and last-mile
considered in this article falls into this category and it can optimization sub-problem.
be classified as a Rich VRP [12]. This means that it Qutlets operate within specific hours (some 24/7, others
combines various elements of such variants as CVRP, not) and have diverse technical characteristics
VRPTW and others.
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depending on their size, location, construction, and optimized solutions assign trucks and vans to standard
installed equipment. Each outlet has a defined list of network connections, while smaller, more flexible
vehicle types it can accommodate, along with its vehicles utilize express connections.

capacity in terms of the number of vehicles it cam Each postal outlet must be served within defined time
process per hour. For each cargo type, an outlet is windows, as in the Vehicle Routing Problem with Time
characterized by the volume it can handle per hour, the Windows. Some outlets operate with longer time
unit cost of processing, its storage capacity, and the unit windows to accept pickups and deliveries, while others
storage cost. These volumes, times, and costs primarily have more restrictive time constraints. To ensure cargo
depend on the size of the outlet and the types of is delivered to its final destination on a given day, it
installed equipment. must reach the designated outlet before a specified
Several types of vehicles with capacitated storage cutoff time, usually during the night.

spaces are available, as in the Capacitated Vehicle

Routing Problem, ranging from smaller delivery carsto An important aspect of the problem formulation are
various sizes of vans and larger trucks. Each vehidirisiness objectives. In these terms, it is assumed that the
type has a defined capacity for different types abperator aims to minimize operational costs, including
standardized cargo (e.g., boxes and pallets) and penalties for violating Service Level Agreement (SLA)
average traveling speed, which depends on the timeafnstraints. SLA constraints vary depending on the type of
day and the chosen route. Additionally, there areargo being shipped. For mail, SLA ranges from next-day
special-purpose vehicles designed to carry specifielivery for priority shipments to delivery within three
types of cargo. Each vehicle type also has uniquiays for economy shipments. The same timeframes apply
loading and unloading times. Vehicles incur costs péo parcels. However, pallets must be delivered under a
hour and per kilometer, while drivers have definedext-day regime.

hourly rates. These characteristics classify the problem Standard versions of VRP are challenging itself. The
as a variant of the heterogeneous fleet VRP. Since thember of possible routes grows exponentially with the
postal operator outsources its transportation servicegjmber of network locations and vehicles, leading to a vast
the costs are determined by an external fleet serviselution space that is computationally expensive to
provider responsible for delivering the required numbexxplore. This phenomenon is known as combinatorial
of vehicles of various types to the respective locationsxplosion. The practical version of the problem that we
Consequently, we assume the number of vehicles cbnsider here, involves numerous simultaneous
each type is unlimited. constraints, such as vehicle capacity and time windows,
Vehicles operate from multiple depot locations, as iwhich further complicate the problem and narrow the set
the Multi-Depot Vehicle Routing Problem. They carof feasible solutions. Optimizing such practical VRPs
begin and end their routes at any of the locations thetquires carefully balancing trade-offs between conflicting
function as depots or destination points. All networkbjectives, such as minimizing travel costs or distances
nodes can serve as both pickup and delivery sites. Thhile maximizing vehicle utilization. To tackle such
first and last miles are pre-optimized and integrated intwmplexities, numerous methods have been explored over
the problem as parameters that specify the tintbe years, including exact algorithms, metaheuristics, and
required to manage pickups and deliveries during theybrid approaches. Exact techniques, such as dynamic
first and last mile. programming and mixed-integer programming, employ
When delivering cargo to postal outlets, a vehicl&nethods like branch-and-bound, cutting plane, and column
arriving at a network node that is currently busy servingeneration to iteratively narrow the search space and
other vehicles must queue and wait according to tiexplore selected subregions in pursuit of an optimal
first-in, first-out principle. solution. However, these methods are most effective when
Cargo is shipped in standardized forms, such as boX8¢ problem formulation does not involve nonlinear
and pallets. Mail is transported in boxes, while parceigteractions between problem elements. They also often
are carried on pa”ets’ both of which must be p|Cked Lﬁjruggle with scalability. As a result, exact methods excel
from and delivered to designated locations — nodes When applied to more stylized VRP instances, particularly
the transportation network — as in the Pickup an@hen the problem can be naturally formulated as a mixed-
Delivery Vehicle Routing Problem. In practice, cargdnteger linear program. Metaheuristic algorithms, such as
shipment demands exist between all pairs of location§enetic Algorithms, Tabu Search, Simulated Annealing,
Vehicles travel along routes connecting network nodearticle Swarm Optimization or Ant Colony Optimization,
with travel times between nodes varying throughout tH¥ovide, on the other hand, an efficient way to explore the
day. There are two types of network connection§earch space in cases where problem formulations deviate
standard and express. In the transportation plan, whAm simplified scenarios. These methods iteratively refine
a vehicle travels between two locations, the type @elutions using heuristic guidance, enabling them to find

network connection must be specified. Typicallyhigh-quality, often near-optimal, solutions within a
reasonable computational time. This makes them well-
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suited for real-world applications. Hybrid methods Ant Colony Optimization (ACO) mimics the foraging
combine the strengths of different approaches by behavior of ants, where solutions are constructed
integrating exact and metaheuristic techniques to enhanceiteratively by simulating the pheromone trails that ants
performance and robustness compared to standardlay down to communicate and reinforce optimal paths.
metaheuristics. In the following sections, we test three This mechanism guides the search process toward more
popular metaheuristic approaches. In what follows we promising solutions over time.

consider the metaheuristic approach to solving the case

study. Some other notable examples of metaheuristics include
Iterated Local Search and Variable Neighbourhood Search.
4 Methodology In general, metaheuristic algorithms are powerful tools for

Although optimizing logistics and transportationtackling complex optimization problems within a
processes is essential for improving resource utilizatigigasonable timeframe. By drawing inspiration from natural
and enhancing overall operational efficiency, th@nd social phenomena, they can generate effective and
combinatorial nature and complexity of these problengfficient sub-optimal solutions for a wide range of
pose significant challenges for traditional optimizatioroblems. In the remainder of this chapter, we provide a
methods. Over the years, metaheuristic algorithms hakgef overview of the metaheuristic methods used in this
emerged as powerful tools for addressing these challenggisidy.
providing effective and efficient solutions to a wide range
of optimization problems in logistics and transportatiord.1 ~ Simulated annealing
Metaheuristic algorithms are iterative optimization It is highly versatile and applicable across various
techniques capable of exploring vast solution spacgwactical domains, including the Traveling Salesman
While they do not guarantee finding an optimal solutiorProblem, Vehicle Routing Problem, job scheduling,
their goal is to identify high-quality solutions within amanufacturing, asset allocation problems, and the
reasonable computational time. These algorithms oft@stimation of meta-parameters in statistical and machine
draw inspiration from natural processes, social behaviolearning models. SA avoids getting trapped in local
and mathematical principles to guide the search procesdrema and seeks to converge toward a global optimum
[16]. Some of the most widely used metaheuristiby occasionally accepting steps that temporarily worsen
algorithms for optimization in logistics and transportatiorthe objective function's value. The algorithm is relatively
include: simple to implement and requires minimal problem-
« Genetic Algorithms (GA) that are inspired by thespecific parameter tuning. The initialization phase involves

process of natural selection and evolution. They operagenerating an initial solutiar,, setting the initial value of

on a population of candidate solutions, iterativelghe temperature parametey, >0, and setting the

evolving them through selection, reproduction, andnnealing schedule parameter which governs how

mutation, which, as numerical procedures, are referréeimperature drops from one iteration to the other. The

to as genetic operators. initial solution is randomly sampled from the search space
« Simulated Annealing (SA) is based on the concept @nd pre-optimized using simple heuristics, such as a push-

sampling the next solution from the neighborhood dbrward insertion heuristic. The initial temperatugeis

the current one, always accepting moves to bettealibrated through a trial-and-error process, while the

solutions while occasionally accepting moves to wordemperature update parameteis set to ensure that the

solutions with a controlled probability. This approactalgorithm converges when the computational budget is
is inspired by the annealing process in metallurggxhausted. At each iteration, a candidate solutipris
where a material is heated and then gradually cooleddeawn uniformly from the neighborhood of the current
reach a low-energy state. solution N(x,). The neighborhood consists of solutions

« Tabu Search (TS) is an optimization algorithm thathat can be obtained from), by applying small random

explores the solution space by iteratively transitioningerturbations. These perturbations modify certain elements
from one solution to a neighboring one while avoidingf the solutionr,, such as the grouping of cargo bundles,
previously visited regions. It incorporates a memorthe assignment of vehicles to routes, or the order in which
mechanism to guide the search and prevent cyclimgtwork nodes are visited. As the activation function, we

back to recently explored search space regions. use the Metropolis function, given by (1).
» Particle Swarm Optimization (PSO) is inspired by the
. . . . . . f xl —f(x )
behavior of bird flocks and fish schools. It maintains a p= mm( 1, exp (_ ( k)tk k )) Q)

swarm of solutions (particles) that iteratively adjust

their positions based on both individual and collective i
experience of particles, guiding the search toward As the temperature update sche.dule,l which gradually
promising search space regions. decreases the temperature over iterations, we use an

exponential decay schedule defined,as = a x t,. The
temperature decay parametss calibrated so that after all
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K iterations, the final temperature tgx = 1072. The P,,,; by employing consecutively three genetic operators,
parameteK is set to fit the available computational timecalled selection, reproduction and mutation. Selection is

budget. responsible for choosing pairs of solutions frén for
reproduction. We employed a tournament selection
4.2 Tabu search operator. During reproduction, for each pair of selected

In each iteration, it performs an intensive Monte Carlgolutions (referred to as parents), GA randomly combines
exploration of the neighborhood(x,) of the current their elements, so that a new pair of solutions emerges
solutionx, and selects the move to the next solutipp,  (referred to as offspring). This process mimics natural
that results in the greatest improvement to the objectig€lection and evolution. To ensure that each pair of parent
function. Solutions within the neighborhod#(x,) are solutions produces a new pair of feasible offspring
generated by perturbing the current solutipnhowever, solutions, we apply a set of crossover operations. For
according to the tabu list principle, perturbations appliegxample, this involves taking routes from one solutign
within the last iterations cannot be undone, see (2), whef@moving cargo shipped along these routes from the second

the tabu list in thé&-the iteration is denoted IfL,,. solution x"” and inserting these routes into the second
solutionx”.
Xjr1 = ArGMiNyen(e\TL, f(x) 2) After recombination, mutation is applied to introduce

random changes to the offspring solutions. This helps

This mechanism prevents the algorithm from revisiting'@intain  diversity in the population and prevents
previously explored regions of the search space, allowifjemature convergence to suboptimal search space
TS to effectively escape local extrema and move towafg9ions. For mutation we employ operators analogous to
more promising search space regions. Tabu list is updafégfturbation operators used in SA and TS. After each
in each iteration according to the First-In First-Out queudfSPring undergoes mutation with probability, = 5%,
principle. The length of the tabu list, which is referred GA produces the next iteration’s populatiBp,,. As a
to as memory, is calibrated experimentally. Additionally/éPresentation scheme to programmatically encode
once everym,,, iterations, a local search heuristic i represent) _solutlons as object instances, we use a natural
applied to locate the nearest local extremum — this steg @Presentation, where all solution elements (routes,
known as the intensification phase. Similarly, evegy, asglgngd vehicles etc_.) are directly (explicitly) written into
iterations, diversification is applied, where the algorithn@PI€Ct instances storing them. In contrast, for example, to
jumps to a random region of the search space to ass@dg interger programming formulatlpn, where artificial
whether it is, on average, better than the currently explor¥@iables are used to represent solutions.
region. On top of that, we employ the strategy of aspiration . . .
moves, which is an exception that allows a normallp ~ Results of numerical simulations
forbidden (tabu) move to be accepted, if it results in a In this section, we present the results of numerical
solution better than any previously found solutionsimulations conducted to compare the efficiency of the
Compared to SA, TS focuses more on exploitation, guiditgree algorithms. The problem structure, including the
the search faster toward promising search space regiogjistic network and available resources, fully reflects the
while SA emphasizes exploration, by probabilisticallyeal-life scenario, however, the values of the operational
allowing moves that temporarily worsen solution qualityparameters characterizing the problem, like cost related
This exploitation-oriented strategy of TS often leads tparameters and technical parameters, differ from those in
faster convergence to high-quality solutions. Since T&#e original case. To account for uncertainty arising from
employs a memory mechanism, through the use of a tabeth the stochastic nature of the algorithms and the specific
list, it records recent moves and prohibits undoing them fiitstance of the problem, the experiment was designed as
a certain number of iterations. This prevents the algorithfallows:
from getting stuck in repetitive cycles around local. The real-life problem instance was stochastically
extrema. In contrast, SA does not incorporate a memory transformed into 10 variations, where parameter values
mechanism, which may result in revisiting suboptimal related to operational costs and the technical

regions of the search space multiple times. characteristics of network nodes were perturbed.
2. Each of the 10 problem instances was solved 30 times

4.3 Genetic algorithm by each algorithm, and the mean value trajectory of the

In contrast to SA and TS, GA processes in each Objective function was computed across the 30 runs (for
iteration ann-element population of solutions®, = GA, this represents the mean trajectory of the best
{xi,xZ,..,x} rather than a single solution,. solution in the population). .
Additionally, unlike SA and TS, where a new solution i$ Each algorithm was run on each problem instance for 8
generated from the neighborhood of the current\b@g ), hours (an operational time budget constraint).

GA generates the next iteration’s population of solutions
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Figure 1 Mean trajectories of SA (upper left), TS (upper right) and GA (lower |eft). Mean trajectories of SA (blue), TS(red) and

GA (black) imposed on a single plot (lower right)

Table 1 Satistics of costs at respective stages of search space
exploration for each algorithm (Q1 = first quartileiteration, Q2
= median iteration, Q3 = third quartileiteration, Q4 = final
iteration). Mean values are expressed in normalized terms,
wherethe cost of theinitial solution equals 100. Sandard
deviations are expressed in percentage points. Means and
standard deviations are calculated over 30 runs of 10
parametrizations of the considered postal optimization problem

to 95, the algorithm has improved the solution by 5%. The
initial solution was already pre-optimized, and in case of
GA, the initial population consisted of the pre-optimized
initial solution, solutions obtained by randomly perturbing
the pre-optimized solution, and of purely random solutions.
Figure 1 presents the trajectories of SA, TS, and GA for
the 10 variants of the postal optimization problem (see

Simulated Tabu | Genetic
Annealin¢| Searcl| Algorithm

point 1 above). Due to the normalization of the objective
function, these variants are directly comparable, both

Mean Q: 98 1] 92111 96.3 within e_ach z_algqrithm_and across different algorith_ms. For
Std 0.67 0.3¢ 0.47 better V|§uallzat|on, Figure 1 also overlays the trajectories
Mean Q: 95 3( 913.] 956 onto a single plqt (lower right plot). _ _
Std O 0.42 0.5¢ 0.31 Table 1 prqwdes the. average cost of SO|UtI0ﬂ$ o.btallned
Mean Q. 94 1 9(') ¢ 95' o by each algonthm_ at dlf_ferent stages of_ the optimization
St Q"‘ ) ;12 ) ;lfk ) '26 process, along with their standard deviations. Here, Q1
. . . . represents the first-quartile iteration, Q2 the median
Mean Q< | 93.91 | 90.6¢| 94.9¢ iteration, Q3 the third-quartile iteration, and Q4 the final
Std Q¢ 0.2¢ 0.32 0.32

iteration. The values in the table correspond to the
trajectories shown in Figure 1. Since the cost of the initial
The experiment was conducted on a server with Jge-optimized solution is normalized to 100, the difference
cores, enabling parallel computations (parallel runs of thgstween 100 and the reported values represents the cost
algorithms). For better comparison, mean value trajectoriggvings in percentage points.
of the objective functions are adjusted in the reported The main conclusion drawn from the comparison is that
figures, so that the length of each trajectory equals 50,082 TS algorithm (presented in Figure 1 in red) produced
iterations (in reality, the computing time is the same acrogige best results. It consistently outperformed the other two
algorithms, while the number of iterations varies)algorithms across all problem instances and throughout the
Additionally, the objective function cost was normalizentire search space exploration process. Regarding the
so that the cost of the initial solution equals 100 (for GAinal solutions, the SA algorithm (presented in Figure 1 in

this represents the cost of the best solution in the initiglye) ranked second, though the shape of its search
population). This means that if the solution cost decreases
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trajectory differed significantly from that of the TS and GAargest postal service operators in Central and Eastern
(presented in Figure 1 in black). At the initial stages of tHeurope. The objective was to determine whether popular
optimization process, SA consistently exhibited a tendenayetaheuristic optimization algorithms - Simulated
to sharply increase the solution cost, which aligns with i&nnealing (SA), Tabu Search (TS), and a Genetic
inherent mechanism — SA initially performs a highlyAlgorithm (GA) — could effectively reduce the cost of
exploratory search (a random search phase), frequenttjtially pre-optimized solutions within a reasonable
accepting moves that worsen the objective function valugmeframe of 8 hours, and to identify which algorithm
As the optimization progresses, it becomes increasingberformed best. The results indicate that all three
greedy, eventually converging to a fully greedy searcilgorithms achieved cost reduction, but to different extents.
state. The sharp cost increase observed in the early stagéth fine-tuned parameters, SA initially increased the cost,
search space exploration by the SA algorithm can loiverging from the original solution before exhibiting a
mitigated by adjusting the initial value of the temperatursteep descent trajectory, ultimately producing solutions
parameter(t,). However, experimental results indicatethat were 5%—6% better than the originally pro-optimized
that for the considered postal optimization problengne. As expected, due to its exploitative rather than
achieving this would require forcing the algorithm into a&xplorative nature, TS produced a more uniformly
highly greedy state early on, causing it to behave similartlecreasing trajectory, ultimately yielding solutions 9%-—
to a local greedy descent method. Consequently, this ledd®6 better than the initial one. GA ranked below SA and
to premature convergence and entrapment in a locES, following a uniformly decreasing trajectory similar to
minimum state, hindering global search space exploratidhat of TS, and achieving cost reductions of 4%-5%.
Despite this reported initial cost increase, SA, over time, One limitation of this study is the maximum runtime
demonstrates a significant potential for improvingap imposed on the algorithms, set at 8 hours. This runtime
solutions. However, because it starts from an elevated coap represents the operational requirement of the postal
level, it ultimately fails to catch up to TS, which does nabperator. Additional experiments suggest that the
exhibit such cost fluctuations in its early stages of thalgorithms further improve the objective function, given
optimization process. The GA initially outperforms SA -more time, but our focus was on evaluating their
for approximately 30% of the runtime, but ultimately itperformance within operational time constraints.
yields worse results than both SA and TS. This observatiéurthermore, the algorithm parameters were fine-tuned
holds across different crossover operators tested in thiisough a series of trial-and-error experiments. While this
study, as well as in scenarios where elitism mechanismapproach yielded effective configurations, employing
were incorporated. external solvers to optimize parameter values could
Numerically, TS improved the initial pre-optimizedpotentially enhance performance, which we leave for
solution by up to nearly 10% (with a standard deviation déiture investigations.
0.32 percentage points), compared to approximately 6%
for SA (with standard deviation of 0.29 percentage pointgjcknowledgement
and about 5% for the GA (with standard deviation of aboilthe state grant agency supported this article. The research,
0.32 percentage points). In terms of cost dispersion in ttee results of which are presented in this paper, was
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Abstract: This study aims to evaluate the impact of digital transformation on logistics and supply chain management in
the Southeastern region of Vietnam, focusing on material flows, information flows, financial flows, and human flows.
The research examines key factors influencing the decision to implement digital transformation, including peer influence,
organizational capabilities, conversion costs, advantages of digital technology, digital technology experience, adaptation
to digital technology, usefulness, and ease of use. Data was analyzed using Cronbach's Alpha to assess reliability, with
AVE (Average Variance Extracted) used to validate the model. The study reports high reliability, with Cronbach's Alpha
coefficients ranging from 0.864 to 0.930. AVE values for observed variables range from 0.613 to 0.769, all exceeding the
0.5 threshold, indicating that the variables met the AVE analysis requirements. The results emphasize the significant role
of digital transformation in optimizing logistics flows and supply chain management, providing enterprises with enhanced
efficiency and competitiveness.

1 Introduction on the overall transformation of businesses across

The Southeast region is one of the most develop&detnam. Despite the potential benefits, many SMEs face
agricultural production areas in Vietnam, with small angignificant obstacles. A survey by the Ministry of
medium-sized enterprises (SMEs) accounting fdpformation and Communications rgveals that only abqut
approximately 97% of the total number of businesses. TH§% of SMEs have the workforce with the necessary skills
region is known for its dynamic economic activitiesand expertise to access and implement digital solutions
significantly contributing to national GDP and labor force€ffectively. This limited human resource capacity poses a
SMEs employ around 51% of the labor force angignificant barrier to their ability to embrace digital
contribute over 40% of the country's GDP. These statistii@nsformation in logistics flows, including material,
highlight the critical importance of focusing on andnformation, financial, and human flows [2].
supporting SMEs in their digital transformation journey, as In addition, a study by the World Bank highlights
such efforts could have a significant impact on the overanother critical challenge—financial constraints. Around
digital transformation process for businesses acro4§% of SMEs in Vietnam lack sufficient capital to invest
Vietnam [1]. in the digital technology and infrastructure essential for

However, small and medium-sized enterprises (SMEB)anaging material, information, and financial flows
in this region face numerous Cha”enges in app|y|ng d|g|t§ﬁectlve|y This flna!’]CIal limitation further hlr]ders their .
transformation to optimize material flows, informationability to adopt and integrate new technologies into their
flows, financial flows, and human flows in supply chairPPerations. As a result, these SMEs are at a disadvantage
management. With the rapid advancement of technoloy the increasingly competitive market, struggling to keep
and a fast-evolving market, understanding the factol With larger enterprises that have more resources for
influencing the decision to adopt digital transformation ifligitalization. The combination of a limited skilled
supply chain management is essential for building §orkforce and insufficient capital not only reduces SME
sustainable development strategy. Promoting digitePmpetitiveness but also hinders long-term development,
transformation among small and medium-sized enterpris@&king it harder for them to survive in an intensely
(SMEs) is therefore not only vital for regional growth bugompetitive market. Addressing these challenges is crucial
also for the broader national economy [2]. to ensuring that SMEs can fully participate in and benefit

According to data from the General Statistics Officérom the digital economy, which is essential for the
and related organizations, prioritizing and supportingustainable growth of Vietnam’s business sector [2].
SMEs in digital transformation can have a profound effect
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Research on digital transformation in supply chaifriandis’ Subjective Culture Theory contributed by
management for enterprises in Vietnam, especially in ttéghlighting the role of cultural and social factors in
Southeast region, is essential to improving busineshaping behavior, while Rosenstock's Health Belief Model
efficiency and contributing positively to sustainablgrovided insights into how individuals assess the benefits
economic development. In the era of the digital economgnd barriers to certain actions [3].
digital transformation is an unavoidable trend. This Beyond these foundational theories, TPB also aligns
research will explore the factors influencing the decision with other psychological and behavioral theories, creating
adopt digital transformation in supply chain managemerd, comprehensive framework for understanding human
focusing on optimizing material flows, information flows,behavior. Locke and Latham's Goal-Setting Theory is
financial flows, and human flows, while providing supportelated to TPB in that it emphasizes the importance of
solutions for SMEs in the Southeast region to enhance theatting clear goals as a precursor to intentional behavior.
efficiency and competitiveness in the market. Fisher and Fisher's Information-Motivation-Behavioral

Given the urgent theoretical and practical needs, ti8kills Model offers a perspective on how information and
author has chosen the topic “Key Drivers of Digitamotivation contribute to the development of behavioral
Transformation in Supply Chain Management: Insightskills, which is closely aligned with TPB's focus on
from Enterprises in Vietnam’s Southeastern Region”. Thigerceived behavioral control. Moreover, Technology
study aims to provide a comprehensive overview of th&cceptance Model (TAM) parallels TPB in the realm of
digital transformation landscape in supply chaitechnology adoption, emphasizing how perceived ease of
management and the current state of industry in these and perceived usefulness shape individuals' attitudes
Southeastern region, while analyzing the factotowards technology and their subsequent intentions to use
influencing the decision to adopt digital transformatiotit [3].

among businesses in this area. Within the TPB framework, Ajzen defines behavioral
control as the extent to which individuals have the
2 Literature review necessary information, skills, and physical and mental

Currently, there is no comprehensive explanation of tif@pabilities to perform a specific behavior. This concept of
origins and development of digital transformation irPehavioral control is crucial because it directly impacts an
Supp|y chain management for businesses. When Studyiﬁ&lVldualls ablllty to execute a behavior once the intention
this activity in the context of the Southeast Regioris formed. Perceived behavioral control, which is a new
researchers often refer to various related theories to befgtor introduced in TPB, refers to the degree to which
understand the factors influencing the decision to adopeople believe they can successfully perform a behavior if
digital transformation. This paper will utilize specificthey intend to do so. This concept is closely related to
theories based on the results of empirical studies and fandura’s theory of self-efficacy, which posits that
applicability of these theories in the field of digitalindividuals® belief in their ability to perform a task greatly
transformation in supply chain management, particularifpfluences their likelihood of actually performing it.

focusing on businesses in the Southeast Region. erceived behavioral control focuses specifically on the
sense of control individuals feel they have over executed a
2.1 TheTheory of Planned Behavior (TPB) behavior, considering both internal factors (such as skills

The Theory of Planned Behavior (TPB), proposed tﬁnd knowledge) and external factors (such as opportunities
Icek Ajzen, is a well-established psychological theorgnd obstacles) [3].
designed to explain human behavior, particularly in
contexts such as adopting new technologies a2 Technology Acceptance Model (TAM)
determining the intentions behind specific actions. TPB is The Technology Acceptance Model (TAM), developed
rooted in the idea that human behavior is not only Ry Fred Davis, is one of the most widely cited and
function of rational decision-making but also influenced b{pfluential models in the field of information systems and
various psychological factors that shape an individuagformation technology (ICT) research. TAM was
intentions and their subsequent actions. According &pecifically designed to predict and explain user behavior
Ajzen, one of the key components of TPB is perceive@garding the adoption and use of ICT by focusing on two
behavioral control, which plays a significant role irPfimary factors: perceived usefulness (PU) and perceived
influencing whether a behavior will be carried out or nogase of use (PEOU). These factors serve as the core
[3]. determinants of how users form attitudes toward
TPB has its origins in earlier theoretical frameworkéechnology, which in turn influence their decision to accept
that laid the groundwork for understanding behavior arff reject new technological systems [4,5].
intention. The theory evolved from initial assumptions TAM's simplicity and ease of application have
made as far back as 1966 and incorporates elements fré@ftributed to its widespread adoption in various studies
several foundational theories. For instance, Bandur£xploring technology acceptance across different contexts.
Social Cognitive Theory significantly influenced TPB byThis model has been particularly valuable in understanding
introducing concepts like self-efficacy, which focuses ote factors that drive individuals and organizations to
an individual's belief in their ability to perform a task.
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embrace new technological solutions, making it aanterprises in the supply chain. Accordingly, the author
essential tool in ICT research [4,5]. inherits the models of TPB, TAM, and UTAUT, and based
TAM's contribution to understanding technologyon the results of previous empirical studies, has identified
acceptance is significant because it highlights theight research concepts used in the dissertation, including
importance of user perceptions in the adoption process[9t11], (1) the impact of peer influence [11-13], (2)
suggests that for successful implementation of newmrganizational capabilities [14-16], (3) conversion costs
technologies, organizations must not only ensure that tfier,18], (4) advantages of digital technology [19,20], (5)
technology offers clear benefits but also make it as usetligital technology experience [21-23], (6) adaptation to
friendly as possible. By addressing both the perceivetigital technology [22-25], (7) usefulness [25,26], (8) ease
usefulness and ease of use, developers and organizatiohase [27], Policies and regulations, (10) Driving digital
can increase the chances of positive user attitudes atrdnsformation and the decision to adopt digital
consequently, higher adoption rates [4,5]. transformation[28,29].
TAM provides a robust framework for predicting and
explaining user acceptance of ICT by focusing on the Based on previous studies, the author proposes the
perceptions of usefulness and ease of use. Its applicatfolowing hypotheses and research models:
extends beyond the workplace, influencing how
technologies are adopted in various fields, from education H1: The impact of peer influence will positively impact
to healthcare, making it a cornerstone of research ftihe decision to apply digital transformation in supply chain

technology adoption and user behavior [4,5]. management.
2.3 Unified Theory of Acceptance and Use of H2: Organizational capabilities will positively impact
Technology (UTAUT) the decision to apply digital transformation in supply chain

The Unified Theory of Acceptance and Use offnanagement.
Technology (UTAUT), developed by Venkatesh, is an
extension and combination of several theories, including H3: Conversion costs will positively impact the
TRA, TAM, the Motivation Model, TPB, and the decision to apply digital transformation in supply chain
integration of TPB and TAM. UTAUT introduces newmanagement.
variables such as personal characteristics, situational
variables, and organizational characteristics [6-8]. H4: Advantages of digital technology will positively
UTAUT explains users' behavioral intentions andmpact the decision to apply digital transformation in
actual behavior toward new technology through four ma®HPply chain management.
variables: performance expectancy, effort expectancy,
social influence, and facilitating conditions. These factors H5: Digital technology experience will positively
play a crucial role in determining user acceptance am@pact the decision to apply digital transformation in
behavior toward technology. Moderating variables such &Pply chain management.
gender, age, experience, and voluntariness also influence
the relationship between dependent and independent H6: Adaptation to digital technology will positively
variables [6-8]. impact the_ decision to apply digital transformation in
Despite its complexity, UTAUT's ability to integrate SUPPly chain management.
multiple factors provides a deeper understanding of the
nuances that influence user acceptance’ making it H7: Usefulness will positively impact the decision to
particularly valuable in diverse and dynamic environmentdpply digital transformation in supply chain management.
Its adaptability across various industries and settings
continues to make UTAUT a go-to model for researchers H8: Ease of use will positively impact the decision to
seeking to explore and predict technology adoptioPply digital transformation in supply chain management.

behaviors comprehensively [6-8]. o . . N )
H9: Policies and regulations will positively impact the

3 Methodology decision to apply digital transformation in supply chain

Based on the research objectives, theoreticjianagement.
foundation, and previous studies to identify research gaps, H10: Drivina digital ‘ . i itivel
the research focuses on exploring the impact of factors 110 Driving digital transformation ‘will positively

influencing the decision to adopt digital transformation bgzggf;[ ctrT:indrigr?;%ner:]%n?pply digital transformation in
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Figure 1 Research model

4 Results and discussion than 0.7 (ranging from 0.864 to 0.930), and outer loading

The assessment of convergent validity for laterftoefficients greater than 0.4 (ranging from 0.713 to 0.897).
variables is based on the indicators of outer loadinghus, all factors satisfy the requirements for reliability and
coefficients and the Average Variance Extracted (AVEgOnvergent validity. S o
According to Fornell and Larcker, the AVE value should According to Henseler, discriminant validity is the
be 0.5 or higher to meet the requirement, indicating that tAegree to which a concept of a specific latent variable
latent variable can explain more than half of its variance éliffers from the concepts of other latent variables. The
average. If the AVE is less than 0.5, the factor or lateffluare root of the Average Variance Extracted (AVE) for
variable is typically considered for removal from theeach factor is greater than the correlation coefficients
research model [30]. between the corresponding variables. This indicates that

Reliability of the measurement scale is evaluated usiige concepts in the study achieve discriminant validity
two key indicators: Composite Reliability (CR) and outel32]- _
loading coefficients. To assess reliability, CR should be The analysis results show that all square roots of AVE
greater than 0.7 and outer loading should be greater tHzve coefficients higher than 0.5 (ranging from 0.783 to
0.4 for the model to be considered reliable [31]. 0.877), meeting the requirement. Within each factor, the

The analysis results show that all factors meet tifgluare root of AVE has a higher value than the correlation
required conditions, with AVE values greater than 0.50efficients of other factors in the same column. Therefore,

(ranging from 0.613 to 0.769), composite reliability greatedll factors achieve discriminant validity.
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According to Hu, the SRMR (Standardized Root Meamodel. The study employs the bootstrapping technique
Square Residual) index should be less than 0.08 or Owlith a resampling size of 1000 observations (n = 1000),
Additionally, Henseler suggest that the SRMR is &ased on the initial sample size of 495 observations.
Goodness of Fit index for the PLS-SEM model, which ce With a 95% confidence level for the bootstrapping
be used to avoid parameter bias within the model. With analysis, the results indicate that the 2.5% to 97.5%
SRMR value of 0.077, which is less than 0.1, the reseaipercentile range does not contain any values greater than 1.
model is considered to be a good fit for the study area This ensures the discriminant validity of the model, and the
the Southeast region of Vietnam. estimates within the model can be considered reliable [33].

To generalize the research findings to the entire
population, it is essential to reassess the reliability of the

TDY

“0.813
*-0.845]

- 0.865°
- -

TD2

TO3

Figure 2 Sandardized PLS SEM results of the research model
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Table 1 PLS-SEM model estimation results

Original | Sample | Standard T statistics
sample mean deviation (IO/STDEV]) P value§ Result
(O) (M) (STDEV)
H1->QC 0.092 0.092 0.03: 2.88¢ 0.004 | Acceptel
H2->QC 0.17¢ 0.174 0.02¢ 6.21€ 0.00C | Acceptel
H3->QC 0.24C 0.23¢ 0.02¢ 8.624 0.00C | Acceptel
H4 -> QC 0.13¢ 0.13¢ 0.037 3.642 0.00C | Acceptel
H5-> QC 0.09t 0.09t 0.03: 2.951 0.00Z | Acceptel
H6 -> QC 0.112 0.11: 0.03¢ 3.40¢ 0.001 | Acceptel
H7 -> QC 0.08¢ 0.08¢ 0.034 2.57¢ 0.01C | Acceptel
H8 -> QC 0.19¢ 0.20C 0.03¢ 6.03¢ 0.00C | Acceptel
H9 -> QC 0.06¢ 0.071 0.03C 2.281 0.02Z | Acceptel
H10-> QC 0.14: 0.14: 0.037 3.90% 0.00C | Acceptel
5 Conclusions only help businesses enhance their competitive edge but

In summary, this study has developed an effectivso increase the overall value of the supply chain. With
evaluation model to explore the factors influencing theuccessful digital transformation, businesses can achieve
decision to adopt digital transformation in supply chaif§omprehensive improvements in operational performance,
management among enterprises in the Southeast regiétgreby increasing business efficiency.

The research confirms that several factors, including (1) Regular evaluation and continuous improvement are
the impact of peer influence, (2) organizationa¢fitical factors in maintaining and enhancing the
capabilities, (3) conversion costs, (4) advantages of digig@ifectiveness of the digital transformation process.
technology, (5) digital technology experience, (6Businesses need to estabhsh key perforr_nance indicators
adaptation to digital technology, (7) usefulness, (8) ease #P!s) to measure and monitor the effectiveness of each
use, (9) policies and regulations, and (10) driving digitditage in managing material, information, financial, and
transformation, significantly affect the attitude anduman flows throughout the transformation process. This
decision of businesses to adopt digital transformation [t only helps businesses promptly identify emerging
supply chain management, particularly in optimizindssues but also allows them to adjust strategies to achieve
material flows, information flows, financial flows, andthe best possible outcomes. The effectiveness of digital
human flows. transformation is not a destination but a continuous process

Many factors can directly impact the effectiveness dhat requires ongoing commitment and innovation from
digital transformation in supply chain managemenpus?messes. ThIS ensures that companies not only maintain
including the impact of peer influence (H1), organizationdheir competitive advantage but also continue to grow and
capabilities (H2), and conversion costs (H3). Support adlapt in an ever-changing business environment.
collaboration from colleagues can create a synchronized The advantages of digital technology (H4), the digital
work environment, facilitating a smoother transformatiogxperience of personnel (H5), and the ability to adapt to
process.  Organizational ~capability, —encompassir@jgital technology (H6) are also crucial factors. The
management skills, technological proficiency, an&€nefits of digital technology, such as modern features and
innovation ability, also plays a crucial role in successfulljntegration —capabilities, help businesses improve
implementing digital transformation strategies. Finallyperformance across activities from production to
switching costs, including investments in new technolog?:'ﬂsétfibmion, optimizing material, information, and
and training expenses, must be carefully managed to enstip@ncial flows. The digital experience of personnel is
that they do not impose an excessive financial burden @gcisive, as employees with solid knowledge and skills in
the enterprise. Therefore, businesses must thorouglligital technology can effectively leverage new tools and
evaluate these three factors before implementing digitg®!utions. The ability to adapt to digital technology is a key

transformation strategies to ensure effectiveness af@$tor, as the quick adjustment of processes and working
success. methods by businesses and staff to fit a digitalized

When digital transformation is effectively €nvironment helps maintain and enhance performance.

implemented, it brings significant benefits to supply chaiknderstanding and effectively managing these three
management. These benefits include optimizing materf@ctors will enable businesses to optimize performance
flows, information flows, financial flows, and humanduring digital transformation.

flows, reducing operational costs, enhancing transparency Exploring, analyzing, and improving these factors will
and traceability, improving demand forecastingh€lp enhance the effectiveness of digital transformation in
optimizing inventory management, and increasingnterprises. First, it shortens processing times and
responsiveness to market changes. These advantagesntBimizes waste, thereby reducing operational costs. High
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performance also enables businesses to respond miike to express our gratitude to the government agencies
quickly to market fluctuations, enhancing flexibility andand organizations promoting digital innovation, whose
competitiveness. Moreover, when performance igitiatives have played a significant role in shaping the
improved, businesses can better manage resourddigital landscape of supply chains in the region.
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Abstract: The digital transformation associated with Industry 4.0 is fundamentally changing the labour market, creating

a need for new but also evolving employee competencies. This paper explores the future need for competencies that will
be essential for successful employment in this dynamically changing environment. Based on a survey realized among
Slovak industrial companies and using the AHP method, key competencies for employees at the operational management
level were identified and ranked. The findings show that a successful operational manager must combine hard skills with
digital systems and soft skills. The competencies that were identified as realistically the most important are in line with
global trends. This confirms that employees who want to be prepared for the future and new challenges must integrate
technological literacy with their personal and managerial competencies. Furethermore, the importance of efficient
management of logistics processess, including the optimisation of material and financial flows, is increasing, which
requires specific competencies in logistic and financial management. The paper highlights the need for companies to
invest in education, reskilling and up-skilling of their employees to increase their competitiveness and at the same time
to eliminate the factors that prevent them from successfully implementing Industry 4.0 principles and techimiques.
paper concludes with an overview of the expected trends in the labour market and highlights the need to prepare for the
new challenges and opportunities that Industry 4.0 brings.

1 Introduction retrain the workforce, which need to be addressed in order

The labour market has been undergoing turbulef® realise the full potential of the next industrial revolution.
changes in recent years. First it was hit by the COVID-1pdustrial companies will need specialists with digital
pandemicl which Changed the Shape of many jobs and ﬂ%”s, technical skills in Al, Blg Data or Cybersecurity in
way they were performed_ After the pandemic came risir@ftiCUlar, but we must not forget soft skills including
inflation as a result of the conflict in Ukraine. Industry 4.0¢fitical thinking, communication and problem solving, as
described as the new fourth phase of the industridlese are increasingly in demand as core competencies of
revolution, is bringing further fundamental changes to tH&€ modern workforce [2]. _ _
labour market. In addition to changes in jobs, the The aim of the paper is to find and point out the
requirements for employees and their competencies &liéferences between real competencies and competencies
also changing. required from e_mployees working in industry under

The key attributes of this industrial revolution ardndustry 4.0 conditions.
automation, digitalization, high levels of interconnectivity ) )
between devices or Big Data analytics. Manufacturing Literature review
operating under Industry 4.0 conditions is moving from Industry 4.0 represents the fourth industrial revolution,
traditional approaches to complex ones that are capablendfich is focused on the digitalization and automation of
prediction and decision-making, thus ensuring greatemanufacturing processes through the use of advanced
efficiency and flexibility of processes. The implementatiotechnologies such as the Internet of Things (IoT), artificial
of new technologies leads to increased productivityntelligence (Al), machine learning (ML), blockchain,
reduced operating costs and improved product quality [1¢yber-physical systems (CPS), big data (Big Data) and

While Industry 4.0 brings many benefits, it also bringsloud computing [3]. This concept was first introduced by
challenges, such as cyber security risks and the needthe German government in 2011 to increase the
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competitiveness of manufacturing companies and suppodmputer numerical controlled machines (CNC machines),
the transition to smart manufacturing [4]. the use of programmable logic controllers (PLCs), the

Industry 4.0 means the transition from centralizeteginnings of robotization of manufacturing, the
production to decentralized and autonomous productiafigitalization of processes and the interconnection of
systems where machines and equipment communicate witlanufacturing with information systems [10]. Industry 3.0
each other and make decisions based on real-time dag&s enabled more flexible production, reduction of manual
analysis [5]. Industry 4.0 is a concept that according to theterventions and automation of repetitive activities.
authors Demirbag and Yildirim (2023), means not only theluman work began to move into areas that required expert
use of digital technologies in manufacturing, but also tHenowledges, creative thinking and decision making. This
transformation of organizational management, strategy apase was also a preparation for the full digitalization of
the entire value chain. Thus, the essence of Industry 4.Qnisnufacturing processes [11].
not only technological innovation, but also the ability of The fourth industrial revolution, also known as Industry
countries and companies to adapt to global changes and 4k represents the current phase of technological
them to increase their competitiveness [2]. development in which manufacturing systems and

processes are fully digitalized and interconnected through
2.1 Evolution from Industry 1.0 to Industry 4.0  technologies such as the Internet of Things (IoT), artificial

Industrial revolutions represent major milestones in thigtelligence (Al), machine learning (ML), big data (Big
development of society, technology and the economypata), blockchain and cloud computing. The characteristic
Each of these revolutions has brought ground-breakidtributes of Industry 4.0 include Smart Factories,
innovations that have fundamentally changed the wagterconnection of devices and machines using loT, Digital
people produce, work and live. The gradual transition frorhwins, collaborative robots, use of Al and machine
Industry 1.0 to Industry 4.0 reflects the continuoutearning for predictive maintenance, manufacturing
technological progress and its impact on the economy a@gtimization and autonomous decision  making,
society as a whole [3, 6]. blockchain, additive manufacturing [4,12].

The first industrial revolution, referred to as Industry Industry 4.0 is not only changing the industrial
1.0, began in the second half of the 18th century. It wa&givironment, but also the labour market. Rapid
characterised by the introduction of mechanisation inf@chnological progress is transforming employment -
production, allowing manual labour to be replaced biraditional manual jobs are replaced by automation, while
machines. The main attributes of this period were ttibe demand for professionals in the fields of data analytics,
introduction of mechanization into industrial productiongybersecurity or artificial intelligence is growing [13].
the emergence of large factories and centralized The evolution from Industry 1.0 to Industry 4.0 is a
manufacturing, the increase in productivity and efficiencgtory of constant progress, where each phase has brought
through the use of steam-powered machines, the chang@éw technologies that have fundamentally changed the
the organization of work and the onset of industrializatioway we produce, work and live. We are entering an era
[7]. Mechanization caused a significant increase in thghere artificial intelligence, automation and digitalization
production and availability of goods. Although productiorfire becoming part of everyday life, which requires
became more efficient, it was still heavily dependent cadaptation not only of companies, but also of educational
human labour and the organisation of work in factoriesystems and the whole society to face the challenges and
where the first forms of division of labour began to b@pportunities that these changes bring [11,13].
applied [8]. At the same time, there is already discussion about the

The second industrial revolution, known as Industrarrival of Industry 5.0, which is to focus on the return of
2.0, was characterised by the introduction of electricity infde human being to the centre of manufacturing processes
manufacturing processes and the emergence of ma#sl on cooperation between humans and technologies.
production. Key attributes of this period included the us@dustry 5.0 will emphasise personalised manufacturing,
of electricity as the main source of energy irethical responsibility, sustainability and the inclusive
manufacturing, the emergence of assembly lines, tlkevelopment of industrial companies [14].
development of mass production and standardisation of
products, the expansion of transport infrastructure ardi2 Requierements for future competencies
railway lines. Mass production meant a reduction in As a result of continuously increasing technological
production costs and wider availability of products to thprogress and the advent of the fourth industrial revolution,
population [6]. Large industrial corporations and businesgedustry 4.0, not only the manufacturing processes
models based on large-scale production emerged, layitigemselves are changing, but also the expectations of the
the foundations for modern consumer capitalism [9]. labour market. This is also linked to the growing demand

The third Industrial Revolution, referred to as Industryjor new competencies, which can be divided into two
3.0, represented the advent of manufacturing automatigroups - hard skills, i.e. technological and digital skills, and
and the use of electronics. The main attributes of this phas#t skills, i.e. skills that support a person's ability to
of industrial development were the introduction ofunction in a dynamic, digital and globalised environment.
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According to current research (Raveica et al., 2024; Kowal According to authors Hernandez-de-Menendez (2020)
et al., 2022), the successful individual in the coming yeaand Cretu (2025), the most successful employees and
will be those who can effectively combine high-tech skillsnanagers will be those who can combine highly technical
with mature personality traits and the ability to work in &kills with excellent soft skills. Modern companies will
team, solve problems and adapt to rapidly changirappreciate flexibility, lifelong learning, adaptability and
conditions [14,15]. openness to change as highly as the ability to handle the
most advanced technologies [5,8].
2.2.1 Hard skills — technological and digital
competencies 2.3 Adaptability of employees and willigness to
According to Simoes et al. (2020), the growing learn
automation and use of Al does not only mean the loss of |n an Industry 4.0 environment where technological
some jobs, but also creating new positions that require tgange is constantly occurring, adaptability and a
ability to interact with digital systems, understand theijllingness to continuously learn is one of the most
logic, and the ability to use them to make work morgssential competencies of the future. While technological
efficient [22]. Technical skills such as working with Al,innovations are evolving at an exponential rate, jobs are
Big Data, cybersecurity or digital systems are becomingtgansforming and new professions are often emerging
necessity for effective management of manufacturingster than education systems can respond to new labour
processes. Equally important are competencies in logistigsarket requirements. According to research by Deloitte
especially the ability to optimize material flows andand McKinsey, up to 50% of employees will need to be
manage financial flows, which directly affect the efficiencyetrained or upskilled by 2030 [15].
and cost-effectiveness of the company. Within the Adaptability means the ability to respond flexibly to
framework of Industry 4.0, completely new jobs are beinghanges in the environment, whether technological,
created and at the same time existing jobs are beipgyanisational or cultural. In practice, it is the ability to
transformed. In the future, companies will requirgig):

employees to master a wide range of specific skills suchas ', adopt new ways of working and adapt quickly to

[4,5,9,15]: _ . new processes,
*  programming and automation, « react promptly to unexpected situations,
* Big Data analysis, « deal with unpredictable changes in projects,
» artificial intelligence (Al) and machine learning supply chains or markets,
(ML), « be open to job or project rotation.
* internet of things (IoT),
» additive manifacturing (3D print), Employees who are adaptable show higher resilience to
* blockchain and cybersecurity, stress and are able to embrace change as a challenge rather
« simulations and digital twins, than a threat. Companies appreciate such qualities,

» digital skills (ability to effectively use office especially because they can handle difficult times and
applications and cloud services, data managemdrmtcome a factor that moves the company forward at the

and security, working with remote teams). same time. Employee adaptability is key not only in
production but also in the management of logistics
2.2.2 Soft skills processes, which are being fundamentally transformed by

For all the technological advances of Industry 4.0, thgigitalization and automation [14,20].
role of the human being as a leader, team player and
innovator remains crucial. That's why soft skills will2.3.1  Adaptability of employees in the conditions of

always be an important success factor. Important soft skills Industry 4.0

include [12,16-18]: Constantly adapting to new software solutions that
« critical and analytical thinking, change faster than standards can catch up [4]. Flexibility to
«  problem solving, move to new manufacturing processes (e.g. from
«  teamwork, traditional manufacturing to additive manufacturing or

fully automated lines), as stated by Hernandez-de-
Menendez (2020) it is the combination of simulation
technologies, digital twins and automation that requires
adaptability [5], the ability to collaborate with Al systems
. emotional intelligence and understan(_j their reco_mmendations [8]. WiIIi_ngness to

. S change established routines and processes if they are
*  leadership and motivation, , inefficient, as KubiSova (2022) points out, where
*  time management and ability to cope with stress,ompanies in Slovakia reported the need to change

» creativity and innovative thinking,
« flexibility,

» digital literacy and digital ethics,
* communication skills,
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experienced processes in connection with themployees who can ,keep up with the future* and see

implementation of Industry 4.0 [12]. learning as an integral part of a career [8,14,15].
The Fourth Industrial Revolution represents a radical
2.3.2 Adaptability in multicultural environment transformation in the way manufacturing processes, the

In the Industry 4.0 environment, not only technologycompany and society as a whole operate. Digitalization,
but also the method of work organisation and collaborati@utomation, the Internet of Things, artificial intelligence,
are globalised. The ability to adapt to a multiculturabig data and other advanced technologies are significantly
environment and to work effectively with colleagues fronthanging not only manufacturing itself, but also the labour
different countries is becoming one of the key skills of thmarket, education and the requirements for future
future. This flexibility includes [8,12,14,16]: workforce competencies. Industry 4.0 is therefore not only
« Sensitivity to cultural differences - employeesa technological phenomenon, but also an opportunity to
who can understand and respect different culturafeate a more efficient, safer and sustainable economic
customs are more valuable in companies becausgstem. The key to success will be the ability to combine
they can work more effectively in internationalinnovative technologies with quality human work, creative
teams. thinking and a continuous drive for improvement [8,15].

» Ability to collaborate with teams in other time
zones - working on international projects require8 M ethodology
the ability to be time flexible and communicate In order to find a solution and at the same time to
across digital platforms across countries. answer the stated aim of the paper, a survey was realized

* Openness to other communication styles anid industrial companies in the period 9/2024 - 11/2024. The

differences of opinion - successful employees amurvey involved medium and large companies in the field
those who can handle different approaches wf engineering, whose more specific focus was the
problem solving and can communicate withautomotive industry and broad suppliers for the automotive
foreign partners without conflict. industry. There were 16 companies that participated in the
»  Accepting feedback from other cultural contexts elata collection and all of them are located in Slovakia.
the ability to accept other forms of criticism and  Industrial companies were asked to provide data from
positive feedback is key to personal growth andompetency profiles at the level of operational

working in a multicultural environment. management - focus on the shift leader position. This
position was deliberately chosen because top management
2.3.3 Lifelong learning does not come into direct contact with automation and new

Industry 4.0 gives importance to the concept of lifelontgchnologies to the extent that they need to be required to
learning. This means that learning is no longer just a mattemve the competencies to work with them. The operational
of formal study, but a continuous process. The main signgnagement level uses the most technical competencies,
of a willingness to learn are [4,5,12,21]: and it is also the lowest level of management, so they are

e active search for courses, seminars, webinars, also required to have competencies that will help them to

« regular updating of knowledge in the areas of ne&ffectively manage the team and lead the employees to

technologies (Al, 10T, blockchain, cybersecurity),achieve the goals, whether of the company or of the

« ability to learn new digital tools and work with individuals.

new platforms, Small companies were left out of the survey and data
. openness to interact with experienced coIIeagu_&Q"eCt'O” bgcause jobs are cumL_JIated in the_m _a_nd the
and ability to accept feedback. implementation of Industry 4.0 is not of significant

According to the results of a study published in thémportance for them due to the volume of production and
journal Sustainability (Raveica et al., 2024), it was thogaS0 in terms of the financial intensity of the measures.
students and employees who showed a high willingness to From the collected data on competency profiles, a table
continuously learn who performed better in the labol¥@s created in which the competencies are listed and
market, obtained innovative assignments and wef@nked based on their frequency of occurrence. There are
promoted more quickly to leadership positions [14]. 39 competencies in the initial table (Table 1). From the

Adaptability and willingness to continuous learning aré2ble thus created, a further frequency analysis can be
key prerequisites for professional success in the Indust??”'ed out, where a criterion has been set that competences
4.0 environment. Flexibility, the ability to react quickly toWith @ frequency of occurrence of less than 25%,
change, the willingness to adopt new technologies affgPresenting values of 3 — 1, will be removed from the
continuous learning are becoming mandatory equipm le, as these competencies are not considered to be

for every employee. In the future, companies will prefeﬁ.ignificant due to their low occurrence. As a result, we are
left with 28 competencies for further analysis.

~ 274 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 271-279 ISSN 1339-5629

Changes of competencies in the labour market caused by the implementation of Industry 4.0
Adriana Lehutova, Matus Cagala, Miroslava Mlkva

Table 1 Collected data from industrial companies

competencies/skills C1 C2 C3 C4 C5 C6 C7 C8 C9 Cl0o | C11 | C12 [ C13 | C14 | C15 | C16 | frequency
production/proj 2 X X X X X X X X X X X X X X X X 16
knowledge OSH, FP, PPE X X X X X X X X X X X X X X X 15
leadership X X X X X X X X X X X X X X 14
human resource management X X X X X X X X X X X X X 13
communication / presentation skills X X X X X X X X X X X X 12
g planning X X X X X X X X X X X X 12
production and technical skills X X X X X X X X X X X X 12
goal ori ion X X X X X X X X X X X 11
Lean management X X X X X X X X X X X 11
knowledge of MS Office X X X X X X X X X X 10
results X X X X X X X X X X 10
organization 4 X X X X X X X X X 10
i X X X X X X X X X 9
employee motivation X X X X X X X X X 9
knowledge of standards X X X X X X X X 9
employee develop X X X X X X X X 8
responsibility X X X X X X X X 8
knowledge of P.LS. (e.g. SAF) X X X X X X X 7
problem-solving skills X X X X X X X 7
inability ori i X X X X X X 6
flexibility X X X X X X 6
inovativness X X X X X 5
creativity and imagination X X X X X 5
language skills (AJ - B2) X X X X X 5
ling X X X X X 5
independence X X X X 4
analytic thinking X o X ni 4
reporting X X X X 4
or i X X X 3
€ 10 stress X X X 3
technical thinking X X X 3
openness to change X X 2
self-education and self-develop X X 2
strategic thinking X X 2
knowledge of BIS X 1
agile thinking X 1
knowledge of ITC system X 1
knowledge of CSR X 1
assertivity X 1

After the evaluation of the data, in the next step, th&election of competencies for the application of Industry
AHP (Analytical Hierarchy Process) method wagt.0 techniques) and the criteria (see above) into the Expert
implemented through Expert Choice software, whiclChoice software, to which we have then entered the
allowed us to evaluate and determine the most frequenihdividual variants (specific competencies). We then
required competencies from managers operating proceeded with a pairwise comparison of the individual
Industry 4.0 conditions in an exact way. For easier woidriteria with respect to the main objective.
and better clarity, these competencies were divided into Figure 1 shows the hierarchical structure of our
three groups, namely: managerial, technical and persodalcision-making process, but we input three separate
competencies. The criteria on the basis of which theodels into the Expert Choice software, one for each set of
competencies were assessed are: financial requirementsclmmpetencies. After pairwise comparing the criteria and
implementation, qualification requirements for employeesletermining their order of importance, we also pairwise
technical requirements for implementation and timeompared the variants themselves, and thus the individual

requirements for implementation. competencies, with respect to a given criterion. After
pairwise comparisons with respect to all four criteria, the
4 Results and discussion Expert Choice software produced a final ranking of the

To use the AHP method, we first need to create dgcision-making process for all three groups of
hierarchical structure. We have entered the objecti@mpetencies.
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(3

Selection of competencies for the application of Industry 4.0 techniques

Financial requirements Qualification requirements Technical requirements Time requirements for
for implementation for employees for implementation implementation
K1 - set of managerial competencies K2 — set of technical competencies K3 — set of personal competencies

- - @ -
5 = wml |2 ] e~
sl wl [T ol . o g
E g% | g o | 8| g||% | 8l |m " £
& | |2l sl|e El|2 &l | gl &l 5| w | B 3 E 5
@ g€l S| | & 18 E oS @ 8| 5 = g8 |
ol | o = E..-‘ W - =
IME R TEIEEIEIE |2l 8| || 5| 5| 2| |5 | | & AEIELE:
gl1e ™5 |2 |ellz 2]« -2 | 8 Sl sl 1l @) | a2 |B =& 25| Ellsg E
EllEl o] 2 &|=2|%|3 .8 = ||| & | = | B |4 = | 8llg g3 |22 el|E =
AIEIEIEIEIEIELEL: @ 2|85 353 2B S ||| 2|32 32|l 35
2 3| | & = Q|| & Cllal|8l|° a8 IZ]2 ‘el | & = || |2 |5 5
AN AEEEEEEIE R EEEEEE
(| g § 3|2 , 3
£ = | 2 = | o |2 S =] 8 [ 2128 =
EIEEIEICIEIELS HIETEIEISIELEIE AEINICIEIRIGIEIELE
HIRETEIE ARG HIEIEIEIEIENE I °| & % 2|2
2 2 615 |[=]|& 2|3 IFIEIELE £ B
= S =
2= E 28l 11782 3 o
= o o o

Figure 1 Hierarchical structure of decision-making process

Based on the information and knowledge gathered so a) Managerial competencies:
far, the competency profile of a manager should generally 1. Production / project management
consist of 10 to 12 competencies. With fewer 2. Employee development
competencies, it would be too simplistic and might not 3. Management planning
cover everything that is required of an employee in a 4. Leadership
managerial position. On the other hand, if there are more b) Technical competencies:
competencies, the profile would be too broad and difficult 1. Lean management
to apply in practice. As in our model, competencies in 2. Knowledge of C.I.S. (e. g. SAP)
competency profiles tend to be divided into several sets 3. Language skills (Eng. — B2)
(managerial, technical/professional, personal and 4. Knowledge of standards
interpersonal), their quantity and structure varying with the c¢) Personal competencies:
company's requirements, objectives as well as with the 1. Analytic thinking
level of management for which the competency profile is 2. Problem-solving skills
created. 3. Innovativeness
By realizing the AHP method in assessing the 4. Creativity and imagination
importance of competencies, we can in the result selectthe 5. Teamwork
relatively most important competencies for operational
managers to be able to lead teams and manage According to the latest Future of Jobs Report 2025 [23],
manufacturing processes effectively. In our decisiorthe biggest barrier to the transformation of companies is the
making process, there were 28 competencies identified 8kills gap and missing competencies in the labour market,
industrial companies as required, divided into three setsaecording to 63% of respondents. This is an even higher
approximately equal numbers. Based on knowledgessult than in 2023, which means that companies are
information and experience, we can argue that iacreasingly aware that without the necessary
competency profile should be made up of between 10 andmpetencies of their employees they will not be able to
12 competencies, so we selected the four competencigglergo a full transformation and their position in the
with the highest scores from each competency set. In thearket will not be competitive [23].
set of personal competencies we added a fifth competency The Future of Jobs Report 2025 lists the competencies
for the relevance of the results, because the base set in tha are on the rise between 2025 and 2030 and companies
case was 10 and not 9 as in the other two competency sate.recognising their importance. To compare and possibly
The final draft of the competency profile of theidentify the differences between the competencies selected
operational manager based on the results of the AHYy us using the AHP method and the competencies selected
method will therefore consist of the followingin the global report, the following table is used.
competencies:
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Table 2 Selected required competencies from Expert Choice vs. ,Skills on the rise 2025 — 2030" from FOJR

ISSN 1339-5629

Selected required competenc “Skills on the rise 202t-2030" | Net increas Associated competenc
Production / project managem: Resilienceflexibility and agility
Teaching and mentorin 30
Employee development Curiosity ar?d lifelong Iearn%r 61 Talent management
Management planning Resource management and o4
operation
Leadership Leadership and social influence 58
LeanManagemer Systems thinkin 51 Technological literac
Knowledge of C.1.S. (e.g. St Networks and cybersecur 7C Al and Big Dati
Language skills (En B2) Multi-lingualisnr 1€
Knowledge of standar Quality contrc 2C Environmentastewardshi
Analytic thinking Analytical thinking 55
Problen-solving skill:
Innovativenes Design and user experiel
Creativity and imaginatic Creative thinkin 6€
Teamwork Motivation and se!f-gwargness
Empathy and activlistening

The first column of Table 2 shows the competencieshanges jobs and at the same time the requirements for
that were selected based on the results of the AHP methethployee competencies. Al and information processing
The second column shows the competencies from thtechnologies will have the biggest impact on companies, as
Future of Jobs Report survey [23], which we matchestated by 86% of the companies participating in the survey
based on their similarity to the competencies in the fir§23].
column. The "Net increase" column is the difference Based on the survey of the Intelligent Industry
between those companies that consider a givéssociation - Industry4UM on the level of implementation
competency to be increasing and those that consideofalndustry 4.0 in industrial companies, only a third of
competency to be decreasing over the specified period.dompanies are currently applying their digitalization
the last column are the associated competencies, so tetnategy. The implementation is most limited by financial
are not exactly the same competencies as in the firesources, which are mainly affecting small and medium-
column, but there is some affinity between them, and it caized companies and companies with Slovak ownership.
be argued that managers also need to have th&msed on the survey results, we know that the
competencies to perform effectively and reliably in theiimplementation of Industry 4.0 fails most on the financial
jobs. side, with up to 60% of companies identifying financial

On the basis of Table 2, where we compared our AHRNstraints as an obstacle. Lack of digitalization skills of
method for selection of competencies for the application employees was identified by 39% of companies as a
Industry 4.0 techniques and the competencies identifiedlimiting factor. The skills gap is most pronounced in the
the Future of Jobs Report 2025 [23], we can confirm thateas of artificial intelligence, programming and data
the competencies that emerged as a result of our decisianalytics, suggesting a need for education and re-skilling
making process are not only necessary for industriaf employees, as well as improved hands-on learning for
companies operating in Slovakia, but are globallpetter implementation of Industry 4.0 or Industry K28].
demanded competencies. However, it is not enough to
identify competencies and find employees who posse§s Conclusions

them. Employee competencies need to be continuously Changes in labour market competencies in the context
developed, care needs to be taken to retrain employeesgfishe implementation and application of Industry 4.0
well as to increase their qualifications and to place gregichniques are challenging and require adaptation on the
emphasis on lifelong learning, which is essential fofart of both companies and employees. The research
maiﬂtaining the Competitiveness of both individuals anfksuns showed that the key Competencies of managers at
industrial companies in a dynamically changinghe operational level are technical skills, but also soft
environment. Companies must therefore strive to match thgmpetencies such as analytical thinking, creativity and
competencies offered by their employees with evolvinggamwork. The AHP method allowed us to identify the
requirements and reflect the needs of new technologies.most important competencies for successful operation in
Technological progress, the transformation Ofndustry 4.0 conditions. The competencies that resulted
industrial companies into companies operating in thgom the AHP method (see Table 2) are not only necessary
Industry 4.0 era (in Slovakia, in the world we can alreadir industrial companies in Slovakia, but are globally
talk about Industry 5.0), the transition to a morglemanded competencies. However, in a constantly
environmentally friendly way of manufacturing are the:hanging environment, where the degree of automation
driving force for changes in the labour market, whicnd digitalization is rapidly increasing and new
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technologies are entering the market, it is important to application VII. NT 2024, Lecture notes in networks
update the competency profiles and reflect the and systems, Vol. 1070, pp. 335-343, 2024.
requirements of technological progress in them. The level https://doi.org/10.1007/978-3-031-66271-3 36
of individual competencies may also vary, whicH4] RERICHA, T., NAVRATIL, J., STEINER, F., TUPA,
emphasises the need for continuous learning and J.: Educational methods for Industry 4.0n: 2022
development not only of new competencies but also of International Conference on Diagnostics in Electrical
those already acquired by employees. Engineering (Diagnostika), Pilsen, Czech Republic,
The main contribution of this paper is the identification 2022, pp. 1-4, 2022.
of a specific set of competencies that operational manager https://doi.org/10.1109/Diagnostika55131.2022.99050
should have in order to be able to effectively manage 99
production and human resources in Industry 4.0 conditiorfS] HERNANDEZ-DE-MENENDEZ, M., MORALES-
The results from the AHP method can be valuable for MENENDEZ, R., ESCOBAR, C.A., MCGOVERN,
industrial companies in planning training programs, M.: Competencies for Industry 4.Olnternational
creating competency profiles, but also in developing Journal on Interactive Design and Manufacturiig|.
human resource strategies that correspond to the 14, No. 4, pp. 1511-1524, 2020.
requirements of digitalization. Companies have to face https://doi.org/10.1007/s12008-020-00716-2
challenges in implementation such as financial constrairf8] GALLEGO GARCIA, S., GARCIA GARCIA, M.:
and lack of competences and digital skills of their Industry 4.0 implications in production and
employees. In order to maintain their market position and maintenance management: An overvieRrocedia
remain competitive, companies will need to invest in Manufacturing, Vol. 41, pp. 415-422, 2019.
retraining, upskilling and lifelong learning for their  https://doi.org/10.1016/j.promfg.2019.09.027
employees. At the same time, it will also be necessary {dl NAZAROVA, G, HONCHAROVA, S,
actively adapt competence profiles to the changing labour ACHKASOVA, 0., NAZAROQV, N.,
market situation. SEMENCHENKO, A., KHOMENKO, P.: Impact of
But the study also has limitations, as the data were digitalization of the economy on transformation of the
collected exclusively from industrial companies operating labor market: Opportunities and thredtsancial and
in Slovakia, mainly in the engineering and automotive Credit Activity - Problems of Theory and Practiv@].
industries. Therefore, future research could be extended to 3, No. 56, pp. 459-473, 2024.
other industries, other regions (countries) and examine the https://doi.org/10.55643/fcaptp.3.56.2024.4391
implementation of new concepts such as Industry 5.0. [8] CRETU, R.F., TUTUI, D., BANTA, V.C., SERBAN,
E.C., BARNA, LE.L.,, CREU, R.C.: Skills and
Acknowledgement competencies needed to use the smart technologies for
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Abstract: Climate change has brought a significant series of environmental, economic, and social problems. An example
is the disasters caused by natural phenomena, of which hydrometeorological phenomena stand out. The state of Veracruz
is one of the five Mexican entities that has suffered most from these phenomena, and which is reflected in the number of
emergency declarations by its municipalities. For this reason, it's essential to determine the location of humanitarian
warehouses in Veracruz, to maintain the population’s quality of life. With the objective of generating a strategy through
which basic necessities can be supplied to victims, the Capacitated Vehicle Routing Problem is applied. This will allow
for the establishment of a humanitarian warehouse located in the Altas Montafias (High Mountains) region to supply
routes to 66 municipalities located in the aforementioned region together with the Capital Region, whose city governments
have made emergency declarations during the period of 2012-2016. The results show 13 supply routes, with an average
of 300 km traveled per route. In the normality assessments, the valpes df.511 for the kilometer variable and

p = 0.603 for the time variable indicate that both variables do not significantly deviate from normality, suggesting that

its distributions are normal.

1 Introduction consumption; thereby bringing consequences such as:

Logistic activity has increasing worldwide relevancel- Rising temperatures; 2. More potent storms; 3. Increase
not only in the business and industrial fields, but also ith Wworldwide droughts; 4. Rise in ocean level and
social fields. It can be said that logistics is the tool througAcreasing water temperatures; 5. Disappearance of
which an efficient and effective flow of resources angPecies; 6. Food scarcity; 7. Health risks, and 8. Poverty
information is achieved as well as its integration with th@nd displacement [2,3]. One of the main concerns of the
activities along the supply chain, with the focus ofqreseeable effepts of climate chang_e |s.the occurrence of
strengthening and increasing levels of customer service.digasters resulting from the combination of structural
the logistics field, the denomination humanitarian logisticgulnerability and the incidence of hydrometeorological
is found (HL), which is derived from the concern inPhenomena [4].
looking for solutions to diverse problems; among whichare In this field, the United Nations Office for the
problems related to climate change, such as the preseriRgduction of Disaster Risks [5] defineisasteras a
impact, and frequency of natural phenomena, which hagérious interruption in the function of a society derived
also been a motive of interest of governmentdfom threatening events that interact with conditions of
organizations, and researchers all around the world. ~ Vulnerability, exposure, and capacity, generating human,

For Gutiérrez-Guzman et al. [1], humanitarian logistic§conomic, material, and environmental losses and impact.
refers to a logistics system dedicated to planninghe General Law of Civil Protection [6] mentions that
implementation, and supervision of the storage arftydrometeorological phenomena are disturbing agents
distribution of resources in areas affected by some type @nerated by atmospheric agents such as tropical cyclones,
crisis. Discussing climate change eludes to long-terfxtreme rains, floods, blizzards, hail, droughts, heat and
changes in temperature and climate patterns; among fifdd waves, and tornados.
causes are: a) energy generation; b) product The National System of Civil Protection [S|NAPROC]
manufacturingic) deforestationgl) use of transportation; [7] mentions that Mexico is in an intertropical region which
d) food productiong) energy in buildings, anjl excessive Subjects it to being battered by hurricanes generated in the
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Atlantic Ocean as well as the Pacific. The impacts of these Problem approach
phenomena mostly affect the coastal zones of the Pacific, With a surface of 78,815 Kimnthe state of Veracruz
the Gulf of Mexico, and the Caribbean. During the periogepresents 3.7% of the surface of Mexican territory and is
of 2000-2020 2,223 declarations were made bipcated inthe central part of the slope of the Gulf of Mexico
SINAPROC, which were divided i) climatological and is adjacent to the state of Tamaulipas in the north, San
contingency declaration, 18.58%) disaster declaration, Luis Potosi, Hidalgo, and Puebla in the west, Oaxaca in the
30.72%, anct) emergency declaration, 50.70%. 92.85%outh, and Chiapas and Tabasco in the southeast. Veracruz
were caused by hydrometeorological phenomena [8,9].Has 212 municipalities with 8,062,579 inhabitants [11].
is worth mentioning that among the states that have The regions that make up Veracruz and are considered
municipalities with “very high” risk from this type of in the Veracruz Development Plan [12] are (1) Huasteca
phenomena are the states déracruz Chiapas, and Alta, (2) Huasteca Baja, (3) Totonaca, (4) Nautla, (5)
Guerrero [10]. Capital, (6) Sotavento, (7) Montafias, (8) Papaloapan, (9)
Tuxtlas and (10) Olmeca. The location of Veracruz and its
regions are shown in Table 1.

Table 1 State of Veracruz [13,14]

Location of the state of Veraci Regions of the state of Verac
Huasteca Alta

i R i Estados Unidos

Totonaca
Nautla
Sotavento

Altas Montafa ‘\t os Tuxtlas

Throughout time, due to its geographical location, theumber of municipalities that make up each of the regions
state of Veracruz has been frequently and strongly affectddht are in the state of Veracr®);name of the regiorg)
by hydrometeorological phenomena, which has given rigercentage of municipalities in each regiéhnumber of
to the declaration of natural disasters to help peopénergency declarations emitted by each regibp;
affected. An analysis carried out with data emitted by thgercentage of declarations, a6jlthe compound factor
National Fund of Natural Disasters (FONDEN) during thbetween declarations and municipalities.
period of 2012-2016 depicted in Table 2 shows dhe

Table 2 Emergency declarations [15]

Number of . Percentage Number  Percentage Factor
C Region O . . . T
municipalitie: municipalitie: declaration declaration declarations/municipalitit
11 Nautle 5.19% 89.0( 11.08% 8.0¢
15 Totonaci 7.08% 39.0( 4.86% 2.6(C
18 Huasteca Ba 8.49% 73.0( 9.09% 4.0¢
15 Huasteca Alt 7.08% 39.0( 4.86% 2.6(C
33 Capita 15.57% 153.0( 19.05% 4.64
57 Las Montafie 26.89% 172.0( 21.42% 3.02
4 Los Tuxtla: 1.89% 24.0( 2.99% 6.0C
25 Olmec: 11.79% 122.0( 15.19% 4.8¢
22 Papaloaps 10.38% 45.0( 5.60% 2.0t
12 Sotavent 5.66% 47.0( 5.85% 3.92
212 100.00% 803.00 100.00%
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We can see that the largest number of declarations is3612-2016 by FONDEN is used as a foundation for
the region of Las Montafias, followed by the capital regiomnalysis of supply zones and victims.
regions that also have the largest number of municipalities, The research is divided into four parts, the introduction,
26.89%, and 15.57% respectively, and that are next to eachevision of the literature, where a series of investigations
other. For the effects of this investigation, it is worthihat deal with and give solutions to the routing problem
mentioning that Mexico has a social supply distributiothrough different methods and combinations are presented.
network for communities with marginalized conditionsFinally, the conclusions are presented to finalize the study
The state of Veracruz has three units of this networlyith consulted sources for the development of the
through which service is given to the municipalities anthanuscript.
communities with stores that have different characteristics
derived from the supply zone, characteristics that make L iteraturereview
them apt to function as a humanitarian warehouse in casewhile climate change has brought environmental,

of disaster. social, and economic problems, it has awoken the interest
The aforementioned is why this investigationof researchers all over the world who, through the
cataloged as a case study, hopes to develop from a sogjgblication and/or generation of different methods,
supply unit in the Altas Montafias region and as of now Wgethodologies, and immersive techniques in different
will call this unit a humanitarian supply warehouse, as We§ireas, have developed solutions that allow for the
as the routing of vehicles through which products will bghinimization of adverse effects. In the case of the present
supplied to people affected by natural disasters in the Altgg/estigation, Table 3 displays articles that have years of

Montafias and capital regions in the state of Veracruz. Thgveloped material in humanitarian logistics, especially
declaration of emergencies emitted during the period gfgarding the vehicle routing problem.

Table 3 Revision of the state of art

Title Authors Yeal Descriptior
Modeling integrated A. Afshar 2012 - Response to natural disasters.
supply chain logistics & - Mathematical model: a) optimal locations; b) Vehicles
in real-time large- A. Haghani. route; c) pickup and delivery schedules; d) capacity
scale disaster relief restrictions for each facility, and e) transportation system.
operation - Evaluated through numerical experiments |
Transportation in D. Berkoune, 2012 - Emergency situations.
disaster responselJ. Renaud, - Modeling of a transport problem.
operations Monia Rekik - Development of an enumeration heuristic of collections and
& genetic algorithm [17].
Angel Ruiz.
An exact solution R. Abounacer 2014 - Humanitarian help.
approach for multi- & - Mathematical formulation of multi-objective localization
objective  location— M. Rekik and transport problems: a) minimizes the total duration of
transportation transportation of the necessary products from the
problem for disaster distribution centers to points of demand; b) minimizes the
response number of agents to open and operate the distribution

centers, and c) minimizes demand not supplied.
- Modification of the algorithm for the generation of rough

solutions
- Comparison of results [1

A bi-level J.F. Camacho- 2015 - Humanitarian logistics.
optimization model Vallejo, - Two-level mathematical programming model, with a
for aid distribution E. Gonzélez- reduction to a one-level non-linear mathematical model;
after the occurrence Rodriguez, linearized to obtain a mixed programming problem.
of a disaster F.J. Alimaguer - Distribution of humanitarian help after a disaster.

& - Real case study of the earthquake in Chile in 2010 [19].

R.G. Gonzélez-

Ramirez
A humanitarian M. Ahmadi, 2015 - Humanitarian logistical operations.
logistics model for A. Seifi - Two-level Stochastic Mixed-Integer Programming Models
disaster relief & with random travel time to determine the location of local
operation considerin B. Tootooni deposits and routing for l-mile distribution
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network failure and - GAMS.

standard relief time: - Case study of San Francisco, California [20].
A case study on San

Francisco distrit

A dynamic multi- A. Bozorgi-Amiri 2016 - Humanitarian help logistics.
objective  location— & - Facility location, inventory quantity, and vehicle routing.
routing model for M. Khorsi. - Model of multi-objective mixed-integer programming: a)
relief logistic minimize the maximum quantity of scarcity between the
planning under areas affected in all periods; b) minimize the total time of
uncertainty on the trip, and ¢) minimize the sum of the costs before and
demand, travel time, after the disaster.
and cost parameters - GAMS/CPLEX.

- Tehran case study [2
Allocation of F. Cavdur, 2016 - Short-term disaster assistance operations.
temporary  disaster M. Kose-Kucuk - Two-level Stochastic Mixed-Integer Programming Models
response  facilities & to minimize the total distance traveled, unsatisfied demand,
under demand A. Sebatli. and the total number of facilities.
uncertainty: An - Temporary assignment of facilities during disaster response
earthquake case study problems.

- Case study developed by the Prime Ministry Disaster and
Emergency Management Authority [Z

Pre-positioning of S. Baskaya, 2017 - Humanitarian help chain
relief items in M. A. Ertem - Development and comparison of mathematical models for
humanitarian logistics & the location, number of facilities and inventory: a) direct
considering lateral S. Duran shipping model; b) lateral transfer model, and c) maritime
transshipment lateral transfer model.
opportunities - GAMS/CPLEX
- Istanbul case study [2

Plant Location, E. Barojas-Payan, E, 2019 - Humanitarian logistics.
Inventory Levels, and V. Juarez-Rivera, - Mathematical model that combines the facility location,
Supply of Products to R. Villafuerte-Diaz inventory levels, and vehicle routing.
Areas Affected by a & - Lingo
Natural Phenomenon J. Medina-Cervantes. - Case study in Veracruz, México [24].
Logistics Solutions in E. Barojas-Payan, 2020 - Humanitarian logistics - natural disasters
the Preparation PhaseD. Sanchez-Partida, - Evaluation of a logistic model of literature whose
for the Appearance of M.J. Heredia-Roldan, fundaments ara) the classic p-median problem for the
Disasters V. Juarez-Rivera, location of a prepositioned warehoubg;an extension of

J. Medina-Cervantes the model ¢-R) for calculating the inventory of different

products, according to different types of demand Qtite
Capacitated Vehicle Routing Problem.

- Lingo.

- Case study in Veracruz, México [2
A Multi-criteria  F. Regis-Hernandez, 2022 - Humanitarian help.
Decision-Making A. Ruiz - Multiple criteria methodology for the design of a help
Framework for the & distribution network using the Analytical Hierarchy
Design of the Relief J. Mora-Vargas Process.
Distribution Routes - Quantitative models to maximize the performance of the

distribution network.
Academic case [26

The previous Table offers a structured vision of a pa8 M ethodology

of the existing literature about humanitarian logistics in  The following methodology is displayed in Figure 1,
natural disasters, facilitating the comparison and thfviding the collection of information as follows: quantity
analysis of different focuses, as well as distinct models ag¢l people in need, distances between municipalities and
methods with which various researchers have offerggformation about the vehicle used for deliveries, as well
solutions to the routing problem in case of disaster. a5 other information. Below is the supplied information
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and the execution of the model with Lingo® software,
followed by the presentation of the results and the statistics
of time and distance variables.

CVRP presentation and

Information Collection program data feed Results
Figure 1 Methodology
Step 1. Information Collection distribution costs are integrated ky) a fixed cost

. Location of humanitarian supply warehouses (HSWgssociated with every truck, abjla variable cost per unit
to carry out the present investigation, the humanitariasf traveled distance. Every route starts and ends at the same
supply warehouse located in Orizaba was categorizéistribution center, and the vehicle capacity should not be
as a supply point. overloaded [29,30]. The description of the variables and
parameters are shown in Table 5.

. Municipalities that declared emergenciegspom the
data in [15], Table 4 is generated, where we can observe
a total of 90 municipalities, 66 have been affected by &
hydrometeorological natural phenomenon which has
been the cause of a declared emergency, for which s

Table 5 Parameters and variablf20]
Parameter Descriptior
A Capacity of each vehicle.
Maximum number of vehicles.

| . Il be si . Fj Nuclear flow from node i to node j.
supply points will be sixty-six. Z Total cost of transportation.
Table 4 Municipalities with declare.)d.em.e.rgenci.es gl; Biesrtr;?]r(]:i %z?v?lggr:.mde and node .
- p : 9 X;j 1 if the vehicle moves from node i to node j,
ilf:p'ta 33 17 0 if the opposite is tru
as
Montafia 57 49 : .
Total 90 66 Acpordlng to [30] the general model for a CVRP is the
following:
. Databases for the program which will be developed
and supply data for the vehicle routing problem. MinZ = Z z CijXij (1)
i=1 j=1,j#i
« Distance matrix between municipalities that hav&ubject to:
declared emergencies and HSW, obtained with N
Google Earth®. Z Xy +x =1 Vk (2)
« Demand estimate from declared emergencies 1=2k#1
during 2012-2016. al
« Vehicular capacity of 12000 kg of basic necessity Z X+ X =1 Vk (3)
products, this information is supplied by the =2,k
document from Barojas-Payan et al. [27]. i @
Step 2. Vehicular routing k=2
To carry out the vehicular routing design for the supply N N
of municipalities that have declared emergencies, a routing Z Z vk (5)
of capacitated vehicles is used, which is described below: Py Py
The objective of the classic vehicle routing problem
(VRP) is to make routes for a fleet of homogeneous X =0 Vk (6)
vehicles in order to serve a group of clients. Every client is
visited once by one vehicle, every vehicle route begins and Xyt X =1 Yk ligy ™
ends with a deposit and fulfills some lateral restrictions
The Capacitated Vehicle Routing Problem (CVRP) Pyt Pyt
case has a special twist: the cargo capacity that the driver
has from the origin to the destination. A fleet of capacitated dix;; < +F; Vi, fixj 9
vehicles is located at a distribution center, the clients are in o
different geographical spaces and represent a demand. The Fj = (4 - di)xii Vi Jizj (10)
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Equation (1), represents the objective function of the
model which is to minimize the total traveled distance; Step 3. Presentation of results
equations (2) and (3), establish that there is exactly one exit Table 6 presents one of the obtained routes through the
from nodei; equation (4) establishes the total number gfrogramming of the capacitated vehicular routing problem:
vehicles that should not be exceeded; equation (Bjth a total distance traveled of 183.4 km for the delivery
establishes the balance between the arrival and departofgroducts in the municipalities of Delgado, Magdalena,
arcs in a determined node; equation (6) eliminates the flobequila, Atlahuilco, Tlaquilpa, Xoxocotla, Astacinga,
from nodei to nodd; equation (7) is a trivial sub-tour Tehuipango, Mixta Altamirano, Texhuacéan, Zongolica and
elimination restriction, and equations (8), (9) and (1Q)os Reyes, supplying 11,069 kilograms of products,
establish the balance between the flow entering and exitidgtermined as route 1, while Table 7 shows that route 6
the node. supplies Ixtaczoquitlan, Fortin de las Flores, Chocaman,
With Lingo 19.0® software and the obtainedTomatlan, Ixhuatlan del Café, Tepatlaxco, Paso del Macho
information in Step 1, we begin to resolve the capacitateshd Camaron de Tejeda, with a total of 210 km traveled. In
vehicular routing problem, obtaining a total of 13 routeaddition to the description of the routes, the weight of the
and 3,972.10 km traveled, for 66 municipalities that havead, the distance traveled, and a map obtained with
declared emergencies. The route with the largest numi§google Maps® is shown with the respective route.
of destination nodes is the first, with a total of 183.4 km
traveled and a demand of 11,069 kg.

Table 6 Route 1. Optimization model

Route Delivery municipalities kg km
Rafael Delgad: Magdalen Tequila | Atlahuilcc
1 Tlaquilpe | Xoxocotla | Astacing: Tehuipangc 11,885 183.4
Mixtla de Altamiranc Texhuaca Zongolice | Los Reye
-(...;I:-r.cnnu 2 Mendora ',5; ?ﬂ%;"d fomac /
ke 'o, { Camwle Mendoxag
Y
e F \
¥ i az h36m|n {
A lnmlcc}:o{;r \7“1‘ J
£ P 4
ocotla OF) [ .
,I'f’ 5:1 Los ne;\}ﬁi\,“‘pm"w =
‘li T JT'__JBSMIIHJMMHT\IYBMG {
TEII\I.ISC:II\O‘r
\\bulxtla de Altamirando
Table 7 Route 7. Optimization model
Route Delivery municipalities kg km
Ixtaczoquitlar Fortin de las Flort Chocamar Tomatlan
6 Ixhuatlan del Cafi Tepatlaxcc Paso del Mach Camardn de Tejec 11,664 210.0

Ixhuatlan del Café O

i pi8 {POTomatlan
od Chocamén

Ixtaczoquitlan { \
Fortin de las Flores
QOrizaker ;

&6 h 24 min
b 210 km
8Camerino M

Camardn de Tejeda

OPaso del Macho
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4 Reaults With the normality chart, we observe that in the time

Table 8 shows the results of the application of théariable, the value op for the normality test is 0.603,
capacitated vehicular routing problem, with a total of 18herefore, the data follows a normal distribution for this
routes and 3900 km traveled for the supply of e®ariable (Figure 3).
municipalities. With an average of 300 km per route and a
stapdard_dev?ation of 178.62 km, likewise, the averag Rormility ehatt of time tiaveled
delivery time is 478.62 min (7.9 hours). We can conclud Normal
that the delivery of products to people affected by naturé =

| Media 4786

phenomena can be carried out efficiently, supposing th Desusst 2352
there are no transit problems or issues on the highways N
access routes to the affected municipalities. i S
2
Table 8 Lingo19® programming result. *‘é @
Route Kilometers Minutes o
1 183.4 387 ¢ :ﬁ
2 561.( 75¢
3 596.( 89¢ .
4 385.( 57¢
5 259.( 47¢% i
6 210.( 384
7 535.( 804
8 124.( 17¢ Figure 3 Normality chart of time traveled
9 230.0 397
1C 52.¢ 13t .
11 326.( 507 5 Conclusions
12 343.( 49¢ One of the concerns with climate change is the presence
13 94.¢ 22t of extreme natural phenomena, a situation that makes it
Surr 3,900 kn 6,222 mir imperative to develop plans that allow for quick and
Average 300.0( 478.6: effective decisions for victims not only for the best
Dev.Std. 178.68 235.22

assistance possible but also for it to be fast and efficient.

) o o o In the literature, several works have addressed the topic
With the finality of examining the characteristic of thegs [umanitarian logistics in Mexico. For example, [24]
kilometer variable with a statistical focus that compares thg,e developed a model that combines the problem of
distribution of the data with a normal distribution, Figure 24¢ijity location, inventory level establishment, and vehicle
shows the adjustment of the variable to the normahting for one of the ten regions that constitute Veracruz.
distribution through the graph, where we can determingnjike this work, they propose a new warehouse that
whether the variable shows significant normalityyoyld entail a considerable monetary investment in
deviations which could have important implications for thgenicles, since it would be in the city of Fortin de las Flores
validity of the statistical analyses and the conclusions ghq have 14 delivery routes. Furthermore, [31] study
the investigation. The value pffor this normality test is yenijcle routing in Chiapas, México. Chiapas is one of the
greater thanthg > 0.05 significance level, therefore, the five states with the greatest impacts derived from climatic

data follows a normal distribution for this variable. phenomena. The authors weighed the variables to
determine the location of two warehouses and their
Normality chart of kilometers vehicular routing. They compare the results, selecting the
Bt best choice of infrastructure, viability, and response time.
2 Ncia: 0t However, a considerable monetary investment is required.
2 e e The research presented shows the capacitated vehicular
% s routing problem for the regions of the capital and the Altas

Montafas in Veracruz, based on emergencies declared by
FONDEN during 2012-2016, the municipalities that form
part of the route are established with the goal of being
supplied. They have a humanitarian supply warehouse in
the city of Orizaba as an origin and destination point.

The objective of the generation of routes is to have
complete coverage throughout the studied regions (Capital

Porcentaje
w
&

I T and Altas Montafias) allowing for an efficient supply by
balancing deliveries, decreasing distances, and above all
Figure 2 Normality chart of kilometers decreasing delivery times.
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The results show the establishment of 13 routes with an Diagndstico de peligros e identificacion de riesgc
average traveled distance of 300 km, in an average time of desastres en México, Atlas Nacional de Riesgos
approximately 7.9 hours. In the same way, with the Republica Mexicana, Ciudad de México, 2!
normality charts with the route time and distance variables, (Original in Spanist
the adjustment of the normal distribution variables i8] Secretaria de Gobernacion, Sistema Nacione
shown. These results obtained in the normality charts show Proteccién Civil, Fideicomiso Fondo de Desa:

that the variabl&ilometersp = 0.511) as well as théme Naturales (FONDEN), [Online], Available: https://ww
variable p = 0.603) have a normal distribution, which  w.gob.mx/segob/documentos/fideicomiso-fondo-de-
guarantees a validity of the analysis. desastres-naturales-fonden  [07 86R@4], 201¢

Unlike the articles mentioned previously, this (Original in Spanist
document proposes a warehouse with characteristics dAtiSistema Nacional de Proteccion Civil [SINAPRC
the infrastructure that allows reliable distribution, without Coordinacién Nacional de Proteccion civil, [Onlil
a high investment. Also, the location of this warehouse Available: https://seguridad.sspc.gob.mx/dependencia
will reach a greater number of municipalities per route, in s/6/coordinacion-nacional-de-proteccion-civil-cnpc
an acceptable delivery time. As future work, we will [07 Sep 2024], 2023. (Original in Span
integrate to the proposed model logistics elements such[#8] PRIETO-GONZALEZ, R., MAYAMAGANA,
warehouses and inventories, affected municipalites, M.E., ROSARIO-DE-LA-CRUZ, J.G., SANCHEZ

temporary shelters, and collection points, among others. MEDINA, C.: Riesgo municipal por época de lluy
y ciclones tropicales en México y proyecciones
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Abstract: The study explores how Smart City technologies influence logistics operations in suburban public transportation
systems. By enhancing passenger and vehicle movement, the study assesses the role of sensor data, real-time informatior
and data analysis in improving the flow of materials, personnel, and information in suburban transit. Findings demonstrate
that Smart City initiatives lead to shorter wait times, improved route optimization, and greater reliability, thereby boosting
overall transport logistics. Through real-time data processing, suburban systems can manage flow dynamically, offering
valuable insights for scalable implementations in both urban and suburban logistics.

1 Introduction public transport. It analyzes the effect of advanced

The advent of smart city technologies has transformé@chnologies on transport management and service
urban infrastructure, providing innovative solutions téielivery.
persistent urban management and public service problems. Research tasks: _ _ _
As cities expand, it is important to ensure efficient and 1. To explore the integration of smart city
accessible public transport in suburban areas to promégshnologies into suburban public transport, particularly
social equity, economic health, and environment&lata-based planning mechanisms and real-time
sustainability [1]. Smart city technologies, which utilizéhformation systems, and their impact on service
data analytics, Internet of Things devices, and real-tingecessibility. . _ _
information sharing, can potentially improve these 2. To evaluate the impact of smart city solutions on
transport systems [2]. Understanding their impact cdhe accessibility and efficiency of public transport in
provide valuable insights for enhancing public transpofiuburban areas by comparing regions with and without
networks and strengthening connections between urbd}¢se technologies.
and suburban areas. 3. To identify challenges and opportunities in using
Despite the increasing implementation of smart citgmart city systems in suburban areas, including user
technologies, there is still limited understanding of thefatisfaction, operational efficiency, and potential for
specific impact on the accessibility and efficiency ofurther technological development.
suburban public transport. Unresolved questions remain ) )
regarding the effect of smart city systems on the schedde Literaturereview
and frequency of suburban transport services. The impact Smart cities are attracting increasing attention due to
of real-time data on public transport accessibility ithe desire to integrate technologies to improve quality of
sparsely populated regions has also not been studied. llifis, sustainability, and efficiency. A key element of such
unclear whether smart city solutions address the transpotties is the modernization of transport networks.
needs of suburban residents as effectively as they do fachnological innovations focus on improving
urban center residents. accessibility, reducing environmental impact, and
This study aims to assess the impact of smart cignhancing efficiency. The authors of the article [3] studied
systems on the accessibility and performance of suburbdwe impact of the COVID-19 pandemic on urban mobility

~ 291 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 291-299 ISSN 1339-5629

Optimizing suburban public transport through smart city logistics: a study on information flow and
passenger management
Olha Prokopenko, Marina Jarvis, Gunnar Prause, Vitaliy Omelyanenko, Inna Kara

and the role of smart city technologies in developingehicle market and its impact on the development of other
European transport policy. Their results demonstrate hanodes of transport. A review of the advanced socially-
these innovations have improved the resilience of transporiented approach to urban transport development was
systems, helping them adapt to new challenges. Tharried out by the article [14]. The authors of the research
researchers emphasize the need for a comprehendil/®] developed a model to assess the energy efficiency of
transformation of transport infrastructure to social anttansport systems, offering a foundation for analyzing the
environmental demands. The article [4,5] studied thenvironmental, energy, and financial aspects. This is an
socio-economic and sustainable impact of free publimportant tool for decision-making regarding the
urban transport in the case of the City of Tallinn and thdevelopment of public transport in urban environments.
role of the Estonian ID card based on the national e- The explorers of the public influence on the transport
government system for data management. system in smart cities [16] emphasized the importance of
The authors of the article [6] proposed an approach public participation in resolving social conflicts in smart
studying social segregation based on smart card datacities. They argue that inclusive planning involving the
public transport. This allowed them to identify inequalitiesommunity can increase the success of projects and ensure
in access to transport among different social groupspcial justice. The article [17] studied the world experience
showing how data analytics can influence the formation of state regulation of the development of production and
transport policies with a focus on social justiceuse of motor transport. Another article [18] examined the
Meanwhile, the research [7] explored the latest innovatiotesgal issues of transport and logistics security in detail. The
in public transport, particularly autonomous vehicles angtsearchers [19] examined the challenges and opportunities
predictive analytics. The authors emphasize the needdb integrating smart city solutions into urban and rural
overcome barriers for effective implementation andreas. They highlighted the potential of such technologies
improve system resilience. to connect urban and suburban transport systems but also
This article [8] analyzes the overall impact of the smartoted many obstacles to the widespread implementation of
city concept on public transport. They explored how datuch systems in less densely populated areas. The article
and technology integration has transformed transpdg0] extended the smart city concept and investigated its
infrastructure, noting increased efficiency and improvedompatibility with the concept of smart logistics hubs. The
user experience. However, they indicated that moresearch focused on maritime cities, resulting in a
research is needed to assess the long-term consequencesmdéeptualization of a smart port city ecosystem. The
implementing new systems. The authors of the article [8uthors of this study [21] researched the use of bi-
focused on introducing electromobility into the transpouirectional trams as a sustainable approach to urban public
infrastructure of smart cities, highlighting the role otransport. Their study shows that this technology can
electric vehicles in reducing carbon emissions. Althougsignificantly reduce travel time and improve the efficiency
the study confirms the importance of such solutiongf transport networks. However, more data are needed to
additional empirical data are needed to assess theiraluate the scalability of this technology.
effectiveness fully. The article [9] studied the utilization of Despite the substantial amount of research devoted to
autonomous delivery robots in the frame of the smart cithe intellectualization of transport, it is important to
concept and outlined a regulatory framework for theontinue studying specific challenges for suburban and
operation in public spaces. rural areas. Understanding the needs of such regions will
Another research [10] analyzes the potential for usirgnable the adaptation of technological solutions.
new transport vehicles in smart cities, such as autonomadudsreover, it is worth exploring the impact of innovations
buses and electric bicycles. She examined their advantagessocial justice and transport accessibility for different
and disadvantages, critically assessing their integratipopulation groups, particularly marginalized groups. The
into the existing transport infrastructure. The study shovesiccessful implementation of smart city technologies
the potential of these innovations for strengthening threquires overcoming regulatory and financial barriers and
future of urban transport. Studying the experience dafvolving stakeholders.
organizing the transport system of Estonia, the article [11]
studied the economic feasibility of using electric vehicle8 M ethods
depending on the transportation volume using the example)  Research procedure
of the delivery sector. The authors of the article [12] The empirical study consisted of the following stages
studied the possibilities of applying innovative Ioglstlcse,:igure 1).
technologies in this sector. One more article [13] also
focused on forecasting the development of the electric
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Data Collection
Data Collected using observations, system logs and schedules
Duration: Jan 2023 — Jun 2023

:

Data Processing and Analysis
Data Processed using statistical software and machine learning algorithms
Duration: Jul 2023 — Sep 2023

1

Validations and Verification
Results validated through cross-referencing and field surveys
Duration: Oct 2023 — Nov 2023

Figure 1 Research stages

3.2 Sampleformation 3.3 Methods

The research focused on suburban public transportation The research employs a combination of methods for
systems in three large cities that utilize smart citglaa collection and analysis:
technologies. The main subjects of the study were bus Sensor Data Analysis: Smart sensors and l0T devices
schedules, route efficiency, and real-time passenger dateonitor transportation operations in real-time. Data on the
The sample (Table 1) included 150 bus routes from tmeimber of vehicles, service efficiency, and passenger

three cities. counts are collected. Primary data processing and
statistical analysis are carried out using Python and R. The
Table 1 Sample formation data are aggregated by hours and days.
City Country | Details Service Frequency Calculation (1):
Berlin Germany | A large city with ap
extensive smart  city Frequency = Total Services (1)
infrastructure Time Period
Barcelona | Spain A city known for its Equation 1 calculates the frequency of services based
advanced urban mobility o yota) services over a specific period, an essential metric
systems : for logistics flow management in transport systems.
Copenhagen Denmark| Renowned for its smart
city initiatives and 1. Statistical Analysis: Statistical methods were
efforts toward  applied to study the impact of smart city systems on
sustainable

transport accessibility and user satisfaction. Regression
developmen analysis was used to assess the relationship between the

. implementation of smart city systems and transport
Each route was monitored over 60 days to gath%fficiency.

comprehensive data. The sample of 150 routes was Regression Analysis for Transport Efficiency (2):
selected to obtain reliable data that reflect diverse suburban

transport scenarios and varying levels of smart city system v =By + Xy + BoX, + € )
integration. The cities were chosen due to their advanced
implementation of smart city technologies and the Equation 2 reoresents a rearesson model  for
availability of detailed transport data, ensuring the q ep egres

relevance of conclusions for environments where Sméegaluatmg transport efficiency, where y denotes efficiency,

systems are actively utilized. Selection criteria included t anq X, are variables representing _Smart  Clty
level of smart city system integration, diversity of suburbayregration and control factors, respectively, and e
transport routes, and data availability. The chosen Samagnlflestheerror term.
size and selection criteria ensure the statistical significance

and applicability of the research results to similar contexts, 2. User Survey Analys_ls..A passenger survey was
conducted to collect qualitative data regarding their

experiences with smart city systems. A structured
guestionnaire was created, focusing on aspects such as
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service reliability, accessibility, and user satisfactioreffective implementation of smart technologies for route
Survey responses were processed using descriptimetimization. Despite having fewer services, Barcelona
statistics and thematic analysis to identify common thempsovides reliable service that enhances urban mobility.

and patterns in user feedback. Copenhagen has the least number of services, which may

The research tools included: be related to fewer routes or a smaller population.

1. Data Sources: Intelligent sensors (loT devices), Table 2 Overview of collected data
GPS trackers, and Automated Passenger Counting (ARC) City Total | Average Service Average
systems provided quantitative data on transport operations. Services | Frequency (per | Passenger Load
Surveys collected qualitative information about passengder Hour) (per Service)
experiences_ Berlin 45,60( 4.z 32

Barcelon: 39,00( 3.C 2¢
2. Analysis Tools: Python and R were used for datgePenhagen 35,400 3.6 28

processing and analysis, enabling complex computations

and result modeling. Berlin boasts the highest service frequency at 4.2 per

hour, reflecting the effective use of smart solutions.
Barcelona offers 4 services per hour, ensuring dependable

4 Results . : ;
41 Lodisticsfl timization i burb service. In Copenhagen, the service frequency is 3.6 per

. ogl 'CS_ ow optimizalion in Suburban hour, but the system remains stable. The average number
transport: the role of smart city systems of passengers in Berlin is 32 per service, indicating high

Over 60 days, 150 bus routes in Berlin, Barcelona, aRmand. In Barcelona, this figure is 29 passengers, while
Co.pmhagep were monitored. Smart sensors and '”Fer”etinCopenhagen, it is 28 passengers per service, reflecting
Things devices recorded the movement of buses, mterva@od occupancy rates. Thanks to the effective use of
between trips, and the number of passengers. The data Watnologies, Berlin stands out with its high service
groupe(_j into hourly an(_j daily intervals for analysis. Tablf’requency and passenger flow. Copenhagen maintains a
2 contains the summarized results. _ stable level of service by integrating transport with cycling

The research indicates that Berlin has the highegffrastructure. Figure 2 illustrates the relationship between

number of bus services among the three citiegeryice frequency and average passenger load in the three
demonstrating a developed transport infrastructure aggies.

35 32
29

30 28
25
20 &
15
10

4,2 39 3,6

[ | | e

0
Berlin Barcelona Copenhagen
™ Avg. Service Frequency (per hour) ™ Avg. Passenger Load (per service)

Figure 2 Service frequency and passenger load comparison in Berlin, Barcel ona, and Copenhagen, illustrating logistics efficiency in
suburban public transport systems

The graph shows that Berlin has the highest level of b&sequent services reduce waiting times and make transport
services and passenger flow among the three cities. Buseare attractive to users. During peak hours, the number of
in Berlin operate more frequently and carry morservices and passenger flow increase due to heightened
passengers than those in Barcelona and Copenhagdgmand for transportation services. Berlin stands out with
Although Barcelona shows slightly lower results, it stilthe highest frequency of services and passenger flow,
actively utilizes public transport. Copenhagen has thadicating the effectiveness of its transport infrastructure.
lowest frequency of services and passenger flow, possilBarcelona also demonstrates good effectiveness, although
related to lower demand or limited resources. its figures are somewhat lower. Copenhagen has the lowest

The graph confirms a positive correlation betweefigures, which may result from lower demand or limited
service frequency and the number of passengers: the mg@sources.
frequent the services, the more passengers per bus.
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The positive relationship between service frequendwactors on transport efficiency. An increase in the control
and passenger flow suggests that more frequent servigasiable by one unit enhances efficiency by 0.15. The
encourage greater transport use. Cities with advancsténdard error of 0.04 and p-value of 0.023 affirm this
management systems, like Berlin and Barcelona, shomfluence's accuracy and statistical significance. The
better performance metrics. The difference between peadgression analysis reveals a positive relationship between
and off-peak periods reflects the systems' adaptation smart city integration and transport efficiency.
changing demand (Table 3). The results also indicate that
increased service frequency typically leads to highex2 Integration of smart city technologiesin

passenger loads on transport. transport logistics
o ) Data on transport efficiency in the three cities show
Table 3 Variationsin service frequency and passenger |oad varying results (Figure 3). Berlin demonstrates the highest

during peak and off-peak hours
City Peak Off-Peak | Average | Average
Service Service Peak Off-Peak
Frequency | Frequency | Passenger | Passenger

efficiency due to advanced smart city technologies that
significantly enhance the transport system. Barcelona
shows moderate improvements due to a higher level of

(per hour) | (per hour) | Load L oad integration, but these changes are Iess_s_ignificz_ant_than in
Berlin 5.€ 31 4C oC Berlin. Copenhagen has the lowest efficiency indicators
Barcelon 5.2 2.¢ 37 23 among the three cities. Although implementing smart
Copenhage 5.C 2.7 34 22 technologies in Copenhagen improves the situation, the

effect is less pronounced compared to Berlin and

Berlin has the highest frequency of service and tHgarcelona. The graph demonstrates a positive relationship
largest number of passengers, indicating a high demandfetween the level of integration of smart systems and
transportation. Barcelona, while lagging, demonstratesti@nsport efficiency. The data confirm that Berlin achieves
similar trend. Copenhagen has the lowest figuretje greatest improvements, while Copenhagen shows the
indicating lower demand or a more efficient system. Theast changes. Results from a survey of 1,500 passengers
regression model evaluates the impact of smart ci{00 from each city) complement the information about
systems on transportation efficiency. The results areser satisfaction with suburban transport (Table 5).
presented in Table 4.

Table 4 Results of theregression analysis

Parameter Coefficient| Standard p-value Copenhagen ,
(B) Error |
Constan(Bo) 0.81 0.12 <0.00!
Smart City Integratio
0.34 0.05 0.002
(x) ‘ Barcelona | —
Control Variable i) 0.15 0.04 0.023
Error Term - - - i
0 Berlin D e—
The constant reflects the baseline level of transpc 0 02 04 06 08 1 1,2
efficiency without considering smart city technologies an o _ _
control variables. Without integrating the smart city1() Transport Efficiency @ Smart City Integration

and the control variable (2), transport efficiency is 0.87 _. 5 ' . .
on a normalized scale, representing the baseline Ievﬁlﬁz’gwe3 Impact of t City systemintegration on transport

. - : . iciency, indicating improvements in material and human flow
without smart city technologies. The standard erroris 0.12, & gimp

S LT management

indicating variability in the constant, and the p-value <

0.001 confirms its statistical significance, suggesting a low Table 5 Passenger Satisfaction Qurvey results

probability of random effects. City Service Accessibility Overall
The value of 0.34 shows how smart city integration Reliability (% | (% Satisfied) |Satisfaction (%

enhances transport efficiency. An increase in integratign Satisfied) Satisfied)

by one unit through real-time technologies or the Interngerlin 82 7€ 7¢

of Things raises efficiency by 0.34 units. This indicates [Barcelon: 7€ 72 <

strong positive correlation between smart city technologié<2Penhage 75 68 £

and the transport system. The standard error of 0.05 and p- ) o o )
value of 0.002 validate this effect's precision and statistical " Berlin, 82% of passengers are satisfied with the
significance. The coefficient of 0.15 for the controf€liability of transportation services, confirming the

variable §_2) demonstrates a positive impact of externdffectiveness of "smart city” initiatives in improving the
system. 76% of respondents noted good transport
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accessibility, indicating a high quality of service, includingf smart city technologies on transportation effectiveness

for individuals with special needs. Overall, 79% ofTable 6).

passengers in Berlin are satisfied with the transportation,
reflecting the success of innovative technologies.

Table 6 Projected transportation effectiveness with increased

smart city integration
4.3 Data-driven logistics management for City EffCelcjtri:/i;tess 'S’r‘]f;re?scel't; Isr;%re?sceult;
suburban transport systems o . Integration by |Integration by
In Barcelona, 78% of respondents are satisfied with 10% 20%
reliability, slightly lower than Berlin's level but still high. |geriin 0.87 0.91 0.9F
Transport accessibility in Barcelona is rated at 72%garcelon 0.7¢ 0.82 0.8¢
indicating a need for improvements. Overall satisfaction {gopenhage 0.7¢ 0.7¢ 0.8¢

Barcelona stands at 75%, and the system is positively

evaluated, although it is lower than in Berlin. In Predictions of city effectiveness based on regression
Copenhagen, only 75% of passengers are satisfied Wihalysis indicate a significant impact of Smart City
reliability, which may indicate service issues. Transpofhtegration. For Berlin, with a 10% increase in integration,
accessibility is rated at 69%, the lowest among the thre€fectiveness will rise from 0.87 to 0.91, an increase of
cities. Overall satisfaction in Copenhagen reaches 73%h04. This demonstrates the significant benefits of
showing a positive perception but with noticeablgmproving initiatives. In Barcelona, a similar increase will
problems. Berlin leads in all categories due to thgise effectiveness from 0.78 to 0.82, also by 0.04, but with
successful implementation of technologies, whilgnore moderate changes. Copenhagen will see growth from
Barcelona shows good results, and Copenhagen needs5 to 0.79, which is an increase of 0.04 but is relatively
improvement,  particularly in  accessibility  andgreater due to the initially lower figures.

infrastructure costs (Figure 4). With a 20% increase in integration, the forecasts are
0.95 for Berlin, 0.86 for Barcelona, and 0.83 for
Copenhagen. For Berlin, this is an increase from 0.87 to
0.95 (0.08), indicating great potential for development.
Barcelona will grow from 0.78 to 0.86 (0.08), while
Copenhagen will rise from 0.75 to 0.83 (0.08). Berlin will
have the largest absolute improvement, while Barcelona
and Copenhagen will also benefit but with less noticeable
changes due to different initial levels of effectiveness.

OVERALL SATISFACTION (%)

mBerlin mBarcelona mCopenhagen

5 Discussion

The study results confirm that innovative technologies,
paticularly systems that utilize real-time data and optimize
routes, improve the regularity of transport and passenger
flow management. This supports our hypothesis that Smart
City technologies enhance the accessibility and efficiency
of public transport for suburban residents. A comparison
with the research [2], which analyzes the impact of Smart
. ) ) City technologies on urban mobility during the COVID-19

In Berlin, the user satisfaction level reaches 79%andemic, indicates a commonality in confirming the
marking the success of the city's smart transportatifyaptability of these technologies in crises. Our results

systems. Barcelona demonstrates positive results withy@monstrate that innovative systems help create efficient
satisfaction level of 75%, but it has room for improvement,purban transport networks, focusing on the often-

The lowest satisfaction level is observed in Copenhagengfferiooked suburbs.

73%. This may be due to insufficient technology The article [8] examines social segregation in public
integration, logistical issues, or a mismatch with passenggsnsport, indicating unequal socioeconomic access to
expectations. The higher satisfaction level in Berlin igeryices. Our findings show an overall improvement in
likely ~associated with more reliable smart Cityyransport services but do not account for equity. The
infrastructure and  more  effective transportatiojiffering focuses of the studies can explain this
technologies. While Barcelona has high scores, it still |agﬁscrepancy: our emphasis is on efficiency, while the
behind Berlin, indicating potential for enhancement. Theicle's authors [22] focus on social models. Future

low satisfaction in Copenhagen may reflect difficulties iRgsearch should address equitable access to technological
implementing technologies or differences in expectationg,,ovations in suburban transport.

Calculations from the regression model assess the impact

33%

Figure 4 Overall passenger satisfaction
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The researchers [12] emphasize the innovativel Limitations
capabilities of smart public transport systems, noting the Certain limitations exist when integrating Smart City
risks of cybersecurity and data integration. While our studgchnologies into suburban public transport. The primary
confirms  improvements in  accessibility due tdssue is the uneven distribution of technological
technological innovations, security issues were not iafrastructure among regions, which creates unequal access
primary focus. Their work highlights the importance oto services. High initial and operational costs may hinder
considering these risks in future research, particulanyidespread implementation, especially in resource-limited
concerning user data protection. Another study [Hdreas. Furtherresearch is needed to assess the sustainability
confirms the positive impact of Smart City technologies oand scalability of these technologies.
transport accessibility but focuses on urban areas. Our
results show that suburban areas also benefit, although 2 Recommendations

implementation process is slower due to logistical To enhance the accessibility of suburban transport,
challenges. Unlike the research [11], which proposesmart City systems should be integrated that analyze real-
introducing new transport vehicles, our study indicates theine data for route optimization. Al can predict changes in

improving  transport system management, particularlyassenger flow, providing more efficient transport for
through real-time data utilization, is more effective iypurban areas.

enhancing accessibility.
The varying priorities explain the difference: the studg  Conclusions
[23] emphasizes infrastructural changes, while our

re?elar‘ch fotclf]uses 204{] usmfg existing te_ct:hnolog|es. -tr Biblic transport accessibility in the suburbs is an important
articles  autnors [ ].con M our posIion On ToUlsg e at the intersection of urbanization development,
optimization for improving the energy efficiency of publiCyg . o10qy and social infrastructure. This study addresses
ganslport, aIthougE_l their modele centers on sustainalie, significance of innovative solutions for improving the

eve OPt’)T‘I?m* AW Ihe ours ?]cuszes on di passeglgﬁ’ﬁnsport system in suburbs. This issue becomes
accessibility. Another researc [ .] studies publi articularly relevant due to the increasing demand for
participation in resolwr_lg social conflicts in smart City liable transport connections between the city and
transport systems. While our research does not d'recgﬁburban areas. Providing quality transport services plays

clover_ public mvc:llvemel:]t, erflfgag_mg SUburbgm (;e5|dek:)r_1|'gs el ey role in promoting sustainable development, reducing
planning can enhance the effectiveness and adaptability 0 ;-onmental impact, and improving living conditions for
transport solutions. This opens avenues for future researg)y -0 residents

Comparing our fjndings with estab!ished Iogisti_cs The study showed that implementing Smart City
fr_arn?workls, itis evident th_af ﬁmart Cc'jtyhteChno'gg'eﬁechnologies significantly enhances the efficiency and
significantly improve material flow and human flow,.qgihility of public transport in suburban areas. Using

management. Our study supports the hypothesis that redly) ime data analysis, automated planning, and user-

time data processing can optimize veh|c|§ gnd passeng(?éndly interfaces contributes to more effective resource
f!ow_, e”hf?”c'”.g suburban transport eff|C|enc.y.. Th.esl?tilization, reduced waiting times, and optimized routes.
findings align with research on logistics flow optimization- , +harmore. these systems better adapt to passenger
in urban transit systems, particularly during peak demangdoqs  timately increasing user satisfaction and
periods. Our findings highlight the improvements ir]mprO\}ing access to transport services. The results

IOg'hSt'CIS _efﬂc%r]]cy broulght about .by S”?";”I Cityohtained have significant practical value for sustainable
technologies. These results are consistent With 10gistiGs nqh ot infrastructure  development, particularly in

ma”agemem.mde's emphgsizing the ir_nportance of re ducing carbon emissions and supporting inclusive
time adaptability. By effectively managing the flow Ofy,,pijivy™ This information will be useful for urban

passengers an_d vehicles, we can ‘?f.‘hance overall trans Eﬂmers, policymakers, and transport companies seeking
Iogt;stlkc)s, leading to a moreThefflment , af‘d _respo?fg create more efficient and sustainable transport systems.
suburban transport system. These optimizations ofter@q 4 ctical application of the findings of this study may

blueprint _for implementing logistics-oriented Smart CiYtimulate investments in Smart City infrastructure and the
SOIU“.OnS In conjparable qrban and suburban en".'ronmerﬁﬁvelopment of transport networks in suburban areas.
Practical implications include recommendations for

burb horiti ol d This study underscores the critical role of Smart City
suburban  transport aut %”t'es | to implement atfé}chnologies in optimizing logistics flows in suburban
management systems and real-time optimization EPansport. The findings demonstrate  significant
improve service reliability and accessibility. Futur provements in material and human flow management,
research should focus on the long-term challenges

L . . . ering valuable insights into the scalability of such
sustainability and security associated with thesgystems in other suburban and urban logistics
technologies.

environments. Future research should explore the long-

The role of Smart City technologies in enhancing
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term logistical impact of real-time data integration if9] KOLLER, Y., HOLOTA, N., YASTRUBETSKY]I, V.,
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Abstract: The most common approach in forecasting vehicle speed is to estimate the average value of this variable on a
short segment or at some cross-section on the road. Since many factors influence the speed variable, determining the
speed distribution law remains actual. Given that the numerous studies confirm the normally distributed free-flow speed
on intercity roads and a minority of urban speed studies, the mentioned task is especially relevant for urban transport
planning which often requires consideration of traffic conditions far from the free-flow ones because of traffic signalling
and other factors, which complicate driving and decrease the speed compared to the desired one. This paper explores the
speed influenced by two types of places frequent in urban areas — signalized intersections and narrow carriageway
sections. The data for the study were collected in Kharkiv, the second-largest city in Ukraine. During the study, it was
determined that the narrow carriageway decreases the speed in a way that speed values can be described by the gamm
distribution, while the influence of signalized intersections results in the possibility of using both exponential and gamma
distribution to represent the speed variable. To measure the speed during the surveys, a novel methodology that considers
the waiting for the green signal was applied. The research results showed that the urban traffic environment decreases the
mean of the speed variable, increases its standard deviation and changes the normally distributed free-flow speed to the
gamma-distributed.

1 Introduction since very often, corresponding flows are not free because

Vehicle speed is among the most significan®f the following: o _ o
pe‘formance measures in traffic management because it - first of a”, the Compllcatlon§ of traffic Condltlonslln
represents travel and transportation conditions as well #§ms of speed appear at the influence zones of single-
quality of service for drivers [1,2]. At the same time, eveBrade intersections, especially signalized ones, which are
up-to-date transport mode”ing software makeBumerous In any city and create most restrictions on
calculations using the average vehicle speed despite ¥@hicle movement;
obvious fact that the speed is a random variable having its - the second most frequent complications occur at the
own distribution and influenced by many factors which aréarrow carriageway sections.
hard to predict [3-5] (driving styles, weather, time of day, The complications arising at the listed places force
personal reaction on traffic conditions, vehicle loadingrivers to slow down or stop, and this certainly affects the
etc.). The appropriateness of this speed representatfteed distribution parameters. Thus, the purpose of this
during modelling sometimes creates doubts, especiaP@Per is to study the vehicle speed variable in urban areas
when assessing vehicle speed in the case of dense trafiied establish its distribution in places with complicated
Accordingly, the issue of defining speed distribution iéraffic conditions, namely, at (i) narrow carriageways and
especially relevant for urban transport flow mode”ingfg zones before the stop-line of signalized intersections
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The first step in this study should be the hypothesizinpads in Uttar Pradesh state, India [11]. The traffic was
of the type of speed distribution for these conditions. Treomplicated by a lack of lane discipline. The authors of this
places of the first type usually only decrease the speed. tady were able to fit normal, lognormal, logistic, gamma,
adequately measure the speed affected by correspondifgibull, Burr, and extreme value (EV) distributions to the
complications, it should be done outside the influencepeed values for different traffic compositions.
zones of intersections, pedestrian crossings, public The conditions which usually decrease the speed often
transport stops, etc. As for vehicle speed measuremeatzur in urban areas because of the dense traffic. For
before the stop line, it is worth noting that vehicle full stopexample, the paper by Dhamaniya and Chandra [12]
are possible at all signalized intersections. This causesamines vehicle speed on major urban roads in three
methodological problems because in this case, it Isdian capital cities (New Delhi, Jaipur, Chandigarh) and
inappropriate to measure the speed as the ratio of #teows the speed distribution plot which looks like normal
distancd travelled to the travel time— while waiting for distribution but has the left-shifted mode. These facts
the green, bothandt are equal to 0. Such a situation pointsestify that the complication of traffic conditions as well as
to the need to develop a new methodology to measure the urban environment change the trend in speed values
speed before the stop-line, which will allow for taking intespecific to the free flow. Similar results are also presented
account possible vehicle accelerations, decelerations, andhe paper by Rao A. and Rao K. [13] for the ring road in

full stops. Delhi, India.
Urban traffic flows were also studied in the papers by
2 Literaturereview Shi et al. [14] and Mondal & Gupta [15]. In the former

Most of the present developments in the research B#per, the gamma and Buiistribution were fitted best to
vehicle speed variable consists of observations of the fréte speed values recorded in Xi'an, China. Both
transpor[ flow on intercity roads. In this case, the onl istribution density curves have a left-shifted peak. In the
speed limit is that prescribed by traffic rules, and mo#atter paper, gamma, beta, Burr, and extreme value
surveys on the mentioned roads aim to collect data on #étributions appeared to be most suitable to represent the
Speed' define the genera| Speed trend’ and assign rati(ﬁﬂﬁed of vehicles at 16 Slgnallzed |ntel:‘seCt|0nS n Delhl,
Speed range to ensure Safety for drivers [7,8] TH%D.lkata, Bhubaneswar, and .Jalpur, India. The aU-th.OYS of
similarity of approaches to study the speed led to t#iBis paper claim that the main reason for the deviation of
similarity of results, which testify that vehicle speed ithe speed distribution from the normal is traffic
free-flow conditions on interurban roads is normallyleterogeneity. This explanation cannot be considered
distributed [8-10]. The general shortcoming of most of theufficient since many more factors influence the speed in
analysed papers is the lack of statistical assessment of #gan conditions [15,16].
correspondence between the empirical and theoretical One more reason that makes drivers decrease their
normal distribution, but the plots shown in the papers full§Peed is the traffic lane (or carriageway) width insufficient
indicate the similarity with the Gaussian density curve. for comfortable driving. This issue is purely studied in the

At the same time, there is a shortage of works devotéitgrature, and only a few papers demonstrate that lane
to vehicle speed distribution under conditions that decreadédth influences vehicle speed, traffic accident frequency,
the speed compared to those that could be in the free flgliving behaviour, and movement trajectory [17,18].
One of these works presents the results of the speed study”he summary of the reviewed literature is presented in
that took place at 18 crash hotspot intersections on rureble 1.

Table 1 The results of vehicle speed studiesin different traffic conditions

Authors Place of stud Speed distribution ty}
Hashim [8] Vadeby and Forsman [1 intercity road norma
RSA [9] rural road norma
Shuo et al. [1¢ driving simulato norma

normal, lognormal, logistic, gamma

Sarkar and Kumar [11] intersections on rural roads Weibull, Burr, EV
Rao A. and Rao K. [1 urban arterial (ring roa norma
Dhamaniya and Chandra [ urban arteria normal (lef-shifted mode
Shi et al[14] urban roac lognormal, gamma, Bu

urban signalised

Mondal and Gupta [15] intersection

lognormal, gamma, beta, Burr, E

This table clearly shows the trend for the shift of théound a clear explanation for this trend in available
speed modal values to the left with the complication diterature including those devoted to the concept of a
traffic conditions particularly that specific to urbanfundamental diagram of traffic flow [19,20].
environment. Also, it should be noted that we have not
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The existence of different traffic conditions that Summarising the analysed literature, it can be
complicate driving and decrease speed raises the taskcohcluded that there is a need for both developing a new
developing the methodology for speed researanethodology to measure the speed in urban networks
considering the revealed trends in the speed values andd¢bacerning possible vehicle speed decrease or full stop as
specificity of the mentioned conditions. The need for thigell as to properly apply a goodness-of-fit test when fitting
methodology is premised upon the fact that most of thike distribution to the recorded speed values.
existing researches contain the measurements of the
“instantaneous” speed on the road section chosgr Methodology

according to different manuals, most of which recommengly  Hypotheses about speed distribution affected
avoiding influence zones of signalized and non-signalized by urban traffic conditions

intersections, pedestrian crossings, and other ObJethA prerequisite for hypothesising the type of vehicle
causing vehicle acceleration or deceleration. It is clear th,

h dati be impl 4 ...speed distribution under urban traffic conditions is the
these recommendations cannot be implemented in (.:'t"probable change in the free-flow speed distribution curve
especially in their downtowns with numerous signalize

. ; conditioned by the decrease in average speed.
mte;\sectlofns. h h ioned __ Since the speed variable is non-negative, the minimum
part from that, the mentioned measurements W.espeed value is 0. If a mean speediis 0, which is typical

made using radars, LiDARs, microwave, acoustic

. ; : for the free flow, the left tail of the normal distribution
magnetic, and infrared sensors, pneumatic road tubgs,

inductive loops, video recording, etc. [1,21]. All thesd *%0) has a very low probability =0. The question
devices measure the speed over some time (like radarshere is what change will be in the free-flow speed
at some distance (like pneumatic road tubes). This way distribution curve in case of a considerable average speed
measurement is not applicable for the places befodecrease?
signalized intersections in urban areas, because vehicle!f the normal distribution is suggested for representing
speed at these places can be equal to 0 for some time the vehicle speed, a decrease in the mean should cause a
to waiting for the green. So, it requires searching for hoheavy negative tail, Figure 1. This tale is impossible due to
to consider this time during the speed survey. the speed domainv&0). At that, the right tail remains
Also, the important thing here is that in urban transpovalid, and it looks like the exponential distribution curve.
system modelling, the “travel speed” or “journey speed” iTherefore, it is reasonable to suppose that the result of the
significantly more valuable than the instantaneous specaverage speed decrease will be the change of the normal
During the calculation of travel or journey speed, it idistribution curve to an exponential one. A gamma
necessary to consider tHaindt are determined not by a distribution can be considered an intermediate point in this
measuring device, but by the road users. They are aprocess because:
dependent on traffic management measures, city logistics, - gamma distribution with the shape paramegerl is
traffic conditions, and the personal perception of driverexponential distribution;
These issues are of little attention in the existing studies on - gamma distribution approaches normal distribution

speed distribution. when the shape parametgr— o .
15 Resultant d
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Figure 1 Supposed result of the decrease in the mean of the normally distributed speed
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According to these prerequisites, the complication (position in the zone before the stop-line is not suitable
traffic conditions should cause a decrease in average spbecause of the wide range of speed values — any constant
and, consequently, decrease the gamma distribution shitime span will lead to either omission of a part of the
parameter bringing it closer to 1, i.e., to the exponentivehicles during measurement or multiple estimations of the
distribution. The reverse statement is also true. position of the same vehicle. Specifying a road segment of

Since the carriageway narrowing does not cau@a constant length will also result in unclear situations
extremely complicated traffic conditions because it rarelcaused by the random distance between the places where
forces drivers to stop a vehicle, the hypothesis abaovehicles stop at the stop line. To solve these problems, we
gamma-distributed vehicle speed at the narrocame to the conclusion that it is reasonable to take the
carriageway looks grounded. vehicle dimension as the distance for which the passing

Traffic conditions before the stop line are moreime is measured.
complicated compared to those at a narrow carriageway, The proposed methodology for speed measurement is
because a certain share of drivers must stop and wait as follows:
the green. It allows for further testing of the hypothesis in - a researcher assigns the road cross-section for the
the conditions which should lead to an additional decreaspeed measurement;
in the gamma distribution shape paramgter - during the observation of traffic flow, it is necessary

Sinceg is the squared ratio of the average speetb to record two points of time - when the assigned cross-
the standard deviatiod, i.e., g = (\7/0)2, to estimate it \S/Eﬁwg- is crossed by the front and rear points of each
for diﬁgrent traffic conditions, it is necessary to estimate _ j; ’is necessary to record a vehicle’s length - the
the main moments of the speed variable. __ distance between the mentioned points;

Compared to the narrow carriageway, the signalized _ i, the absence of special tools, the best way to make

intersection will make a certain share of speed values Vég;ch measurements is to make a video record of traffic and
close to 0 because of situations when vehicles arrive at 'process it.

intersection on red, stop at the stop-line, and wait for the 14 measure the speed, the cross-section before the stop-
green. At the same time, the conditions for driving througjine should be assigned in a way that when waiting for the
the intersection on the green are cqmpllcated only by Otl".green, the body of the front vehicle in a queue should be
road users, so the speed survey will also show rather hiyjthin the cross-section. Then the waiting time will be
speeds. This should lead to a significant increase in traken into account in speed calculation, which is obligatory
speed standard deviation compared to the situation of t; 55sess the impact of signalized intersection.

narrow carriageway. So, there are no reasons to expectto avoid uncertainties with the mode of estimated
considerable changes in the average speed since the rspeed distribution, the speed survey should focus on
of the speed extends due to the shift of both bounds. Thepjcles of similar technical parameters. For this reason,
considerations allow supposing that during the survey gyring the survey, it is reasonable to cover the vehicles
vehicle speed before the stop-line, itis reasonable to exppermitted for movement in city centres, most of which are

a decrease in the gamma distribution shape paramecars. Considering the common lengths of the cars, it is
compared to that one for the narrow carriageway becalreasonable to assign the cross-section at 1.5 m before the
of an increase in the standard deviation of sampled SPe€stop-line. The final aim of the listed measurements at a

desired cross-section is to determine the average speed

3.2 Approach to measure the speed with which a car passes a distance equal to a car’s length.

It can be certainly stated that the use of instantaneorrom here on, this average speed will be referred to simply
speed to evaluate traffic conditions had arisen as tjas ‘speed’.
simplest solution obtained by researchers in the effort to The feature and the advantage of the proposed
characterize a SpeCifiC road section — there is no needmethodo|ogy is the Opportunity to assign the road cross-
specify the distance at which the speed is measured, itsection for the speed measurements, which is not available
only necessary to implement recommendations of the m¢n, any existing approach and allows for avoiding
manuals mentioned in the literature review. difficulties with the situations when vehicles wait before

Such conditions cannot be met at the influence zonesthe intersection as well as ensuring the comparability of the
signalized intersections. When calculating the vehiclspeed values measured in all considered urban traffic

speed before the stop-line of a signalized intersection, bcconditions. That is why this methodology was preferred for
the distancé travelled and the travel timean be equal to speed studies presented below.

0 due to the situations when certain vehicles wait for the
green. To address this issue, it is necessary to develog a Regyltsand discussion

special methodology for speed measurement. 41 Vehicle speed at a narrow carriageway

To calculate speed using the ratid tift, it is necessary ; ;
; . . . The speed influenced by the narrow carriageway was
to specify a distance and measure the passing time, -

. . ; studied in Kharkiv, Ukraine. This study is presented in
specify a time span and then measure the distance PastLiail in the paper by Horbachov et al. [22]. The main
Specifying a constant time span for measuring the vehicic ' '
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points which had conditioned the choice of the narrow - during the observation, the section had one traffic lane

section for speed observation were as follows: in each direction because of car parking in the right lanes,
- the considered section of Yaroslava Mudroho Sand there was the heavy snowfall that significantly
(Figure 2) is free of public transport; narrowed the carriageway (up to 5.45 m for oncoming

- the section is outside the zones influenced hyaffic flows) and caused the “bottleneck”. These
intersections that allow drivers to go faster before and aficonditions made it possible to study the drivers’ response
the narrowing; to the carriageway narrowing and excluded their

habituation to the lane width.
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Figure 2 The segment of Yaroslava Mudroho S. (Kharkiv, Ukraine) selected for the study of speed influenced by the narrow
carriageway

The traffic on the considered street section was filmedistributions — gamma and normal — to the empirical one.
from 8:30 a.m. to 10:16 a.m. and then processed. HereThe video processing results are presented in Table 2. The
is appropriate to show the final result of the speed survresults of fitting the distributions are shown in Figure 3.
with the statistical estimation of fitting the theoretical

Table 2 Feed statigtics at the narrow carriageway section of Yarodava Mudroho S. in Kharkiv (retrieved from[22])

No. of observatior - 21¢€
min 1.32
max 12.5(
Speed (ns?
peed (rs7) ave 5.9¢
std. dey 2.32
o scale 0.89¢
Gamma distribution parameters
shap 6.66¢
a b
Kolmogorov-Smirnov d = 0.0325, Kolmogorov-Smirnov d = 0.026,
Chi-Square test = 8.955, df = 8, p = 0.346 Chi-Square test=2.04, df =1, p=0.15
60 140
50 120
2 £ 100
g4
€ 30 i
s 3 0
o 15}
£ 20 8
é 25 40
10 20
0 | I I | I 0 L
0.00 127 255 382 509 636 764 891 1018 1145 12.73 14.00 0.0 25 7.0 10.5 14.0
Car speed, m/s Car speed, m/s

Figure 3 The digtributions fitted to the val ues of speed influenced by the narrow carriageway:
(a) Gamma; (b) Normal (retrieved from[22])
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The Kolmogorov-Smirnov and? test indicated a distribution type under more complicated urban traffic
positive result in fitting the gamma distribution to the speeconditions.
values recorded at the narrow carriageway section (Figure
3a). The normal distribution was fitted to the recorded.2  Vehicle speed influenced by traffic signalling
speed values at the minimum sufficient number of bins The study of vehicle speed influenced by traffic
(Figure 3b), which makes this result not so convincing bisignalling also requires choosing an intersection for
supports the connection between gamma and nornpbservation. The key factor in making this choice is the
distribution considered at the beginning of subsection 3.possibility of video recording in conditions specified in
These findings confirm the tangible impact of the traffisubsection 3.3 - the camera should record the traffic
lane (carriageway) width on the vehicle speed variabpassing through the cross-section 1.5 m before the stop-
[22]. line. The opportunity to meet these conditions was found

The results obtained in the paper [22] correspond to tat the intersection of Yaroslava Mudroho Str. and
hypothesis of gamma-distributed vehicle speed variakAlchevskyh Str., namely, at the approach from
but give insufficient data to anticipate the speeChernyshevska St. (Kharkiv, Ukraine), Figure 4a.

Steoollli"l:ge . ‘. = | i
T LE‘.} & —2018/11/21
&—o 09:59:02

Figure 4 The approaches to the inter sections selected for the speed study:
(a) the section of Yaroslava Mudroho; (b) the section of Peremohy Avenue

The cycle time at the intersection is 60 s, and the grevariable have led to a significant change in the gamma
time for the traffic direction under observation (in Figuredistribution parameters - the scale parameter has grown
4a - from right to left) is 20 s. The observation was carriesignificantly along with the significant decrease in the
out on 21 Nov. 2018 for three hours, from 8:15 a.m. tshape parameter that has approached 1.

11:15 a.m. The recorded video was processed according toThe gamma distribution was fitted to the recorded
the methodology proposed in subsection 3.3. Ttspeed values, Figure 5a, and the goodness of fit was
processing results are presented in Table 3. evaluated using the Kolmogorov-Smirnov criterion. The
evaluation allowed for the conclusion that the hypothesis
Table 3 Speed statistics for the zone beforethe stop-lineatthe  of the possibility of describing the speed influenced by

approach to Alchevskyh Str. in Kharkiv traffic signalling with the gamma distribution cannot be
No. of observatior - 40z rejected because of achieving the acceptable 15-percent
min 0.07 significance level of the used criterion. The Pearson
Speed (s} max 19.1- criter_ion was not a_ppli_cable in_this case. This result can be
ave 5.3C considered preliminarily positive taking into account the
std. dev 4.9¢ significance level of the Kolmogorov-Smirnov criterion
Gamma distribution paramete.:,scak 4.60: (less than 20%) a_nd interpreted as a one-time no_n-rejection
shap 1.15: of the hypothesis that should not be considered as
confirmation.

This table shows that at the given signalized The proximity of the gamma distribution shape
intersection, the speed has decreased compared to parameterto 1 makes it reasonable to test the hypothesis of
speed at the narrow carriageway observed before. Tthe exponential distribution of the speed variable, Figure
standard deviation has increased more than twice whi5b. In this case, the significance level of the Kolmogorov-
can be explained by a noticeable extension of the spgSmirnov criterion has decreased to less than 15%.
range. Major changes in the main moments of the speed
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Kolmogorov-Smirnov d = 0.05390, p < 0.20 Kolmogorov-Smirnov d = 0.05794, p < 0.15
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Car speed. m/s Car speed, m/s

Figure 5 The digtributions fitted to the val ues of speed influenced by traffic signalling at the approach to Alchevskyh Str. in Kharkiv:
(a) Gamma; (b) Exponential

Consequently, it appeared reasonable to continue the
research under conditions even more complicated in termgable 4 Soeed statistics for the zone before the stop-line at the

of speed. This research allowed for further testing of the approach to Klochkivska Sr. in Kharkiv

hypothesis of the suitability of the use of gammaNo. of observatior - 26(
distribution to describe vehicle speed under various urban min 0.0z
traffic conditions and define the relationship betweenSIOeed (n5Y) max 11.5(
traffic conditions and the gamma distribution shapge ave 2.42;

parameter. std. dev 3.00¢
Traffic conditions complicated more than the above scale 3.71¢
described can occur before the stop-line at the approach “shap: 0.65]
a signalized intersection where both a green time and its
share in the cycle are even less. This complication can be The data in Table 4 are consistent with the hypothesis
observed at the secondary approach to a signalizthat a decrease in average speed leads to an increase in
intersection with a long cycle time. The conditions of thispeed standard deviation, which decreases the gamma
type are specific to the approach of Peremohy Avenue distribution shape parameter. Compared to the previous
Klochkivska St. in Kharkiv. At this approach, there exisobservation, the average speed has decreased from 5.30
two lanes and the left-turn phase, Figure 4b. Tkm-slto 2.42 ms?, i.e. 2.2 times, and the standard deviation
intersection has a large area and good road surface thas decreased from 4.94sthto 3.00 ms?, i.e. 1.45 times.
allows driving in almost free conditions after the start frorat the same time, the ratio of the average speed to the
the stop-line. Therefore, these conditions can be conside standard deviation has resulted in the gamma distribution
similar to the conditions in the previous observation of tf‘shape parameter taking a value that is very close to 1.
car speed before the stop-line. At the same time, the cycle The results of fitting the distribution with this
time and the green time for the selected approach, Whiparameter have convincingly indicated the suitability of
are 90 s and 16 s correspondingly, differ significantly frorgamma distribution to describe the car speed, Figure 6a.
those in the previous case — 60 s and 20 s respectively. The scale and the shape parameter have taken the values
green time for the selected traffic direction is not extreme3,011 and 1.005, respectively. At these parameters, the
short and equals 16 s which is 20% less than at the previmean of the fitted gamma distribution approximately
intersection. But the green share in the cycle time hequals the standard deviation, and both moments are close
decreased almost twice — from 33.3% to 17.8%. It justifieto the value of the scale parameter. The gamma distribution
the observations at the intersection of Peremohy Ave ashape parameter close to 1 indicates the possibility of
Klochkivska St, as it will extend the speed range thidescribing the observed car speed distribution by the
characterizes urban traffic conditions. The observation exponential one that was confirmed by the appropriate
this intersection was carried out for one hour on thests, Figure 6b. These results fully confirm the hypothesis

weekday - Friday, 10 January 2020 - using video recordilof the gamma-distributed vehicle speed in urban traffic
of the traffic passing the cross-section before trconditions.

intersection stop-line. As a result of video processing, 260
values of car speed in more complicated traffic conditions
were obtained, Table 4.

_%amma distribution parameter
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Kolmogorov-Smirnov d = 0.01413, Kolmogorov-Smirnov d = 0.01438,
Chi-Square test = 3.72859, df = 2, p=0.15501 Chi-Square test = 3.72213, df = 3, p = 0.29307
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Figure 6 The digtributions fitted to the val ues of speed influenced by traffic signalling at the approach to Klochkivska S. in Kharkiv:
(a) Gamma; (b) Exponential

It is necessary to point out that in up-to-date literatursjgnalized intersection, which causes a noticeable
there is a lack of results similar to those presented aboeemplication of traffic conditions, exponential distribution
Also, there are no convincing explanations for the revealegpeared to be suitable to represent the speed variable. The
changes in the speed distribution type caused by an urlvaason for this change in speed distribution type is a steady
environment. decrease in average speed and an increase in speed

The way that can help to explain these changes is thimndard deviation with the complication of traffic
study of the speed in the conditions that make driving eveonditions.
more complicated in terms of speed. These conditions can The results obtained in this paper are sufficient to
be found on the network links with limited overtakingconclude that (i) gamma distribution is suitable to represent
opportunities and only one lane available for movement. the vehicle speed variable influenced by urban traffic
speed study of this type will deepen the knowledge aboeinditions and (ii) the discovered background for the
speed distribution in urban areas and allow for bettehanges of speed distribution type is fully appropriate for
clarification of the regularities reflected by thedealing with real-world issues related to the traffic
fundamental diagrams of traffic flow. management performance, city logistics, and urban

transport planning.
5 Conclusions

The research on the speed in places which are usualfgiknowledgement
urban areas and complicate traffic conditions in terms dihe research was partially supported by The NAWA Ulam
speed — narrow carriageways and the zones before the sfofpgramme (grant number BPN/ULM/2022/1/00045), EU
lines of signalized intersections — has discovered tf¥extGenerationEU through the Recovery and Resilience
Change of norma”y distributed free-flow Speed t(?lan for Slovakia under prOJeCt No. 09103-03-V01-00094,
exponentially distributed. The gamma distribution wagnd International ~ Association for Technological
considered the intermediate point in this change becausd¥velopment and Innovations.
its relationships with the mentioned distributions.

To research the vehicle speed influenced by signaliz&®nflict of interest
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speed value, the length of the moving vehicle should @peared to influence the work reported in this paper.
taken as the distance for which the passing time is
measured. This methodology ensures sufficiedRefer ences
measurement accuracy, avoids restrictions on the choicd i BASSANI, M., MUSSONE, L.: Experimental analysis
the place for observation without losing comparability of of operational data for roundabouts through advanced
results, as well as provides a researcher with the possibility image  processing, Journal of Traffic and
to verify them. Transportation Engineering (English Edition), Vol. 7,

During the research, it was found that the gamma No. 4, pp. 482-497, 2020.
distribution shape parameter decreases with the https://doi.org/10.1016/j.jtte.2019.01.005
complication of traffic conditions. It was confirmed by thg2] SAMAL, S.R., MOHANTY, M., GORZELANCZYK,
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Abstract: The aim of this study is to develop a novel framework for managing risks in smart supply chains by enhancing
business continuity and resilience against potential disruptions. This research addresses the growing uncertainty in supply
chain environments, driven by both natural phenomena-such as pandemics and earthquakes—and human-induced events
including wars, political upheavals, and societal transformations. Recognizing that traditional risk management
approaches are insufficient in such dynamic contexts, the study proposes an adaptive framework that integrates proactive
and remedial measures for effective risk mitigation. A fuzzy risk matrix is employed to assess and analyze uncertainties,
facilitating the identification of disruptive events and the selection of appropriate risk treatment plans. Moreover, the
framework leverages a fuzzy reasoning system in conjunction with a multi-criteria decision-making method to process
ambiguous information, thereby enhancing decision accuracy and reliability. The findings demonstrate that this
comprehensive approach not only prioritizes risks effectively but also supports companies in refining their response
strategies, ensuring the efficient delivery of services under challenging conditions. Ultimately, the study redefines
resilience as a dynamic process of navigating and adapting to chaos rather than merely resisting it.

1 Introduction help of advanced data management and analytics tools, we

Any unfavorable element that prevents companies frofipect the entire system to function optimally with the help
achieving their strategic, financial, or operational goals ca#f the smart supply chaiff]. A smart supply chain
be described as a risk. In this regard, the risk for profienhances competitive advantage in speed, flexibility, risk
driven companies is a potential source of company losg@luction, cost reduction, and storage control. The smart
[1,2]. Supply Chains (SCs) are becoming more vulnerab®!Pply chain also plays a role in achieving environmental,
to disruptive events, putting all stakeholders at risk. For ti§cial, and economic sustainability, and enhances the long-
supply chain to be robust, sustainable, and aligned witgrm performance of companies. A smart supply chain
corporate goals, managing these risks and mitigating th@gsists solve a lot of productivity and sales problems [6], as
consequences is essential. The uncertainties and ri¥ @l as improved scheduling processes [7] which achieve
involved in supply chain operations have increaseglstomer satisfaction [8]. o
because of the new reality and configuration of the supply Risk assessment is one of the key stages in risk
chain [3] Business Impact Analysis (BIA) and riskmanagement, wh_ere managers and. system developers can
assessment are key elements of BCS, both of which look&$Pond appropriately to various risks by assessing the
find and rank the most important organizational resourcgotential threats and risks faced by the smart supply chain.
| have recently referred to this idea as Business Continuitjerefore, BC provides many risks treatment programs [9].
(BC), i.e., the ability of the organization to support th _|sk assessment entalls.demsmns a_1bout t_he acceptance of
supply of products and services within reasonable timéi§ks according to established criteria, while risk analysis
with predefined capacity during an interruption (Schmid éfvolves the systematic use of information available to find
al., 2021). risks. Risk assessment refers to the complete procedure of

Smart technologies and recent advances in technologigk analysis and assessment [Ilje logical method of
as well as the emergence of big data technologies, have s assessment is risk evaluation, which considers the
to the emergence of the so-called Smart Supply Chapetential effects of potential acci_dents on peoplg, materials,
(SSC[4] . Aninterconnected network system optimizes th§0ods, equipment, and the environment [1tlik difficult
flow of information between physical infrastructure andor companies to make a final and exact decision about the
cyberspace in smart factories and Industry 4.0. With thgvel of risk and its consequences that sabotage their supply
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chains, which are considered one of their most essentialormation network as the basis for information transfer
capabilities. Thus, a wide range of methods is available ffir3]. Its purpose is to share information and highly
addressing fuzzy information through the utilization ofntegrate the information flow with each part of the supply
fuzzy numbers, and these methods can likewise Iobain, thus improving response time and product quality,
extended to the analysis of fuzzy data obtained froreducing resource consumption, and increasing the
experts., many papers have previously used fuzzy logic anampany's ability to make quick and correct decisions [14].
the FMCDM approach to assess risk. [8) the same On the other hand, supply chains are now more vulnerable
context, the proposed framework is based on assessingtiheshocks and disruptions because of their increasing
risks faced by the smart supply chain and proposing propggobalization and interdependence. No company is
treatment plans according to the impact and consequenoemune as supply chains grow more intertwined. Supply
of the risk. It is worth mentioning that BC inspires the riskhains must become smarter to effectively manage risks
assessment process and treatment plans. The FBVERU achieve company goals [15].
algorithm and the Fuzzy Inference System (FIS) are SSC is gradually becoming a key strategy to promote
applied to process fuzzy information at the risk analysmustainable development [16], due to its feasibility in
stage. achieving economic, environmental, and social benefits
In the first phase of the proposed Smart Supply Chajt7], as well as to be able to face challenges [13]. By
Risk (SSCR) framework, the researchers conductedeachanging data in real-time, the underlying technologies
comprehensive survey of the earlier literature anielp with faster selections and transactions. These enable
consulted with experts to find the Main risk factors andross-functional technologies such as the Internet of things,
sub-risk factors. In this way, we found the main SSCRs|oud computing, big data analytics, artificial intelligence,
which consist of information systems, reliability andand blockchain[18], as well as cloud computing and RFID
integration, infrastructure, operational issues, thsystems [19]. A pivotal role in the shift towards the smart
environment, and service risks. As for the second stage, theply chain. A digital platform that connects all
risks are analyzed and consist of two steps. In the first stepmponents in the supply chain enables flexibility,
weight is decided by each risk according to the opinion ¢faceability, and visibility in a smart supply chain. We have
experts. In the second stage, two questionnaires doeind that SSC offers new insights and characteristics
prepared. The first questionnaire consists of two axes: tbempared to traditional supply chains [17].
vertical axis has risk factors, while the horizontal axis has A smart supply chain has many financial,
risk impact, and it does this through the linguistic terms @nvironmental, regulatory, and social challenges [20] The
TFNs. In addition, a list of risk impact factors that havenost prominent of which is the high cost of smart devices,
disruptive effects on the company's performance particularly RFID, as the design and pricing of software
decided. As for the second questionnaire, it also has twad smart operation systems for the process are the main
axes, and it aims to show the relationship between risbstacles to the smart supply chain [19]. On the other hand,
factors and their consequences. The above stages ammart supply chain needs regular attention and significant
considered inputs to the third stage, as in this stage the rifikancial investment. In addition, the team will need to
whose impact and consequences on the supply chain hawave towards more advanced technology applications, and
been calculated. At this stage, the fuzzy risk assessm#énis may require redefining the team [21]. Improved
matrix is applied, which consists of three different pointsollaboration among supply chain participants has been
of view (soft, standard, and hard) given by [12], based @mown to reduce overall costs and improve delivery
this, the appropriate program is determined for eadfervice. Furthermore, [22,23] discovered that the
category of risks to which the SSC is exposed. BC inspirggelligent supply chain supports collaboration between
treatment plans. These plans consist of four programs: ttensumers and the entire organization, from the
first (accepted), the second (Mitigate), the third (stop), amdistribution of completed items to the production and
the last (business continuity). Based on the above stageacguisition of raw materials to interact with suppliers of
model of the proposed framework is prepared. Thgoods and services. Studies have also shown that enhanced
following is an outline of the proposed framework's maisupply chain collaboration has resulted from increased

contributions. digital transformation [4]. By carefully regulating the flow
of suppliers, the idea of a smart supply chain performs the

2 Literaturerevien entire logistical chain from supplier to customer, no matter

2.1 Smart supply chain where they are located [24], On the other hand, a smart

Since there is no widely agreed-upon definition ofupply chain brings great benefits to the manufacturer [25].
terms like "digital supply chain,” "smart supply chain,'“ assists them implement smart manufacturing [5]
“industrial internet," and "supply chain 4.0," all of which o i
are closely related to the idea of industrial advancemefit? Smart sypply chain risk and business
through technological innovations, general descriptionsare ~ continuity
hard to fathom. What distinguishes the traditional supply Smart Supply Chain Risk (SSCR) refers to the process
chain from the smart supply chain is its reliance on thef creating a strategy and working to find, assess, and
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mitigate risks in the entire supply chain. Supply chain risknd preparation made to guarantee that a company's critical
management is the second-biggest concern of abusiness functions can function normally in an emergency
company's executives [15], For this reason, there di29]. Emergencies include things like pandemics,
various methodologies adopted in the assessment ammiporate crises, natural catastrophes, workplace crimes,
analysis of risks, such as the Failure Mode and Effecasid other incidents that stop regular company operations
Analysis (FMEA) methodology [11], and ARAMIS [30,31]. In this paper, the risks of the smart supply chain
methodology, which is used to meet the requirements afe found and analyzed to select treatment plans according
SEVESO Il [26]. It should be noted that BC is part of théo the impact of the risks and their consequences
Risk Treatment Plans (RTPs) that companies adopt to fagggure 1). It conducted this through a framework inspired
operational risks (i.e., risks that have a minimal impact bby BC.
have high consequences for the critical activities of the Organizations all around the world are increasingly
organization). Someone proactively provides these plansaware of how important it is to create BC strate{323.
recover and resume disrupted activities post-disruption [RRegardless of the business model, firms are working in a
On this basis, BC is described as a strategic amdore complicated, dangerous, and global environment
comprehensive management process that relies on rj88]. Events relating to the economy, society, politics,
management techniques, identifies the risks to which thechnology, and the environment may interfere with
organization is exposed, which result from natural or mafiitndamental operatiori34]. Growth and performance can
made disasters, and provides alternative responses to libesignificantly affected by natural disasters, illnesses,
impact of such disasters that can enable organizationstéororist attacks, strikes, financial crises, unreliable
deal effectively with a crisis with minimal disruption tosystems, logistical breakdowns, supply chain failures, and
their basic operations [27]. unanticipated shortages of key manufacturing inputs [35].
In the past ten years, organizations have become mdregoal should be the creation of established plans that
aware that not being prepared to deal with disruptiveonsider the risk assessment of business interruption, the
situations can have disastrous results. Business Continudgfinition of strategic and tactical plans, initiative-taking
Management (BCM) is a new strategy to mitigate thesaanagement, and response readiness [36].
disruptive riskg28]. BC refers to the advanced planning

Previous
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Figure 1 The response to (SSCR) inspired BC
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3 Theproposed framework: preparingthe  may vary according to therganization's policies and
fuzzy risk matrix capabilities, which are used to estimate the overall impact

3.1 Risk identification of risks [9]
The smart supply chain faces various risks, so the first

hasewill be to show those risks (see Table 1), to includ Calculation of the weights of risk impact factordn
P . . Ihis step, the impact weights are calculated for each of the
them in the proposed framework. We relied on earlier

research papers to identify these risks, as well as tﬂsks included in the list (see Table 4). In this regard, the

opinions of experts obtained through conductin manmeethOd of[37], is applied, as is the consistency ratio
pInic I exp . gn | 9 MaYiculated for each risk profile using the Fuzzy Best-Worst
field interviews. The output will be a list of Main risk

factors and sub-risks. Method (FBWM)[38].

. . Calculation of risk impacts and severity of
3.2 R'S.k anaIyS'S. _ . consequencesA questionnaire was prepared to collect

After finding the risks facing the smart supply chaif,,he opinions on the impact of each risk and the Severity
shown in Table 1 n the first stage, we analyze them in ”Eﬁ consequences. Therefore, the linguistic terms (TFNs)
second stage. This process requires three steps: were prepared in Table 3. Due to the lack of correct
guantitative data, this paper uses terminology to deal with
uncertainties due to the lack of knowledge that experts
ve about providing correct parame{@g.

Identify the risk's impact: The impact of risks is
determined by reviewing the relevant literature and exp
opinions (see Table 2). It is worth noting that these factors

Table 1 Main and sub-risk factors

Main risk Symbol | Sub-risk (SR) References
SR1 Security and system integrity Eg}

_ SR? Complexity and collaborative risk across thg0]
Information chair [14]
Technology Risks | gr3 Unavailability of blockchain tools [20]

SR4 Database [9]
SR5 The risk of security breaches
SR6 Cooperation
Reliability ~ and| SR7 Control [14]
integration SR8 Transparency New
SR9 Sustainability New
SR10 Business Smart Support is weak [14] [20]
Infrastructure SR11 Network infrastructure failures or errors
SR12 Technology limitations [20]
Lack of training for staff
SR13 Systemdocumgntatio [40]
SR14 Not systematically managed
Operational issues| sr15 | |nventory levels are unstable New
SR16 Operating costs New
SR17 Low predictability of supply and demand (Omar F. Hassan Al-obaidy, 2023)
SR18 Increased weste
Environmental SR19 Water damage at the server [46]
SR20 Lightning attacks Earthquake
L SR21 Customer satisfaction [14]
Service risks - — .
SR22 Delay in providing the service New
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Table 2 Risk impact typer factors

Risk impact (RI Reference
Fragility of the supply chain. R [41]
Difficulties in increasing production

. ‘ [41]
capacity. RI.
D|ff|cqlty maintaining a smooth flow of raw (Omar E. Hassan Al-Obaidy, 2023)
materials. RI
Flexibility losses. RI [9]
Financiallosses. RI [9]
Reputation losses. F [9]
loss of cooperation. R Expert:
Weak competitiveness. F [14]
Loss of time and control. R Expert:
Unexpected risks appear. R Expert:

Table 3 Triangular fuzzy numbers (TFN) Linguistic terms of FRand SC and RC

Risk impac Severity consequences Risk category R
Ve(%'gh (1,1,2) Negligible (N) | (@,1) Acceptable (A) (0,0,0.5)
High (H) (1,2,3 Low (L) 0,1,2 Tolerablacceptable (T4 (0,0.4,0.7
Moderate (M (2,34 Moderate (M (1,23 Tolerableunacceptable (T | (0.5,0.7,0.€
Low (L) (3,45 High (H) (2,34 Unacceptable (U? (0.85,1,1.c
Very low (VL) (4,56 Catastrophic (C (3,45
Unlikely (U) (5,6,7
Remote (R (6,77)

The main and sub-risks constitute the cornerstone cétastrophic results if neglected or ignored. Therefore, the
this paper, so classifying these risks into main and sub-riskeus was on these factors as more comprehensive factors.
is due to the nature of the risk itself, as few research papersTwo questionnaires were designed; each of these forms
give a comprehensive classification of the risks of thieas two main parts. The first form consists of two axes; it
smart supply chain, some of which focus on a specifis the vertical axis that includes the risks that were collected
company or a specific sector, suchly or the papej20] based on earlier literature and expert opinions, i.e., using
tha addressed barriers to implementing Blockchain ithe collective decision-making model, these risks are
reverse logistics. In this sense, many of the classificatiod&ided into main risks and sub-risks. These risks differ
in Table 1 refer to the opinions of experts in showing sonfeom one organization to another and from one country to
sub-risks. The current study focuses on identifying thossother, according to their ability, viability, and
risks that affect the organization’s activities and criticatompetitive position. However, there may be other risks
activities. To understand the consequences of risks if thihat are not included in the list, and this is due to the nature
are not considered, this study identifies several types af the database available on the research papers available
factors for the impact of these risks on the organizationn the Internet. The second axis that the questionnaire has
Hence, Table 2 has prepared for this purpose. is the horizontal axis, which includes the impact of risks.

The impact of the risks referred to in Table 2 is nofhe second form also consists of two axes: the vertical axis
final. There may be other impact factors that were nbias risk factors, while the horizontal axis includes Severity
included in the current study. The inclusion of these factoc®nsequences for each of the risks included in the vertical
was based mainly on previous literature that dealt witlixis. The factors that are criteria for measuring severity
these effects in its content. To achieve the main aim of thiensequences were collected through earlier literature and
paper, the factors most affecting the critical activities of thefter presentation to experts and filtering. To calculate the
organization were relied upon, which could haveveight of each risk, reliance was placed®ri.

Table 4 Riskimpact weights
Riskimpct (RI Rl RI2 E! Rl4 RIs Rls RI7 Rls Rl Rl10
Weight: 0.095. 0.111: 0.087{ 0.119( 0.158° 0.1507 0.047¢ 0.071: 0.103: 0.055!
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4 Risk category: implementing afuzzy risk  FRM Fuzzy Risk Matrix (FRM) is a risk assessment tool
matrix that uses fuzzy logic to assess risk impact and severity

gonsequences. This phase is considered one of the basic

After the process of finding the risks, their impact, an f the BC del he risk
the consequences of those risks, their category in termsoPs of the model, so the risk assessment process

impact and the consequences of this impact are determing‘aper'd.S mainly on the ri;k ident_ification Process as its
In this step, the Fuzzy Matrix Risk (FMR) is relied upon tghput. Figure 3 shows the risk matrices that will be adopted

classify risks: acceptable (A), tolerable-acceptable (TAr,‘ determining the relationship between the impact of risks
tolerable-unacceptable (TU), and unacceptable (U nd their consequences and the category of each of these

Where this classification was adopted as rules f [sks. The easy matrix is the one that has a low cost, but its
determining the category of each of these risks and th ers of protection are Ies.s to provide safety against risks.
consequences. Figure (2) shows a description of all fo i the other hand, there is the Hard matrix, which has a

categories and the characteristics of each category. h!blt!ve cost but is more secure. As.for the Standard
matrix, it mediates between the two and is the most used.

Gce ptable \ /Unac ceptable \

- Low risk impact. - High risk impact on critical
operations.

- Low risk consequences.
It requires stopping
operations and re-
engineering

g 21NN Y
/~ N || / cceptav ™\

- No procedures required.

Tolerable-Acceptable - Low risk impact.
- The impact of the risks are - Low risk consequences.
few.

- No procedures required.
- High risk consequences.

- Only measures are
required to mitigate the
consequences of risks.

N VN /
vV

Figure 2 Characteristics of risk categories

The matrix is prepared for the purpose of determiningosition in the matrix. Therefore, the main purpose of the
the relationship between the impact of risks and thmatrices is to divide the risks into categories, determine the
consequences of those risks on the critical operations of ®per methods of dealing with each category, and identify
organization. As we mentioned earlier, the risk categoriéisose that require special tools, such as those provided by
are rules for defining the relationship between the impabtisiness continuity[9] introduced an algorithm called
of risk and its consequences to determine that relationstipsk Treatment Plans (RTPs). This algorithm consists of
according to the rules that control that relationship. Fodour risk treatment programs according to each category:
categories are taken into consideration for the risk scale «  Acceptable: the risk impact and their
[12]. Thus, by combining various levels of influence andonsequences are low, do not require any procedures to
consquences of influence (5 * 7 * 4), a total of 140 rulegeal with them, and are present in most organizations.
are extracted. However, only 35 of the 140 rules are « Mitigate: Tolerable-Acceptable, meaning that
accepted by experts and adopted in this pg@jer risks have a low impact but high consequences. Therefore,

The process of dealing with risks requires different
procedures according to the category of each risk and its
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the organization requires measures to mitigate risks andreatments for each risk according to the matrices (easy,
mixture of BC plans. standard, and hard). These three matrices are used in this

»  Stop: Tolerable-Unacceptable, meaning that thestudy according to the specified rules. These rules depend
impact of risks and their consequences is high, and mainly on the approved inputs, which contribute to
therefore the organization needs to mitigate the risk anddecoding the defuzzifier. To decipher this defuzzifier, the
its consequences. If there is no treatment, the process carethod of[42], was used. Figure 3 shows the inputs and
be stopped and re-engineered. outputs of the fuzzy data and processing it. On the other

«  Continuity plan: if the risks fall into the hand, the FRM is the most likely approach that is based on
Unacceptable category, and thus the critical tasks of the the total value of risk. To make the appropriate decision
organization are disrupted, the most proper solution is to'egarding the appropriate measures, confidence scores are
use continuity plans to overcome such risks. calculated to determine the low, medium, and high-risk

categories, while the confidence ratio is used to determine

The algorithm provides the proper flexible decisionghe acceptability of risks at a certain level to determine the

for each of the risk categories above by providing differe@ppropriate treatments based on tHém

/ Rule & Database \

Fuzzifier: Inference: Defuzzifier:
Fuzzy input »| Inference Fuzzy output Output
| —
», L4 >,
sets engine sets

= Clear results

on the impact

) and severity

/\ of the risk
1L

L ]

The conversion of fuzzy Formulate Membership Use the Defuzzifier
numbers iﬂw_ ideﬂt_ical Functions, Logical method to tum the
fuzzy groups is required Operations, and IF- fuzzy result into a

to use fuzzy numbers in
fuzzy inference
systems.

THEN Rules. number that represents
the risk’s magnitude.

Figure 3 FISused for constructing the SSC risk matrix

5 Resultsand discussion impact of risks and their consequences are based on the

In this section, a risk weight is calculated for each tygguestionnaire prepared for this purpose. It is worth noting
of risk factor that was identified in the first phasethat the impact of risk and its consequences, as well as the
Therefore, the MCDM-enablef88] algorithm was used overall risk level, are measured using the equation used by
for this purpose. So, acceptab|e, or unacceptab|e risks mb which is used to measure risk at the level of the three
determined according to the impact of the risks and thématrices (easy, standard, and hardyhreshold value is
consequences, to determine the appropriate program wsidered the main criterion in determining the type of
the extent to which each of these risks needs a mitigatigiiogram required for each risk category. Risks whose
stop, or continuity plar risk weight is calculated for each threshold value is low are considered acceptable. As for
typeof risk factor identified in the first stage. Therefore, afisks whose threshold value is critical, the Stop program
algorithm that supports MCDM was used for this purpos&Ust be approved, i.e., the risks impact and their
Thus, acceptable or unacceptable risks are determirg@nsequences are high. On the other hand, when the impact
according to the impact of the risk and its consequenc®$. risks is significant on critical tasks, a program of
Consequently, the appropriate program is then determing@ntinuity plans must be proposed. It is worth noting that
and the extent to which each of these risks neeg§8Me risks require merging more than one program, and
mitigation, cessation, or a continuity plan. this is what the threshold value determines for the impact

To measure the impact of risks and their Consequencégithe risk and its consequences. The threshold value that
the equations shown in Appendix 1 were used, as tM& referred to is the difference between the impact of the
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risk and its consequences. In this study, a threshold valemounting to 0.079. Whenever the consistency ratio is
was determined for the merge, which is 18%—4%, and thétose to zero, it shows that there is consistency in the
means that if the difference ranges between 18%-48sponses received from the experts [43]. On the other
according to the threshold value, then the Mitigate prograhand, Table 5 shows the necessary statistical tests, the aim
can be adopted, but if the threshold value is 18%-2&)f which is to ensure the reliability of the proposed
Here, BC plans must be approved, and if this value feamework, where the Reliability coefficient of was
exceeded, the process requires stopping and acting. Alswasured, as well as the measurement of alpha, corrected,
the consistency ratio appeared within acceptable levets)d correlation for each of the risk factors.

Table 5 Reliability analysis

Main risks Suk-risk (SR | Corrected and correlati | Alpha | Reliability coefficient ofa
SR1 0.624: 0.901¢
SRZ 0.583: 0.910:
Information Technology Risks SR3 0.4872 0.8724 0.8247
SR< 0.254. 0.872¢
SRE 0.364¢ 0.91¢
SRE 0.520: 0.881¢
o . . SR 0.663¢ 0.915:
Reliability and integration SR8 0.4692 08614 0.7625
SR¢ 0.610: 0.871¢
SR1( 0.654: 0.891:¢
Infrastructure SR1! 0.364¢ 0.8947: 0.7991
SR1: 0.593¢ 0.907¢
SR13 0.5671 0.9054
SR1« 0.553¢ 0.872¢
Operational issues SR1t 0.620: 0.894: 0.8402
SR1¢ 0.615¢ 0.908:
SR1: 0.510° 0.864¢
SR18 0.6482 0.8936
Environmental SR1¢ 0.472¢ 0.887« 0.8354
SR2( 0.503: 0.925¢
. . SR2: 0.516¢ 0.915¢
Service risks SR2: 0,594 0872 0.7862

To obtain weight for the impact of risks, a standarés shown in Table 4, there is a discrepancy in the impact
guestionnaire was prepared for this purpose. The weigluf risks on the basic functions of the company, where
shown in Table 4 show the impact of each risk. It is wortfinancial losses and reputational losses are the highest
noting that these weights are the opinions of the 34 expemgight; in contrast, the loss of cooperation constitutes the
where experts in different companies accounted for 62%ast impact. As we mentioned before, to calculate the
while experts in the academic field amounted toverall impact of risks and their consequences for the three
approximately 38%. The goal of diversifying experts is tonatrices (easy, standard, and hard), Table 6 was prepared
achieve a balance between practical and academic realitfes.this purpose.

Table 6 The overall risk scale

Sub- Severity Impact of Overall Sub- Severity Impact of Overall
risk consequenc risk risk risk conseqguenc risk risk
SR1 0.08401: 0.18378: 0.21046°  SR1: 0.26223! 0.57364. 0.65691.
SRz 0.17780: 0.3889! 0.44541.  SR1: 0.09024. 0.19740! 0.22606.
SR: 0.2248! 0.49194. 0.56335. SRl 0.27118. 0.593: 0.6793:
SR¢ 0.2319: 0.50731! 0.58096.  SR1f 0.24230: 0.5300: 0.6069
SRE 0.11433 0.25011: 0.28641'  SRI1¢ 0.19897: 0.43524 0.49842
SRe 0.26479 0.57924. 0.66332!  SR1: 0.15372. 0.33626' 0.3850!
SRi 0.21694: 0.47455! 0.54344.  SR1¢ 0.11915: 0.26064. 0.29847
SR¢ 0.07685! 0.1681. 0.19252.  SR1¢ 0.02814: 0.06157: 0.0705:
SR¢ 0.19606: 0.42888! 0.49114. SR2( 0.02751. 0.06017 0.06891!
SR1( 0.23025! 0.50367: 0.57679.  SR2] 0.2785¢ 0.60938! 0.69784!
SR1] 0.18867: 0.41272 0.4726¢ SR2: 0.2457: 0.5375! 0.61558:
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Risks that have a high impact require more time, effontyitigation plan depends on threshold values, and these
and costs, so that executives can face the consequencegpifesent the difference between the impact of the risk and
these risks. The results presented in Table 6 indicate ite consequences. Referring to the threshold values, it
total risks according to the easy, standard, and difficiiecomes clear that most of the risks require a mixed plan,
matrix. Where the easy matrix requires less effort, timeee Table 7. It is worth mentioning that many risks need to
and cost, given that it does not take the size riske re-engineered, that is, a stopping program must be
proactively with important levels of preparation andhdopted, given that the specified risk limits are exceeded.
therefore does not require resources at elevated levels. Bmne risks can be accepted, see Figure 4, and they do not
hard matrix is the opposite of the easy matrix, as it requirased any measures, due to their minimal impact and
more resources to prepare for expected risks proactivetpgnsequences. On the other hand, there are risks whose
and this is what makes it a costly matrix. On the other harmhnsequences are high and their impact is low or vice
the standard matrix is considered the most balanced, asatsa. Therefore, such risks need mitigation measures
requires resources at medium levels, and this is what makespired by BC plans, that is, a combination of mitigation
it the most used by companies. Deciding the type @lans and business continuity.

Table 7 Threshold val ues between the impact risk and severity consequences

Sut-Risk SRIT SR2 SR3 SR4 SR5 SR6 SR7 SR8 SR9 SRI0O SR11
Threshold Value  0.09¢ 0.211! 0.267( 0.275! 0.135. 0.314¢ 0.257¢ 0.091: 0.232¢ 0.273¢ 0.22¢
Sut-Risk SR12 SR13 SR14 SR15 SRi16 SR17 SR18 SR19 SR20 SR21  SR22

Threshold Value  0.311¢< 0.107. 0.322( 0.2877 0.236: 0.182f 0.141 0.033: 0.032¢ 0.330¢ 0.29]

Risk Treatment Plans

Stop
SR4, SR6,

SR10, SR12,
SR14, SRI15,
SR21, SR22

Acceptable

Mitigate + BC = Mixed plan
SR1, SRS, SR8 SR2, SR3,
SR13, SR18 SR7, SR9,
SR11, SRI16,
SR17

SR19, SR20

Figure 4 Classification of risks according to the risk treatment plans

6 Managerial implications to understand the application of the ISO 22301:2019
The supply chain of any company is like a lifelinestandard. On the other hand, companies can receive help

Therefore, the risks that affect it are like a deadly epidemiEom measuring risks in a quantitative manner and through
On this basis, this study provides a framework to mitigatéree different points of view (easy, standard, and
the effects of this epidemic by presenting programs théifficult), which makes the risk assessment and analysis
mitigate risks inspired by BC faced by the smart supplrocess more comprehensive and correct. The proposed
chain. Therefore, there are several administratiié@mework was based on three basic stages. In the first
implications for the proposed framework, whosétage, risks, and the effects of risks on SSC were found. In
application could improve the performance of the supphe second stage,_the risks that were found in the first stage
chain. The proposed framework helps line manage¥ere analyzed using several appropriate techniques. In the
visualize risks that have devastating effects on the supplyird stage, risks were classified. According to threshold
chain and thus develop proper actions proactively. values, proper mitigation plans are decided for each risk
The proposed framework helps companies expect tRategory.
impacts (Table 3) that could affect them in case of the In addition, the proposed framework offers practical
expected risks (Table 1). The proposed framework offe@glidance for companies, as some risks related to
many advantages, most notably the classification of riskgformation technology can be avoided through organizing
in terms of impact and consequences and, thus, the abilfigining courses and improving infrastructure, while others
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require the presence of skilled human resources. It is worth https://doi.org/10.1155/2013/201208
noting that some risks require building resilience as well §3] TURI, A.: Mitigating data inaccuracy and supply chain
using risk transfer mechanisms such as insurance andchallenges in Western Romania’s automotive industry,

diversifying suppliers. Acta logidtica, Vol. 11, No. 3, pp. 473-483, 2024.
https://doi.org/10.22306/al.v11i3.533
7 Conclusion remarks [4] ZHANG, G., YANG, Y., YANG, G.: Smart supply

In the last ten years, the expansion of the virtual world chain management in Industry 4.0: the review, research
and technology, as well as the integration of artificial agenda and strategies in North Ameriganals of
intelligence, have heightened organizations' awareness of Operations Research, Vol. 322, No. 2, pp. 1075-1117,
the importance of addressing disruptive incidents. The lack 2023. https://doi.org/10.1007/s10479-022-04689-1
of preparation to manage these disruptions can lead [&} LIU, W., HOU, J., YAN, X., TANG, O.: Smart
catastrophic consequences, as evidenced by the COVID-19l0gistics  transformation  collaboration  between
pandemic. BC is an approach capable of mitigating such manufacturers and logistics service providers: A supply
disruptive risks. This study proposes a practical framework chain contracting perspectiv@gurnal of Management
inspired by BC to identify and manage risks in the smart Science and Engineering, Vol. 6, No. 1, pp. 25-52,
supply chain.The proposed framework utilizes the BC  2021. https://doi.org/10.1016/j.jmse.2021.02.007
approach to demonstrate, analyze, and classify risk8] DANOOK, A.A., YASSIN, M.S., OMAR FALAH,
encompassing three fundamental stages. In the first stage,O-F.H., JARAD ALMEJDHAB, F.: The Absorptive
risks and their impacts are identified through a review of Capacity of Knowledge as an Approach for Building
existing literature and expert opinions, using the Fuzzy Strategic Reliability in the Sponge Organizations/Small
Multi-Criteria Decision-Making (FMCDM) approach. The ~ Organizations in Kirkuk Governorate as a Model,
second stage involves analyzing the risks via a Corporate Reputation Review, Vol. 27, No. 1, pp. 33-
meticulously prepared questionnaire. In the third stage, 91, 2024. https://doi.org/10.1057/s41299-023-00160-4
risks are classified, and risk measures are calculated usifhL!U, Z.: Rotary Kiln Thermal Simulation Model and
the Fuzzy Inference Approach (FIA).PRM is employed Smart Supply Chain Logistics Transportation
to determine risk levels from three perspectives: easy, Monitoring Management, Journal of ~Advanced
standard, and hard. Transportation, Vol. 2022, pp. 1-13, 2022.

The impacts of risks and their consequences are derived https:/doi.org/10.1155/2022/2116280
from expert opinions, making the selection and8] DAS TURJO, M., KHAN, MM., KAUR, M,
methodology of experts crucial for obtaining accurate data ZAGUIA, A.: Smart Supply Chain Management Using
that contributes to the framework's implementation. Using the Blockchain and Smart ContractXientific
linguistic terms such as fuzzy numbers provide a strategic Programming, ~ Vol. 2021, pp. 1-12, 2021.
method for addressing risks that are difficult to analyze or https://doi.org/10.1155/2021/6092792
predict. The proposed framework is versatile and can 8 MOTEVALI  HAGHIGHI, S, TORABI, S.A.
applied across various industrial and service sectors. Business continuity-inspired fuzzy risk assessment
Future research should focus on enhancing this model to framework  for  hospital information  systems,
cater to organizations with extremely high risks due to the Enterprise Information Systems, Vol. 14, No. 7, pp.
nature of their business. Additionally, incorporating other 1027-1060, 2020.

techniques, such as simulation, would be beneficial for https:/doi.org/10.1080/17517575.2019.1686657
turther studies. [10] LBAHAR, E., KARASAN, A, CEBI, S,
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Abstract: The performance of industrial systems is influenced by external factors, such as supply chain disruptions. The
system usually cannot influence them much and must actively adapt to those external factors. On the other hand, there
are also internal factors such as process synchronization and communication or resource allocation, which are entirely
within the control of the system. Communication and synchronization need to be continuously monitored and assessed
for various standard and non-standard situations. For such complex problems, which usually cannot be solved in
acceptable time and resources by simple or exact methods, simulation is suitable and often used. This study uses
simulation models to identify bottlenecks and propose corrective measures in a conveyor system used for processing
customer-returned goods. Two simulation tools, Tecnomatix Plant Simulation (TPS) from Siemens PLM Software and
AnyLogic software from AnyLogic Company, were used to model the system and test potential optimizations. The
analysis identified critical bottlenecks, allowing targeted interventions, such as increasing conveyor speeds and
optimizing input rates, which led to significant improvements in throughput and operational efficiency. Furthermore, the
study demonstrates how simulation results can guide decision-making in areas such as resource allocation, capacity
planning, and maintenance scheduling. While TPS proved more effective for detailed bottleneck analysis, AnyLogic’s
multi-method capabilities highlight its suitability for hybrid applications. The findings underscore the value of simulation

in optimizing complex systems and provide insights applicable to other industrial sectors, emphasizing the potential of
emerging technologies such as digital twins and Al-enhanced models to drive further innovation.

1 Introduction overall operations. Identifying and mitigating bottlenecks
The industrial system and its efficiency can bémproves efficiency by optimizing process flow and
influenced by internal and external factors. Internal factofgsource utilization. Several methods and techniques can
such as process synchronization and resource allocation@geused to find bottlenecks, ranging from soft tools such as
crucial for optimizing system performance, while externaffective communication to sophisticated tools such as

factors like supply chain disruptions, fluctuating custome@ptimization [3] or simulation models [4]. Efficient
demand, or material shortages impact efficiency. It @ommunication and synchronization across system
usually easier for a company manager to look fgfomponents is important as it significantly reduces
bottlenecks in the system caused by interal factors tfi@wntime and enhances productivity. Simulation can help
can be more easily changed. Bottlenecks can be foundni@hagers visualize and test coordination improvements
both production and non-production systems. In botithout disrupting real operations. Properly aligned
systems, a bottleneck may be a machine with a low proc#¥rkflows ensure that conveyor processes operate
speed or a long process time [1]. Weaknesses may incldaoothly, minimizing bottlenecks [1].

a logistics area with a limited flow rate causing congestion, Simulation models are often used to reproduce a real
the longest process time, the process with the loweststem with its dynamic processes in a computer model.
production line capacity, or delays in delivery to other partEhe main reason for using computer simulation in the
of the system caused by repairs and maintenance of pa@falysis of managerial problems is the impossibility of
For manufacturing systems, products or parts with thing standard analytical tools due to complexity of real
longest processing times, lowest speeds, or highest procekcesses. The main task is to find knowledge that is
requirements are usually the main bottlenecks [2]. APPplicable in the real system. Inabr_oadgrsense, simulation
bottleneck may also arise on the human resources si@@n be understood as the preparation, implementation and
where there are few or insufficiently qualified workersévaluation of concrete experiments with a simulation
Bottlenecks arise when a particular process slows dowipdel [5]. Simulation is a suitable method for the analysis
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of large-scale production and non-production systems that Models can be created in different types of software,
cannot be investigated using conventional analytical toalepending on the problem being modelled and the time
and their direct observation is not possible or would be vewariations involved in running the simulation [9]. There are
expensive in terms of time and money. The method is usetny simulation models available, and the choice depends
in industrial environments as well as by researchers. As the type of problem to be solved. Simulation models are
Kovbasiuk et al. [6] mentioned, the benefits of simulatiodivided into deterministic (the input and output variables
include reducing investment risk, minimizing wasteremain constant) and stochastic (at least one of the input or
improving efficiency, reducing energy consumption andutput variables is determined by probability). Both of
even increasing worker health. Simulation can be usedtimese categories can be static (time is disregarded) or
the phase of operation of an existing system, in thdynamic (time-dependent interactions among variables are
planning of modifications to this system and in the phasmnsidered). Dynamic models in both cases are further
of designing a completely new system. Simulations can biéevided into continuous (they rely on differential equations
used to find bottlenecks in existing systems, to determimead attempt to measure changes in the system continuously
the use of workers and machines, or to test the systemngr time due to control) and discrete (they react
response to extreme situations [7]. When designingimediately to specific discrete events) [10]. If no time
modifications, it is possible to create different scenariasequences are needed, only the application of Monte Carlo
based on the results of the experiments carried out anddimulation could be effective, especially for iterative
comparing them, it is possible to select and implement tewaluation of a deterministic model. Monte Carlo
most effective modifications to the system relativelsimulation is associated with the systems affected by
quickly and easily [5]. When using a simulation model forandomness when several different scenarios are randomly
the design of new systems, it is possible to eliminate tigenerated to obtain the probability description of the
emergence of bottlenecks in the systems, to determine gwected results [5]. Monte Carlo simulation repeats a lot of
response of the systems to extreme situations and to desgmndom experiments to find out the possible outcomes. But
a system specifically adapted to the process to be operated simulation is usually made via discrete event
in it [8]. The great advantage of simulation is that it doesmulation model or continuous simulation. Discrete event
not directly interfere with the running system. Theimulation (DES) is suitable for dynamic, stochastic
simulation model considers only the factors that affect theystems that change in a discrete manner [11]. DES is
operation and response of the system, so that it can reliabbmmon for models of economic and business processes,
represent the system's response to real or hypothetisath as production and manufacturing systems [6-8,12-19]
situations, and the results obtained lead to the designaafl centers or emergency medical services [20] or different
meaningful measures to improve the system's efficiensgenarios and company strategies [8]. The detailed
[9]. distribution of the simulation models is shown in Figure 1.

System model

Deterministic Stochastic

l Static l | Dynamic l Static Dynamic
(Monte Carlo
Continuous simulation)

Discrete

Discrete

(Discrete-event
simulation)

Figure 1 Diagram of simulation model types [10]

There are many applications or software for creatingcenarios, providing “as-is” models, improving the
simulation models today. According to Captera.com [13gxisting systems and they are decision-making tools for
there are dozens of options for choosing the right prograemterprises. They concluded that TPS and FlexSim can be
Some of the most commonly used simulation prograntaken as the best covering all 11 simulation approaches
within DES include AnyLogic, Arena, FlexSim, Plantsuch as 3D imaging, Agent-Based Modelling or stochastic
Simulation, Simio, SIMULS8 or Witness. Kovbasiuk et aland dynamic modelling. AnyLogic as the second tool in
[6] tested six DES packages — Arena, Anylogic, FlexSinthis comparison covers 10 simulation approaches as it does
SIMUL8, TPS and WITNESS - all of the selectechot have an industry specific database. Yakovlev et al. [21]
simulation software packages are aimed at analyzing theed the AnyLogic software platform to build a complex
bottleneck processes, exploring possible “what-ifsimulation model of the conveyor line based on the
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discrete-event and two agent-based models. As a resulisgftem being modelled. Banksow et al. [5] mention these 8
the simulation, the optimal number of pallets and thsteps: 1. Formulation of problems, 2. Test of the
optimal batch size of products were determined. AnyLog&imulation-worthiness, 3. Formulation of targets, 4. Data
was also used to simulate and optimize the coal migellection and data analysis, 5. Modeling, 6. Execute
production logistics system [26]. TPS was used e.g. insamulation runs, 7. Result analysis and result interpretation,
case study [23] to present the possibilities of this softwa8 Documentation. Sharma [19] described the processin 11
for simulation of production and logistics processesteps: 1. problem formulation, 2. objectives settings, 3.
identification of bottlenecks in the production process andkcision about the type of the model, 4. conceptualization
experiments leading to increased factory performancef the problem, 5. data collection, 6. software selection, 7.
Ashrafian et al. [24] used FlexSim software to optimize thieuilding a simulation model, 8. verification and validation
operation of a fully automated modular conveyor system of the model, 9. model testing and change of inputs, 10.
a large-scale warehouse. A full-scale 3D DES model of thesults description, 11. documents or reports creation.
system was built and time-dependent statistical moddtinally, Saderova and Ambrisko [23] put all the
were carefully designed and implemented in the model methodology steps into the scheme (see Figure 2) which
order to capture the randomness and complex dynamicsaa followed in this paper.

the operation. The application of simulation program
SIMULS to the analysis of production process in company
Alteko, Inc. producing radial fans was presented by Fousel
et al. [14]. The main purpose was to identify the bottleneck

—» REAL OPERATION Simulation tools

¥ v

. System analysis Selection
processes a_nq to suggest the management the appropri of aperation of simulation tool
solution. Within the framework of the conveyor line <
control system development, a simulation model was Creating
created in Emulate3D [1E_>] to ve_rlfy the correct operation a simulation model
of the system control logic. During the simulation phase, 3
errors in the logic were found and eliminated, resulting in Verification

an improvement in the operation of the system while

of simulation model

reducing the time required to run the physical device. ¥
Simulation also finds its application in the creation of a Proposals, Simulation
digital twin in Industry 4.0. For the robotics sector, | ecommendations experiments
RobotStudio has proven to be a simulator suitable fol T
medium-performance computers with a wealth of ¥ Analysis

functionality, which the user can also supplement with his
own programming [16]. The simulator also enables the
integration of the OPC UA communication protocol, which
is enjoying growing acceptance in the industry. In the
environment, a digital twin of the robotic laboratory System analysis (problem and targets formulation) was
system, mainly used for research, development amdhde by the client, which also gave us a data and the
education, was created, consisting of several devices sutimplete description of the system. The main task was to
as robotic arms, conveyors, automated warehouses ameate a simulation model to find out all bottlenecks and to
vision systemsRobotStudio is also suitable for selectingest the changes in the input rates and conveyors speed.
and optimizing the parameters of a robotic packaging The choice of simulation tool (software selection) was
process for one type of product. The main element of thefluenced by our capabilities and the needs of the
research [7] was a computer simulation station based on thedelled system. As the objective was also to compare the
Picking PowerPac package. It was assumed that ttweo selected simulation programs, we decided for
products on the process line are generated pseud@cnomatic Plant Simulation [26] and AnyLogic [27],
randomly, reflecting the actual working conditions. As avhich were available for download and testing (student
result of the tests performed, the optimal working speed wérsion) without payment.
industrial robots and conveyors was obtained. The following chapters contain further steps, i.e. in
particular the description of the system, the creation of the
2 Methodology model and its verification, simulation experiments,
The basic procedure for creating a simulation modépmparison of results and recommendations for real
has already been outlined by Banks et al. [25] in 12 stegysStem changes. Key metrics used in simulation models are
from problem formulation, through data collection, moddpased on the statistics taken from several runs with
creation, model verification, validation, experiments witt¢onfidence intervals to estimate the precision of the metrics
the model implementation of changes in a real system. Tifidch as throughput rate, utilization rates or blocking and
procedure is more or less still followed, or some steps dffie times. Finally, we compare the advantages and
structured in more detail with respect to the nature of tfsadvantages of the chosen simulation software.

of simulation results

Figure 2 Steps of methodology based on [23]
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(N
3 Problem formulation and description of the conveyor system and its components are shown in

The described methodology was used to find theigure 3. For better clarity, the names in the diagram have
bottlenecks in the conveyor network, correct them an@een abbreviated: So denotes Source, St denotes Storage,
subsequently increase the efficiency of the systerfy_ denotes Conveyor, M_ denotes Machine and W_
Another objective is to compare the functionality anglenotes Workplace. Each element is also assigned a
evaluate the use and results obtained with two select@dmerical designation within the network for better
freely available versions of simulation tools. The diagrafrientation in identifying bottlenecks.

C_29 |—|C_30|—| C_31 |—~| C_35 |—|C_36 || C_37 ~<” So c c1 g2
t t 1
c_34| |c_15
C.6
1
‘ c_14 1
C_28 1 c7 c_3
c_13 wa 1
OK
‘ L Goods W_2 cs8
C_12 =
w_3
NOK
C_33|—|C_32| Goods w_a
c_4
— W5
L W.6 —
NOK
——|[C_20|+—|C_19 |+— —|C18[—[C17 [—|C_16 fgooss | [iuiZN |
c_27 s
c1nl—|c1o|—|c.e |5@4 — S c5
t / o -
C_26|—|C_25|—|cC_24|—|C_23|—|C_22|— —|c_21 K
. Goos L w10 —
— W11 —
[ w2 |

Figure 3 Diagram of the conveyor system (conceptualization of the problem)

The existing system under study consists of a set gbods. After passing through these machines, the goods go
roller conveyors connected to each other. The conveydrack into the storage bin where they await further
are used to transport parcels of returned goods. Within thecessing. The source of the goods is the warehouse on
conveyor network, there is a large main branch andthe lower floors of the building, which is continuously
smaller secondary branch through which the goods catocked and has sufficient inventory to supply the system
pass. In each branch there is a workstation with entwith packages for a full eight-hour shift. All conveyors are
control staff that decides on the further progress of tf&0mm wide and the parcel size is 500x400x100mm. The
returned goods. If the goods are free from defects, they a@melividual conveyors consist of multiple parts that are
passed onto the violet conveyor and go to the bin whedeiven by their own motors. Motor speeds range from 0.1
they await further processing. If the inspection station 1.5 m/s. The speed of parcels entering the system is 30
assesses that the returned goods are not free of defects, fesymin. The other parameters of the simulation model
pass them to the yellow or green conveyor. Each of theere set to the values shown in Table 1.
conveyors passes through machines that clean the returned
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Table 1 Table with system input data

Usage by Workstation Number of .
dEe’;Srr;dt]i%Sn incoming capacity wor kers/machi Tot[al C(;/aﬁﬁdty ?ﬁ]e/;j
P inputs[%] [peshr] nes [pcs] P
Conveyor 80 Transport ,Of Transport pf 0.8
goods onl goods onl
. Transport of Transport of 0.1, 0.8, 0.4,
Blue main Conveyor_1-4 80 goods onl goods onl 0.
branch
Conveyor_5
(Workplace 5 - 80 121 32 3872 0.56
Workplace 12)
Conveyor_6-7 20 Transport pf Transport pf 0.35, 0.55
Blue goods onl goods onl
secondary Conveyor_8
branch (Workplace 1 - 20 90 16 1440 0.8
Workplace 4)
Conveyor_9- 11 10 Transport of Transportof g 59 069
goods onl goods onl
Violet main  Violet secondary
branch branch
Transport of Transport of 0.8,1.2,0.8,
Conveyor_12- 15 2 goods only goods only 0.53
Conveyor_16- 18 35 Transport of Transportof g g g
goods onl goods onl
Yellow Conveyor_19
main s 35 800 1 800 0.1
branch (Hechine’) T t of T t of
ransport o ransport o
Conveyor_20 35 goods only goods only 0.33
Conveyor_21 35 Transport ,Of Transport pf 0.8
goods onl goods onl
Greenmain  CONVeYor_22 35 800 1 800 0.1
(Machine)
branch 010708
Conveyor_23- 31 35 Trggjg%rrtﬂ"f Trggsg%rrt]f’f 0.8 06, 0.8,
9 y 9 Y 08,08,0.
Conveyor_32 18 Transport pf Transport pf 0.8
goods onl goods onl
Green Conveyor_33
secondary S 18 800 1 800 0.8
branch (Machine2)
Transport of Transport of
Conveyor_34 18 goods only goods only 08
Green end Conveyor_35- 37 100 Transport pf Transport pf 0.8, 1.5,0.8
conveyors goods onl goods onl

4  Simulation models

and optimization of business processes. The application

TPS is a 3D object-oriented program used for DESAN be obtained in various versions from paid professional
[26] Machines’ conveyors, peop|e and embedded C|icks\{@rSiOnS to student free versions, which are limited by the
analysis tools are referred to as objects. The program da#imber of objects used in the model being created. The
create digital twins containing manufacturing or nonProgram allows the use of tools such as.bottleneck analysis,
manufacturing processes, robots, automation, systeffatistical reports, graphs or Sankey diagrams to evaluate
containing material handling and workers. It is a todhe efficiency of the system or the suitability of proposed
suitable for simulating, evaluating and implementingneasures. Compared to AnyLogic, the simulation model
advanced manufacturing techniques, equipment af@es notstop the simulation run in case of system overload,
operations to increase system flexibility. The prograrfiut records the progress in statistics and distinguishes the
contains predefined objects and functions, but it aldéne for whichindividual objects of the model are working,
allows to write own methods or conditions necessary fayaiting for the arrival of new goods or are blocked by
the correct functioning of the system. The application goods.
produced and distributed by the German company Siemens For the purposes of this paper, the Student version was
PLM Software, which has long been engaged in providirigsed, which is limited to 80 placed objects, but is not

support and appropriate solutions in the field of innovatioftherwise functionally limited. The resulting model of the
original conveyor system is shown in Figure 4.
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e n e

= = T S p, R I, —
Figure 4 Digital twin of the analyzed conveyor system in TPS

To compare the functionality of the simulationwhich is limited by the insertion of more sophisticated
programs, the same model was created in thlabjects (only conveyors and simple workstations or
aforementioned AnylLogic program, which is alsanachines can be inserted), but also by the length of the
available in different versions. For the purposes of th&mulation run to 1 hour. Figure 5 shows a model of the
paper, the free version Personal Learning Edition was usedginal conveyor system in AnyLogic.

e |
°
)
é
¥ o ) o
] o

Figure 5 Digital twin of the analyzed conveyor system in AnyLogic

Due to limitations in simulation programs, theAnylogic in case no bottleneck was found in the shorter
workplaces are modelled as stations and the input conttohe. In the following subsections, the individual
personnel are not physically represented in the modeéperiments and their results are presented.

Parameters of the stations (speed and method of work,

procedure for goods inspection) correspond to the inpbtl Identification of AnyLogic bottlenecks

control workers in their settings. Verification of the When setting the parameters specified in the problem

functionality and effectiveness of the proposed measurkRgmulation, the system crashed after 82 seconds of

was carried out only in TPS, as it allows for a simulatiorunning the simulation in Anylogic and thus stopped

run of one shift. running completely. In Figure 6, the red ellipse indicates
the point of system collapse.

5 Simulation

The simulation was always run for 30 runs of the length
corresponding to one shift in TPS and for 1 hour in

- l"""’""‘"“\
1l
|
K (U=

Figure 6 Identification of a bottleneck in AnyLogic

The program stopped running due to the fact that it wasttleneck of the system is the first conveyor of the main
not possible to send more goods to the system. Theanch (Conveyor_1), whose speed is 0.1 m/s, which was
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(A

only able to send one package further into the systestopping. 6,762 returned packages entered the system,
during the simulation run. It is not possible to restart such400 packages passed through the main branch, 1,350
a stopped run, only to repeat the complete run. Thubrough the secondary branch and 6,672 packages were
AnyLogic cannot identify multiple bottlenecks at oncestored for further processing. In Figure 7, the red ellipse

because it stops the run on the first one found. again highlights a bottleneck in the system. Itis clear that
the bottleneck will be on the blue main branch and will be
5.2 ldentification of Tecnomatix Plant either Source, Conveyor or Conveyor_1 (see Table 1), as
Simulation bottlenecks the rest of the system is not overwhelmed.

With identical settings of the model parameters, TPS
peformed a simulation run of the entire shift without

= = T T R S N F—— —
Figure 7 Identification of a bottleneck in TPS

In this situation, it is not possible to clearly say whicldata into a diagram, where the work time is represented in
of the mentioned parts is the bottleneck, so in addition green, the waiting time in grey and the blocking time by
the simulation, TPS also records statistics. The mogbods in orange. The statistics also contain other data such
important fragment of the statistics record is shown ias rebuilds, power on/off and faults, but these have no input
Table 2. In addition to the name of the object, the statistidata in the model and therefore cannot take values other
contain data on what percentage of the working time thiean 0. The statistics show that Source and Conveyor are
object worked, what percentage waited for the arrival dflocked most of the time because the following
the next goods to be processed, and what percentage ofGlomveyor_1 link is too slow, even though it is running at
working time was blocked by goods that could not b&ull performance. The simulation results were the same in
passed on to the next object. Finally, it combines theseaB 30 cases.

Table 2 Statistics for potential bottlenecks in the blue main branch

Object Working|Set-up WaiﬂngJBlocked|Powering upldown}Failed{Stopped]Paused‘Unplanned| Portion
Source 0.00%| 0.00% 0.13%] 99.87% 0.00%/0.00%| 0.00%] 0.00%  0.00%)
Conveyor 3 100.00%| 0.00% 0.00% 0.00%) 0.00%]0.00%|  0.00%| 0.00%] _ 0.00%|nu—
Conveyor 2 100.00%] 0.00% 0.00%] 0.00%/ 0.00%/0.00%| 000%/ 0.00%| _0.00% sum—
Conveyor 4 100.00%)| 0.00% 0.00% 0.00%) 0.00%|0.00%] 0.00%| 0.00%  0.00%| ne—
Conveyor 5 100.00%| 0.00% 0.00%| 0.00% 0.00%|0.00%|  0.00%| 0.00%]  0.00%|n—————
Conveyor 6 100.00%| 0.00% 0.00%| 0.00%| 0.00%|0.00%| 0.00%| 0.00%  0.00%n——
Conveyor 15.71%| 0.00% 0.00%| 84.29%| 0.00%{0.00%| 0.00%| 0.00% 0.00%mms :
Conveyor_1 100.00%| 0.00% 0.00%| 0.00%) 0.00%|0.00% 0.00%| 0.00%  0.00%) eu—
6 Newly proposed scenarios 6.1 Replacing motors of selected conveyors

In the following subsections, individual proposals for The simulation runs showed that there is clearly 1
eliminating the identified bottlenecks in the system arbotileneck in the system (Conveyor_1) for which the motor
presented. The individual proposals are considered bothwas replaced with a new one with a speed of 0.8 m/s.
terms of simulation capabilities and applicability inNewly 13,500 packages with returned goods entered the
practice. As a possible remedial action, the sponsor eystem, 10,798 packages passed through the main branch,
allowed the replacement of the conveyor motors with ned700 through the secondary branch and 13,350 packages
ones with a speed of 0.8 m/s and the simulation has bew@re stored for further processing. When the motors were
able to identify the motor that needs to be replaced. Theplaced, the speed of the parcel through the conveyor
corrective actions are now only verified in TPS to bettedystem was increased and the quantity processed was also
see the impact of the changes on the entire systéngcreased. After the motor replacement, new bottlenecks
throughout the working time. appeared, see Figure 8, where the system is after the
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application of the corrective measure and the bottlenecks
are marked with red ellipses.
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Figure 8 Newly identified bottlenecks

Potential bottlenecks in the yellow main branch ar€onveyor_19, because the previous section Machinel is
Convegyor_18, Machinel or Conveyor_19 (see Table 1plocked almost 20% of the working time by goods it has
The statistics (see Table 3) show that the bottleneckabeady processed but cannot send on.

Table 3 Statistics for potential bottlenecks in the yellow main branch

Object |WOrking Set-udWaiﬁnnglockedkowering upldown|FailedIStopped|Pamd]Urlplanned] Portion
Conveyor_19| 100.00%| 0.00% 0.00%| 0.00%| 0.00%|0.00%|  0.00%| 0.00%|  0.00%)
Machine1 | 79.32%| 0.00% 1.13%| 19.55%) 0.00%|0.00%|  0.00%| 0.00%  0.00%|ne————
Conveyor 18] 100.00% 0.00% 0.00% 0.00% 0.00%|0.00% 0.00%| 0.00%  0.00%EE—————

Potential bottlenecks in the green branch are Machingievious article Machine is blocked more than 50% of the
Convegyor_22, or Conveyor_23 (see Table 1). The statistiegorking time by goods that it has already processed but
based on the results of all simulation runs (see Table égnnot send on.
show that the bottleneck is Conveyor_22, because the

Table 4 Statistics for potential bottlenecks in the green main branch

| Object |Working/Set-up Waltingjsiocked Powering up/down Failed Stopped Pamed[Unplanned| Portion
[Machine 47.94%| 0.00%| 0.46% 51.60% 0.00%]0.00%|  0.00%| 0.00% 0.009% | NE—
Conveyor 22| 100.00%| 0.00% 0.00%| 0.00%, 0.00%|0.00%| 0.00%| 0.00%  0.00%——————
Conveyor 23| 100.00%| 0.00%| 0.00%| 0.00% 0.00%{0.00%|  0.00%| 0.00%) 0.00% | E——

Conveyor_22 and Conveyor_23 are 1 conveyor in the Conveyor_23) for which the motors were replaced with
real system, which must be divided into 2 fragments in theew ones with a speed of 0.8 m/s. Newly 13500 returned
model for the reason that the correct transfer of googackages entered the system, 10,798 packages passed
between the green and violet main branch occurs in tti@ough the main branch, 2,700 through the secondary
program. For this reason, it will be proposed to replace theanch and 13,417 packages were stored for further
motors of both conveyors (both parts in the real system)processing. The replacement of the motors resulted in a

faster passage of the parcel through the conveyor system,

Replacing motors on  Conveyor_19 and not an increase in the quantity of parcels processed, only
Conveyor_22 + Conveyor_23 an increase of 67 parcels stored for further processing.

The simulation runs showed that there are 2 additiongigure 9 shows the system after the corrective actions have
bottlenecks in the system (Conveyor_19 and Conveyor_B2en implemented.

I |

——L] -

Figure 9 The system after the implementation of the second wave of corrective actions
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At first glance, there are no more bottlenecks in thigEagment of the statistics, which shows that machines for
system. The statistics no longer show any objects that aepairing returned goods have to wait for a relatively large
blocked by goods that cannot be sent on. Table 5 showpaat of the working time for the goods to arrive.

Table 5 Statistics for inefficiently used machines

Object |Working|Set-up Waiting|Blocked Powering up/down Failed Stopped Paused Unplanned| _ Portion
Machine | 63.59%| 0.00%| 36.41%| 0.00% 0.00%|0.00%| 0.00%{ 0.00% 0.00%|
Machine1l| 63.97%) 0.00%5 36.03%| 0.00% 0.00%]0.00%| 0.00%{ 0.00% 0.00%| —
Machine2| 31.53%| 0.00%| 68.47%| 0.00% 0.00%]0.00%| 0.00%{ 0.00% 0.00%|

Given the lower use of working machines, another
proposed action is to increase the speed of entering Input rate 35 pcgmin
packages into the system, which should increase the The new speed is set to 35 pcs/min. 15,790 packages
amount of processed packages and thus the use of workivith returned goods entered the system, 12,630 packages
time. passed through the main branch, 3,157 through the

secondary branch and 15394 packages were stored for
6.2 Changing theintensty of parcel entry into further processing.
the system (input rate) S

The speed of the system will be gradually increased by There are no neyvly gen_erated bottlenecks visible in the
5 pcs/min until the system is stable and no bottlenecRystem and the statistics did not show any newly generated
occur. If a speed is found at which the system is not statfiettienecks. Table 6 again shows the statistics for the repair

and new bhottlenecks are Created, a new Speed Change mmchine, the new machine utilization increased to more
be performed using sensitivity analyses. than 74% for machines on the main branch and to more

than 36% for machines on the secondary branch.

Table 6 Statistics for inefficiently used machines

Object WOrkIng]Set-upJWaiﬁngIBIocked Powering up/down Failed Stoppeleamed|Unplanned| Portion
Machine | 74.15%| 0.00%| 25.85%| 0.00% 0.00%]0.00%|  0.00%| 0.00%| 0.00%| —
Machine1| 74.65%| 0.00%| 25.35%| 0.00% 0.00%]0.00%| 0.00% 0.00%| 0.00% | E—
Machine2| 36.87%| 0.00%| 63.13%| 0.00%)| 0.00%{0.00%| 0.00% 0.00% 0.00% | —
Input rate 40 pcs/min and 45 pcg/min shown any newly generated bottlenecks. Table 7 again

The new speed is set to 40 pcs/min. The system has nslvows the statistics for the repair machine, the new
received 18,000 returned parcels, 14,390 parcels hawachine utilization increased to 85% for the machine on
passed through the main branch, 3,600 through tkiee yellow branch, more than 84% for the machine on the
secondary branch and 17,889 parcels have been storedgi@en branch and more than 42% for the machine on the
further processing. The system is still stable, there are secondary branch.
newly generated bottlenecks and the statistics have not

Table 7 Statistics for inefficiently used machines

Object |Working|Set-up|Waiting Blocked|Powering up/down Failed|Stopped Paused Unplanned _Portion
Machine | 84.48%| 0.00% 15.52%| 0.00%) 0.00%|0.00%| 0.00% 0.00%| 0.00%) EE——
Machine1| 85.00%| 0.00% 15.00%| 0.00%| 0.00%0.00%| 0.00% 0.00%  0.00%n—
Machine2| 42.03%| 0.00% 57.97% 0.00%) 0.00%|0.00%|  0.00% 0.00%  0.00%) mu—

For the next 30 simulation runs, the new speed is set to
45 pcs/min. 20,256 returned parcels entered the system, Input rate 50 pcs/min
16,202 parcels passed through the main branch, 4,050 The new model is set to a speed of 50 pcs/min. Newly
through the secondary branch and 20,127 parcels w@® 256 packages with returned goods entered the system,
stored for further processing. The system is still stable, 16,995 packages passed through the main branch, 4249
newly generated bottlenecks are evident and the statistibsough the secondary branch and 21,067 packages were
did not show any newly generated bottlenecks. The nestored for further processing. Table 8 shows the results - it
machine utilization increased to over 95% for the machine clear that the system is no longer stable (blocked objects)
on the yellow branch, over 94% for the machine on thend new bottlenecks have appeared.
green branch and over 47% for the machine on the
secondary branch.
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Table 8 Statistics for potential bottlenecks in the green main branch

Object |Working|Set-up|Waiting Blocked Powering up/! Failed Stopped Paused Unplanned  Portion
Source 0.00%| 0.00%| 9.14%| 90.86% 0.00%{0.00%{ 0.00%| 0.00% 0.00%
|Conveyor 53.54%| 0.00%| 0.00%| 46.46% 0.00%|0.00% 0.00%| 0.00% 0.009%| N—
IComeyorJ 79.96%| 0.00%{ 0.19%| 19.85% 0.00%]0.00%{ 0.00%| 0.00% 0.00%6| N———
|conveyor 2 | 100.00%| 0.00%| 0.00%| 0.00%) 0.00%{0.00%  0.00%| 0.00% 0.00%| Ee————
|conveyor 3 | 100.00%| 0.00%| 0.00%| 0.00% 0.00%]0.00%|  0.00%| 0.00% 0.009%, ——
|conveyor 4 | 100.00%| 0.00%| 0.00%| 0.00%| 0.00%{0.00%|  0.00%| 0.00% 0.00%| n—
|Conveyor_5 100.00%| 0.00%| 0.00%| 0.00% 0.00%{0.00%{ 0.00%{ 0.00% 0.00%, E——
Workplace 5 | 98.61%| 0.00%| 0.21%| 1.18% 0.009%0.00% 0.00%| 0.00% 0.00%|
Workplace 6 | 98.67%| 0.00%| 0.21%| 1.12% 0.00%{0.00%{ 0.00%{ 0.00% 0.00%|
Workplace 7 | 98.93% 0.00%| 021%| 0.86% 0.00%|0.00%|  0.00%| 0.00% 0.009%| E——
Workplace 8 | 98.83%| 0.00%| 0.22%| 0.95% 0.00%0.00%| 0.00%| 0.00% 0.00%| N————
Workplace 9 | 99.02% 0.00%| 0.22%| 0.76% 0.00%|0.00%|  0.00%| 0.00% 0.009% E——
Workplace 10  98.85%| 0.00%| 0.23%| 0.93% 0.00%|0.00%{ 0.00%| 0.00% 0.009%| N————
Workplace 11| 98.68% 0.00%| 0.24%| 1.08% 0.00%|0.00%|  0.00%| 0.00%|  0.00%)
Workplace 12| 99.02% 0.00%| 0.24%| 0.74% 0.00%|0.00%  0.00%| 0.00% 0.009%| I—
Conveyor_16 | 100.00%| 0.00%| 0.00%| 0.00% 0.00%{0.00%| 0.00% 0.00%|  0.00%| ———|
Conveyor 17 | 100.00%| 0.00%| 0.00%| 0.00% 0.00%|0.00%  0.00%| 0.00% 0.009%) I—
Conveyor_18 | 100.00%| 0.00%| 0.00%| 0.00% 0.00%|0.00%|  0.00%| 0.00% 0.00%] n—
|Machine1 99.64%| 0.00%| 0.36%| 0.00% 0.00%0.00%|  0.00%| 0.00% 0.009) —

The statistics show that the bottleneck is one of tHee performed again with the newly found value. The
Convegior_16 - Conveyor_18 (see Table 1), because tlsgstem will be subjected to an input rate of 46 pcs/min.
workstations are blocked by goods for a small part of the
working time. There is no way to change this situation as Input rate 46 pcs/min and 47 pcgmin
all conveyors are already at the maximum speed of the new The new speed is set to 46 pcs/min. 20,770 packages

motors of 0.8 m/s. with returned goods entered the system, 16,631 packages
passed through the main branch, 41,53 through the
6.3 Sensitivity analysis of input rate secondary branch and 20633 packages were stored for

The maximum tolerable value for the input rate ofurther processing. Figure 10 shows the system after the
packets into the system is between <45;50) pcs/min. Tiotroduction of the new action. The system is still stable,
find a specific value, a sensitivity analysis will bethere are no newly generated bottlenecks and the statistics
performed where the intensity will be increased from 4Bave not shown any newly generated bottlenecks. Figure
pcs/min one piece at a time and 30 runs of simulation w0 again shows the statistics for the repair machine, the

new machine utilization on the main branch is close to
100% and 49% for the machine on the minor branch.

. .- - = - - s s 15 1. *]
Figure 10 System after increasing the rate of parcels entering the system to 46 pcs/min

The new speed is set to 47 pcs/min. 21,144 packadasgther processing. Figure 11 shows the system after the
with returned goods entered the system, 16,912 packag@soduction of the new measure. It is very clear from the
passed through the main branch, 4,228 through tfigure that the system is no longer stable and new
secondary branch and 20,990 packages were stored Hottlenecks have emerged.
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Figure 11 System after increasing the intensity of parcels entering the system to 50 pcs/min
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The statistics (see Table 9) show that the bottlenecksguation as all conveyors are already at a maximum speed
one of the Conveyor_16 - Conveyor_18 (see Table Xf 0.8 m/s. Based on the above simulation experimental
because the workstations are blocked by goods for a smakbults, the maximum allowable value of packet intensity
part of the working time. There is no way to change thisntering the system is 46 pcs/min.

Table 9 Statistics for potential bottlenecks in the green main branch

Object | Working|Set-up Waiting Blocked|Powering up/down Failed Stopped Paused Unplanned, _Portion
Conveyor 81.28%| 0.00%| 0.00%| 18.72% 0.00%/0.00%  0.00%| 0.00% 0.00% I——
Conveyor 1 | 88.76%| 0.00% 230% 8.94% 0.00%/0.00%  0.00%| 0.00% 0.005%| E—
Conveyor 2 | 100.00%| 0.00%| 0.00% 0.00% 0.00%{0.00%  0.00%| 0.00% 0.00%| n——
Conveyor 3 | 100.00%] 0.00%| 0.00%| 0.00%) 0.00%/0.00%|  0.00%| 0.00% 0.00%) ——
Conveyor 4 | 100.00%| 0.00%| 0.00%| 0.00% 0.00%|0.00%  0.00%| 0.00% 0.009%) —
Conveyor 5 | 100.00%| 0.00%| 0.00%| 0.00% 0.00%|0.00%  0.00%| 0.00% 0.00%| n——
Workplace 5 | 99.20%| 0.00%| 0.22% 0.58% 0.00%|0.00%  0.00%| 0.00% 0.009% I——
Workplace 6 | 99.05%| 0.00%| 0.22% 0.73% 0.00%|0.00%| 0.00% 0.00% 0.009% E———
Workplace 7 | 99.14%| 0.00%| 0.22%| 0.64% 0.00%|0.00% 0.00%| 0.00% 0.00%| —
Workplace 8 | 99.00%| 0.00%| 0.24%| 0.76% 0.00%|0.00%  0.00%| 0.00% 0.009%/ I——
Workplace 9 | 99.10%| 0.00%| 0.23%| 0.67% 0.00%|0.00%  0.00%| 0.00% 0.009% I——
Workplace 10| 99.11%| 0.00%| 0.25% 0.64% 0.00%|0.00%  0.00%| 0.00% 0.009% E——
Workplace 11 99.07%| 0.00% 0.27%| 0.66% 0.00%|0.00%  0.00%| 0.00% 0.009%| I——
Workplace 12| 99.07%| 0.00%| 0.26% 0.67% 0.00%{0.00%|  0.00%| 0.00% 0.009% I ———
Conveyor_16 | 100.00%| 0.00%| 0.00%| 0.00% 0.00%|0.00%  0.00%| 0.00% 0.00%| n——
Conveyor_17 | 100.00%| 0.00%| 0.00%| 0.00%| 0.00%|0.00%  0.00%| 0.00% 0.00%| n—
Conveyor_18 | 100.00%| 0.00%| 0.00%| 0.00%| 0.00%|0.00%  0.00%| 0.00% 0.009%) IE—
[Machine1 99.35%] 0.00% 0.65%| 0.00% 0.00%/0.00%|  0.00%| 0.00%|  0.00%| E————

7 Resultscomparison parcels in pieces for the main model fragments are shown
Based on experiments with simulation models creatdéd Table 10.

in AnyLogic and TPS to test potential improvements and

efficiency of the conveyor network, a total of 3 bottlenecks Table 10 Results of the experiments

Main Secondary

re identified. Th re th n rs with the sl t
were identified. These were the conveyors wi e slowes M odé Input branch _branch

motors. The primary proposed corrective action te e
eliminate the bottlenecks is to replace the old conveyorU andtl\f/\I/?r? digital 6,762 5400 1,350 6,672
motors with new ones with a speed of 0.8 m/s. Key metricg - roive action 1 1350( 10.79¢ 2700  13.35(
used to assess the performance of the conveyor Syst€fp rectiveaction2 13,50 10,79¢  2,70C 13,41
include throughput rate, utilization rates, blocking and id[nput rate 35 pcgmin_ 15,79C 12,63 3,151 15,39«
times, and input rate stability. The proposed changes W&fgut rate 40 pcgmin 18,000 14,39( _ 3,60C _ 17,88¢
tested under conditions identical to the original system, anflput rate 45 pcsmin 20,256 16,202 4,050 20,127
the simulation results were used to derive additionahput rate50 pcsmin  21,25¢  16,99¢  4,24¢ 21,06
suggestions for increasing the efficiency of the conveydnput rate 46 pcgmin  20,77( 16,63 4,151  20,63!
network system, such as increasing the speed of packagesut rate47 pcmin 21,44 16,91  4,22¢  20,99(
entering the system. Due to the lower utilization of working
time for the repair machines, system stability tests were The throughput rate increased significantly following
performed for the new values of the intensities of théhe simulation interventions, with the system stabilizing at
packages entering the system. The quantities of returnednaximum input rate of 46 pcs/min. Compared to the
original setting, an increase of 16 pcs/min has been made.

Output
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Machine utilization increased by more than 30% on thee decided to perform all further experiments using the
main branch and almost 17% on the secondary branch. more robust TPS model. Through complex simulation
In addition to improving the state of the system, the aimuns, three significant bottlenecks were identified that
was also to compare the AnylLogic and TPS simulatidmndered the throughput of the system. To mitigate these
programs and several differences in the functionality @onstraints, a series of experiments were conducted by
both were found. The biggest difference is in thearying the input speed and adjusting the conveyor speed
functionality of the freely available versions of thein the target segments of the system. The results of these
program, with TPS being limited by the number of objectscenario tests allowed us to evaluate different
placed and AnyLogic, on the other hand, being limited byonfigurations and determine the optimal operating
the length of the simulation run in addition to the insertioparameters that effectively minimized or eliminated the
of different types of objects. Another major difference is ibottlenecks. The throughput rate increased significantly
the way the programs work, where AnyLogic terminate®llowing the simulation interventions, with the system
the run at the first bottleneck found in the system, whilstabilizing at a maximum input rate of 46 pcs/min. Machine
TPS terminates the run only after a set time is reached am workstation utilization also improved, particularly for
any bottlenecks can be identified quite well from theritical machines, which operated near full capacity.
generated statistics. Blocking times decreased, signaling smoother process flow
Currently, the model contains machines that are faulknd enhanced synchronization among system components.
free and their maintenance is carried out off-shift. It is alsbhis study underscores the importance of using advanced
considered that the goods returned by customers are osimulation tools that allow for system analysis to identify
with minor defects that can be corrected by the repand resolve complex bottlenecks. The findings provide
machine. In the future, it would be useful to include thpractical insights into the dynamic behavior of conveyor
failure rate of machines in the model, to define the rejecti@mystems and highlight the potential for improving
rate for sorted goods or to determine the financial araperational efficiency through strategic adjustments. This
energy intensity for individual objects in order to obtaimpproach can serve as a valuable framework for similar
even better results. In the case of a full version, it woukthalyses in other non-production conveyor applications,
also be useful to include the input inspection staff in theontributing to the development of more resilient and
model and to create shift schedules for them. It would aledficient material handling processes. The broader
be useful to consider changing the probabilities for thegnificance of these findings extends beyond conveyor
distribution of goods at the first crossroads. Theystems to other industrial applications, where similar
distribution currently used corresponds to the setup of thaiethodologies can be leveraged to optimize workflows,
system, but changing it to, for example, 75:25 or 70:3@duce downtime, and improve overall productivity.
could further increase the efficiency of the conveyor For the simulation tools’ comparison, we can conclude
system once the new measures are in place. However, s(ghilarly as in [6]) that both tools have their strengths and
a change is an intervention that is not yet foreseen by thee best suited for different applications. AnyLogic is ideal
contracting authority in the future development of théor projects requiring a blend of methodologies (e.g.,
system and thus has not been considered at present. combining agent-based and discrete event simulations) and
those needing flexible output visualization. Its graphical
8 Conclusion interface and drag-and-drop functionality make it easier to
This study highlights the critical role of simulationcreate models without extensive coding and it also provides

models in identifying and addressing inefficiencies withirflear, detailed, and customizable visualization options for
conveyor systems. By employing targeted strategimulation results. As one main disadvantage we see the
adjustments, such as replacing low-performing conveyétct that it can stop simulation runs when the first
motors and optimizing input rates, the system’s throughpbgttleneck is detected, which can hinder comprehensive
increased significantly while maintaining operationalong-term analysis. The other problem lies in the model
stability. These interventions underscore the potential f§feation: while basic modeling is user-friendly, mastering
simulation to guide decision-making, enabling managers f8ore complex functionalities and custom Java coding
prioritize  resources effectively, plan maintenancéequires significant learning time.
schedules, and test scenarios for enhanced resilience. TPS excels in detailed manufacturing and logistics
The main goal was to find all the bottlenecks in théystems with built-in tools for complex conveyor and
system with conveyors and test the effect of the speBgpduction line modeling. This tool is suitable for this type
changes on the output of the system. At the same time, ffeProblem offering built-in tools for detailed analysis,
aim was also to compare the capabilities of 2 freefuch as bottleneck detection and throughput statistics,
available simulation tools - TPS and AnyLogic. Accordingrovide clear insights into system performance. Unlike
to the rules and system data provided by the client, AflyLogic, Plant Simulation can run through the entire shift
simulation model was created in both of these progran®: time period to show complete results for long-term
TPS and AnyLogic. Due to the limitations of AnyLogic,analysis. The disadvantages of using this software include
which stops the simulation run when the first bottleneck B+9- that the tool's extensive capabilities can be more
detected, preventing a complete analysis of the entire shfffiallenging to learn, especially for users unfamiliar with

~ 334 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics

Volume: 12 2025 Issue: 2 Pages: 323-336 [ISSN 1339-5629

Identification of the bottlenecks in the non-production conveyor system using a simulation model
Andrea Hrnickova, Martina Kuncova, Denisa Mockova

simulation software, its coding capabilities are not g§] BANGSOW, S.: Plant Simulation 3D, in
flexible or extensive as AnyLogic’s Java-based system and Manufacturing Simulation with Plant Simulation and
simulating very detailed models can be resource-intensive SimTalk: Usage and Programming with Examples and
and may require powerful hardware. Solutions Springer, Berlin, 2010.
The biggest advantage of these type of simulation https://doi.org/10.1007/978-3-642-05074-9 12
models lies in the ability to test system changes only with[6] KOVBASIUK, K., ZIDEK,, K., BALOG, M.,
the model without having to incorporate them into the real DOBROVOLSKA, L.: Analysis of the Selected
process. This research demonstrates the value of Simulation Software Packages: A Studycta
integrating simulation-based approaches into strategic Tecnologia, Vol. 7, No. 4, pp. 111-120, 2021.
planning, fostering data-driven decisions that drive http://dx.doi.org/10.22306/atec.v7i4.120
efficiency and competitiveness. Analyzing ke){7] BORYS, S., KACZMAREK, W., LASKOWSKI, D.:
performance metrics such as throughput rate, utilization Selection and Optimization of the Parameters of the
rates, blocking and idle times, and input rate stability Robotized Packaging Process of One Type of Product,
provides valuable insights into conveyor system efficiency. Sensors Vol. 20, No. 18, 5378, pp. 1-21, 2020.
These metrics help identify bottlenecks, underutilized https://doi.org/10.3390/s20185378
resources, and workflow inefficiencies, enabling informefB] MASOOD, S.: Line balancing and simulation of an
decisions on equipment upgrades, process adjustments,automated production transfer line Assembly
and maintenance scheduling. By leveraging this data, Automation, Vol. 26, No. 1, pp. 69-74, 2006.
organizations can optimize operations, enhance https://doi.org/10.1108/01445150610645684
productivity, and proactively address potential issuef] GRABOWIK, C., CWIKLA, G., KALINOWSKI, K.,
leading to improved overall performance. KUC, M.: A Comparison Analysis of the Computer
Simulation Results of a Real Production Systadh
International Conference on Soft Computing Models in
Industrial and Environmental Applications, SOCO
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Abstract: The aim of the article is to discuss the reporting of environmental information regarding sustainable
development and ESG regulations in automotive companies listed on the Warsaw Stock Exchange. The article presents
the results of own research on the scope of disclosure of information on ESG reporting in the field of environmental
information among 5 companies from the automotive sector listed on the Warsaw Stock Exchange in 2022-2023. The
methodology was based on a review of the literature on the subject, legal acts and own research, in which non-financial
reports of listed companies in the automotive sector concerning environmental information and indicators were used. The
research problem addressed by the authors was to investigate whether automotive sector companies disclosed
environmental information in the period prior to mandatory regulations in this area. The results of the research confirmed
the authors' assumptions that these companies published such information. At the same time, the scope of information
disclosed varied significantly between companies. According to the authors, the article adds value to the literature on the
subject, especially in terms of the collection, presentation and discussion of source material. The information collected in
the empirical chapter can be used, among other things, to compare the scope of environmental information disclosed by
companies from Poland with companies from other countries in the automotive sector. The subject of the article can
provide a basis for further detailed empirical research in this area.

1 Introduction establishment of a framework to facilitate sustainable

The term ESG (Environmental, Social, Governancdjvestment and amending Regulation (EU) 2019/2088 (EU
refers to issues related to the environment, socitl198). _
responsibility and corporate governance. It should be noted - Regulation  (EU) 2019/2088 of the European
that these are key areas of information for a company’@rliament and of the Council of 27 November 2019 on
stakeholders and therefore often not possible to captiéstainability-related disclosures in the financial services
within a traditional financial report. On the one hand, thgector (Official Journal of the EU L 317).
company's activities in these areas can generate significant- Directive (EU) 2022/2464 of the European Parliament
risks, but on the other hand, they can generate significatd of the Council of 14 December 2022 amending
benefits. In practice, ESG/sustainability reporting mearidegulation (EU) No 537/2014, Directive 2004/109/EC,
that companies provide stakeholders with information dlirective 2006/43/EC and Directive 2013/34/EU as
environmental, social, employee and corporate governari@Jards company sustainability reporting (Official Journal
issues through so-called ESG reports. This type 6fthe EUL322). _
reporting is an expression of contemporary changes related - European sustainability reporting standards.
to the growing importance of the concept of sustainable In addition, it should also be noted that the EU
development, but also the growing importance of ESt&xonomy emphasises six environmental objectives, the
factors in investment decisions (sustainable finance). ~achievement of which allows for the assessment of
The ESG concept and methodology defines the scopeonomic activity as sustainable [1]):
of non-financial reporting to which a growing group of - Mitigation of climate change (reduction of
European companies is committed, estimated at arou@iggenhouse gas emissions),
50,000 companies from 2026 onwards. ESG defines - Adaptation to climate change (offsetting the harmful
specific areas and risk groups that should be included ireHects of climate change on people and nature),
non-financial report. The main EU legal acts that form the - Protection of water and marine resources,
regulatory context for the ESG concept include: - Transition to a circular economy,
- Regulation (EU) 2020/852 of the European - Pollution prevention, o
Parliament and of the Council of 18 June 2020 on the - Protection of ecosystems and biodiversity.
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The main objectives of the article include arEuropean Green Deal programme. Many proposed and
introduction to the concept of sustainable development aedisting programmes, but also EU policies, aim to achieve
ESG reporting, including in particular the issue ofhese environmental goals, even if they are not explicitly
environmental reporting by companies from thdéormulated in terms of the Sustainable Development Goals
automotive sector listed on the Warsaw Stock Exchandé].

The research methodology was based on a review of the Sustainability reporting is becoming part of
literature on the subject, legal acts and the authors' owranagement  reporting, which means increased
research, which used non-financial reports of listedesponsibility for the company's management bodies in this
companies in the automotive sector containingeporting area. Sustainability reporting is the process of
environmental information and key indicators. The maimeasuring, disclosing and being accountable to internal
research problem addressed by the authors was to exandnd external stakeholders for an organisation's
whether automotive companies disclosed environmentistainability performance [6]. As F. Rosati and L.G. Faria
information in the period prior to mandatory regulations ifi7] voluntary disclosure of sustainability information in
this area, and therefore the study was conducted docordance with recognized standards, such as GRI, among
determine  whether these companies reportaathers, may indicate that companies already have the skills
environmental information before 1 January 2024 and whahd mindset necessary to include sustainability goals in
the scope of these disclosures was (satisfactory their reports. On the other hand, it is also worth noting that

unsatisfactory). many companies do not see sustainability policies as an
important part of their financial and operational priorities
2 Literature review [8].

The environment plays a key role in the functioningand The ESG report is the source of information about the
development of companies. It can be said that companié@mpany’s  activities in the field of sustainable
consciously taking co-responsibility for the state of théevelopment. The information contained in the report is
environment has become a key issue in today's worRgddressed primarily to key stakeholders, such as investors,
Companies should strive to significantly reduce their direénancial institutions, as well as customers. The ESG
negative impact on the environment by optimising théeporting obligation applies to:
social and environmental benefits of using modern and - from 2024 - large public entities and companies with
environmentally friendly technical and technologicamore than 500 employees and meeting 1 of 2 financial
solutions. Companies that Operate in this way are percei\@aeria: balance sheet total above 20 million euros and/or
as socially responsible [2]. According to data from a repoi€venues above 40 million euros; _ _
by the auditing firm KPMG [3], nearly 76% of the G250 - in 2025 - all large companies (including private
companies surveyed included environmental informatiggPmpanies) meeting 2 of 3 criteria: employment of more
in their ESG reports, despite, among other things, the laffkan 250 employees in a given tax year; balance sheet total
of mandatory regulations in this area before 202&bove 25 million euros and/or annual revenue above 50
According to Shimshack, disclosures must be verpillion euros; o _
carefully designed to take into account the psychological -in 2026 - small and medium-sized enterprises (SMEs),
and behavioural realities of how users react to informatiowith the possibility of postponing data collection and
Disclosures must also be evaluated and adjusted ex-postagorting until 2028 and 2029 respectively, meeting 2 of
maximise their effectiveness and social efficiencythe 3 criteria: Average number of employees in the fiscal
Environmental disclosure policies aimed at consumers ap@iar is more than 10; balance sheet total is more than
public regulators may have a better chance of achievid§0-000 EUR and/or revenue is more than 700.000 EUR.
socially desirable outcomes than those aimed at company ESG regulations can contribute to better energy
managers, investors and employees [4]. The truthfulng&ginagement and reduce fuel and electricity consumption
and reliability of the environmental information providedwithin a company. For many industries, the area of
by companies, as well as information on the producgvironmental reporting seems to be key among ESG
manufactured or services provided, is also becoming a Kélicators. In this area, the most important issue is the
issue. Therefore, it is important to audit this informatiorghtity's impact on the environment and the potential
for example, in terms of greenwashing, i.e. dishoneghallenges that environmental issues may pose to the
practices used by companies to present themselvesC@§pany. The scope of reporting in this area mainly
implementing sustainable development principles b§ONCerns: .green_house gas emissions, greenhouse gas
creating a false impression or providing misleadingmission intensity, energy consumption and sources,
information about a product or service. environmental policies. Climate change reporting is

There are also very specific programmes in theuggested as a mechanism to mitigate the impact of
European Union aimed at ensuring an even smootHe@mpanies on climate change, in particular carbon dioxide
transition to a greener economy. One of the most wefmissions [9].

known initiatives in recent years is the adoption of the Figure 1 shows the evolution of ESG reporting in
Poland from 2009 to 2023.
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The ERA of CSR reporting

— Reporting based on best practices

— Lack of clear information on how sustainability issuesare

a0 [ 1 Fosesssviisminsaass
S - integratedinto companies' business strategy and risk
Publication 8 P &y
management
of the RESPECT index — ESG risks and opportunitiesrarely considered in
business decisions
. In accordance with the revised Accounting Act implementing the
2017 Bl osiasiiaesiei : Sy :
NFRD, companies covered by the new requirements disclosed the
Implementation of the required non-financial information for 2017 for the first time in
NFRD (2014/95/EU) reports publishedin 2018.
2019
Publication of the
WIG-ESG index
2021 Emergence of new regulations to improve reporting of
..................... sy
Publication of guidelines|
for ESG reporting Growing influence o actors on strategicand
financial de s of companies
Improve reporting of climate change i
2022 5 : More disclosure of quantitative indicatorsand ES
Adoption of the
CSRD (2022/2464),
2023 @ e

Updated ESG reporting
auidelines

Figure 1Evolution of ESG reporting in Poland 2009-2023

Modern companies must include ESG factors in their The usefulness of non-financial information for the
strategies to drive sustainable production processes [1@cipients of information generated by the business sector,
This emphasises the need for a sustainability approach that also by the public sector, remains an important and
is compliant with regulations and can take into account tleairrent issue. On the one hand, more and more attention is
changing values of consumers and stakeholders [lbking paid to the fact of ‘information overload’, while on
Studies conducted in the USA indicate a growing numbére other hand, it is pointed out that the information is still
of companies from various sectors, including thésufficient for a proper assessment of the entity's
automotive sector, in terms of increasing compangerformance [14].
spending on improving their ESG aspects and activities and ESG reporting is also influenced by problems related to
making these efforts public through ESG reporting, e.gnvironmental quality and the formulation of problems
More than 90% of the companies in the S&P 500 indexom the perspective of various stakeholders [15]:

publish ESG reports in some forms, as do around 70% of -  industry stakeholders, whose primary objective is
the companies in the Russell index [12]. Research results usually economic optimization within
are also available, which indicate the quality of ESG environmental regulation standards;
reporting in public companies in the EU (via the ESG - communities, which seek to balance
index) and its impact on the market capitalisation of these socioeconomic welfare through access to jobs
companies. The authors of the study found that 50% of while  reducing associated environmental

companies listed on stock exchanges in old EU member contaminants;
states and only 5% of companies in new EU member states- more affluent communities, which would rather
reported ESG indices in any year of the study period [13]. have polluting industries re-moved or distanced
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from their communities to optimize environmental3  Key environmental indicators of ESG

quality and public health; _ o reporting
- government agencies, whose primary objective iS peqjatory changes have contributed to the growing

to adm_|n|ster regulations at the nexus of thesganang from stakeholders for information and indicators

competing demands. that allow them to assess how companies manage climate-
. . . . related issues, but also the impact of the company on the
The key aspect is also the identification of riskSy.ironment. As indicated in the literature on the subject,
conduqtmg an aud|.t and |mplemen_t|ng st_andardlse[ e most common framework for measuring companies'
regulations for reporting _ESG information, which can b‘§ustainability performance to date is the environmental,
presented as follows [16.5]' social and governance (ESG) perspective [18].

D reporting companies: . ESG criteria have become key indicators of
. - Increasing stakeholder engagement to 'mpro\Lﬁanagement competence, risk management and non-
risk recognition, . . ._financial performance. Furthermore, in contrast to the
- Improvement of ”Sk. management ?”9‘ risk re‘.)ort'ngioncepts of Corporate Social Performance (CSP) or
including the presentation of uncertainties at differe orporate Social Responsibility (CSR), ESG explicitly
levels (gconomic poliqy uncenaiqty, busines; uncertainfynyers a wide range of issues relating té) the environment
accounting uncertainty, —audit uncertainty, ESGg o climate change), social responsibility (e.g. employee

performance uncertainty and ESG certair)ty), . welfare) and governance (e.g. independence of the board
- improvement of results-based reporting, avoidance 8 directors) [19]

standardised disclosures and jargon,
- increasing stakeholder trust through internal an
external audit mechanisms,

Table 1 shows the environmental indicators of ESG
r%porting in terms of their compliance with EU regulations
. : . - nd other reporting frameworks. The following list of

- improving ethical approaches by prohibiting fraugy, jicators includes the environmental indicators proposed
and greenwashing; . . by the Warsaw Stock Exchange in the publication

2) controllers (regulators, auditors and creditors): <5 igelines for ESG Reporting. A Guide for Companies’

- increasing monitoring activities to improve the qualityEuropean Bank for Reconstruction and Development &
of reports in terms of d@sclosing the impa(;t .qf uncertainti\yp i Warsaw, 2023), which are used by automotive
at dlfferent_ levels of its Impact on resp_on5|b|||ty,_ _companies that are the subject of the empirical chapter on

- ensuring the effectiveness of audit mechanisms;  \ironmental reporting when initiating communication on

3) regul_ators._ - . . . ESG issues with the market environment. The

- bU|Id|.ng nsk-s_peqﬂc strategies  Into  reporting g -ommended indicators have been prepared based on
standards in uncertain times, ensuring that measuremett, ant regulations such as CSRD and ESRS, as well as
uncertainty issues are properly identified, resolved anfl'pact practices of WSE Listed Companies (DPNS2021).
verified (by taking into account the impact of uncertainty, .4dition. to meet the growing data needs of investors
at different levels of its impact on responsibility). they have,also been aligned with the mandatory PAI’
. . . . indicators for investments in companies required by SFDR.

What is also important is that_,_accordlng to .Stakemld?trshould be emphasised that the Guidelines do not contain
theory, companies ShOUId priorities the priorities O.f €aCh exhaustive list of indicators and topics. Rather, they aim
stakeholder involved in the company, not just the prioritigg, 1 ovide companies with a basic set of selected indicators
of the owners or investors [17]. to help them prepare for the upcoming CSRD and ESRS
requirements and better meet investors' ESG data needs.

Table 1Relevant environmental indicators of ESG reporting

Alignment with Alignment with other
Type of indicator EU regulation reportingframeworl
Indicator gefxlggsssuerg r'r? el:]?l('()sr Si?;?r?gtilri]ty Sustainable Finance Globa_l _Re_:porting
descriptive) Reporting Dlsclosgre Initiative
Regulation
Standarc
Environmental indicators directly linked to climate change
E-P1
Managing climate Descriptive YES NO YES
change issu
E-P2
Greenhouse gas Tons of CO2 eq. YES YES YES
emission
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E-P3
Intensity of grgenhous 2] CO2 eq. YES YES YES
gas emissions tons/revenue
greenhouse gas
E-P4
Energy consumption MWh YES YES YES

and its sourct
Environmental indicators on environmental issues other than climate chang

_ E-P5 : Policy description YES NO YES
Environmental polic
E-D1
Water consumptic m YES NO YES
E-D2
Water resources Descriptive YES NO YES
manageme!
E-D3 I
L . Descriptive YES YES YES
Impact on biodiversi
E-D5 Descriptive YES : YES

Waste manageme
Source: author’s work based on International Foundation for Valuing Impacts [20].

Table 2 presents the Environmental Indicators relatesynthesizes the definition of each indicator and the minima
to climate change, in terms of ESG reporting, andf information disclosure.

Table 2 Synthesizes the key disclosures for the indicators presented
Environmental indicators directly linked to climate change
Indicator Definition The minimum disclosure applies tc
In  preparing climate-related
disclosures, companies shoul€limate-related disclosures that provide detajled

Managin Eé:?nlﬂnate chanae make use of materials such jaexplanations for aspects such as governance,
9 ?ssues %€ | 1cFD recommendations, ESRS&trategy, risk management, and targets jand

standard E1 Climate Changendicators.
and/or IFRS £

« Methods and assumptions used |in

calculating emissions
» Scope 1, 2, and 3 emissions (if relevant)|for
the last 3 years to allow evaluation of the
trend over time
A relevant explanation if there has been a

Greenhouse gas emissigns
represent the total sum of dirgct

E-P2 and indirect greenhouse ggs anif h in th I f the isd
Greenhouse gas emissions emissions. They can be divided significant change In the value of the issue

) (both increase and decrease).
into Scope 1, Scope 2 and Scq P® It is recommended that companies lise
3 emissions. P

international standards for calculating and
disclosing greenhouse gas emissions, sugh as
the GHG Protocol or the 1ISO 14064-1:2018
standarc
E-P3 Greenhouse gas intensity is the Methods and assumptions used in the
. amount of greenhouse gas calculations.
Intensity of greenhouse gas emissions per unit of economjce  Th ti f h issi
emissions greenhouse gases_ ..". P * 'he ralio ob greennouse gas emissipns
activity. intensity to revenu
Energy consumption is the total
amount of energy used in ann Methods and assumptions wused |[in

E-P4 .. | organization. It includes both calculating energy consumption.
Energy consumption and its hased | ; . 1
SOUTCes energy purchase frome Total energy consumption in the

suppliers and generated  organization (in MWh).
internally
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o Percentage (%) of energy consumed |by
energy type (i.e., renewable and non-
renewable sources, ener

Environmental indicators directly linked to climate change

Indicator Definition The minimum disclosure applies tc

» Has the company adopted an environmental
policy

o Compliance with relevant environmental
laws and regulations

An environmental policy is a . -
+ Commitment to manage and mitigdte
formal document that sets out a

, . adverse environmental impacts
company's commitments and Implementation of a management system|for
. L[]
approach to managing P 9 Y

environmental aspects e”V'FO”F“e”ta' ISSues
» Monitoring of results
« The company's expectations of suppliers and
business partners in managing
environmental issue
. + The total amount of water used in the
Water consumption means the S
. enterprise (im?).
total amount (in m3 ) of water .
: . « Percentage of water recycled and reused in
used in the enterprise. ; )
relation to total water withdraw

E-P5
Environmental policy

E-D1
Water consumption

Water stewardship refers to the
process a company has
implemented to optimize watere  Whether the company has adopted and
consumption and therely = implemented a water management progfam
E-D2 minimize its environmental and what activities comprise it

Water resources managementmpact. It includes measures to  Companies operating in water-scarce arneas
reduce water consumption,  should also disclose how they are identifying
increase  water  circulation and mitigating the associated risks.
(through reuse and recycling)
and cnserve water resourc
Biodiversity, according to the
United Nations Convention on
Biological Diversity, is defined
E-D3 as “a term for the diversity qof
Impact on biodiversity life forms on Earth in theif
natural shape and form.” |t
includes species, genetic and
ecosystem diversit

+ Does the company's operations negatively
impact biodiversity (directly or indirectl
through the supply chain) and what are the
main reasons for this.

» Has the company implemented a policy| to

protect and restore biodiversity and counter

deforestation, and does it extend to suppliers.

« Amount of hazardous waste and other waste
Waste management refers tq a  produced (in tons).
range of activities to monitol, «  Percentage of waste (%) by disposal method
manage and reduce waste (e.g., recycled, landfilled).
(including reuse or recycling)« A description of the measures taken |to
generated within a company. manage waste and comply with relevant
regulations

Source: author’s work based on International Foundation for Valuing Impacts [20].

E-D5
Waste management

Companies that disclose ESG information currently uspialitative information, safety data, energy used in
various reporting standards and frameworks, which usualproduction, water management data, and data on air quality
include both qualitative and quantitative informationand greenhouse gases and energy, including scope 1, 2 and
Ongoing qualitative disclosures focus on sustainabilityd greenhouse gas emissions.
core values and net zero goals and commitments to show
how these factors create value for both shareholders afd Results and discussion
stakeholders. The quantitative information disclosed onan |n the empirical chapter, the authors analysed 5

ongoing basis includes the indicators used for reporting aggtomotive companies listed on the Warsaw Stock
measurement, progress towards the objectives set out in the
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Exchange to determine whether and to what extent theseation of a green product range to attract customers, and
disclosed ESG information in 2022-2023. In their reportshe strengthening of the transparency of ESG policies.
company managers emphasise their awareness of theTable 3 presents the basic financial data describing the
environmental impact of their activites. The maireconomic and financial potential of the analysed
measures taken by companies to reduce greenhouse gaspanies, which is important due to the impact of these
emissions include the development of a climate policy, thentities on the environment in the scope of their operations.

Table 3Important financial data characterising the analysed companies for 2022-2023

, Sales revenues EBITDA Balance sheet tota|

Company Years (in thousands of PLI | (in thousands of PLI | (in thousands of PL!

Auto Partner SA 2022 2834701 31421¢ 157 282
2027 3652 38¢ 34€ 22¢ 1792927

ter Cars SA 202: 15285101 1197 20¢ 8034 04¢

2027 1803C 30¢ 1217522 927113¢

. . 202: 3277 96E 175181 2214744
Tire Company Rbica SA 2027 2992411 41 83C 2 43C 96¢
202: 1 44E 601 150 34¢ 102€ 79¢

Sanok Rubber Company Sp— - 1 44€ 37¢ 13€93C 1204752
Wielton SA 202: 3437 36¢ 203 04( 2104817

2027 322F 22° 20€ 58( 2002 35¢

Source: author’s work based on the financial statements of the analysed companies, data available on their websites [21-25].

Table 4 presents, in summary, the results of the authasample of the value of environmental indicators directly
research on the reporting by the companies in the researelated to climate change (E-P1 - E-P4).

Table 4 Values of environmental indicators directly related to climate change reported by companies in the survey sample
E-P1 E-P2 E-P3 E-P4
Managing climate Greenhouse| Intensity of Energy
Company Year's change issues %as emission$ greenhouse gas consumption and
O eq. tons emissions its sources
/ revenue MWh or GJ or
greenhouse gases BTU
202z YES - - -
Auto Partner SA 2077 YES - - -
Inter Cars SA 202z YES 1524 01 8,86¢ 80098 (GJ
202: YES 1696 54 8,611 70247 (GJ
. . 202z YES 37 00( - 5769 (BTU
Tire Company Rbica SA =557 YES 33 00( | 6118 (BTU
202z YES 39715 23! - 487 515 (G.
Sanok Rubber Company SA 5. YES 38426 33 | 471138(GJ
Wielton SA 202z YES 374 46: 16,2 21E737 (GJ
202: YES 411 68! 19,¢ 181033 (GJ

Source: author’s work based on the ESG report of the analysed companies, data available on their websites [26-30].

In terms of disclosures regarding the management efement of strategic management. Company management
climate change issues (E-P1), each of the companieslicates that climate-related risks are analysed in terms of
indicated that the company's management boards take shoth the impact of climate change on operations (business
actions internally. From the information available oras usual) and the impact of business on climate change.
websites and in the ESG reports of the companies analysedmpany management indicates that they are intensifying
it is possible to find statements from the managemettteir efforts to meet regulatory requirements, including the
boards that managers are aware of the impact of tB& Taxonomy.
companies’ activities on the climate, as well as the impact In terms of greenhouse gas emissions disclosure
of climate change risks themselves on the companig&-P2), only 4 out of 5 companies analysed made full
activities. Managers emphasise that they have a godidclosures for the years 2022-2023. In the case of Inter
understanding of stakeholders' expectations regarding fiars SA and Wielton SA, an increase in emissions was
reporting of the company's environmental impacnoticeable. From the available information provided by the
Managers consider climate risk management to be a keyanagement boards of the companies, a number of
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activities that the companies undertook to reduce CO Regarding the scope of disclosures related to energy
emissions should be pointed out. The main activitiesonsumption information (E-P4), only 4 companies
include, among others, reducing energy and wateisclosed full information in the analysed period. In most
consumption and new energy-saving investments. Thkases, there was a decrease in energy consumption in the
reports provide information that Inter Cars SA, Tireanalysed period. This should be considered a positive
Company RBbica SA, Sanok Rubber Company SA andispect of the energy consumption reduction strategies
Wielton SA have actively and consciously taken steps tmplemented in these companies, among other things. With
implement the carbon footprint calculation standard. regard to Autopartner SA, although the management
When it comes to reporting information on greenhoudeoards of these companies indicate that they are trying to
gas emission intensity (E-P3), only two companies (Inteeduce energy consumption, there is a lack of hard figures
Cars SA and Wielton SA) have disclosed full data foctonfirming this fact.
2022-2023. The companies have also indicated that they Table 5 shows, in summary, the authors' findings on the
will increase the share of renewable energy sources in tteporting of environmental information on other
future. It is worrying that the other companies do not havenvironmental issues by the companies in the research
emission data in this regard. Nevertheless, it should bample (E-P5, E-D1, E-D2, E-D3, E-D5).
noted that they were not obliged to do so during the period
for which the analysis was carried out.

Table 5 Values of environmental indicators regarding other environmental issues

E-P5 E-D1 E-D2 E-D3 E-D5
Compan vear's Environm Water Water Impact on Waste
pany ental | consumption resources | biodiversity | managemen
policy manageme!

202: v - v Y Y
Auto Partner SA 202" v - v v v
2022 v 62 15. v v v
Inter Cars SA 5007 v 65 65¢ v v v
, . 202: v - v Y Y
Tire Company Bbica SA 2077 v - v v v
2022 v 336 16! v 4 v
Sanok Rubber Company SA 2077 7 305 82" 7 7 v
. 2022 v 53 93¢ v 4 v
Wielton SA 202- v 103 08: v v i

Source: author’s work based on the ESG report of the analysed companies, data available on their websites [26-30].

With regard to the disclosure of environmental policCompany SA and Wielton SA) provided an estimate of
management (E-P5), the management of each compahgir water consumption. In the case of the remaining
indicated that it had implemented such a policy. Theompanies, despite the fact that their ESG reports indicate
management boards indicate that it is implementdtat they follow the principle of conservation and that they
primarily in order to meet the requirements related tmonitor and optimise the consumption of water used for
environmental aspects, including legal regulations. Thechnological purposes on an ongoing basis, it is difficult
companies plan their development based on modern aodsay unequivocally whether the described measures have
environmentally friendly technologies. The managemeiictually translated into lower water consumption due to the
boards indicate that they minimise the negative impact dexck of figures.
the environment, among others, through appropriate In terms of disclosures concerning water management
management in the areas of water and sewage managen(efiD2), each company indicated that it takes action in this
and air pollutant emissions, limiting the amount of wastarea. The scope of activities described was at a general
generated. It should also be noted that criterion E-P5 igather than a detailed level. For example, the management
descriptive criterion, and therefore it must be stated that theards indicated that, following the principle of efficient
effects of the implemented strategies will only start to bringgesource management, they monitor and optimise the
measurable benefits in a period longer than the scope of ttamsumption of water used for technological purposes on
analysed reports. Thus, the actual, measurable beneéitsongoing basis.
should become apparent in the future. This information In terms of impact on biodiversity (E-D3), companies
seems to be important, but it is difficult to verify at presenindicated that they are taking action in this area. Most

Disclosures regarding water consumption (E-D1) amompanies in the research sample indicate in their ESG
also important cognitive information. In the analysedeports that they are actively working to preserve and
sample, only 3 companies (Inter Cars SA, Sanok Rubbaevelop biodiversity. Companies indicate that they are
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out ESG reporting in the analysed period. drives companies’ decisionshternational Business
It should be noted that the results of the research Journal Vol. 33, No. 1, pp. 120-146. 2023.
conducted in the empirical chapter indicate that the https://doi.org/10.1108/CR-12-2021-0179
companies from the analysed research sample despite [BleAGAMA, E.J., ZUBAIRU, U.M.: Sustainability
lack of mandatory requirements for reporting reporting: A systematic reviewManagement and
environmental information and ESG indicators in 2022- Sustainability Vol. 7, No. 2, pp. 32-46. 2022.
2023, the vast majority of them presented such data in their https://doi.org/10.14254/jems.2022.7-2.3
non-financial reports, which should be considered [@] ROSATI, F., FARIA, L.G.: Business contribution to
positive aspect. However, the scope of information, the Sustainable Development Agenda: Organizational
environmental indicators and the detail of descriptions factors related to early adoption of SDG reporting,
varied. Corporate Social Responsibility and Environmental
In the case of the analysed reports, it should be noted Management Vol. 26, No. 3, pp. 588-597, 2019.
that the scope of disclosures is at a satisfactory level. Often, https://doi.org/10.1002/csr.1705
in these companies' reports, despite indicating that tf&] SULLIVAN, Y., KIM, D.: Assessing the Effects of
companies are, for example, reducing their energy and Consumers’ Product Evaluations and Trust on
water consumption or greenhouse gas emissions, there wasRepurchase Intention in e-Commerce Environments,
a lack of hard figures confirming these activities. Whether International Journal of Information Management
or not a company can be said to have a managementVol. 39, pp. 199-219, 2018.
approach depends on hard facts - often having https://doi.org/10.1016/j.ijinfomgt.2017.12.008
environmental objectives in the adopted business stratef§} BABOUKARDOS, D., KOPITA, A., RANEGAARD,
developing a sustainable development strategy, assigningCH., DEMETRIADES, E.. Carbon reporting
responsibility for sustainable development to the regulation: Real effects, external pressures, and internal
management board or holding management accountable. policies,Business Strategy and the Environméful.
The results of the analysis can be used by the reader t033, No. 5, pp. 1-16, 2024.
summarise the scope of disclosures in the reporting of https://doi.org/10.1002/bse.3726
environmental information by companies to thd10] RACHURI, S., SRIRAM, R.D., SARKAR, P.
environment at a time when such disclosures were not Metrics, standards and industry best practices for
mandatory. The results presented can also be used to sustainable = manufacturing  systems IEEE
compare the level of detail of these disclosures by International Conference on Automation Science and
companies from Poland with companies from the  Engineering, 22-25 August 2009, Bangalore, India,
automotive sector from other countries. 2009. https://doi.org/10.1109/COASE.2009.5234090

~ 345~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 337-347 ISSN 1339-5629

ESG reporting in the automotive industry
Boguslaw Waclawik, Lukasz Poplawski, Joanna Wyrobek

[11] VIJAYA, A, MEISTERKNECHT, J.P.S, Available: https://www.gpw.pl/pub/GPW/ESG/Wyt
ANGREANI, L.S., WICAKSONO, H.: Advancing yczne_do_raportowania_ESG.pdf  [25 Oct 2024],
sustainability in the automotive sector: A critical 2023. (Original in Polish)
analysis of environmental, social, and governand@1] AUTO PARTNER SA:Consolidated Annual Report
(ESG) performance indicators, Cleaner for 2023,[Online], Available: https://ir.autopartner.c
Environmental Systems/ol. 16, pp. 1-17, 2025. om/raporty [26 Oct 2024], 2023. (Original in Polish)
https://doi.org/10.1016/j.cesys.2024.100248 [22] INTER CARS SA:Annual Consolidated Financial

[12] PEREZ, L., HUNT, V., SAMANDARI, H., Statements for 20230nline], Available: https://m-
NUTTALL, R., BINIEK, K.: Does ESG really ri.intercars.com.pl/pl/raporty/raporty-okresowe/rok-
matter—and why? McKinsey Quarterly Report, 2023/ [26 Oct 2024], 2023. (Original in Polish)
2022. [23] FIRMA OPONIARSKA [EBICA SA: Raport

[13] JANICKA, M., SAINOG, A.: The ESG reporting of Roczny za 2023, [Online], Available:
EU public companies—does the company’'s  https://www.debica.com.pl/relacje-

capitalisation matterBustainability VVol. 14,, No. 7, inwestorskie/raporty?year=2023 [26 Oct 2024],
4279, pp. 1-17, 2022. 2023. (Original in Polish)
https://doi.org/10.3390/su14074279 [24] SANOK RUBBER COMPANY SASkonsolidowany
[14] BEK-GAIK, B., KRASODOMSKA, J.: Informacje Raport Roczny za 2023[Online], Available:
niefinansowe jako obszar wspolfczesnej https://www.sanokrubber.com/relacje-inwestorskie
sprawozdawczad przedsibiorstw — definicja, [26 Oct 2024], 2023. (Original in Polish)

zrodta i proponowane kierunki batla Zeszyty [25] WIELTON SA: Skonsolidowany Raport Roczny za
Naukowe Uniwersytetu Ekonomicznego w Krakpwie  2023,[Online], Available: https://wieltongroup.com/
Vol. 2018, No. 2(974), pp. 25-40. 2018. (Original in relacje-inwestorskie/raporty-gieldowe/

Polish) [26 Oct 2024], 2023. (Original in Polish)
https://doi.org/10.15678/ZNUEK.2018.0974.0202 [26] AUTO PARTNER SA: Sprawozdanie na temat
[15] DIWEKAR, U., AMEKUDZI-KENNEDY, A., informacji niefinansowych spétki Auto Partner SA
BAKSHI, B., BAUMGARTNER, R., BOUMANS, oraz Grupy Kapitatowej Auto Partner za rok 2023,
R., BURGER, P., CABEZAS, H., EGLER, M., [Online], Available: https://autopartner.com/wp-
FARLEY, J., FATH, B.,GLEASON, T., HUANG, content/uploads/2024/04/Sprawozdanie_na_temat_i
Y., KARUNANITHI, A., KHANNA, V., MANGAN, nformacji_niefinansowych_Spolki_Auto_Partner_S
A., MAYER, A.L., MUKHERJEE, R., MULLALLY, _A_oraz_Grupy_Kapitalowej_Auto_Partner_za_rok
G., RICO-RAMIREZ, R., SHONNARD, D., THEIS, _2023.xhtml [27 Oct 2024], 2023. (Original in

T.. A perspective on the role of uncertainty in Polish)
sustainability science and engineeriigesources, [27] INTER CARS SA:Raport zrownowainego rozwoju

Conservation and Recycling/ol. 164, pp. 1-12, Grupy Inter Cars za rok 2023,
2021. [Online], Available: https://m-
https://doi.org/10.1016/j.resconrec.2020.105140 ri.intercars.com.pl/pl/zrownowazony-rozwoj/

[16] ZYZNARSKA-DWORCZAK, B.: Financial and ESG [27 Oct 2024], 2023. (Original in Polish)
reporting in times of uncertaintythe Theoretical [28] FIRMA OPONIARSKA DEBICA SA: Sprawozdanie

Journal of AccountingVol. 46, No. 2, pp. 161-180, Zarzgdu z dziatalnogi Firmy Oponiarskiej @bica
2022. https://doi.org/10.5604/01.3001.0016.1307 SA za rok 20230nline], Available: https://debica.c

[17] FREEMAN, R.E., HARRISON, J.S., WICKS, A.C., om.pl/raport_roczny_2023 [27 Oct 2024], 2023.
PARMAR, B.L., DE COLLE, S.Stakeholder theory: (Original in Polish)

The state of the artCambridge University Press, [29] SANOK RUBBER COMPANY SASkonsolidowany
2010. https://doi.org/10.1017/CB09780511815768 Raport Niefinansowy Sanok Rubber SA za rok 2023,
[18] GALBREATH, J.: ESG in Focus: The Australian [Online], Available: https://raportyzr.pl/wp-

Evidence Journal of Business Ethic¥ol. 118, No. content/uploads/2024/09/Skonsolidowany-Raport-
3, pp. 529-541, 2013. Niefinansowy-za-2023-rok.pdf [27 Oct 2024], 2023.
https://doi.org/10.1007/s10551-012-1607-9 (Original in Polish)

[19] MARTINY, A., TAGLIALATELA, J., TESTA F., [30] WIELTON SA: Non-financial report of Wielton SA
IRALDO, F.: Determinants of environmental social and the Wielton Group for 2023[Online],
and governance (ESG) performance: A systematic Available: https://wieltongroup.com/en/news-
literature review,Journal of Cleaner Productign press/aktualnosci/raport-gieldowy/non-financial-
Vol. 456, pp. 1-25, 2024. statement-of-wielton-s-a-and-wielton-capital-group-
https://doi.org/10.1016/j.jclepro.2024.142213 for-2023/ [27 Oct 2024], 2023.

[20] GPW w Warszawie SA & European Bank for[31] Directive (EU) 2022/2464 of the European Parliament
Reconstruction and DevelopmenWytyczne do and of the Council of 14 December 2022 amending
raportowania ESGPrzewodnik dla spdtek, [Online], Regulation (EV) No 537/2014, Directive

~ 346 ~

Copyright © Acta Logistica, www.actalogistica.eu



bc’ Acta logistica - International Scientific Journal about Logistics
g Volume: 12 2025 Issue: 2 Pages: 337-347 ISSN 1339-5629
3 / ESG reporting in the automotive industry

?}o Boguslaw Waclawik, Lukasz Poplawski, Joanna Wyrobek

2004/109/EC, Directive 2006/43/EC and Directive Available: http://data.europa.eu/eli/reg/2019/2088/0j
2013/34/EU, as regards corporate sustainability [27 Oct 2024], 2019.

reporting (Text with EEA relevance), [Onlinge], [33] Regulation (EU) 2020/852 of the European
Available: http://data.europa.eu/eli/dir/2022/2464/0j Parliament and of the Council of 18 June 2020 on the

[27 Oct 2024], 2022. establishment of a framework to facilitate sustainable

[31] European Sustainability Reporting Standards, investment, and amending Regulation (EU)
[Online], Available: https://www.unepfi.org/impact/i 2019/2088 (Text with EEA relevance), [Online],
nteroperability/european-sustainability-reporting- Available: http://data.europa.eu/eli/reg/2020/852/0j
standards-esrs/ [27 Oct 2024], 2023. [27 Oct 2024], 2020.

[32] Regulation (EU) 2019/2088 of the European
Parliament and of the Council of 27 November 2019
on sustainabilityrelated disclosures in the financialReview process
services sector (Text with EEA relevance), [Online]Single-blind peer review process.

~ 347 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 349-358 ISSN 1339-5629

Enhancing logistics of intermittent demand items: optimization via simulation based stock control
using empirical method
Jakub Andar, Jakub Dyntar

https://doi.org/10.22306/al.v12i2.650 Received: 11 Nov. 2024; Revised: 17 Feb. 2025; Accepted: 26 Feb. 2025

Enhancing logistics of intermittent demand items: optimization via simulation
based stock control using empirical method

Jakub Andar
Technical University of Liberec, Faculty of Economics, Voronezska 13, 460 01 Liberec, Czech Republic, EU,
jakub.andar@tul.cz (corresponding author)
Jakub Dyntar
Technical University of Liberec, Faculty of Economics, Voronezska 13, 460 01 Liberec, Czech Republic, EU,
jakub.dyntar@tul.cz

Keywords. supply chain management, stock control, intermittent demand, optimization via simulation, empirical method.
Abstract: In this paper we examine whether empirical method can replace bootstrapping in intermittent demand stock
control based on simulation. Thus, we generate artificial demand data with 30; 50 and 70 % of zero demand periods and
simulate reorder point/fixed order quantity inventory control policy using past stock movement simulation and the local
search to obtain the optimal trade-off between holding and ordering costs and the required fill rate for order lead time 2;
6; 12 and 18 periods. The outputs from simulation experiments prove that empirical method outperforms bootstrapping
in term of the consumption of computational time while maintaining similar ability to overestimate lead time demand.
Thus, empirical method can become a suitable substitute of bootstrapping in the local search. Moreover, it can be
successfully used to generate an initial reorder point in a more on a one-way neighbourhood search oriented optimization.
As empirical method copes both with theoretical and empirical demand distributions and does not require a deciding on
number of sampling runs, an optimization of smoothing constants based on a selection of an appropriate accuracy metric,
an adoption of a demand classification schemes or a data aggregation it is well predetermined to become an important
part of a simulation-optimization software solution focusing on sporadic demand inventory control in large scale real life
tasks.

1 Introduction must be integrated when dealing with this kind of demand

One of the most important tasks in supply chaiRattern. In'Fhe literature, p_arametric _time serie_s forecasting
management is inventory control. By effectively managingased on single exponential smoothing (SES) is considered
inventory such that total cost of ownership is kept to ® represent a mainstream approach [6]. It requires to
minimum, the best inventory control techniques aim tgstimate mean and variance of lead time demand with help
lower supply chain costs. Today's market competitivene@é @ time-series forecasting method and subsequently use
is largely determined by a company's capacity to manatese characteristics as an input to stock management
the difficulties of cutting expenses and lead times, raisirpually aimed at reaching the trade-off between a service
customer satisfaction standards, and enhancing prodig¢el and inventory costs [7]. Time series forecasting
quality [1]. The challenge of inventory management is t§chniques are widely used in practice because they are
maintain a sufficient supply of a given good to satisfy apiraightforward and simple to use. They mostly rely on
anticipated demand pattern while finding a fair trade-offistorical data and make little effort to determine the
between the expense of keeping the thing in stock and fagtors driving the need for demanded items by including
potential consequences of running out [2]. contextual information (e.g., expert assessments, product

Intermittent demand, characterized by sporadic demagaéfributes, maintenance information). As a result, they can
arrivals with varying sizes and frequent periods of zerge easily automated using data that is readily available in
demand, poses a significant challenge in forecasting aRRP systems and take less work to acquire. However, the
stock control [3]. Intermittent demand is a prevalerindjor drawbacks of the parametric techniques represent an
phenomenon in various industries. Sectors like proced§sumption on a standard demand distribution and also
industries, aerospace, automotive, IT, and the militaerceiving demand forecasting and inventory control to be
often have a significant portion of their inventory valudwo separated stages [8]. _ _
attributed to intermittent demand items, particularly in Thatleads to the development of alternative data driven
service and repair parts inventories [4]. Additionally, th@Pproaches including mainly bootstrapping [9], empirical
after-sale industry heavily relies on items with intermitterinethod [10] and most recently the applications of neural
demands, underscoring their importance in post-salggtworks [11]. As all these non-parametric approaches do
service [5]. not assume the order lead time demand to follow a

To guarantee successful and economical Operatioﬁgrticmar distribution they are suitable for applications in
throughout the supply chain, a variety of optimizatioslemand forecasting of items with quite complicated and
approaches, technologies, and risk management measifédguing patterns. On the other hand these approaches still
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separate estimating order lead time demand from inventasnether in the overestimating order lead time demand a
optimization not taking into account a calculation ofeplacing bootstrapping with empirical method (EM) has a
economic order quantity. Moreover, time consumption tpotential to bring additional time savings as bootstrapping
obtain an estimation of order lead time demand can e based on tardy repetitive sampling from historical
excessive when compared to traditional parametric tindbemand data. Thus, we generate artificial intermittent
series methods as non parametric techniques may requieenand data with a different level of sporadicity (i.e. 30;
repeated sampling or lengthy learning about a demaB@ and 70 % of zero demand periods), simul&eQ)
pattern from historical data making the applications ahventory control policy and compare PSMS+AC, PSMS +
these methods potentially expensive mainly when speakib§ with LR and B and PSMS + LS with LR and EM in
about large scale real life tasks [12]. term of the consumption of computational time and trade-
The idea of optimizing both when and how much toff between required fill rate and minimal reached holding
order as a conjunctive task represents the core of past staokl ordering costs for lead times ranging from 2 to 18
movement simulation (PSMS) [8]. In PSMS a simulategeriods.
period is divided into time intervals of equal length and a
demanded quantity is assigned for each interval based 2n M ethodology

either historical real demand data or data derived fromg®] Replacing bootstrapping with empirical method
generation technique. For each interval a replenishment, a overestimating lead time demand

direct demand satisfaction from available inventory, and an 5o bootstrapping originally proposed by [21] requires

_ordermg IS S'mUIFted I_undethhe cl:)on.trol Ef a sellectle[g set a sufficient number of sampling runs (i.e. 100; 1 000;
inventory control policy. To obtain the ‘optimalg 000...) consisting of lead time selections of a demand
combination of control variables for the selected inventor, om historical data to construct an empirical distribution

COT‘"O' policy an optimization technique is .employe_ f lead time demand it can be quite time consuming. That
trying to reac.h.the trade_-off between the required serwﬁ;gwhy we suggest to simplify this procedure and employ
I_evel and m_|n|mal holding _and ordering costs. In th%mpirical method by [22] which is also a way easily to

Ilyeratur.e this procegiure N ca_IIed _optimization Vg, jerstand and implement. Empirical method does not
simulation [13]. Optimization via simulation (OvS) randomly sample demands from a time series, it just

proyides a versatile an_d ef_fective way to addrgss compl fadually sums up these demands according to a lead time
optimization problems in different domains by integrating similarly to bootstrapping creates an empirical

sm_1u_|at|on_ mOdE?'S with _opt|m|zat|on algorl_thms .todistribution of lead time demand. If a time series consists
efficiently find optimal solutions [14]. More specifically in ¢ example of 20 periods and order lead time is 2 periods,

this case of multiproduct inventory management, thg.irical method creates 10 sums for periods 1+2; 3+4;

system design variables are discrete valued, and thus the 19+20, uses these sums to create the distribution of
optimization problems are discrete optimization vig, ’

Drder lead time demands and based on a required service
simulation (DOvS) problems [15]. For DOvS problem ! qui Vi

Yevel the reorder point is directly set according to the

many optimization techniques are available 'nCIUd'Z?dOstribution function. A disadvantage of this method is a

heuriStiCS.SL.'Ch as random search [16] or hill climb [1.7] a tentially low number of lead time demands coming from
metaheuristics represented for example by evolutionajY, g ot time series or too long lead times and that is why
algorithms [18], tabu search [19] or simulated annealinge i this study examine the functionality of empirical

[20]. In this paper, rather than on the efficient exploring Qhenog for different order lead times (i.e. 2, 6, 12 and
a solution space we focus on its reduction following th eriods) o

idea of local search (LS) proposed by [8]. These authors
pointed out that supplementing PSMS with alb2 Demand data characteristics

combinatjons seqrch (AC) .certainly outp_erforms To compare the performance of bootstrapping and
parametric forecasting methods in term of reaching IOWeerrnpirical method, we create 3 artificial demand data sets
hoIdlng_ and °fde”f?9 Costs, thoug.h It ;uffers fr.onéach consisting of 10 000 time series with number of zero
excessive consumption of computational time for time . and periods 30° 50 and 70 %. The lenath of a time
series with a high total non-zero dema8dl (Thus, in LS, b ' > 9

[8] underestimate order lead time demand using lineSgries is 36 periods. To generate artificial demand data, we

regressionR r) and overestimate order lead time deman Pply the two stage process proposed by [8]. At the first

usng bootstrapping Re) and manage to explore stage we randomly generate non-zero demands per period
Sng bpIng 9 b uniformly distributed between 1 and 30 pieces and then we
significantly reduced number ofRs — R reorder

ooints/fixed order quantity@) combinations in R, Q) replace randomly selected non-zero demands with zeros to

' ) s : . obtain required level of sporadicity. To classify demand
inventory control policy bringing substantial savings of the . . b
atterns of a time series within the data sets we use average

computational time while maintaining pretty decent abilit . : s
to reach the best possible holding and ordering costs (i_ee_mand intervalADI) based on equation (1):

the ability to outperform parametric forecasting methods).

36
We continue to develop the principles of LS and examine ADI' = Ns, (1)
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whereNs represents number of non-zero demand periods
and squared coefficient of variatiorC\?) based on We apply a demand classification scheme described in
equation (2): [23] usingADI equal to 0.49 an@\2 equal to 1.32 decisive
values to distinguish among smooth, erratic, intermittent
V2 = (g) 2) and Igmpy demand pattern. Number of time series with t_he
St certain demand pattern displays Table 1 together with
minimal Snin), maximal Gnay and average total demand
whereggrepresents non-zero demand standard deviatigg,,,).
ands, represents non-zero demand average.

Table 1 Features of randomly generated demand data
Demand pattern

0 demand periods Smoott Intermitten Erratic Lumpy Snin[pcs] | Swax[pcs] | Savg[pcs]
30 % 0 9 63: 0 36¢ 221 541 387
50 % 0 941« 0 58¢€ 152 41¢ 27¢
70 % 0 8 99¢ 0 1 00¢ 69 27¢ 17¢

It can be seen in Table 1 that we work predominanthSMS+AC Excel VBA code described in [8] in a way to
with intermittent demand pattern with increasing numbemeasure the consumption of computational time separately
of lumpy time series. for R, Rs, and Rewm calculations and subsequent

exploration of a solution space (Figure 1).
2.3 Past stock movement simulation and
arrangement of simulation experiments

To simulate randomly generated data we modify

original PSMS+LS Excel VBA code and also original

NOW() NOW()

v v

Step1| PSMS*AC for 10000
time series

NOW() NOW() NOW() NOW() NOW() NOW()
v v oV vy v
Min R calculation Max R calculation N i
Step2 | for 10 000 time - for 10 000 time PSMSZLS Tor 10000
series using LR series using B 1He SEHes

NOW() NOW() NOW() NOW(O NOW() NOWO
v v v v - v
Min R calculation Max R calculation . )
Step 3 for 10 000 time for 10 000 time PSMSt,' LS _fcf} IIO 000
series using LR series using EM 1me seres
Time .

Figure 1 Arrangement of experiments for a data set

We simulate R, Q) inventory control policy taking into

account only such reorder poirR)(fixed order quantity Table 2 Parameters of simulation

(Q) combinations whereQ > R. In all simulation cn [% of average stock i€/period | 4%

experiments we use parameters summarized in Table 2 | Co[€/1 order 16

including holding costscf), ordering costscf), required FR [%] 95%

fill rate FR) and price f). p [€/piece 70
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For a time series and a simulatRdQ combination the level of demand sporadicity and lead time the local
ensuring at leagtR we calculate total holding and orderingsearch proposed by [8] performs correctly for the most of

costs C) using equation (3): simulated time series because miniRal- Rr > 0 (see
Table 3, row 5) and for at least 95 % of simulated time
C,=Al-c,"p-36+N,"c, (3) seriesRr — Ric < 0 (see Table 3, row 3). This is in

accordance with findings in [8] proving PSMS+LS to work
whereAl represents average inventory aidnumber of efficiently for smooth/slightly intermittent demand pattern
orders. (see Table 1) and we claim also whether order lead time is
relatively short. This is because with increasing order lead
In agreement with [8] there is no backordering, a partisiime the underestimating lead time demand with LR works
satisfaction of demand is available and initial inventory isnproperly as for example in case that level of demand
unified in all simulation experiments. Number of samplingporadicity is 30 % zero demand periods and lead time
runs for bootstrapping is set to be 100. Combining iBicreases from 2 to 6 periods now for at least 20 % of
artificial demand data sets (i.e. 10 000 time series eadnulated time serieB.r - Rac > O (see Table 3, row 8).
with PSMS+AC for lead times equal to 2, 6, 12, 18 perioddoreover, with increasing lead time we also register an
with original PSMS+LS based on LR and B reorder pointsccurrence of botRg - Rac < 0 andRem - Rac < 0 (see e.g.
estimations for lead times equal to 2, 6, 12, 18 periods amdble 3, rows 9, 11, 14, 16, 19 and 21, green font values).
with modified PSMS+LS replacing B with EM again forThat brings a potential difficulty to find at least a feasible
lead times equal to 2, 6, 12, 18 periods we carry oli03 suboptimal solution with PSMS+LS because order lead
000- 3- 4 = 360 000 simulation experiments. To executéme estimations based on LR, B and EM are too low and
simulation experiments in MS Excel 2016 environment wi& many cases they cannot be sufficiently compensate with

use laptop with 2,8 GHz, 16 GB RAM processor. higher replenishment orders to reach at least required
service level. Before we examine this problem closely and
3 Results and discussion summarizes number of simulation experiments where

First, we try to find out whether the empirical method®SMS+LS returns no solution (i.e. results in Table 4) we
reliably fulfil the role of overestimating order lead timewant to emphasize that the above described inability of LS
demand and can be therefore an appropriate alternativéd@ovork properly continues to deteriorate with increasing
bootstrapping. Thus, for every simulated combination d@vel of demand sporadicity when mainly LR is unable to
the level of sporadicity (i.e. 30; 50; 70 % of zero demanénderestimates lead time demanq..More specifically, while
periods)/order lead time (i.e. 2; 6; 12 and 18 periods) W@r the level of demand sporadicity 30 % zero demand
calculate the differences among reorder poiaty for a  Periods and order lead time equal to 2 perR@s- Rac <
simulated time series in the form of percentiles (Table §é)|s reached for at least 95 % of simulated time series, for
and also create distributions of reorder points connectéf % zero demand periods it goes down to 90 % (see Table

with the best reached minimal holding and ordering cosgs fow 23) and for 70 % of zero demands it further
for a simulated time series (Figure 2). decreases to 80 % (see Table 3, row 43). This is mainly

because the distribution Bics is becoming more volatile

As PSMS+AC returns the best possible holding an@nd with increasing number of time series vige = 1. On
ordering costs for a correct function of PSMS+LS based dhe other hand the ability of B and EM to overestimate lead
LR and B or LR and EM we expeBir < Rac < Rs or time demand remains pretty decent regardless to the
similarly Rig < Rac <Rew. The results in Figure 2 and Tablegrowing level of sporadicity and in case of B it is very
3 show that overestimated reorder points based &table even for higher lead times. For EM, desRiie -
empirical method are distributed closer to the distributioRac are in general lower tha® - Rac with increasing lead
of the best possible reorder points (Recs) than reorder time more and more time series tendRd - Rac< 0 (see
points based on bootstrapping. For example in case ti§#- Table 3, rows 56 or 61) because number of lead time
level of demand sporadicity is 30 % zero demand perio§§mands coming from time series drops (i.e. from 36/2 =
and lead time is equal to 2 periods the minimal differended; 36/6 = 6; 36/12 = 3 to 36/18 = 2) negatively affecting
Rem - Racis 1 and 95 % percentile is 30 while the minimathe ability of EM to build the empirical distribution of lead
differenceRs - Racis 4 and 95 % percentile is 32 (see Tablfemand and subsequently to overestimate lead time
3, rows 4 and 6; red font values). For this combination gfemand for a required service level successfully.
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Table 3Ar percentiles

Ar - percentiles [%
Odemand | Lead | g:myy | g 5 | 10| 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 95 | 100 Ar
periods [%] | time
Both | 26 | 1c | 18 | 16 | 15 | 14 | 12 | 11| 1c | 8 | 5 | 2 | 11 Rir- Rac
5 4 | 13 | 15 | 17 | 19 | 20 | 22 | 23 | 25 | 27 | 30 | 32 | 50 R Rac
2 18 | 27 | 29 | 3¢ | 32 | 33 | 34 | 35 | 36 | 38 | 39 | 41 | 48 Rs- R
M 1 | 10 | 12 | 14 | 16 | 18 | 19 | 21 | 22 | 24 | 28 | 30 | 52 | Rew Rac
1€ | 23 | 25 | 27 | 2¢ | 3c | 31 | 33 | 34 | 3¢ | 38 | 4 | 47 | Rem-R
Both | 63 | 23 | 19 | 14 | 11 | 8 | 6 | 4 | -1 2 7 12 | 54 | Rk Rac
5 22 | 27 | 32 | 35 | 38 | 41 | 44 | 47 | 51 | 56 | 62 | 11z Re- Rac
6 20 | 35 | 38 | 41 | 43 | 45 | 47 | 49 | 51 | 53 | 57 | 59 | 80 Re- Rx
M 1C | 14 | 18 | 22 | 25 | 28 | 31 | 35 | 3¢ | 46 | 53 | 112 | Rew Rac
20 9 | 21| 23| 27 | 29 | 32 | 34 | 37 | 30 | 43 | 48 | 52 | 84 | Rem-Ras
Both | 72 | 2¢ | 21 | 12 | 7 | 3 | 1 5 | 1C | 17 | 26 | 34 | 107 | Rur- Rac
5 29 | 37 | 46 | 52 | 57 | 62 | 67 | 72 | 79 | 88 | 97 | 161 | Re Rac
12 21 | 44 | 47 | 52 | 55 | 58 | 61 | 63 | 66 | 68 | 74 | 78 | 114 Rs- R
M 5 | 11 | 15 | 18 | 23 | 28 | 35 | 42 | 51 | 64 | 76 | 170 | Rew Rac
5 | 14 | 17 | 21 | 24 | 27 | 3¢ | 33 | 36 | 41 | 48 | 54 | 112 | Rew-Rux
Both | 78 | 29 | 21| 12 | 5 | 1 7 | 14 | 22 | 33 | 50 | 64 | 154 | Rug- Rac
5 35 | 46 | 58 | 66 | 74 | 81 | 88 | 96 | 107 | 121 | 134 | 21¢ Re- Rac
18 26 | 50 | 54 | 60 | 64 | 67 | 71 | 74 | 78 | 82 | 88 | 93 | 121 | Re-R=&
M 5 | 11 | 16 | 18 | 2C | 24 | 33 | 43 | 56 | 77 | 95 | 216 | Rew Rac
9 | 7 [ 10] 13 16 | 20| 23| 26 | 30 | 35 | 42 | 48 | 84 | Rem-R=
Both | 26 | 2¢ | 1€ | 16 | 14 | 12 | 11| 9 | 7 | & | =2 1 13 Rir- Rac
5 5 | 10 | 12 | 15 | 17 | 19 | 21 | 23 | 25 | 28 | 31 | 34 | 51 Re- Rac
2 12 | 23 | 24 | 27 | 2¢ | 3c | 32 | 33| 34 | 3¢ | 3¢ | 4c | s1 Rs- R
S 9 | 12 | 14 | 16 | 18 | 19 | 22 | 24 | 28 | 32 | 50 | Rew Rac
14 | 2¢ | 21 | 23 | 24 | 26 | 26 | 3¢ | 32 | 34 | 37 | 3¢ | 48 | Rem-Ru
Both | 66 | 24 | 19 | 13 | 10 | 7 | 5 | 2 | 1 5 12 | 19 | 52 | Rk Rac
5 23 | 18 | 23 | 29 | 33 | 3€ | 3¢ | 43 | 47 | 51 | 58 | 6% | 10¢ Re- Rac
6 27 | 32 | 36 | 37 | 40 | 42 | 44 | 46 | 48 | 51 | 54 | 56 | 65 Re- Rx
em |28 7 |11 [ 16 [[16 [ 23 [ 26 [ 26 [ 34 [ 3¢ [ 48 | 57 | 12 | RarRuc
5 8 | 18| 20 | 23 | 26 | 29 | 31 | 33 | 36 | 40 | 45 | 50 | 85 | Rew-Rx
Both | 71 | 27 | 2¢ | 11| 6 | -1 | 3 8 | 14 | 2C | 3C | 38 | 11z | Rir- Rac
5 21| 26 | 34 | 43 | 50 | 55 | 60 | 66 | 71 | 79 | 90 | 100 | 174 | Re Rac
12 12 | 3¢ | 43 | 48 | 51 | 54 | 57 | 6c | 62 | 66 | 71 | 75 | 104 Rs- R
S T G 7 | 12 | 16 | 22 | 28 | 35 | 42 | 52 | 65 | 77 | 185 | Rew Rac
0 | 11 | 14 | 17 | 2c | 22| 26 | 3c | 33 | 38 | 45 | 51 | 96 | Rew-Riux
Both | 92 | 31 | 23| 13| 7 | -1 | 5 | 12 | 20 | 32 | 49 | 63 | 147 | Rug- R
5 33 | 26 | 3¢ | 51 | 6C | 68 | 75 | 82 | 9C | 101 | 11€ | 12¢ | 20¢ Re- Rac
18 16 | 45 | 50 | 55 | 60 | 63 | 67 | 70 | 74 | 78 | 84 | 90 | 120 | Re-R=&
em @ | 1 | 6 [11 [ 12 [ 14 [1e [ 27 [ 38 [ 61 [ 78 | o1 | 21¢ | RarRuc
10 | 4 7 | 10| 13| 16 | 20 | 23 | 27 | 32 | 39 | 44 | 95 | Rewm-R=&
Both | 35 | 1¢c | 17 | 14 | 12 | -1c | 8 | 6 | 4 | =2 1 3 13 Rir- Rac
5 16 | 4 6 9 | 12| 14| 16| 19 21 29 21 20 5| Re Rac
2 9 |18 | 16 | 21 | 22 | 23 | 24 | 25 | 26 | 26 | 32 | 35 | a¢ Rs- R
S N 7 9 | 11 | 18 | 15 | 17 | 19 | 22 | 25 | 28 | 52 | Rew Rac
9 | 17 | 1¢ | 2c | 21 [ 22 | 22 | 2a | 25 | 27 | 3c | 34 | 48 | Rew-Ra
Both | 53 | 21 | 16 | 11| 8 | 5 | 2 | 1 | 4 9 16 | 21 | 44 | Rr Rac
5 22 | 14 | 16 | 24 | 28 | 32 | 35 | 3¢ | 43 | 48 | 55 | 61 | 8¢ Re- Rac
6 12 | 25 | 27 | 31 | 33 | 35 | 37 | 39 | 41 | 44 | 48 | 51 | 70 Re- R
em |22 4 | 8 [12 [16 | 2c [ 23 [ 27 | 31 [ 37 | 46 | 54 | o Rew- Rac
-0 5 | 14 | 16 | 19 | 21 | 23 | 25 | 28 | 30 | 34 | 39 | 43 | 73 | Rew-Rx
Both | 57 | 21 | 15| 8 | 3 | 1 5 | 1c | 15 | 21 | 31 | 3¢ | 7¢ Rir- Rac
5 22 | 23 | 30 | 38 | 44 | 49 | 54 | 59 | 65 | 72 | 83 | 91 | 136 | Re Rac
12 9 | 31| 3 | 30 | 42 | 45 | 48 | 51 | 54 | 58 | 63 | 67 | 92 Rs- R
em |22 1 [ 5 9 | 15 | 21 | 26 | 32 | 39 | 47 | 60 | 72 | 154 | Rew Rac
2 | 8 [ 1c ] 13| 16 | 18 | 21 | 24 | 27| 31 | 37 | 42 | 9¢ | Rewm R
Both | 71 | 27 | 21| 12 | 6 | 1 | 5 | 11 | 19 | 29 | 44 | 56 | 116 | Rug- Rac
5 21| 23 | 32 | 42 | 5C | 57 | 64 | 7C | 78 | 88 | 101 | 11¢ | 17C Re- Rac
18 9 | 36 | 40 | 45 | 49 | 53 | 56 | 60 | 63 | 68 | 74 | 79 | 110 | Re-R=&
em L 1|3 6 8 9 | 15 | 23 | 31 | 45 | 62 | 7¢ | 171 | Rew Rac
0| 2 | 4 7 9 | 12| 15 | 18| 21 | 25 | 31 | 36 | 72 | Rew-R=
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Figure 2 RAC, RLR, RB and REM distribution

Table 4 shows a number of simulation experimente both <Rac and at the same tinfi® or Rem > Rer. In this

where PSMS+LS returns no solution.

Table 4 Simulation experiments with no solution

0 demand No solution Time series
. Lead No for Reor .
periods | e [B/EM) solution Rem - Rac< with Rs or
[%] 0 Rem - Rac< 0
5 B 0 0 0
EM 0 0 0
6 B 17 17 1¢
30 EM 42 42 53
12 B 14 14 18
EM 161 161 231
B 5 5 1¢
18 EM 282 257 25¢
5 B 0 0 2
EM 5 5 9
6 B 35 35 38
50 EM 11z 11z 134
12 B 27 27 3C
EM 34¢ 34¢ 45¢
18 B 4 4 39
EM 62€ 53C 53C
2 B 34 34 97
EM 21 21 4¢
6 B 47 47 5E
70 EM 186 186 241
12 B 25 25 2¢
EM 46¢€ 467 607
18 B 7 7 43
EM | 100( 78¢ 79C

case PSMS+LS returns no solution because there is no
examined?/Q combination ensuring to achieve at least the
required service level. From the consumption of
computational time point of view that means completely
wasting time on the generationRfr, Rs/Rem and also on
PSMS+LS searching a fruitless solution space. Second,
estimations oRg or Rem < R g for example because number
of sampling runs for bootstrapping is set too low or because
empirical method works with too short time series or too
long order lead time. This causes PSMS+LS does not
examine a singldk/Q combination at all and from the
consumption of computational time point of view that
means wasting time “just” on the generation Rk,
Rs/Rem. Anyway, the results in Table 4 proves
bootstrapping to perform significantly better than
empirical method in term of number of simulation
experiments where PSMS+LS returns no solution both for
increasing level of sporadicity and prolonging lead times.
Moreover, empirical method suffers much more fiam

< Rrkind of no solution mainly for too long lead times
(see for example Table 4, row 9). PSMS+LS have also a
certain ability to overcome low estimated lead time
demand through adjusted replenishment orders for both
bootstrapping and empirical method. For example for lead
time equal to 6 periods from 19 time series with 30 % of
zero demands PSMS+LS with B manage to find at least a
feasible solution for (19 - 17) = 2 time series (see Table 4,
row 4) and PSMS+LS with EM do the same thing for (53 -
42) = 11 time series (see Table 4, row 5) in situation when
no Rs < Rr or Rem < R rtakes place.

In general there are two reasons why PSMS+LS returns Besides the distribution of reorder points to compare

no solution. First, estimations Bfgr andRs or R.r andRem

the ability of bootstrapping and empirical method to
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overestimate lead time demand in PSMS+LS we alsxplore a solution space with PSMS+LS. This
record the consumptions of the computational timeonsumption is shown in Table 5.
separately for the generation of reorder points and to

Table 5 Consumption of computational time

0 demand Lead AC/ LR B/EM LS Total Simulated Time consumption
periods [%] time LS+B/ [min] | [min] | [min] | [min] | combinations of AC orLs
LS+EM [us/combination]
AC - - - 43.t 758 009 22 3.4
2 LS+B 3.C 16.¢ 8.2 28.1 126 113 65 3.9¢
LS+EM 3.C 4.2 7.€ 14.¢ 117 305 92 3.9¢
AC - - - 44.¢ 758 009 22 3.5¢
6 LS+B 3.C 17.C 9.¢ 29.¢ 147 896 55 3.97
30 LS+EM 3.C 2.1 7.7 12.¢ 112 706 74 4.0¢
AC - - - 44.¢ 758 009 22 3.5¢
12 LS+B 3.C 17.¢ 9.t 30.4 143 751 13 3.97
LS+EM 3.C 1.€ 5.€ 10.2 79 663 60 4.2¢
AC - - - 45.1 758 009 22 3.51
18 LS+B 3.C 18.1 7.€ 29.( 115987 20: 4.0¢
LS+EM 3.C 1.t 3.€ 8.1 46 089 01 4.7]
AC - - - 23.( 394192 14 3.51
2 LS+B 3.C 18.( 5.¢ 26.¢ 83484 15 4.21]
LS+EM 3.C 4.2 5.€ 13.1 75 902 08 4.6(
AC - - - 24.1 394192 14 3.61
6 LS+B 3.1 18.£ 6.€ 28.% 97 522 23 4.2(
50 LS+EM 3.2 2.4 5.2 10.¢ 72 85391 4.3¢
AC - - - 23.¢ 394192 14 3.68
12 LS+B 3.1 22.4 6.4 32.C 9254154 4.1¢
LS+EM 3.t 1.c 3.€ 9.2 50 095 34 4.65
AC - - - 23.€ 394192 14 3.5¢
18 LS+B 2.¢ 20.7 5.1 28.7 7194159 4.3C
LS+EM 3.C 1.t 2.4 6.€ 27 78199 5.1¢
AC - - - 9.t 148 422 08 3.8t
2 LS+B 3.C 16.¢ 3.1 22.¢ 39 756 59 4.7c¢
LS+EM 3.C 4.C 3.C 10.1 38 448 40 4.72
AC - - - 9.2 148 422 08 3.7¢
6 LS+B 3.C 18. 3.€ 25.1 48 45172 4.6¢
70 LS+EM 3.C 2.1 3.C 8.1 35 91083¢ 4.9¢
AC - - - 9.2 148 422 08 3.71
12 LS+B 3.C 18.¢ 3.t 25.4 44 249 37 4.77
LS+EM 3.C 1.7 2.2 6.€ 23579 95 5.5¢
AC - - - 9.2 148 422 08 3.7¢
18 LS+B 2.¢ 18.7 2.€ 24.2 31498 29 5.0
LS+EM 3.C 1.t 1.4 5.€ 12 397 84 7.01

The difference between the consumption ofminutes a data set with 10 000 time series) than the
computational time spent on the generatioRpdndRem  generation oR r taking constantly around 3 minutes per a
is quite impressive. While in all simulation experimdfgs data set with 10 000 time series. It follows that empirical
sampling with 100 runs takes from 16.8 to 22.4 minutes perethod is not just significantly faster but also more suitable
a data set with 10 000 time seriBsy needs only from 1.5 to be applied in tasks where a detailed discretization of time
to 4.3 minutes per a data set with 10 000 time serieuld be advantageous (i.e. switching from months to
Furthermore, in contrary tdRs, the consumption of weeks or days). Together with the significant speeding up
computational time spent on the generation Ry of generating the overestimated reorder point, the
decreases with increasing order lead time and from the leagplication of empirical method in PSMS+LS also further
time 6 periods it even takes less time (i.e. from 1.5 to 2rdduces an explored solution space through the closer
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distribution of Rems due to the distribution of the best However, the acceleration of the overestimated reorder
possible reorder points coming from PSMS+AC (see Tablpoint generation and the additional reduction of the
5, the column entitled Simulated combinations, LS+B vsolution space bringing the time savings must go hand in
LS+EM comparison). This enables to extend the use b&nd with a corresponding level of holding and ordering
PSMS+LS to strongly sporadic demand areasosts. That is why we for each simulation experiment
characteristic with lower total demanded quantity as ttealculate the difference between the best reached holding
total consumption of computational time of PSMS+L%nd ordering costs coming from PSMS+LS and the best
longer keeps up to be lower than PSMS+AC (see Tablefgssible holding and ordering costs coming from
the column entitled Total [min], AC vs LS+EM PSMS+AC (i.eActpes). These differences are in the form

comparison). of percentiles displayed in Table 6.
Table 6Actpestpercentiles
Acthes - percentiles [%]
0 demand Lead
periods time B/EM 0 10 | 20 | 30 | 40 | 50 60 70 80 90 95 98 100
[%]

> B 0% | 0% | 0% | 0% | 0% | 0% | 0% 0% 0% 0% 0% 1% 41%

EM 0% | 0% | 0% | 0% | 0% | 0% | O% 0% 0% 0% 0% 1% 41%

6 B 0% | 0% | 0% | 0% | 0% | 0% | 0% 0% 3% 8% | 14% | 22% | 122%
30 EM 0% | 0% | 0% | 0% | 0% | 0% | 0% 0% 3% 8% | 14% | 22% | 122%
12 B 0% | 0% | 0% | 0% | 0% | 1% | 4% 8% | 13% | 21% | 29% | 40% | 103%

EM 0% | 0% | 0% | 0% | 0% | 1% | 5% 8% | 13% | 21% | 29% | 40% | 103%

18 B 0% | 0% | 0% | 0% | 1% | 3% | 6% 9% | 15% | 23% | 32% | 43% 95%

EM 0% | 0% | 0% | 0% | 1% | 4% | 7% | 10% | 15% | 23% | 32% | 43% 95%

> B 0% | 0% | 0% | 0% | 0% | 0% | 0% 0% 0% 0% 3% 11% | 101%

EM 0% | 0% | 0% | 0% | 0% | 0% | O% 0% 0% 0% 3% 11% | 101%
6 B 0% | 0% | 0% | 0% | 0% | 0% | Q0% 1% 7% | 15% | 24% | 38% | 116%

50 EM 0% | 0% | 0% | 0% | 0% | 0% | O% 2% 7% | 15% | 24% | 38% | 116%
12 B 0% | 0% | 0% | 0% | 0% | 3% | 7% | 12% | 20% | 32% | 45% | 60% | 145%

EM 0% | 0% | 0% | 0% | 0% | 4% | 8% | 13% | 20% | 33% | 46% | 60% | 145%

18 B 0% | 0% | 0% | 0% | 0% | 3% | 8% | 13% | 21% | 35% | 47% | 65% | 159%

EM 0% | 0% | 0% | 0% | 1% | 4% | 8% | 14% | 22% | 35% | 48% | 66% | 159%

> B 0% | 0% | 0% | 0% | 0% | 0% | 0% 0% 0% 1% 9% 18% 74%

EM 0% | 0% | 0% | 0% | 0% | 0% | 0% 0% 0% 1% 9% 18% 74%

6 B 0% | 0% | 0% | 0% | 0% | 0% | 1% 7% | 16% | 30% | 46% | 68% | 517%

70 EM 0% | 0% | 0% | 0% | 0% | 0% | 1% 7% | 16% | 30% | 46% | 68% | 517%
12 B 0% | 0% | 0% | 0% | 2% | 7% | 13% | 22% | 34% | 55% | 76% | 104% | 368%

EM 0% | 0% | 0% | 0% | 3% | 8% | 15% | 23% | 36% | 57% | 78% | 105% | 368%

18 B 0% | 0% | 0% | 0% | 0% | 5% | 11% | 21% | 35% | 58% | 84% | 112% | 279%

EM 0% | 0% | 0% | 0% | 1% | 7% | 13% | 23% | 37% | 61% | 86% | 115% | 279%

In general, it can be seen in Table 6 that mainly fahat empirical method is definitely the number one choice.
longer lead times (i.e. 12 and 18 periods) bootstrapping linoutperforms bootstrapping and linear regression in term
PSMS+LS performs slightly better than empirical methoaf the consumption of computational time while
For the level of sporadicity 30 % of zero demand periodraintaining the ability to execute one way exploration of
and the lead time equal to 2 periods PSMS+LS with bothe solution space during the optimization. This is because,
B and EM reached the best possible holding and orderisgnilarly to bootstrapping, for the majority of generated
costs for at least 95 % of simulated time series and tHata empirical method reliably overestimates lead time
maximal difference in the total costs is up to 41 %emand (i.e. the additional optimization rests in gradually
compared to PSMS+AC. In term of total holding andlecreasing the reorder point) and in a relatively stray case
ordering costs, the ability of PSMS+LS to perform similathat the lead time demand is underestimated PSMS+LS
to PSMS+AC decreases with increasing number of zereturns mostly no solution (i.e. the additional optimization
demand periods and also with the prolonging of lead timeecuses on gradually increasing the reorder point).

This confirms that especially for a demand data with a
higher level of sporadicity it is useful to replace the local Conclusions

search with a more on a neighbourhood search oriented | this paper we examine whether empirical method can
optimization based on a generation of a single reordgiplace bootstrapping in intermittent demand stock control
point. The outputs from the simulation experiments shopased on simulation. Thus, we generate artificial demand

~ 356 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 349-358 ISSN 1339-5629

Enhancing logistics of intermittent demand items: optimization via simulation based stock control
using empirical method
Jakub Andar, Jakub Dyntar

data with 30; 50 and 70 % of zero demand periods and of Economic and Social Research, Vol. 15, No. 2, pp.
simulate reorder point/fixed order quantity inventory 1-21,2013.
control policy using past stock movement simulation an@] KOURENTZES, N., ATHANASOPOULOS, G.:
local search proposed by [8] to obtain the optimal trade-off Elucidate structure in intermittent demand series,
between holding and ordering costs and the required fill European Journal of Operational Research, Vol. 288,
rate for order lead time 2; 6; 12 and 18 periods. The outputs No. 1, pp. 141-152, 2021.
from simulation experiments prove that empirical method https://doi.org/10.1016/j.ejor.2020.05.046
outperforms bootstrapping in term of the consumption ¢f] SYNTETOS, A., BABAI, M., GARDNER, E.:
computational time while maintaining similar ability to  Forecasting intermittent inventory demands: simple
overestimate lead time demand. Thus, empirical method parametric methods vs. bootstrappintpurnal of
can become a suitable substitute of bootstrapping in the Business Research, Vol. 68, No. 8, pp. 1746-1752,
local search. Moreover, it can be successfully used to 2015. https://doi.org/10.1016/j.jbusres.2015.03.034
generate an initial reorder point in a more on B]WANG, S., KANG, Y., PETROPOULOS, F.
neighbourhood search oriented optimization as it Combining probabilistic forecasts of intermittent
potentially suffers from a less blindness compared to linear demand,European Journal of Operational Research
regression. Besides additional time savings, optimization Vol. 315, No. 3, pp. 1038-1048, 2024.
via simulation based on a single reorder point generation https://doi.org/10.1016/j.ejor.2024.01.032
would also enable to control the consumption of6] GOLTSOS, T.E., SYNTETOS, A.A., GLOCK, C.H.,
computational time more efficiently and make for example IOANNOU, G.: Inventory—forecasting: Mind the gap,
a decision whether for a certain demand data it is European Journal of Operational Research, Vol. 299,
advantageous to apply PSMS+AC prior to the No. 2, pp. 397-419, 2022.
optimization. This is because number of simulaRQ https://doi.org/10.1016/j.ejor.2021.07.040
combinations in PSMS+AC is equal to[7] PINCE, C., TURRINI, L., MEISSNER, J.: Intermittent
Total demand-(Total demand—1) and for the generated demand forecasting for spare parts: A critical review,
Omega, Vol. 105, pp. 1-30, 2021.
single reorder pomt it is then easy to decide on some https://doi.org/10.1016/j.omega.2021.102513
additional time spent on one way neighbourhood searg$] HUSKOVA, K., DYNTAR, J.: Speeding up past stock
simply assigning a certain amount of computational time movement simulation in sporadic demand inventory
to every change of the initial reorder point. Empirical control,International Journal of Simulation Modelling
method does not require any kind of settings such as vol. 22, No. 1, pp. 41-51, 2023.
deciding on number of sampling runs in bootstrapping. It https://doi.org/10.2507/IJSIMM22-1-627
also does not require any kind of optimization otg] HASNI, M., AGUIR, M.S., BABAI, M.Z., JEMAI, Z.:
smoothing constants based on a selection of an appropriateSpare parts demand forecasting: a review on
accuracy metric which is common for SES based pootstrapping methods/nternational Journal of
parametric time series forecasting methods or an adoption production Research, Vol. 57, No. 15-16, pp. 4791-
of demand classification schemes and data aggregation. As4804, 20109.
an assumption free and data driven nonparametric https://doi.org/10.1080/00207543.2018.1424375
approach it also copes with both theoretical and empiricalo] VAN WINGERDEN, E., BASTEN, R.J.l., DEKKER,
distributions of demand. This predetermines empirical ~ R., RUSTENBURG, W.D.: More grip on inventory
method to become an important part of a simulation-  control through improved forecasting: A comparative
optimization software solution focusing on sporadic  study at three companielternational Journal of

demand inventory control in large scale real life tasks. Production Economigs/ol. 157, pp. 220-237, 2014.
https://doi.org/10.1016/j.ijpe.2014.08.018
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Abstract: This study presents a strategic approach to optimizing the importation of automotive components from Europe
to Mexico, aimed at enhancing operational efficiency, reducing costs, and ensuring timely deliveries. Using the Analytic
Hierarchy Process (AHP) as a structured decision-making tool, the research evaluates and selects the optimal port of
departure based on criteria such as cost, transit time, and port capacity. The Weber Location Problem (WLP) is also
applied to determine the ideal consolidation center (CC) location to streamline cargo collection from multiple European
suppliers. Through a Mexican automotive company case study, the research highlights the importance of integrating Full
Container Load (FCL) and Less Container Load (LCL) operations to improve traceability, reduce handling errors, and
optimize supply chain performance. The findings emphasize the critical role of port selection and cargo consolidation in
mitigating risks associated with supply chain disruptions. The proposed methodology provides importers practical tools
to strengthen their logistics strategies, offering valuable insights for enhancing global automotive supply chain
competitiveness. This work contributes to maritime logistics and supply chain management, guiding importers, shipping
companies, and policymakers in improving port efficiency and cross-border operations.

1 Introduction Optimization an efficient importation process, contributes

Being efficient in importation is crucial for Severaito overall supply chain Optimization. It allows businesses
reasons. Here are some key points highlighting tfie manage logistics better, reduce lead times, and improve
importance of importation efficiency@ost Reduction: coordination with suppliers and distributordlarket
efficient importation processes help minimize costResponsiveness in a rapidly changing market
associated with shipping, customs duties, and handlirfRvironment, importation efficiency enables businesses to
Lower costs can lead to reduced consumer prices aigfpond more to trends and consumer preferences. This
improved business profit marginsTimely Delivery adility can lead to better customer satisfaction and layalty
importation efficiency ensures that goods are deliverequstainability efficient importation can also contribute to
promptly. It is essential for maintaining inventory levelssustainability efforts by optimizing transportation routes
meeting customer demand, and ensuring that businesdg§ reducing waste. It can lead to lower carbon footprints
can operate smoothly without delaySompetitive and more environmentally friendly practices [1].
Advantage:companies that import goods efficiently are  The study [2] empirically demonstrates that efficiency
better positioned to compete in the market. They cdf importation processes, driven by key factors such as
respond more quickly to changes in consumer demar@ternational price, product quality, product availability,
adjust pricing strategies, and maintain a strong mark@gstoms clearance knowledge, and a company’s logistics
presence against competitors, including parallel importef@pability, significantly reduces costs and improves profit
Quality Control: efficient importation processes oftenMargins. Through a survey of major food processing
include better quality control measures. It ensures that th@mpanies in Northern Mexico and multiple linear
products received meet the required standards affgression analysis, the research finds that these variables
specifications, which is particularly important in industrie§ollectively explain 66.4% of the variation in import
like pharmaceuticais and eiectronicsReguiatory volume. The findiﬂgls highiight that price pompetltlvengss
Compliance: efficient importation helps businessesand product quality are primary drivers, enabling
navigate complex customs regulations and compliané®@mpanies to reduce procurement costs and enhance
requirements. It reduces the risk of delays, fines, or legaioduct differentiation, ultimately leading to increased
issues arising from non-compiiancéuppiy Chain competitiveness and profltabllltyln the market.
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For example, the context of the [3] is rooted in thautomotive sector in Tungurahua, Ecuador, to enhance
complexities of the global soybean market, the stratediceir competitiveness and adapt swiftly to international
role of China as a primary importer, and the competitivemarket demands. It demonstrates that firms that streamline
dynamics that shape trade relationships among the leadthgir import processes can reduce costs, improve
soybean-producing countries. This study provides valualpeoduction planning, and ensure timely input delivery,
insights that can help exporters, policymakers, and indusstrengthening their ability to respond to changing
stakeholders make informed decisions, enhano®nsumer preferences. Moreover, optimizing imports
competitiveness, and adapt to the evolving dynamics of thentributes to supply chain efficiency by improving
global soybean market. inventory control, enabling better supplier relationships,

The study [4] evaluates the efficiency of customand fostering innovation through access to quality
operations in 29 countries from the APEC region and otheraterials and technologies from global markets. These
leading trading nations. Using the Data Envelopmemtdvantages collectively position companies to compete
Analysis (DEA) Network model reveals that efficientmore effectively both locally and internationally.
customs procedures are crucial for facilitating international Therefore, an importation strategy is crucial for several
trade. Countries with streamlined customs processes, suehsons, regardless of sector. An effective importation
as China, Germany, and Singapore, demonstrate higlsénategy helps ensure a stable and reliable supply of
efficiency, resulting in faster cargo clearance, reducesksential goods. By diversifying sources and establishing
operational costs, and improved regulatory complianceslationships with multiple suppliers, countries can
The research emphasizes that modernizing customstigate risks associated with supply disruptions due to
infrastructure and adopting digital solutions, like electronigeopolitical issues, natural disasters, or market
declarations, significantly enhance the punctuality anftlictuations. In addition, an importation strategy enables
reliability of import processes. These improvements reduceuntries to respond quickly to changes in market demand.
the risk of delays and help businesses avoid penaltiBg monitoring trends and adjusting import volumes
associated with non-compliance, fostering moraccordingly, countries can avoid shortages or surpluses
competitive and resilient supply chains. that could disrupt local markets.

Overall, the study [5] aims to fill a gap in the literature
on import retail e-commerce by providing a detailed 1 Context problem
analysis of competitive strategies and their implications for g project is focused on companies in the automotive
sellers operating in this dynamic market. The three majgkctor in Mexico, which require processes for importing
competitive strategies identified in the study are produglyogs (production material, spare parts, auxiliary
optimization, cost leadership, and reputation priority. laintenance material, and machinery) from Europe. The
also underscores the need for imported retail e-commergcgse siydy is of a Mexican company that needs to establish
sellers to be strategic and adaptive in their approachesi@ |qgistics chain for present and future projects.
enh_ance their competitiveness in a rapidly changing market The Mexican company already has a list of suppliers,
environment. , , _and every week, an exclusive consolidated container must

In [6], it explores developing and implementingye sent with cargo collected from different suppliers. The
effective marketing strategies to enhance industrial IMpPQbmpany uses the LCL (Less Container Load) and FCL
substitution in Russia, emphasizing the necessity fogy| Container Load) operations. LCL is required to
Russian enterprises to adapt to a volatile competitiyg)|iect all the goods from different European suppliers that
environment and focus on achieving competitive stabilityyy not fill an entire container by themselves, which is why
In conclusion, the paper presents a comprehensive analygigg|iection and consolidation service is needed. FCL is
of the marketing and operational strategies necessary filaq (o transport the necessary machinery to install
successful industrial import substitution, offering practical,oqyction lines for which full containers of different types

tools and methodologies for enhancing competitiveness i required: 20 and 40 feet, dry cargo, high cube, flat rack,

the Russian industrial sector. and open top, as well as for production materials and spare
The research [7] delves into the global forage tradgy s

from 1997 to 2020, focusing on the market power of forage  cyrrently, the company is responsible for collecting the
exporters in key importing nations like Japan, China, anghmponents weekly from each of its European suppliers
South Korea. By employing an extended G-K model, thgyder the (Free Carrier) FCA incoterm at the plant and
authors uncover important dynamics in pricing power angnding them by any available parcel service to the ports of
market structure, highlighting the significant roles playegampurg and/or Bremen, depending on the availability of
by the United States and Australia in this sector. Some kg¥ntainers. Causing more excellent staff wear in product
benefits are an enhanced understanding of markglceapility and not necessarily consolidating the
dynamics, strategic planning for exporters, informegoniainers. There are times when up to 20 partial containers
policy development, and sustainability. have been received, generating high costs for the importing

The study [8] emphasizes that efficient importompany even if the product has been lost between the
management is a key factor for companies in the
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(A

parcel and the ports and delays in finding this product fee have more control over the consolidation and shipment
shipment or restocking and shipping in the worst case. of the products.

This work aims to create an import strategy for Mexico In Figure 1, there are 42 European suppliers of the
from Europe through the Weber Location Problem (WLPYlexican company. These have blue markers, and in Figure
to select a Consolidation Centre (CC). Through th2, the ports of Bremerhaven and Hamburg have red
Analytic Hierarchy Process (AHP) method, select the pomarkers.
of departure that meets the time, costs, and capacity criteria
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2 Literaturereview Thomas Saaty developed it in the 1970s, and it is beneficial

This study applied an AHP method to select the belt situations where multiple criteria must be considered.
port. Then, it used the Weber Problem to allocate the O&HP is valued for its flexibility and ability to incorporate

that optimized the importer's time and cost and had mowgalitative and quantitative factors, making it suitable for
control over the product traceability. various applications, including construction management,

On the one hand, the AHP is a structured decisioRrOject selection, resource allocation, and risk assessment

making framework used to analyze complex problems H§]-

breaking them down into smaller, more manageable parts. The AHP involves several key steps to facilitate
decision-making. The authors outline the following six

~ 361 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 359-368 ISSN 1339-5629

Smart solutions for importing automotive components from Europe to Mexico
Diana Sanchez-Partida, Manuel Romero-Julio, Jose Hugo Flores del Rio-Perez, Hector Rivera-Gomez

phases in the AHP method: 1) Define the Problem, 2) In [13], this article applies the analytical hierarchy
Determine the Criteria and Sub-Criteria, 3) Identify th@rocess (AHP) technique to analyze transshipment port
Alternatives, 4) Structure the Hierarchy, 5) Perfornselection by global carriers. It identifies primary criteria
Pairwise Comparisons, and 6) Calculate Weights and Raakd sub-criteria influencing port choice, offering a
Alternatives [10]. comprehensive understanding of carriers' decision-making
[11] employs the AHP to investigate the criterigpriorities. The study provides valuable insights into how
influencing transshipment port selection by globabort service providers can better align their offerings with
container carriers. Four primary criteria and twelve suluser preferences, enhancing ports' competitiveness and
criteria were identified through a comprehensive literatur@tracting more significant container traffic in the global
review and expert Delphi surveys. The study reveals thstiipping market.
global carriers and port service providers share similar On the other hand, the Weber problem, introduced by
views on the importance of these attributes. However, thdiffred Weber in his 1909 work on industrial location,
rankings differ, indicating potential areas for servicgeneralizes the Fermat problem by considering not just the
providers to adapt to user priorities. The findingslistances but also the weights of the points representing
underscore the significance of understanding these critedamand or supply and the costs associated with
for enhancing competitive strategies in the transshipmemansportation. When all weights are equal, and the
market, ultimately aiding in effective decision-making fodistances are Euclidean, the Weber problem reduces to the
port operators and authorities. Fermat problem. The objective is to minimize the total
Also, [12] presents an AHP model to analyze pomveighted distance to a set of points. The Weber problem is
choice in regions with multiple container portsmore focused on practical applications in economics and
emphasizing its significance in international traddogistics, particularly in determining optimal locations for
transportation. The model aims to simulate shippinfacilities based on transportation costs and the distribution
carriers' decision-making behaviors and identify thef resources [15].
importance of various factors influencing port selection. The Weber Problem in logistics and service networks
By applying the AHP model to five shipping companiesinder congestion conditions. It analyzes how the optimal
the research reveals the weight of each factor affecting pttation of a facility can maximize resource utilization and
choices. The findings are intended to assist port managersimize travel times, considering capacity constraints and
and government agencies in developing effectivdemand distribution. The findings offer an updated
operational strategies and policies to enhance pgerspective on the practical application of the Weber
competitiveness and attract more container traffic. THeroblem in optimizing modern supply chains [16].
study underscores the critical role of optimal port selection [17] This paper examines the Facility Weber Problem
in reducing transportation costs. with Setup Costs, an advanced version of the classic Weber
Many studies have applied the AHP model to identifproblem, which considers both transportation costs and the
critical criteria influencing transshipment port selection bfixed setup costs associated with opening multiple
global carriers. In [13], expert surveys reveal that criticdhcilities. The authors propose a mathematical model and
factors include handling costs, primary infrastructurdevelop solution methods that optimize facility location
conditions, and proximity to navigation routes. Theinder capacity constraints. The research demonstrates that
findings highlight the need for ports to focus on cosncluding setup costs significantly impacts the placement
reduction and infrastructure investment to enhana# facilities, leading to more realistic and cost-effective
competitiveness. Additionally, understanding carriedecisions. This approach is especially valuable for logistics
preferences and addressing perception gaps between pod supply chain management, as it helps businesses
users and operators can improve service alignment. Thesmimize total costs when establishing distribution centers,
insights provide strategic implications for enhancingvarehouses, or production sites in competitive, resource-
transshipment market strategies in a competitive globsgnsitive environments.
environment. However, in the literature, many techniques can solve
The study [14] introduces a decision support systetacation problems. [18] Explores the strategic positioning
(DSS) that utilizes the Analytic Hierarchy Process (AHPYf critical ports across Asia, Europe, and Oceania using a
to rank alternatives and support multi-criteria decisiormixed-integer linear programming model; they analyzed a
making in port selection for maritime operators. Theealistic shipping network and discovered significant hub
research emphasizes that AHP is valuable for integratipgrts, including Rotterdam and Zeebrugge in Europe,
qualitative and quantitative factors, such as port efficiencgokhna and Salalah in Western Asia, Colombo and Cochin
costs, infrastructure, and transit times. By systematically Southern Asia, and Singapore and Jakarta in
evaluating these criteria, AHP helps operators identify ti&outheastern Asia and Australihis approach allowed
most cost-effective and efficient route, which is crucial fothe authors to develop a hierarchical hub location problem
ensuring business sustainability and competitiveness in et distinguishes between different types of ports,
highly demanding maritime transportation. specifically international hub ports, regional hub ports,
main ports, and feeder ports. The model was tested through
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numerical experiments based on a realistic Asia-Europg8- M ethodology
Oceania liner shipping network to evaluate %1 AHP method

effectiveness and determine optimal port locations.  Thjs research will use the power method of Palacios of
[19] presents an exciting mixed integer programmingng7and the Saaty scale of 1994 [21].
model focused on selecting a hub port along the East Coast

of South America. The study evaluates a set of 11 ports to The criteria used in this project are:

effectively meet the regional demand for container 1 Sending costs, costs of maneuvers in the terminal,
shipping, aiming to optimize logistics and enhance depending on the incoterm, freight costs /
maritime economics. The mixed integer programming Terminal Handling Charges (THC) at Origin.
model for selecting a hub port considers several critical > Transit time.
factors, including total system costs, port costs, shippind 3 port terminal with enough capacity. Today, the
costs, traffic flows, and feeder ports. One of the benefits is Port of Hamburg is managed by the Hamburg Port
cost efficiency, which minimizes total system costs. The Authority, created in 2005 in a merger between
model helps identify the most cost-effective hub port, the various authorites that managed
lowering shipping and operational expenses for shipping responsibilities related to the port. The port
companies and port authorities. . handles an annual throughput of 126 million
Another research delves into the complexities of port tonnes and a container throughput capacity of 8.5
choice and hinterland dynamics, explicitly analyzing the million TEU, making it the largest port in the
shipment of French AOC wines to the US. By addressing country. The Port of Bremerhaven handled almost

the ‘common confusion surrounding the origins of 54.7 million tonnes of containerized cargo at over
containerized shipments, the authors propose innovative 5.4 million TEU. The Port of Bremerhaven can

solutions and introduce new variables that enhance our handle nearly 5.5 million TEU and 55 million
understanding of logistical decisions. Using a conditional tonnes of containerized cargo annually.

logit model, they reveal vital factors influencing port

selection, emphasizing the significance of inland distance. \y/ere-

Some critical benefits highlighted in the research are the ' (ostis 3 times more important than time.

improved accuracy in shipment origin identification, the ' costis 7 times more important than capacity.

enhanced understanding of port choice factors, insights ' Time is 4 times more important than capacity.
into forwarder behavior, and maritime connectivity as a

competitive advantage [20]. The respective weights were calculated after the

experts selected this list of judgments. Thus, the positive
reciprocal matrix is the following (1):

Criterion 1 Criterion 2 Criterion 3
Criterion 1 1 3 7
Criterion 2 1/3 1 4 (1)
Criterion 3 1/7 1/4 1

The alternatives were considered by three shippirfgr its correct interpretation since the maximum argument
companies that can be found in both ports. Thus, there aras not beneficial for the selection, on the contrary, we
six alternatives (2)The records of these alternatives werdooked for the minimization of the transfer times, and later
treated with the correct interpretation of the data in terntkese data were normalized. The Consistency Radius (CR)
of priorities; that is, the method looks for the maximumwas calculated, resulting in 3.7%, so the judgment matrix
argument, so the data, such as the lead time, was corredsecbnsidered unbiased.

Criterion 1 Criterion 2 Criterion 3
Alternative 1 0.163 0.250 0.111
Alternative 2 0.158 0.227 0.222
Alternative 3 0.157 0.250 0.111 2
Alternative 4 0.163 0.253 0.222
Alternative 5 0.177 0.250 0.111
Alternative 6 0.177 0.246 0.222
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The global priority for each decision alternative ighat is, they can be multiplied. Finally, a matrix of six by
summarized in the column vector resulting from thene or solution vector was obtained, in which the final
priority matrix's product with the priority vector of theweights of each one of the alternatives were to be selected
criteria; it was proven that the matrices are conformablé3).

Alternatives/Criteria Criteria Weights  Results
0.163 0.169 .690 .1664
0.158 0.153 .263 1673
0.157 0.169 0.07 0.16p2
0.163 0.171 -] 0.1756 3) (
0.177 0.169 0.1760
0.177 0.167 0.1842

3. Dimension of Convex Hull: The authors conclude
Once the results were found, the Weber methitiit Weiszfeld's algorithm converges to the unique optimal
was applied to find the best location for the CC. solution for all but a denumerable set of starting points if
the convex hull of the given points is of dimensin
3.2  Weber problem
The main objective of the Fermat-Weber location In summary, Weiszfeld's algorithm is a powerful tool
problem is to find a point i that minimizes the sum of for solving the Fermat-Weber location problem. Still, its
weighted Euclidean distances to a given seh pbints. In  effectiveness depends on the geometric arrangement of the
practical terms, these fixed points often represent locatiogyen points and the choice of starting point [22].
such as customers or demands, while the determined point
denotes the location of a new facility. The problem can be The problem was programmed in Lingo software, and
mathematically formulated by minimizing the functionthe coordinates of 42 suppliers were considered.
which reduces the sum of weighted Euclidean distances to
a given set ofm points. In practical terms, these fixedq Resyltsand discussion

points often represent locations such as customers or the AHP method is beneficial in selecting carriers-
demands, while the determined point denotes the locatigh s for several reasons: a) it can provide a systematic

of a new facility. The problem can be mathematicallysmework for breaking down complex decision-making

formulated as minimizing the function (4): processes into manageable components, allowing decision-
makers to evaluate multiple criteria and sub-criteria
Wx) = X2, w; [|x - af| (4) effectively. B) It enables identifying and quantifying the

importance weights of various factors influencing port
Wherew; is a positive weighting constant that convertghoices, such as port charges, operational efficiency, and
the distance between the new facility and demand poinhinterland economy. This helps in understanding which
into a cost, and, represents the known position of tHf  factors are most critical for shipping companies. C) It
demand point. allows for including qualitative and quantitative data,
incorporating the insights and preferences of top decision-
Weiszfeld's algorithm is an iterative method for solvingnakers from shipping companies, and enhancing the
the Fermat-Weber location problem. The algorithm igecision-making process's relevance and accuracy. D) The
based on the first-order necessary conditions for raethod facilitates direct comparisons between different
stationary point of the objective function, which leads to gorts based on the established criteria, making it easier to
mapping. The convergence of Weiszfeld's algorithm iglentify the most favorable options for carriers. E) AHP
conditional on specific criteria like: can be adapted to various contexts and accommodate
1. Non-collinearity: If the given pointay,....an areé  changes in criteria or preferences over time, making it a
not collinear, the algorithm will converge to the uniquéiexible tool for port selection.
optimal solution for all but a denumerable set of starting Applying the AHP method made it possible to see that
pointsx’. alternative six was the best for sending the products, and
2. Avoiding Fixed Points: The algorithm'sthis carrier belongs to the port of Hamburg. The worst
convergence is guaranteed as long as none of the iterateggtion for sending the products is alternative three, which
the sequence generated by the algorithm coincides with deaves from the port of Bremerhaven. With this solution,
of the fixed points. If an iterate does coincide with a fixedwe can see shipping options and select the best for the
point, the algorithm may not converge to the optimamporting company. The idea is only to choose one carrier
solution. and one port to negotiate better prices, without forgetting
that there are alternatives for any incident. In this case, the
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second option with which you can also start negotiationslidsing location-allocation models, companies can reduce

alternative five, the same as shown in Table 1. operational expenses, improve delivery times, and enhance
customer satisfaction. These models are also valuable for
Table 1 List of AHP results handling fluctuating demand, accommodating growth, and
Port Alternatives | Results mitigating risks associated with location-based disruptions.
Hamburg Alternative ¢ 0.205249 Ultimately, location-allocation models enable data-driven
Bremerhave | Alternative * 0.1973255 decision-making, leading to more resilient and cost-
Hambure Alternative ¢ 0.1971426 effective supply chain networks, especially in complex,
Bremerhave | Alternative : 0.1876568 dynamic environments where efficiency and customer
Hambure Alternative 0.1866993 satisfaction are critical for maintaining competitive
Bremerhave |[Alternative { | 0.183448 advantage.

We can see that alternative five corresponds to the port This research has many benefits for the importers and
of Bremerhaven, so we will have to view alternative four ifuPpliers, among them are:
we want to use the same port. S o _

Once the port of Hamburg was chosen as the best Strategic Insights for Importe_rs: Companies importing
choice, not so much for capacity, but for the carrier's costs @ny components can use this strategy to reduce costs
and delivery times, the Weber problem wa365egion365ded and have more planned and controlled operations.
and solved. Both ports were added, and 42 clients wete Strategic Insights for Exporters: Exporting companies
considered. The problem wa365egion365ded as a non-Of any components can use this strategy as a
linear programming problem, and the solution to locate the COmpetitive advantage to be selected as a leading
new CC was the following coordinate 50.82786, 8.981236 Supplier, since if among their services they offer to
(50°'9'40"3"N 8°'8'52"5" E) corresponding to RXHJ+4FX handle all customs procedures and send the package to
Kirchhain, Germany. In Figure 3, you can see the proposed the CC, they would reduce the amount of paperwork on
CC with the green marker. The idea of having a CC is to the part of the buyer, generating confidence in a quality
have greater control of the processes and traceability and Shipment.

negotiate costs with the parcel. 3. Market Diversification: The findings emphasize

diversifying component supply sources. By

R Rosiock recognizing the quality of the European supplier's
- B Ueck components, importers can reduce reliance on any

. 9 Ha-‘orgo single market and mitigate associated risks.

Qliwg;nna, Bramn 4. Policy Formulation: Policymakers can use the insights

/5 % from the study to develop strategies to improve the

i ~ £ automotive industry’s competitiveness in Mexico. By

nogrdam = Hannove . L. . . . h

. o P Magdg,wgo pos having a CC, it is possible to negotiate discounts with

oPaises I}g_,_Qs ° 5 the shipping company on all incoming component
LS Dortmund i packages and have reduced shipping costs. Likewise,

oAmberesl ¢ I o b Pl ; Fi3 the most convenient shipping policies can be
Bruselas I ?J . O Q Alemania established regarding shipping cost and time by having

RIS Fora cﬁ.%c 00 = Q a single port of departure.

9 7 dﬂ%«‘s T 5. Collaboration between Importing and Exporting

ZA’IL AR \ 1 Countries: The findings highlight a common interest
L“{f{f‘i“'"° orWeim Niiremberg “\ among the different suppliers of the countries analyzed.

\\---..,, msoq_ !3 SO | This collaboration can lead to joint marketing efforts

\7" ““99* 0 3 and shared strategies to lead the sector.

Estasiuood Q o)“ugs,,l,,[, 6. Cost Leadership: This strategy focuses on achieving
(YL °MS9'° cost advantages through various means, such as

. 1AEE N A = optimizing logistics and reducing waiting costs, rather

Figure 3 Results of the Consolidation Centre (CC) than relying solely on low-price supplierd. well-

) ) ] ~ planned importation strategy allows countries to
Location-allocation models are essential tools in npegotiate better prices and terms with suppliers. By
logistics and supply chain  management, helping ynderstanding market dynamics and demand trends,
organizations optimize the placement of facilites and jmporters can make informed decisions that help
allocation of resources to meet demand efficiently. These control costs and improve profitability.
models consider transportation costs, customer proximity, Systainability Considerations: An importation strategy

and service levels, ensuring facilities are strategically can incorporate sustainability goals, such as sourcing
positioned to minimize costs and improve service quality.
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from environmentally responsible suppliers or reducingptimizing FCL (Full Container Load) and LCL (Less
the carbon footprint associated with transportation. Container Load) operations to achieve cost leadership and
8. Strategic Port Development: Identifying key hub portensure flexibility in shipping schedules.
can inform the important strategic decisions regarding
port development and investment for the government. The practical implications of this work extend beyond
Shipping companies and port authorities can focus aost reduction; the proposed strategy supports long-term
enhancing infrastructure and services at these critidalisiness planning by fostering resilient and sustainable
locations to serve global trade better. logistics operations. By consolidating cargo from multiple
9. Feeder Allocation: The study highlights the importanceuppliers into a single shipment, importers can leverage
of feeder ports. It can optimize the flow of containereconomies of scale, reduce handling errors, and enhance
from smaller suppliers, improving overall networkproduct quality assurance. This approach improves
efficiency and reducing transit times. efficiency and contributes to environmental sustainability
10.Improved Decision-Making: The proposal provides d@y optimizing transport routes and reducing the carbon
structured approach to decision-making, allowing pofbotprint associated with fragmented shipments.
managers and policymakers to make informed choices
based on quantitative data and analysis. It can lead to Furthermore, the research highlights the strategic value
more strategic investments and resource allocation. of collaboration between importers, suppliers, and
11.Enhanced Service Quality: By focusing on port andhipping companies. Establishing strong partnerships and
shipping costs, the model encourages ports to improaéigning logistics processes can improve service levels,
their service offerings, enhancing customer satisfactigredictable lead times, and better negotiation power
and attracting more shipping lines. regarding freight rates and port fees.
12.Regional Economic Growth: The proposal can improve
regional economic development by optimizing logistics From a policy perspective, the study offers insights that
and enhancing container transportation efficiencygan inform government authorities and port operators in
Improved port operations can facilitate trade, creatdeveloping infrastructure and policies that support import
jobs, and stimulate local economies. efficiency, particularly in sectors with complex supply
13.Improved Accuracy in Shipment Origin Identification:chains like the automotive industry. Strengthening port
The proposal recognizes shipment origins and allovesapabilities and promoting consolidation services can
for a more accurate estimation of where and whesnhance the competitiveness of logistics hubs and attract
goods are actually coming from, rather than relyinghore international trade.
solely on the addresses provided in shipping
documents. It can lead to better logistical planning and In  summary, improving importation efficiency is

decision-making. essential for reducing costs, ensuring timely delivery,
maintaining quality, complying with customs regulations,
5 Conclusions and increasing market responsiveness. These factors

This research presents a robust methodology fépllectively enhance a company’'s competitiveness and
optimizing the importation of automotive componentslong-term success in the global marketplace.
focusing on port selection and the strategic location of a
consolidation center (CC). The proposed approach, whiéh Futureresearch
integrates the Analytic Hierarchy Process (AHP) and the While this study focuses on automotive components,
Weber Location Problem (WLP), demonstrates itthe proposed methodology can be extended to other
applicability not only to the automotive industry in Mexicoindustries with complex supply chains, such as electronics,
but also to import operations in other countries and sectopharmaceuticals, or consumer goods. Future research
The methodology can be adapted to different geographicaduld explore the adaptation of this approach to different
and market contexts, such as China or other regions wiitoduct categories and regions, as well as the integration of
diverse suppliers, by adjusting the input data and criteriigital technologies like blockchain, 0T, and real-time
according to local conditions. tracking systems to enhance traceability and operational
control further. Additionally, investigating the impact of
The findings underline the critical role of selecting artrade policies, port congestion, and geopolitical factors on
optimal port and establishing a consolidation center fwort selection and consolidation strategies could provide
improve traceability, reduce transportation costs, andluable insights for supply chain resilience.
enhance delivery times. These elements collectively
contribute to greater supply chain visibility and operationacknowledgment
control, enabling companies to mitigate risks associatédhank CONAHCYT and now SECIHTI for granting me
with supply disruptions and minimize product lossethe scholarship, tuition 19100341 CVU 736373.
during transit. The study also emphasizes the importance
of negotiating long-term contracts with carriers and
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Abstract: In the conditions of the rapid development of technologies, digital marketing in logistics undergoes significant
changes. The article examines how innovative technologies - such as artificial intelligence (Al), blockchain, the Internet
of Things (loT), and automation - are transforming traditional approaches to logistics, providing improved customer
interaction, supply chain optimization, and increased transparency of operations. The main goal of the research is to
analyze the influence of new technologies on marketing and logistics processes, as well as to identify relevant strategies
for increasing the efficiency and competitiveness of companies. The research methodology includes the use of data
analysis, statistical models and examples from the practice of leading global companies. The main tasks of the article are
to reveal how digital marketing contributes to the improvement of the customer experience and how technologies allow
companies to adapt to modern market conditions. The main results made it possible to substantiate that the implementation
of Al allows to improve the personalization of offers and increase the accuracy of demand forecasts, while the blockchain
contributes to increasing trust and transparency in supply chains. loT allows companies to track goods in real time, and
automation reduces costs and speeds up order processing. On the basis of the obtained results, it is proved that the
digitalization of marketing and logistics processes of modern companies contributes to the strengthening of positions on
the market and creates a basis for sustainable growth in the conditions of a rapidly changing economic environment.

1 Introduction thereby predicting demand, personalizing customer
Digital transformation has affected almost all areas dfteractions, and optimizing marketing campaigns and
busness, and logistics and marketing are no exceptioow or management of information. Blockchain
Traditional logistics strategies and marketing approacht&chnologies provide transparency and reliability of data at
are no longer able to effectively meet the new demands&fery stage of the supply chain, which increases customer
the global market. With the rapid growth of e-commercdrust and reduces operational risks. loT devices allow us to
increased  customer expectations and increasi#i@Ck goods in real time, which improves inventory
competition, digital marketing in logistics is becomingnanagement and minimizes Ioss_es. Secure an_d verifiable
critical. The introduction of advanced technologies such &éita also strengthens the reputation of companies that can
artificial intelligence (Al), the Internet of Things (IoT), demonstrate their responsibility to consumers and partners.
blockchain and automation are changing the rules of the This study aims to identify the most effective digital
game, turning marketing and logistics into integrategtrategies that companies can use to improve customer
processes aimed at increasing the speed, efficiency dhigractions and increase the productivity of logistics
transparency of supply chains. The development @fOCesses. _The relevance of the study is due to the need to
technology and digitalization have led to significandapt logistics and marketing to the new challenges of the
changes in the structure of supply chains, which nodjgital economy. In the context of globalization, increasing
actively include marketing elements aimed at improvingPeed of change and the development of electronic
the customer experience. In the digital era, customers m¥gtforms, companies that do not implement technologies
only expect fast and safe delivery, but also personaliz&igk losing competitiveness. Thus, the study of digital
offers, availability of information about each stage of th&arketing in logistics has significant practical significance,
product’'s movement, as well as confidence in the securfdglPing businesses navigate the changing economic
of their data. Therefore, studying how digital marketing i§nvironment and use digital opportunities for sustainable
logistics is transforming business processes becon@®wth. To achieve the goals and objectives of the study,
necessary for creating more flexible and sustainabf@ecific examples of companies that have successfully
strategies. In a world where business competitivenessifiéegrated digital technologies into their logistics and
increasingly determined by the speed and quality @parketing processes are supstantiated. It is expected that
service, this study offers valuable recommendations féfe results of the study will be useful not only for
companies seeking to adapt to the new reality. The benefi@mpanies that already use digital tools, but also for those
that company receive from implementing digitawho are just planning to implement innovations and
technologies are varied and extensive. The use of artificfgchnologies in their business processes.
intelligence allows us to process huge amounts of data,
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1.1 Theory of digital marketing in logistics: investments and can cause difficulties in change
argumentation of the features and specifics management. The shortage of skilled workers and
of theinteraction of strategic management cybersecurity issues are also significant challenges that

Research on the integration of digital technologies iffuire a careful approach to strategic management. In
logistics and marketing demonstrates that technologid@day's environment, companies need to develop digital
innovations open up new opportunities to improvgwarketmg strategies in logistics ba_sed on the
customer engagement, increase supply chain efficiendyiPlementation of advanced technologies to ensure
and create competitive advantages. Current wofiffective customer engagement and adapt to market
highlights key aspects of technologies such as artificigh@nges. To successfully implement technologies,
intelligence (Al), the Internet of Things (IoT), blockchaincOmpanies must consider both the benefits and potential
and automation, and their impact on logistics anghallenges associated with digital transformation. The
marketing. Digital marketing plays a key role in moderﬁewew.sho.ws that_ further research in the f_|eld of d|g|_tal
logistics, helping to improve the interaction between garketing in logistics shpuld focus on creating accesglble
company and its customers, as well as to increa@@d adaptable technologies that can support the sustainable
operational efficiency. Several studies, such as [1] and [#lévelopment of companies in the long term. _
highlight the importance of digital technologies in Conpe_ptually, it should be noted that digital marketmg
empowering logistics companies, improving customeand logistics research shows that new technologies such as
service, and optimizing supply chains. Digital marketing'tificial intelligence (Al), the Internet of Things (loT),
tools, including data analytics, automation, artificiaPlockchain and big data are significant game changers in
intelligence (Al), and the Internet of Things (loT), he|pboth !oglst|cs and marketing. However, a critical analysis
companies respond more quickly to changing customef existing works reveals several important aspects that
needs and manage operations efficiently [3]. require further improvement and more in-depth research.

It is worth noting that digital technologies have als§urrent research in digital marketing and logistics
changed the approach to managing the interaction betw&hfirms the importance of implementing innovative
marketing and logistics. The integration of technologi¢§chnologies to improve the efficiency of business
such as loT and blockchain allows companies to off@ocesses. However, despite numerous achievements in
customers more transparent and personalized servicestgse areas, there is a significant gap in the scientific
well as manage their expectations [4]. The study by [§jerature regarding the full integration of these
shows that 10T in logistics helps track goods and imprové@chnologies into logistics and marketing strategies.
supply chain transparency. Thus, the integration of digitdccording to research [8], the use of Al and big data
tools and data from logistics into marketing allows fofnalytics has high potential to create a personalized
better customer service at every stage of the purchasfigPerience for customers, but so far not all companies have
process, which increases their loyalty. Strategif?al'zed these opportunities in practice. In turn, [7] notes
management of digital marketing in logistics is becominf!@t many companies face challenges in implementing
an important factor for sustainable business growth. Due #gital solutions, such as the high cost of technology and a
the growing importance of digital technologies and dat#ck of qualified personnel. Although the implementation
companies must build strategic management based on d&fd€chnologies such as IoT and blockchain do contribute
Works such as [6] emphasize the need for a stratedft Improving transparency and accuracy in logistics, as
approach to the implementation of digital solutions, whichl@imed by [10], in practice these solutions require a high
allows companies to improve demand forecasting angvel of integration w]th existing business processes. This
optimize logistics processes. These studies highlight tRe2Y be associated with additional complexities, such as the
need for companies to adapt their strategy to nelged to revise management strategies and organizational
technologies in order to remain competitive in the marketiructure. Therefore, more in-depth research is needed to
The use of Al and big data in digital marketing improve@”alyze different models of technology |mplementat.|on in
forecasting accuracy, which significantly reduces storage€ompany, as well as to create clear recommendations for
and transportation costs, and improves customer servib&!’ effective use. In addition, insufficient attention is paid
[7]. In turn, this allows companies to create personalizd@ Studies aimed at analysing the impact of new
offers and respond to changes in demand in a timé@chnologles on the interaction between logistics and
manner, which is especially important in unstablgarketing departments. As noted by [1], successful
conditions. Systematization of data within the supply chafftégration of these technologies requires synergy between
allows companies to provide customers with accurafiifferent departments. It is important to note that the
information about the status of their orders in real time [g}iérature review found contradictions in the studies
While the benefits of applying digital marketing in logisticd €9arding the application of Al in marketing and logistics,
are obvious, such as improving customer experience, ¢ more work is needed to understand how these
optimization, and increasing data accuracy, there are af§§hnologies can work in tandem to improve the overall
some challenges. For example, studies by [9] and [10] ndtéSiness process. Many studies confirm the effectiveness
that digital transformation requires significant financiaPf digital technologies in isolation, but there is a lack of
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work that would examine their integration at the business —  Blockchain in logistics and marketing.
level. Particular attention should be paid to the synerdlockchain will provide security, transparency and trust in
models between marketing and logistics, as well as thgyistics. It allows for lower transaction costs, improved
need for strategic management of technologgroduct tracking and fewer errors. However, its
implementation. Critical need to rethink strategiedmplementation is associated with high technological
Technologies such as Al and blockchain are indedshrriers and the need for standardization at a global level
changing the landscape in both logistics and marketing, fa#].

companies must be prepared for significant internal In stating the main results of the presented research, the
changes before these technologies can deliver real valfilowing advantages and disadvantages should be
Existing research does not sufficiently take into account tiéghlighted:

challenges that companies face when implementing digital -  Increased efficiency. Current research shows that
solutions. Therefore, there is a need to further explotechnology can significantly improve business processes in
methods for evaluating the effectiveness and profitabilityarketing and logistics, increasing their efficiency and

of these implementations in a practical context. reducing costs.
— Adaptation to change. The introduction of new
1.2 Theoretical aspects of assessing the impact technologies allows companies to respond more flexibly to
of technology on changing the management ~ market changes and customer needs, making them more
of digital marketing and logistics competitive.
Digitalization in marketing and logistics is crucial for - High implementation costs. Many studies

the growth and efficiency of modern companies. Moderhighlight that the implementation of technologies such as
technologies such as artificial intelligence (Al), théAl or blockchain requires significant investment, which
Internet of Things (IoT), big data, blockchain and machinean be a challenge for small and medium-sized enterprises.
learning are actively used to improve all stages of customer —  Complexity of integration. The challenges of
interaction and optimize logistics processes. With thegetegrating new technologies into existing business models
technologies, organizations can increase efficiencyggmain relevant, especially for companies using legacy
decision-making accuracy and improve service qualitgystems.

However, there are a number of theoretical aspects relatedOngoing changes in the technology landscape require
to their implementation and impact on overall businedsusinesses to constantly adapt and improve their processes.
strategies. Arguing attention to theoretical aspects ahula globalized and increasingly competitive environment,
scientific approaches in the field of determining the impacompanies must be prepared for innovations that can
of technologies on the digital marketing and logistics dfignificantly improve their productivity and efficiency.
companies, it is necessary to note the following directionhe need for research on the implementation of new

- Artificial Intelligence in Marketing and Logistics. technologies is due to their importance for ensuring long-
The use of Al in marketing allows companies to creat@rm success and sustainability in a rapidly changing
personalized offers for customers, predict needs, amarld. Undoubtedly, technologies such as Al, blockchain
optimize advertising campaigns. Al in logistics helpsind big data play a key role in changing the management
improve demand forecasting processes, automasé digital marketing and logistics of modern companies.
inventory management, and optimize delivery routes. THespite the high costs of implementation, they provide
impact of Al on digital marketing and logistics is estimatedignificant benefits in the form of increased operational
through increased forecast accuracy, improved custonedficiency, improved customer experience and data
experience, and reduced costs [11]. security.

- Big Data and Analytics. The use of big data in However, companies must be prepared for the
marketing and logistics helps organizations collect ardifficulties associated with the integration of technologies
analyze information about customer behaviour an@nd the adaptation of existing business processes.
production processes. With the help of analytics, it igontinued research in this area is necessary to identify
possible to accurately predict consumer behaviour amgtimal strategies for the implementation of technologies
optimize the supply of goods. However, the critical poirdnd increase their availability to a wide range of
is the processing and protection of data, which requirédmpanies.
significant resources and knowledge [12].

- Internet of Things (loT). loT is used to track2 Methodology
goods, monitor transport in real time, and automa®l Peer review process
processes. The benefits of the technology include The penetration of technology into marketing and
improved supply chain visibility, minimized human|ogistics is having a profound impact on the way we do
intervention, and increased efficiency. However, thgusiness, improving efficiency and speeding up processes.
implementation of loT requires a high degree of integratiophis phenomenon is happening thanks to the introduction
with existing systems [13]. of new technologies such as artificial intelligence (Al),
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blockchain, the Internet of Things (I0T), big data and clouishiformed decisions, anticipate potential changes, and adapt
technologies. Based on the above, it should be noted thiagir strategies to remain competitive in a rapidly changing
assessing the impact of technology on digital marketingarketplace. This not only reduces risks and improves
and logistics and changing the rules of the game in theisiness processes, but also increases customer satisfaction
global market is an important tool for companies lookingy streamlining operations and improving their interaction

to improve their processes and adapt to a rapidly changwgh the brand. To assess the impact of technologies on
environment. Let's look at some reasons why this digital marketing and logistics, real data from world-class
necessary: companies in the field of digital marketing and logistics

- Optimization of business processes: Technologigigll be taken as a basis, using the principal component
such as artificial intelligence, blockchain and the Intern@nalysis (PCA). Principal Component Analysis (PCA) is a
of Things (IoT) have the potential to significantly improvestatistical technique used to reduce the dimensionality of
processes in marketing and logistics, including suppljata and identify the main factors that explain the most
chain management, personalization of offers and real-tirwariation in a data set. It is a powerful tool for analyzing
product monitoring. Assessing their impact helpthe relationship between multiple variables and can be used
companies determine how to optimize processes, reduoeassess the impact of technology on digital marketing and
costs and increase productivity. logistics [15-16].

- Prediction of future changes: Assessing the PCA reduces a large number of correlated variables to
impact of technology allows you to not only understang smaller number of independent variables called principal
current changes but also make predictions for the futu@mponents. Each principal component is a linear
Forecasting allows companies to adapt their marketing ag@mbination of the original variables and explains part of
logistics strategies in advance, which is critical for theiihe total variance in the data. The main goal of this method
sustainability in a competitive market. is to reduce the dimensionality of the data while preserving

- Risk  Management: Implementing  newas much information as possible. This is especially useful
technologies always comes with risks. These may includéen you need to analyze complex relationships in the
technical difficulties, high initial investments, problemsfata, such as in digital marketing and logistics, where many
with employee training, or even possible legal issuefictors can interact with each other. The principal
Assessing the impact of technology helps identify suctPmponent analysis includes the following key steps:
risks and develop strategies to minimize them. o

- Competitive Advantage: Assessing the impact of 1) Data standardization (1):
technology on marketing and logistics helps companies
respond faster to changes in the industry. Technologies 7=t ()
such as automation and machine learning can provide a 7
competitive advantage to a company by speeding Where:X -is the original datay - is the mean, and is the
decision-making and improving customer interactiongtandard deviation.

Companies that do not conduct such assessments risk
falling behind more technologically advanced competitors. )  calculating the covariance matrixc  for

- Innovation and Customer Experiencestandardized data (2):
Improvements: Technology affects not only internal
processes but also customer interactions. Assessing its
impact helps identify which innovations will improve
customer experience.

_ 1 vt
C_n—1XX (2)

- Reduced Costs and Increased Efficiency: 3). Finding thg eigenvalues_and eigenvector; OT the
variance matrix. The eigenvectors (principal

Implementing new technologies, such as automatét . oI .
logistics processes and personalized marketing, Z%ﬂmpor)ents) determine the directions of maximum data
spersion.

significantly reduce operating costs and increa
efficiency. Impact assessments help identify which . . :
technologies are best suited for specific business goals, .4) _ Formation .Of the transformfathn matrix and
ensuring the highest return on investment. prqjectlon of the initial data onto the principal components
-  Strategic Planning: Assessing the impact of ne\gx?)'
technologies helps organizations make more informed
decisions when planning strategically. Understanding

which technologies are best suited to meet company goal

allows resources to be focused on areas that will have mgerfe,w 'd'z the matrix of eigenvectors and Z is the
greatest impact. transformed data.

Assessing the impact of technology on digital

marketing and logistics enables companies to make more It is important to note that in qrder to a”a'yze.‘”?m.d
evaluate the impact of technologies such as artificial

Z=X*W 3)
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intelligence, blockchain, 10T and big data on digitakfficiency. Digital marketing in logistics is a direction that
marketing and logistics, it is important to consider manfocuses on the use of digital technologies to improve
factors, including economic, technological and operationalistomer interactions, optimize supply chains, and
aspects. Principal component analysis (PCA) is a powerftrengthen the brand. It combines marketing methods and
tool for data analysis in digital marketing and logisticsools with technological solutions in logistics, allowing
allowing to identify key factors that influence efficiencycompanies to adapt to rapidly changing market demands
and process optimization. Using PCA enables companiasd ensure high levels of customer satisfaction.

to adapt their strategies, increase the efficiency of supply The theory of digital marketing in logistics is based on
chains and improve marketing results. However, for thte integration of modern technologies into logistics
accuracy of the analysis, it is important to consider thgrocesses to improve their efficiency, speed and customer
possible limitations of the method, such as linearity armghtisfaction. The combination of digital marketing and

complexity of interpretation. logistics allows companies to optimize the delivery of
goods, improve supply chain management, and provide
3 Results and discussion customers with a personalized experience. Based on the

Digitalizaton and the introduction of advanced®bove, it should be argued that intensive digitalization and

technologies are radically changing the landscape @fobalization processes are key triggers that significantly
logistics and marketing. In the context of globalization anghange the current rules of the game in the marketing and
rising customer expectations, companies in the logistié@gistics market worldwide. Together, they not only
sector are looking to adopt innovative approaches fnsform the processes themselves, but also provide new
improve efficiency, meet customer needs and remalisiness opportunities, allowing companies to create more
competitive. The issues of implementing digital marketingfficient, flexible and adaptive systems of interaction with
in logistics and flow or management of information aréustomers, as well as optimize their operations.
becoming central, as traditional models no longer providéndoubtedly, the emergence of new technologies and their
the required level of flexibility and efficiency. Digital Penetration into the marketing and logistics management
marketing in logistics is becoming one of the key aspectystems of companies play an important role and require a
of strategic management today, allowing companies §rious approach to management and operational
adapt to rapidly changing market conditions and strength@aplication. Given the active penetration of technologies
their competitiveness. The interaction of marketing an@to digital marketing and logistics of companies, it is
logistics occurs through the integration of digitanecessary to consider the periodization of the development
technologies that optimize supply chain managemer@f technologies and their penetration into the marketing

improve customer experience and increase operatior@é]gllogiStiCS system of companies, which are presented in
Table 1.

Table 1 Periodization of the devel opment and penetration of technol ogiesinto the marketing and | ogistics of companies
STAGE PECULIARITIES OF PENETRATION INTO THE MARKETING AND LOGISTICS SYSTEM
OF COMPANIES
Initially, logistics and marketing were completely autonomous and solved their own problen
minimal automation of processes. Logistics was mainly responsible for storing and tran
PRE-DIGITAL ERA products, and marketing was responsible for promotion and sales using traditional method
materials, television, radio). Logistics and marketing rarely intedadirectly, which led to da
fragmentation and limited opportunities for coordina
With the advent of information systems, automation began in logistics and marketing. E
AUTOMATION AND EARLY |supply chain management systems (SCM) made it possible to track product flows, optimiz
DIGITALIZATION and improve accuracy and efficiency. In parallel, marketing begaise databases for custol
(1980-1990) segmentation, which contributed to the growth of targeted marketing. The interaction of logig
marketing remained limited, but some processes began to int
The introduction of the Internet has changed both marketing and logistics, giving rise to n
such as CRM systems, onlipkatforms, and marketplaces. Segmentation has become more

THE INTERNET AND E-

COI(\gIE)/I(I)EOI;CE and personalization has emerged. Logistics has become integrated with marketing to sery
orders, which has created unified information flows and the need for data coorc
THE ERA OF BIG DATA, [The emergence of big data, analytics, and artificial intelligence has led to the creation
ANALYTICS, AND strategies for marketing and logistics. Logistics began to forecast demand and optimize roy
ARTIFICIAL INTELLIGENCE |analytics, and marketing began to use consumer behaeticion. The synergy between logis
(2010 and marketing has increased thanks to omnichannel approaches -time data manageme

Modern technologiesontinue to transform marketing and logistics. Internet of Things
CURRENT TRENDS technologlgs help trac.k goods, warehouses,. gr)d transportation. Blockchain provides transy
supply chains, promoting customer trust. Artificial intelligence helps to foreaasirdieand mana
(2020) : . L > :
personalized marketing. Sustainability has also become a priority, increasing the dem
transparency and environmental friendliness in logistics process-18].
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Clearly, modern technologies and their penetration intechnologies requires significant effort, investment and
the digital marketing and logistics management systemsadmpetent risk management. Given that technologies
companies significantly transform their business processesntinue to evolve rapidly, companies must be prepared for
at the global level. The penetration of technologies intwonstant change and adaptation in a dynamic market.
marketing and logistics opens up new horizons fdfeatures of technology penetration and their specificity in
companies, providing opportunities to increase efficiencgigital marketing and logistics of modern companies are

optimize processes and improve customer experiena@nsolidated and presented by the author in Table 2.
However, the successful implementation and use of these

Table 2 Consolidation of features and specificity of technology penetration in digital marketing and logistics of modern companies

TECHNOLOGIES

TECHNOLOGY PENETRATION

DIGITAL MARKETING

LOGISTICS

ARTIFICIAL
INTELLIGENCE (Al)
AND MACHINE
LEARNING (ML)

Artificial intelligence helps analyze custom
behavior data, automate personalized adverti

campaigns, and improve the accuracy of demfanthnage inventory. Al algorithms help improye

forecasting. For example, machine learn
algorithms can recommend products based
individual user preferences or
optimize marketing campaigns across platfor
which reduces costs and increases conve

ein logistics, Al and ML are used to optimize
sidglivery routes, predict arrival times, apd

ngarehousing, reduce order processing times,|and
oaduce operating costs. This is especially usgful

automaticglljor large companies with extensive supply

mehains, where automation and precise plan
provide a competitive advanta

ing

INTERNET OF
THINGS (IOT)

10T technologies allow the collection and analysis

06T is actively used to track goods in real time,

data from smart devices and sensors that consumerprove warehouse management and corjtrol

carry. This gives marketers information about h
when, and where products are used, allowing t

to better tailor marketing strategies to customémcation and condition of goods, which [is

needs.

viransportation conditions. With the help of smart
negansors and tags, loT allows you to track the

especially important for perishable or high-value
goods. This helps to minimize losses, redyce
risks and increase customer satisfac

BIG DATA AND
ANALYTICS

Big data allows marketing departments to analyzdm logistics, big data helps analyze histori¢al
huge amount of information about customers and tHata, forecast demand and optimize the supply

market. Customer segmentation,
analytics and real-time behavior analysis are

predictivehain. This allows companies to better plan their

atbsources, prevent shortages and manage fisks

made possible by big data technologies, which alloagsociated with changes in demand and supply

companieto make more informed decisio

in the market [19

BLOCKCHAIN

Blockchain technologies help build consumer truét logistics, blockchain is used to track and

as they provide transparency and data protec

For example, blockchain is used to verify th&@his is important for companies with global

authenticity of goods, especially in areas such
fashion and pharmaceuticals, where customers
to be sure of the quality and origin of products.

igmmotect data on the origin and routes of goqds.

aspply chains, as the technology helps imprpve
wansparency, reduce the number |of
intermediaries and speed up the document
management proce

AUTOMATION AND
ROBOTICS

Automation helps marketers speed up proce
such as advertising campaigns, collecting

analyzing data, communicating with custom
through chatbots. Robotics of marketing operati

allows you to quickly respond to customer requestsutine tasks such as packing, sorting

and increase engagement.

sslstomation of warehouse processes, using
amdbots and automated storage systems,
prsignificantly speeds up order processing and
omeduces personnel costs. Robots can perform
and
transporting goods within the warehouse, freging
up employees for more complex tasks.

CLOUD AND SAAS

Cloud platforms allow you to manage marketi
campaigns and interact with customers fr

anywhere in the world, providing access to data all participants in the process - from suppliers

ngloud technologies in logistics are used|to
pmanage supply chains and interactions between
to

real time. This is especially important for companiedistributors. This helps reduce IT infrastructire

with international operations, where a sin

yleosts, improve process flexibility and quickly

database and centralized management help maintaspond to changes in supply conditions [20]
brand and marketing mese consistenc F

In considering the presented strategic goals, it shouldduce costs, but also a necessity to maintain
be noted that the implementation of technologies icompetitiveness in the global market. Technologies open
marketing and logistics and flow or management afp new opportunities for personalizing services, improving
information is not only a way to increase efficiency antbgistics processes and increasing business flexibility in a

~ 374 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 369-380 ISSN 1339-5629

Digital marketing in logistics: how new technologies change the rules of the game
Ayed Moh’d Al Muala

dynamically changing external environment. However, thiechnologies into the digital marketing and logistics system
implementation of these technologies requires serioesisures the implementation of a number of strategic goals,
investments, a well-thought-out strategy and readinesswhich are presented in Figure 1.

quickly respond to new challenges. The penetration of

Risk
management
and security
enhancement

Improving Personalizatiog Increasing

efficiency and and improving busness Reduce costs

and increase
profitability

optimizing customer flexibility and
processes experience adaptability

Figure 1 Strategic goals, the implementation of which in digital marketing and logistics depends on technol ogies

Technology enables marketers and supply chastrategic resource for a company, and the integration of
management to increase efficiency, reduce costs, improeehnologies requires constant updating of strategies and
customer interactions, and minimize risks. However, iwdaptation to new market conditions. Based on this, it is
implementation is associated with a number of challenges)nceptually necessary to formalize the advantages and
such as the need to scale and adapt to business nedidgdvantages of technology penetration into digital
maintain data security, and train qualified personnemarketing and logistics, thereby changing the rules of the
Clearly, the penetration of technology into marketing angame in global markets, which are presented in Table 3.
logistics leads to the fact that data becomes the main

Table 3 Formalization of the advantages and disadvantages of technol ogy penetration into digital marketing and logistics, which
affect the change in the rules of the gamein global markets

TECHNOLOGY CHARACTERISTICS OF TECHNOLOGY PENETRATION IN MARKETING AND
PENETRATION LOGISTICE
ADVANTAGES
COST REDUCTIOr! Automation and optimization of processes can significantly reduce operatin
INCREASE IN SPEED AND | Technologies speed up processes in logistics, allowing for faster delivery of goods,|and in
ACCURACY marketing- more accurate targeting of the audie
IMPROVED CUSTOMER Personalized offers and improved service with the help of technologies increase customer
EXPERIENCE satisfactior T
INCREASED The use of modern technologies helps companies stay on the cutting edge of development and
COMPETITIVENES offer more efficient and innovative solutic
TRANSPARENCY AND Technologies such as blockchain increase the level of trust and security in supply chains and
SECURITY data management [2
DISADVANTAGES

HIGH INITIAL INVESTMENT Implementln.g.new technologies requires significant capital investment in hardware, software,
and staff training

CYBER THREATS AND DATA | With the increase in digital solutions comes the risk of data leaks and attacks on systems,

SECURITY which can lead to a loss of trust with customers and partners.
DEPENDENCY ON Complete reliance on automated systems can lead to serious disruptions in the event of
TECHNOLOGY technical problems or failure

Effective use of technology requires highly skilled personnel, which can be a challenge for
some companies, especially in the context of IT talent sho.
Integrating new technologies with existing systems can be complex and expensive, eqpecially
in larger organizations with legacy infrastructures [22].

NEED FOR SKILLED LABOR

INTEGRATION CHALLENGES

The use of technology in digital marketing and supplgfficiency of companies. The structuring of key risks
chain management offers enormous opportunities t@used by the penetration of new technologies into digital
optimize processes, improve customer experience, amdrketing and logistics, which radically changes the rules
increase competitiveness [23]. However, each technolognd conditions of the game in the global market for modern
also carries risks that can affect the safety, reputation, acmmpanies, is presented in Figure 2.

~ 375~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 369-380 ISSN 1339-5629

Digital marketing in logistics: how new technologies change the rules of the game
Ayed Moh’d Al Muala

Risks of data
loss and
unreliable

analytics

Personalizatio
and improving
customer
experience

Risks of
automation an
loss of control

Difficulties in
staff adaptatiof
and training

Cybersecurity
and data
privacy risks

Risks of
technological
obsolescence

Ethical and
legal risks

Figure 2 Sructuring of key risks caused by the penetration of new technol ogies into digital marketing and logistics, which radically
changes the rules and conditions of the game in the global market for modern companies

The risks associated with the penetration of technologyhile minimizing potential threats to their reputation,
into marketing and logistics are becoming increasingustainability, and competitiveness. Conceiving the
significant as companies seek to integrate digital solutiopgesented, it should be noted that there is a global and
to improve efficiency and customer engagement. At thatensive digitalization of the modern economy, which is
same time, significant challenges arise related to dataused by the penetration of new technologies into all
security, dependence on digital platforms and other fact@actors of companies' activities and the transformation of
that can affect the stability and sustainability of théhe rules of the game in the markets. Based on this, it is
business [24-25]. The risks associated with theecessary to determine the main indicators of development
implementation of technologies in marketing and logisticgsends and dynamics of technology penetration into digital
must be taken into account in strategic planning. Marketing and logistics of companies, which are presented
systematic approach to risk assessment and managenierftigure 3.
will help companies maximize the benefits of digitalization
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Figure 3 Main development trends and dynamics of technology penetration into digital marketing and logistics of companies, which
radically change the rules of the game in the market

It is definitely worth noting that the use of Al in advanced technology adoption indicate that companies are
marketing and logistics is growing by 8-9% annuallylooking to integrate digital solutions to improve service
indicating its significant impact on the processes dfuality and increase operational efficiency in marketing
analysis and personalization. Automation is growing fastand logistics.
in logistics than in marketing, especially in warehouse and In arguing the presented, it should be noted that in order
transportation management. The growth in 2023 was abaatidentify all hidden dependencies and trends in the data,
7% compared to the previous year. In logistics, 10T iBighlighting the main factors and components that have the
actively used for real-time monitoring and supply chaigreatestimpact on processes in marketing and logistics and
management. In marketing, this technology is used thange the key rules of the game in the markets, it is
analyze customer data. Despite the low growth rateecessary to implement the Principal Component Analysis
blockchain is finding application in logistics to ensurdPCA) method. To assess the impact of technologies on
supply chain transparency. In marketing, its use wigital marketing and logistics of modern companies using
associated with data protection and transaction securitie principal component analysis (PCA) method, it is
Big Data and machine learning (ML) are technologies thaecessary to complete several key steps:
provide deep analytics of customer data, helping - Formulation of the problem and selection of
companies predict demand and improve the accuracy vriables. Determination of how technologies (automation,
personalized marketing [25-27]. Growing rates ofise of Al) affect key business indicators of modern
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companies in the digital marketing and logistics system. —  Project data onto principal components. Data is
The variables used are technology implementation metriggrojected onto new axes (principal components) using
degree of automation, use of Al. Logistics indicatoranatrix multiplication.
delivery time, data processing speed. Business results:—  Analysis of results. Proportions of explained
revenue growth, customer satisfaction. variance: determine how important each component is.
— Collection of data on key metrics from realProjection values: allow you to compare companies with
companies through open sources (annual reports, studigis impact of technology.
Checking data for gaps, anomalies, as well as their — Conclusions and recommendations. Which
normalization. Technological indicators: automation, usgchnologies have the greatest impact on company results.
of Al, implementation of IoT. Market: market share,where companies are losing efficiency. How key
revenue growth. Logistics: order processing speefhdicators can be improved using technology [26-27].
delivery time. Clearly, the use of the PCA methodology allows us to
- Data Standardization. Before conducting PCAidentify which technological factors (automation, Al,
the data is standardized so that each variable has the s&mekchain, and others) have the most significant impact
impact on the result. Build a covariance matrix. Then the rules of the game in the digital marketing and
covariance matrix shows the relationship betweelngistics market. To substantiate the role and sorption of
variables. the influence of technologies on changes in the rules of the
— Calculate eigenvalues and eigenvectorgame in the digital marketing and logistics management
Eigenvalues show the proportion of variance explained lmgarkets [28], the following initial data were determined,
each principal component. Eigenvectors determine thesing the example of world-class companies, which are
direction of the principal components. presented in Table 4.

Table 4 Sructuring of initial data for assessing theimpact of technol ogies on changes in the rules of the game in the digital

marketing and | ogistics market of modern companies

AUTOMATION PROCESSING Al USAGE DELIVERY REVENUE
COMPANY (%) SPEED (MIN (SCORE TIME (HOURS GROWTH (%
AMAZON 95.0C 45.0C 9.0C 2.1C 22.0C
WALMART 85.00 60.00 8.00 3.20 15.00
ALIBABA 90.0C 50.0C 10.0C 2.5C 20.0C
FEDEX 80.0C 70.0C 7.0C 3.8C 12.0C
DHL 88.0C 55.0C 8.0C 3.0C 18.0C

Standardization of data for assessing the impact digital

marketing and

logistics market of modern

technologies on changing the rules of the game in tike@mpanies is presented in Table 5.

Table 5 Sandardization of data for assessing the impact of technologies on changing the rules of the game in the digital marketing

and logi stics market of modern companies

z Z (PROCESSING Z (DELIVERY Z (REVENUE
COMPANY | AUTOMATION) SPEED) ZIJEE O ) TIME) GROWTH)
AMAZON 1.48 -1.2€ 0.5¢ -1.4C 1.2¢
WALMART -052 0.4€ -0.3¢ 0.4¢ -0.6€
ALIBABA 0.4¢ -0.7C 157 -0.72 0.73
FEDEX -152 -1.62 -1.37 151 -152
DHL 0.08 -0.12 -0.39 0.14 0.17

Based on this, projections were calculated through
matrix multiplication of standardized data by eigenvectors,
which are presented in Table 6.

Table 6 Projections of matrix multiplication of standardized data by eigenvectors for assessing the impact of technologies on
changing the rules of the game in the digital arctic and logistics market of modern companies

COMPANY PC1 PCZ PC: PC< PCE

AMAZON -2.73 -0.5¢ -0.11 -0.04 ~C.0C

WALMART 1.14 0.0€ -0.12 0.12 ~C.0C

ALIBABA -1.84 0.92 0.04 -0.02 ~C.0C

FEDEX 3.3¢8 0.0C -0.03 -0.0¢ ~C.0C

DHL 0.0€ -041 0.22 0.03 ~C.0C
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In conceptualizing the presented, it should be noted thestperience will play an increasingly important role. The
the application of the principal component method tools BCA results highlight the need for agility in business
characterized by its significance, which is determined tstrategy. To keep up with technological changes,
the following: companies must actively monitor trends and adjust their

- Multidimensionality of data: Modern digital business processes accordingly. With the development of
marketing and logistics cover many metrics (automatiote Internet of Things (loT), 5G, autonomous vehicles, and
delivery speed, Al). PCA allows you to reduce a largblockchain technologies, changes in logistics will occur
number of variables to a smaller number of key factors. much faster. These technologies will allow for even more

- Reduction of dimensions: Reducing the numbetutomation of processes, increase their transparency, and
of variables without losing meaningful informationspeed up delivery. Based on the results of the study, it
simplifies analysis and allows you to identify the mairshould be argued that the main recommendation for
drivers of changes in the market. companies is to actively invest in technologies that can

- Identification of hidden dependencies: PCA he|pgnprove their logistics and marketing processes. This will
to reveal complex relationships between technologies af@t only increase efficiency, but also provide better

business results that are not obvious in traditional analy&@nditions for revenue growth and improved customer
[29]. service. It is important to create strategies that can be

adapted to rapidly changing market conditions.

The PCA results show that process automation and Mnderstanding how technology can change the process will
implementation have the greatest impact on compa@jve the company flexibility in decision-making.
metrics, including processing speed, delivery time, and
revenue growth. This is supported by the fact that the firdt ~ Conclusions
principal component (PC1) explains 94% of the data Digital marketing and logistics have become central
variation, reflecting the importance of these technologietements of modern business strategies, and their
for business. Clearly, advantages for companies with higfitegration with new technologies forms the basis for
technological maturity: companies such as Amazon amdmpetitive advantages in the global marketplace. Recent
Alibaba actively use automation and Al technologiegjears have seen a sharp increase in the implementation of
which allows them to achieve high performance in all kegdvanced technologies in these areas, which has increased
indicators: processing speed, revenue growth, atigde need to analyze them and understand their impact on
customer satisfaction. The role of logistics and itbusiness success. It is argued that the introduction of
relationship with technology: Although logistics also hasechnologies such as artificial intelligence (Al), process
an impact on business metrics, its effect is limited withoatutomation and the Internet of Things (loT) radically
the support of technology. Delivery time and ordechanges the way companies interact with customers and
processing speed play an important role, but these factananage logistics processes. The transition to more
acquire significance only in the context of integration wittautomated and intelligent systems allows for a significant
high technologies. Therefore, innovation change®duction in order processing time, increased forecast
competitive strategies: The implementation of advancextcuracy and improved service quality. It is substantiated
technologies such as automation and Al is a game changeat in conditions where technologies are rapidly changing
in the market. Companies that actively implement thesbe market, companies need to promptly respond to these
technologies gain competitive advantages in terms ohanges and adjust their strategies. Without the
speed, accuracy, service quality and, as a result, revemmiroduction of modern technologies, one can expect a loss
growth [30]. Lagging behind the technology race bringsf competitiveness. It is stated that in order to ensure
risks: Companies that do not take technological changessiness sustainability in the long term, it is important not
into account may face difficulties related to insufficienbnly to effectively integrate technologies into operational
logistics and marketing efficiency. For exampleprocesses, but also to take into account their impact on
companies with low levels of automation (e.g., FedEx armbnsumer preferences and market trends. This creates new
DHL) risk falling behind competitors unless theychallenges for businesses, including the need to fine-tune
implement new technologies to optimize their operationmarketing and logistics strategies.
Diversify approaches depending on the industry: The principal component analysis (PCA) method was
Technologies have different levels of impact in differenthosen to analyze the impact of technologies on digital
markets (e.g., e-commerce, logistics and retail). Fonarketing and logistics because it allows for the efficient
example, in e-commerce (Amazon), automation and Adrocessing of complex multivariate data and the
play a decisive role, while in logistics (FedEx, DHL), adentification of the most significant factors that determine
combination of technology and traditional operationathanges in the market. According to the PCA results,
efficiency is important. Companies that want to remaitechnologies such as automation and artificial intelligence
competitive must continue to invest in process automatidrave the greatest impact on business results. The
and Al development. The use of Al for demandmplementation of these technologies can significantly
forecasting, route optimization and improving customer
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improve key metrics such as data processing speed, https://doi.org/10.1002/9781119646495.ch25
delivery efficiency, and revenue growth. [3] GARTNER, Gartner identifies top trends in supply
The results of the analysis show that logistics itself is chain technology for 2024, Gartner Newsroom,
an important aspect of business, but its efficiency increases [Online], Available: https://www.gartner.com/en/news
many times when integrated with advanced technologies. room/press-releases/2024-03-20-gartner-identifies-
Companies that have not adopted advanced technologiestop-trends-in-supply-chain-technology-for-2024
such as Al or automation face the risk of reduced [27 Oct 2024], 2024.
efficiency. An example of this would be companies witfi4] GORCUN, O.F.Autonomous robots and utilization in
highly efficient logistics but without modern technologies, logistics processm, In: Iyigun, i., Gorgiin, O.F. (eds)
which could lead to a loss of competitiveness in the future. Logistics 4.0 and Future of Supply Chains. Accounting,
With the development of new technologies such as 5G, Finance, Sustainability, Governance & Fraud: Theory
blockchain and autonomous systems, the future of digital and Application, Springer, Singapore, pp. 83-93, 2022.
marketing and logistics looks even more dynamic. The https://doi.org/10.1007/978-981-16-5644-6_6
integration of these technologies will not only speed ujp] IQBAL, M.: Machine learning applications in e
processes, but also create new opportunities to improve commerce, In: The Future of E-Commerce Editors:
service quality and personalize offers. In the coming years, Vikas Kumar and Manju Lata, Nova Science
we can expect a significant increase in the use of Al to Publishers, Inc., pp. 65-89, 2022.
predict customer needs, as well as the use of autonom@@isLEE, H., TANG, C.: loT in Inventory Management:
vehicles and robotics to optimize logistics operations. Real-time optimization, Journal of Operations
Companies must invest heavily in new technologies, Management, Vol. 56, pp. 102-113, 2022.
such as automation and Al, to remain competitive and driyé] MCKINSEY, Al and the future of logigtics, McKinsey
revenue growth. Implementing these technologies will & Company, 2021.
improve logistics and marketing efficiency, improvel8] REDDY, V., NALLA, L.: Personalization in E-
customer service, and reduce costs. To successfully adaptCommerce Marketing: Leveraging Big Data for
to market changes, companies must be prepared toTailored Consumer EngagemeRévisa de
continually update their strategies in response to Inteligencia Artificial en Medicina, Vol. 15, pp. 691-
technological changes. This requires flexibility and speed 725, 2024.
of decision-making. [9] SMITH, A.: The role of Al in marketing logistics and
Synergy between technology and operational customer experiencdournal of Marketing Theory and
efficiency will allow not only to implement new  Practice, Vol. 29, No. 2, pp. 211-226, 2021.
technologies, but also to integrate them into the company0] COSTA FERREIRA, B.: Artificial Intelligence
existing operational processes. Combining innovation with  Applied to Supply Chain Management and Logigtics:
traditional management methods will allow achieving  Systematic Literature Review, Doctoral dissertation,
maximum efficiency. However, the implementation of Santarém, 2023.
technologies requires significant investment anflll] SAURA, J.R, PALOS-SANCHEZ, P.,
adaptation of business strategies. One of the challenges RODRIGUEZ HERRAEZ, B.: Digital marketing for
remains the problem of the high cost of switching to new  sustainable growth: Business models and online
systems, as well as the need for staff training. In addition, campaigns using sustainable strategies,
with increasing dependence on technology, the risk of Sustainability, Vol. 12, No. 3, 1003, pp. 1-5, 2024.
cyber-attacks and data leaks increases. Therefore, it is https://doi.org/10.3390/su12031003
necessary to find a balance between innovation and risk{12] CHAFFEY, D.: Digital marketing: Strategy,

ensure sustainable growth and business security. implementation, and practice, Pearson Education,
2019.
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Abstract: The increase in population in Indonesia, particularly in the city of Makassar, will be followed by an increase in
the volume of waste generated. Tamalate District, as part of Makassar City, has a waste generation volume of 583 m3/day,
requiring waste management to be addressed through waste collection services to handle the amount of waste produced.
This study identifies the existing conditions of tangkasaki truck service routes to obtain data on service locations, number
of vehicles, travel distance, travel time, and operational costs. The identification shows that there are 37 waste disposal
sites served by 11 trucks at night, but the waste transportation is considered inefficient due to the underutilization of
vehicle capacity. This study aims to optimize waste transportation routes with using the saving matrix method by
maximizing vehicle capacity. The saving matrix method is used to evaluate fleet requirements on existing routes by
considering vehicle capacity, working time, and predetermined fuel consumption. The research results show that proposed
routes with the implementation of the saving matrix method can reduce the number of tanker truck fleets from 11 units to
9 units. The efficiency of travel distance is 21.7%, previously 294.4 km/day reduced to 230.4 km/day. The efficiency of
travel time is 8.9%, previously 2,063 minutes/day reduced to 1,880 minutes/day by maximizing the working time of each
service route and operational cost efficiency within one month of service is 22.6%, previously IDR 99,330,000.00 reduced
to IDR 76,900,320.00.

1 Introduction routes. Tamalate District has a fleet of 99 VIARs, 15

The swift expansion of urbanization and populatiorfangkasaki trucks, 10 barge trucks and 11 waste container
coupled with industrial and material transformations, haghits. This research focuses on the Tangkasaki truck .
led to a crisis in urban solid waste management, Planning efficient waste transportation routes and
particularly in developing countries, as a major challengihedules is the most important thing in improving the
to sustainable developmen [1]. South Sulawesi ProvinceWigiste transportation system. Selecting a vehicle route will
ranked 9th as the province with the |argest popu|ati0n ﬁﬁtermlne the total distance traveled by the fleet. So, the
Indonesia. Tamalate District is one of the sub-districts iPtimal route is the goal of determining the waste
Makassar City [2]. According to data from the Makassgfollection route by getting the shortest possible route from
City Environmental Service, Tamalate District is the supVDS (Waste Disposal Site) to FDS (Final Disposal Site)
district with the second highest volume of waste generatidfith as few obstacles as possible. In its implementation,
(583 m3/day). In implementing the waste problem, thgonsidering the (eal conditions in the field, therg are many
number of facilities and infrastructure for transportindactors that can influence the waste transportation process
waste in Tamalate District can be said to be sufficient & that it is not optimal [3]. Several factors that influence
overcome the volume of waste generated every day. Fréf¢ waste transportation process include inefficient use of
the results of observations, the number of wastorking time, inappropriate use of vehicle load capacity,
transportation fleets in Tamalate District is divided inténefficient transportation routes, the volume of waste piled
several types of vehicles and different service assignmétit at each WDS, the behavior of officers , and poor
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accessibility [4]. The optimal route is closely linked to vehicle routing
Waste collection heavily relies on route optimizationproblems. The Vehicle Routing Problem (VRP) is a crucial
which demands substantial investments in capital, labgroblem in combinatorial optimization that entails
and variable operational expenses. As collection routdstermining the optimal set of routes a fleet of vehicles
become more efficient, both costs and environmentshould travel in order to serve a particular customer group
impacts decrease [5]. Traditional waste managemddf]. Significant advancements have been made in the
systems, which typically follow fixed schedules andechniques used to model and solve both standard and
predetermined routes, often suffer from inefficiencies. Thisapacity VRPs, as well as their various variants.
method may cause collection vehicles to make unnecessBgsearchers and practitioners have developed more
trips to bins that are not yet full, leading to increased traffiefficient and precise solution algorithms, along with
congestion and higher operational expenses. Moreovanproved models, enabling them to address large-scale
these inefficiencies contribute to greater fuel consumptigroblems more effectively [13].
and higher greenhouse gas emissions [6]. The relationship between time and distance is not
One method to obtain the shortest route with maximualways straightforward. It's evident that relying solely on
waste the capacity is determined using the saving matdistance or time functions doesn't yield the most realistic
method combined with the nearest neighbor approach. Thisoptimal outcomes. When there is no traffic congestion,
method involves identifying the sequence of distributiodistance and time are perfectly correlated. In such cases,
routes to be followed and determining the number dhe route optimized for distance will also be the same as
transport vehicles required based on their capacity. A kélye one optimized for time, and both will match the route
feature of the saving matrix method is its ability to schedulghere all costs are minimized. However, when factors like
a limited number of vehicles while considering theongestion, fluctuating demand, accidents, or road repairs
maximum capacity of both similar and different types ofome into play, the results from these different
vehicles. Additionally, this method applies merging pointsptimization methods will diverge [8]. This limited
in a single step and takes vehicle capacity into accowtordination has been a factor for inefficient planning of
throughout the process [7]. services and infrastructure which includes facility location,
This research focuses on determining the existimglocation of communities, medical referrals, and land
condition of the waste transportation service route imansportation [14].
Tamalate District based on vehicle capacity and the
number of tangkasaki truck fleets as well as determinir®2  Nearest neighbour
the optimal transportation route and number of fleets on the Using a random example, the performance of the
waste transportation service route in the Tamalate Distrigiariable Neighbourhood Search (VNS) method is assessed
area based on route determination using the methodiefrelation to our problem [15]. Neighbor set models are

saving matrix. designed to handle incomplete, imprecise, and uncertain
data. These models have found applications in various

2 Literaturereview fields, including anomaly detection and data classification.

2.1 Routeoptimization However, many existing neighbor models struggle with

Traditional methods for optimizing freight deliveryinappropriate neighborhood radius selection and lack of
routes mainly focus on minimizing costs based on distanc¥daptability. To address this, an improved k-nearest
Newer approaches, however, also aim to minimize time B§ighbor model is proposed, where the distance serves as
an objective. Despite this, the relationship between tin{Be k-nearest neighborhood radius, leading to more
and distance is not always straightforward, and the trackccurate granulation results and a more effective anomaly
off between the two can be complex [8]. Wastéletection model [16].
transportation is one of the several benefits of optimal Nearest neighbor-based approaches are well-
routes, which is why they are necessary. Waste collecti§ftablished strategies that continue to be used because of
is an essential part of the waste management system, Hiir effectiveness [17]. The customer nearest to the first
the costs involved in this procedure account for a larg@e Visited is the next one on the route, and so on, until
amount of the total cost of disposing of waste [Bhe €very customer is on the path [18]. The following steps are
primary goals of optimizing waste collection routes are tiivolved in applying the Nearest Neighbour algorithm: To
minimize the total route length by selecting the shorte§hsure that the total number of requests in the current route
path that covers all destinations, reduce travel time to viéiees not exceed the vehicle’s capacity (Q), we start at the
all locations, and keep costs as low as possible to maximg@pot and visit exactly one client (vertex) from each
overall benefits [10]. Many site selection techniques hayduster. The procedure is repeated from the depot and the
evolved alongside research on waste collection routes ##H@gsest unvisited client from any unvisited cluster is
solution algorithms. To maximize the efficiency of theselected next if the total number of requests in the current

waste collecting operation, an algorithm is needed rathétute above the vehicle capacity. This keeps going until
than following a predetermined path [11]. every cluster has been visited; after then, the algorithm

stops. The end result is a collection of routes, each of which
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has precisely one client from every cluster in the order that so that it can be seen that the route is less than or equal
they were accessed [19]. The Nearest Neighbor algorithms to the capacity of the transport equipment.

are straightforward to implement and fast to execute, bdit Sorts WDS on a route, at this stage the aim is to
their greedy approach can sometimes result in missing minimize the travel distance that each means of
shorter, more optimal routes. The specific steps of the transport must travel. To obtain optimal transportation

Nearest Neighbor algorithm are detailed in [20]: routes, two stages can be carried out, namely
1. A starting vertex will be selected at random. determining the initial delivery route for each vehicle
2. The edge that joins the current vertex to an unvisited using the Nearest Neighbor procedure and making
vertex with the smallest weight will be chosen. improvements to routes that are not feasible.
3. Vertex V represents the current vertex V.
4. Vertex V has a visited mark. 3 Methodology
5. After visiting every vertex in the domain, the This research is a quantitative research utilizing
procedure will end. historical data. The time of the research was carried out in
October - November 2023 and the object of this research
2.3  Saving Matrix was the waste transportation service route in Tamalate sub-

One method for determining the best paths for produgtstrict, Makassar City. The data sources consist of both
delivery to marketing regions is the Saving Matrix. In ordeprimary and secondary data.. Primary data is data obtained
to ensure the shortest routes and reduce transportatifirectly from observations and interviews with parties
costs, it entails figuring out the necessary routes and tiigolved in waste transportation service activities in
number of vehicles based on their capacity. Thgamalate District, Makassar City to formulate research
deployment of vehicles from facilities with differentproblems. In contrast, secondary data refers to information
maximum capacity is also planned using the Saving Matriot directly collected by the researchers but obtained
approach [21]. Steps for using the saving matrix methodthrough intermediaries or documentation related to waste
1. Constructing the distance matrix can be done usingansportation service activities in the Tamalate District,

Google Earth application, Google Maps, or manuallakassar City.

calculations with a speedometer.

2. Creating the savings matrix involves merging twe 1 Service route tangkasaki truck

potential WDS into a single truck to optimize distance, The problems that exist in transporting waste in the

time, and transportation costs. If S(x,y) represents th&ymalate District area, especially on the Tangkasaki truck

distance saved—such as in a route from the cent@rvice route. The main cause of determining existing
starting point— point x — 14 point y— back to the service routes that are not optimal is due to the large
center—then the equation to determine the savinggimber of service location points and not maximizing

amount is: vehicle capacity on each route based on the transport
_ _ volume of each truck. This causes the total distance
S(x,y) = Dist(Pusat,x) + Dist(Pusat,y) — traveled, total travel time and operational costs to be high.

Dist(x,y) (1) So we will determine the optimal route and evaluate the
needs of the Tangkasaki truck fleet using a combination of
3. Allocate WDS to a transportation route. The first stegaving matrix and nearest neighbor methods. The use of the
is that each WDS is allocated to a different truck osaving matrix method begins by determining the distance
route. The second step is to combine the two rout@satrix that connects the FDS and each WDS. Next, the
based on the largest distance savings obtained usiaggest savings value is calculated and it will be allocated
equation (1) and checking whether the combination {§ a new route taking into account vehicle capacity.
feasible or not. It is said to be feasible if the totahllocation into a route will be combined with the nearest
shipments that must be passed via that route do ndighbor procedure to get a more optimal solution from the
exceed the capacity of the transport equipment. RoYgeviously formed route by prioritizing the closest
combinations are focused on saving the greateséighbors on the route to be visited. The proposed route
distance in order to obtain distance efficiency, so thaking the saving matrix method is known to provide work
the time traveled will be faster. Checking the totahnd service efficiency in the waste transportation process
amount of shipments via a route is done by looking & the Tamalate District area. The first step is determine the

the distance between the largest savings. What is dgggation of WDS use the coordinates of the existing
after selecting the distance with the greatest savingstisngkasaki truck route as in Table 1.

to add up the WDS pairs that have the greatest savings
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Table 1The coordinates of the existing Tangkasaki truck route
Truck Route WDS Coordinat Volume WDS Total
number Code Latitude Longitude (m¥/day) (m¥day)
Al 5°10'21.51" | 119°25'54.86" 3.04
A2 5°10'4.09"¢ | 119°25'54.46"] 1.8¢
011 I A3 5°10'6.56"¢ | 119°25'46.70" 1.4¢ 8.10
A4 5°10'18.93" | 119°25'43.63" 0.9¢
A5 5°10'24.20" | 119°25'47.37" 0.72
Bl 5°10'19.63" | 119°25'38.21" 1.02
B2 5°10'21.86" | 119°25'14.37" 2.71
e I B3 5°10'14.54" 119°257.57"I 3.1¢ 10.04
B4 5°10'65.90"¢ | 119°25'15.84" 3.07
C1 5°10'2.73"¢ | 119°25'11.11" 2.0¢
C2 5°10'1.11"¢ 119°25'7.60" 0.7¢
C3 5°10'10.80" 119°25'2.91" 2.8¢
i i C4 5°10'15.55" | 119°24'50.35"| 1.5¢ 10.95
C5 5°10'9.92"¢ | 119°24'48.39" 1.5¢
C6 5°10'6.27"¢ | 119°24'59.90" 2.07
D1 5°10'24.81" | 119°24'56.82"| 3.67
047 v D2 5°10'39.06" | 119°24'49.65"| 1.32 8.51
D3 5°10'30.74" | 119°25'0.08"| 3.52
El 5°10'52.51" | 119°24'57.47" 1.9¢
E2 5°10'52.33" | 119°24'46.55"| 2.4
E3 5°10'54.41" | 119°24'34.00" 1.7i
D v E4 5°10'43.86" | 119°24'44.40" 2.5¢€ 12.22
ES 5°10'48.91" | 119°25'0.79"| 2.51
E€ 5°10'54.84" | 119°25'7.85"| 0.9t
F1 5°10'42.41" | 119°24'24.42" 3.3¢
156 Vi F2 5°10'39.85" | 119°24'19.15" 2.8¢ 8.24
F3 5°10'46.74" | 119°24'21.53"| 2.0C
Gl 5°10'7.38"¢ 119°24'5.00" 3.7¢
e Vil G2 5°9'69.14" | 119°24'17.04"| 2.9¢ 6.77
021 VI H1 5°10'58.15" | 119°26'25.20" 5.9¢ 5.9¢
X1 5°10'57.72" | 119°25'67.82"| 10.5 10.50
166 IX 11 5°11'13.85" | 119°25'62.26" 5.74 5.74
X1 5°10'57.72" | 119°25'67.82"| 10.5 10.50
J1 5°11'11.98" | 119°25'32.28"| 1.74
074 X Jz 5°11'24.14" | 119°24'51.06"| 3.5¢ 8.70
J: 5°11'6.50"¢ | 119°24'51.27" 3.40
K1 5°11'4.33"¢ | 119°25'21.17" 3.1¢
s Xl K2 5°10'41.91" | 119°25'35.03" 4.8¢ 8.07

The volume of waste generated at the WDS in eathe author and the head of the cleanliness section of
Tangkasaki truck service route is based on the resultsTdmalate District as in table 1. Based on the coordinate
observations of the average waste generation per senvitzga of 37 WDS points shown in table 1, it will be
route. So it can be assumed that the volume of wastisualized into 11 service routes marked with different
generated every day at each WDS is the same. Meanwhdelors using Google Maps. The existing route of the
determining the size of the waste volume from each waskangkasaki truck in Tamalate District is shown in Figure 1.

source at the WDS is the result of brainstorming between
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Go gle My,Map

Figure 1 Existing Route of Tangkasaki Truck

Mileage is calculated based on the total distance froB)2  Distance traveled and fuel consumption on

the depot (FDS) to each service route (WDS) and back to existing route

the depot (FDS). Calculation of distance traveled using the \ileage is calculated based on the total distance from
get d|r_ect|0n_s feature on Google Earth. Based on the resyls depot (FDS) to each service route (WDS) and back to
of the interview, the route that must be taken from the FQige depot (FDS). Calculation of mileage using the get

back to the FDS must be within the Makassar City aregirections feature on Google Earth. Based on the results of
Data on the distance traveled from the existing Tangkasakk interview, the route that must be taken from the FDS

truck route in Tamalate District is shown in the Table Zy5ck to the EDS must be within the Makassar City area.

The fuel consumption of Tangkasaki trucks can also ata on the distance traveled from the routes of Tangkasaki
seen in Table 2 with the assumption that the average fyg|cks in Tamalate District is shown in Table 2.

consumption of each truck can reach 5 kmlliter. The fuel Fyel consumption on the existing Tangkasaki truck

allowance is given because the average actual fuglte in Tamalate District is known based on the results of
consumption per truck is 7.5 liters/day. In providingnterviews with truck drivers. The average fuel
services, each Tangkasaki truck is given a fuel allowanggnsumption of each truck can reach 5-6 kmfliter, which is
of 7.5 liters/day. So, in one day of service the total fuglecause during service the truck engine must remain idling
consumption of all Tangkasaki trucks in Tamalate Distrig§r in conditions such as stop and go and is also influenced
is 82.5 Iiters/day. If it is assumed that the price of diesel [ﬁ/ the Weight of the waste load. So, it can be assumed that
IDR 6,800.00 per liter, then the fuel costs are IDRhe fuel consumption of a Tangkasaki truck is 5 kml/liter.
561,000.00 per day or IDR 16,830,000.00 per montfictual fuel consumption is obtained from the total distance
assuming 1 month, namely 30 days. traveled by each truck divided by fuel consumption per
liter. This has absolutely no effect on the fuel allowance
given because the average actual fuel consumption per
truck is <7.5 liters/day and it shown in Table 2.

Table 2 Distance traveled and fuel consuption on the existing Tangkasaki truck route

Truck Codi | Route Route Flov Mileage (km/day | FuelConsumption (liters/da
011 | FDS-A1-A2-A3-A4-A5-FDS 24.8 4.9€
023 1] FDS-B1-B2-B3-B4- FDS 22.2 4.44
14¢ 11 FDS-C1-C2-C3-C4-C5-Ce- FDS 254 5.08
047 [\ FDS-D1-D2-D3- FDS 24.3 4.8€
01z V FDS-E1-E2-E3-E4-EE-E6- FDS 27.0 5.4
15€ VI FDS-F1-F2-F3- FDS 27.9 5.58
167 VII FDS-G1-G2- FDE 30.7 6.14
021 VIII FDS-H1-X1- FDE 28.2 5.64
16€ IX FDS-11-X1- FDS 21.2 5.44
074 X FDS-J1-J2-J%- FDS 28.7 5.74
054 Xl FDS-K1-K2- FDE 28.0 5.6
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Travel time is calculated based on two aspects, naméigurs are determined outside of the time for waste disposal
the total time during the journey from and back to that the landfill due to the large queue of rubbish trucks so it
landfill and the time required for loading and unloading theakes a long and uncertain time. Travel time data from the
waste from the landfill into the truck. Travel time greatlyexisting route for each tangkasaki truck in Tamalate
influences the working time of workers (drivers and maidd)istrict is shown in the Table 3.
which has been set at 4 hours (240 minutes). Working

Table 3 Travel time on the existing Tangkasaki truck route

Truck Code| Route tym trps-wpsa | twpst-rps total
011 I 98 26 31 15E
02 Il 127 27 25 17¢
14§ 1 18¢ 29 29 244
047 v 11¢ 29 28 172
012 \Y 14¢ 32 30 211
15€ ) 12¢ 34 34 194
167 )il 63 38 36 137
021 Vil 15: 32 29 214
16€ IX 95 32 29 15€
074 X 17t 35 35 24~
054 Xl 93 32 31 15€

tym : Loading and unloading time (minutes/day)

trps—wpse . Travel time from FDS /landfills to WDS /temporary shelter (minutes/day)
twpst—rps . Travel time from WDS /temporary shelter to FDS /landfills (minutes/day)
trotal : total time (minutes/day)

Based on the travel time data for the existing routealaries (drivers and maids). From the results of the
shown in table 3, it is known that the Tangkasaki trucksterview, each truck received a fuel allowance of 15 liters
with codes 148 and 074 exceeded the specified workifigr two days of transportation service. So it is assumed that
time limit. This is because the condition of WDS C4 andne day each truck gets 7.5 liters of fuel. Meanwhile,
C6 on the route served by the Tangkasaki 148 truck hastorkers' salaries are divided into basic salary and daily
reach the last road section that borders Mamajang Distristages for the driver and two garbage collector. The
so the truck has to turn around and continue to WDS Cbcalculation of the total costs incurred in one month for

workers' salaries is an assumption if in one full month (30
3.3 Operational costs of existing route days) all workers have carried out their duties and

The operational costs of Tangkasaki trucks in Tamala@bligations Salary data for Tangkasaki truck workers in
District are divided into fuel costs (diesel) and workerd'amalate District is shown in table 4. One truck have one

driver and 2 garbage collector.

Table 4 Salaries of existing route

Basic salary Daily salary Total
Type @ifEneEr | amalt (per month (per month (per month
AL DIy 11 IDR1,000,000.00 IDR50,000.00  IDR 82,500,000.00
Garbage collect 22

From the calculation results between worker salaries  Results and discussion
and fuel costs incurred, the expenditure for operational]  Savings matrix proposed route
costs in one month can be seen in Table 5, which shows apgig processing is carried out using the saving matrix

total cost of IDR 99,330,000.00 per month. method and combined with the nearest neighbor algorithm
to obtain a more optimal solution from the existing route

Table 5 Total cost as in Table 6. The result of using a saving matrix is to

o5, Total Cost (per mont combine two routes based on saving the distance from the
Salarie IDR 82,500,000.C largest until all points have been combined. It can be
Fue IDR 16,830,000.C calculated using equation (1) and checking the feasibility
of the combination so that it does not exceed the truck
capacity.
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Table 6 Allocation ofWDS to truck routes Truck Route Combin Savinc
Truck Route Combin Saving 7 D1EZ 1.5
1 Al1B2 19.1 8 ESE¢ 1.5
1 A1A5 18.8 8 J1K1 1.5
1 Al1B1 18.1 6 J3KZ 1.2
1 AlA2 18 3 CACE 1.1
1 AlA3 18 3 CACE 1.1
1 AlA4 18 5 E3F] 1
2 H1l11 8.8 8 D3J1 0.5
3 G1GZ 4.6
4 CicC: 3.9 The final step is to sort the WDS that have been
5 F1FZ 3.7 combined on a route. In ordering WDS hat have been
5 F1F: 3.7 merged, you can use the nearest neighbor procedure to
4 Cl1C: 3.3 determine the initial transportation route at each WDS.
6 J2J! 3 Apart from considering vehicle capacity, when sorting
4 B3B4 2 routes, travel time (<=240 minutes) and fuel usage (<=7.5
7 D1D2 1.7 liters) will also be considered. The following is a proposed
7 D1EZ 1.6 route for a combination of saving matrix and nearest
7 D1E1 16 neighbor which is shown in Table 7.
Table 7 The proposed route is a combination of saving matrix and nearest neighbor
Rute Alur Rute WS DT TT FC
I FDS-A1-A2-A3-A4-A5-B1-B2- FDY 11.8¢ | 244 | 21€¢ | 4.88
Il FDS-11-H1- FDS 1172 | 240 | 23t | 4.8C
1 FDS-C4-C5-C6-G2-G1- FDS 119¢ | 304 | 197 | 6.08
Y FDS-C1-C2-C3-B3-B4- FDS 1198 | 230 | 22¢ | 4.6C
V FDS-E3-F1-F2-F3- FDS 1001 | 271 | 207 | 542
VI FDS-K2-Jz-J3- FDS 1185 | 265 | 237 | 5.3C
Vil FDS-D1-D2-E1-E2-E4- FDS 1198 | 255 | 207 | 5.1C
VI FDS-D3-E5-E€-K1-J1- FDS 119C | 263 | 23t | 5.2€
IX FDS-X1- FDS 105C | 232 | 114 | 4.64

WS = Waste volume (m3/day),

DT = Distance traveled (km/day),
TT =Travel time (minutes/day),

FC = Fuel consumption (liters/day).

The calculation results show that the waste
transportation service routes in Tamalate District can B2 Distance traveled and fuel consumption on
eliminated into 9 routes. Each route will be served by one route saving matrix
trUCk, so there is a reduction of 2 trucks from the eXiSting Based on the results of data processing’ a proposed
route of 11 trucks to 9 trucks on the proposed route. Thisute is obtained with a total distance that can be reduced
of course takes into account the volume of waslthearly with a reduction in fuel consumption. The
transportation which must not exceed the capacity of thellowing is a table of distance traveled and reduction in

VehiCle, the travel time which must not exceed the Spelelngle| Consumption for the proposed route using the Saving
working hours of 4 hours (240 minutes) and the fuehatrix shown in Table 8.

consumption which must not exceed the daily allowance
(<7.5 liters/ day).
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Table 8 Distance traveled and fuel consumption

Mileage Fuel Consumption
Truck Code Route (km/day (liters/day
I FDS-A1-A2-A3-A4-A5-B1-B2- FDS 24.4 4.88
Il FDS-11-H1- FDS 24.0 4.8C
1l FDS-C4-C5-C6-G2-G1- FDS 30.4 6.08
1\ FDS-C1-C2-C3-B3-B4- FDS 23.0 4.6C
V FDS-E3-F1-F2-F3 FDS 27.1 5.42
VI FDS-K2-J2-J%- FDE 26.5 5.3C
\il FDS-D1-D2-E1-E2-E4- FDS 255 5.1C
VI FDS-D3-E5-E6-K1-J1- FDS 26.3 5.2€
IX FDS-X1- FDS 23.2 4.64
Actual fuel consumption for the route proposed by ths,,, : Loading and unloading time (minutes/day).

saving matrix method is 46.08 liters/day. This shows that,_,,ps, : Travel time from FDS / landfills to WDS
the average truck fuel consumption does not exceed themporary shelter (minutes/day).

allotted allowance of 7.5 liters/day. So, fuel costs caty,,c_rps : Travel time from WDS /temporary shelter
follow the proposed actual fuel consumption. If it igo FDS /landfills (minutes/day).

assumed that the price of diesel is IDR 6,800.00 per litef,,,, : total time (minutes/day).

then the fuel costs are IDR 313,344.00 per day or IDR

9,400,320.00 per month assuming 1 month, namely 305 Operational costs of route saving matrix

days. The reduction in the number of trucks also has a
postive impact on operators and drivers, thereby reducing

Table 9 Travel time on the existing Tangkasaki truck route Previously, 11 trucks were used and the final result

ROULE tym | tros-wpsa | twpst-rps Leotal of the proposed route was 9 units. This is linear with the
| |16 22 30 21€ number of workers and fuel consumption. The fewer
Il |18¢ 27 22 23t vehicles used, the less labor costs must be paid, and the
|13z 28 37 197 fewer waste transport vehicles used, the less fuel used.
IV |17¢ 27 24 22¢ Salaries and total cost can be seen in Table 10 and Table
V | 14¢€ 30 31 207 11, which show the total operational costs consisting of
VI |18 25 30 237 salary costs and fuel costs. The total operational cost for
Vil | 151 27 20 207 the optimized 9-truck route is IDR 76,900,320.00 per

VIl | 17¢ 28 31 23¢ month, which is a reduction from the previous operational
IX_| 62 26 26 114 costs.

Table 10 Salaries of existing route

Basic salary Daily salary Total
Type @ifEneEr | amalt (per month (per month (per month
U S DGl 9 IDR1,000,000.00  IDR 50,000.0( IDR 67,500,000.00
Garbage collect 18

Table 11 Total cost

Cos Total Cost (per mont
Salarie IDR 67,500,000.C
Fue IDR 9,400,320.0

4.4 Comparison of existing routes and proposed operational costs. The following is a comparison table of
saving matrix routes the total distance traveled by Tangkasaki truck waste

The proposed route using the saving matrix method wifiansportation services from the existing route and the
compare the existing route with the proposed route in terr@§oposed route using the saving matrix method.
of fleet number, distance traveled, travel time an@omparison of existing routes and proposed saving matrix
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routes in terms of fleet number, distance traveled, travel
time and operational costs is shown in table 12 below.

Table 12 Comparison of existing routes and proposed saving matrix routes

Existing Route Proposed Route Difference Efficiency
Number of truck 11 9 2 18.0%
(unit)
Distance Traveled 294.4 230.4 64 21.7%
(km/days
Travel time 2063 1880 183 8.9%
(menit/days
Operasional Cost| |, 9 330,000,000  IDR 76,900,320.00  IDR 22,429,680,00  22.6%
(per month

The comparison between the existing route and thmamely 4 hours (240 minutes). The operational costs of the
proposed route showcases the efficiency gains achievaebposed route using the saving matrix method produce an
through route optimization. As shown in the Table 12, thefficiency of 22.6%. Operational costs can be streamlined
number of trucks required is reduced from 11 to Qjue to a reduction in the truck fleet which has an impact on
representing an 18.0% efficiency improvement. Theeducing the workforce, namely 2 drivers and 4 maids.
distance traveled per day also decreased by 64 km, a 21 &Ap@art from that, fuel costs were successfully reduced
reduction, while the travel time decreased by 183 minutbgcause the actual fuel consumption of each Tangkasaki
per day, an 8.9% improvement. truck was obtained.

The most significant impact is seen in the operational Future research potential can be concentrated on
cost, which decreased from IDR 99,330,000.00 per montleveloping predictive models to optimize waste
for the existing route to IDR 76,900,320.00 per month fdransportation routes by considering variables such as
the proposed route, a 22.6% reduction. This cost savingsrying waste volumes and external factors such as traffic
can be attributed to the decreased number of truckgngestion. In addition, the application of big data and
reduced fuel consumption, and lower labor costs associatatificial intelligence technologies can be explored to
with the optimized route. improve operational efficiency in predicting fleet needs

The findings from this analysis demonstrate thand vehicle capacity utilization in real-time. Research can
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Abstract: The article presents the results of empirical research, which constitutes a case study focused on the route through
Poland as an alternative export channel for Ukrainian grain, developed under the conditions of the Russia-Ukraine war.
It employs analytical methods and statistical description. By analyzing the volume, dynamics, structure, and geography
of the transit, the significance of this route in unleashing Ukraine's export capabilities and its role as a substitute for
traditional routes during periods of disruption is assessed. It was established that almost exclusively corn and wheat are
transited (in a quantitative ratio of 2:1). The railway crossings in Dorohusk, Medyka, and Hrubieszéw are of key
importance, as rail transport dominates in land transport, handling over 4/5 of the total mass of transited goods. More than
half of the transited grain is transported by rail and road in scattered European directions, and only less than half reaches
Polish Baltic ports, mainly Gdak (over 3/5) and Szczecin (almost 1/5). The degree of containerization exceeds 1/4.
Practically all container cargo reaches the terminal im&dawhile the port in Szczecin is the leader in bulk transport.

The volume of Ukrainian grain transited through Poland is relatively small compared to Ukraine's export potential, and
intercontinental transport concerns only a tenth of the grain transited through Poland. It was concluded that the route
through Poland primarily serves as a new export channel for Ukrainian grain to the European market and only marginally
substitutes traditional routes.

1 Introduction capacity of ftransit routes [8], facilitating the

The war in Ukraine has significantly impacted globafeconfiguration of existing logistics links within global
agricultural markets, particularly the grain market [1]SUPPly chains in pursuance of changing geopolitical
Ukraine exports large volumes of this commodity (a kegonditions. o . _
component in food and feed production), mainly to North Due to its proximity to Ukraine and relatively well-
Africa and the Near and Far East countries. According fveloped transport infrastructure, Poland has become an
2021 data, just before the Russian invasion, Ukraine wi#gportant transit country (second only to Romania) for
among the leading producers of corn (42.11 milliof/krainian agricultural products [9]. Nevertheless, there
tonnes), barley (9.44 million tonnes), and wheat (32.1@Mains a need for further modernization and expansion of
million tonnes), ranking 5th globally for corn and barleyransport and supporting infrastructure, especially in light
production and 6th for wheat [2]. of increasing goods flows in relations with Ukraine [10].

The war has reduced Ukraine’s agricultural productiohhe smoothness of transit is particularly hindered by the
capacity and limited its ability to agricultural productdnsufficient capacity of border crossings between Ukraine
export [3,4]. The blockade of Ukrainian Black Sea portand Poland [9,11]. Additional barriers to the develo_prr_]ent
disrupted the continuity of supply chains and led to a sha@h the transit route through Poland include the limited
rise in global food prices [5-7]. In response, alternativié@nsport capacity of Polish railways and the insufficient
export routes for Ukrainian agricultural products wer&andling capacity of Polish seaports [12]. Despite these
developed with the support of the European Union (EUjmitations, Poland’s role as an intermediary enables the
aiming to mitigate the negative impact of the Black Sedirection of relatively large volumes of goods from
port blockades on global food security. The EU¥kraine to Western and Northern European countries, as
"solidarity corridors" have partially offset the disruption ofvell as to non-European markets. However, the route
traditional export routes for Ukrainian grain; howeverthrough Poland, compared to the route via Ukrainian Black
various logistical and infrastructural constraints limit theiP€a ports, involves a significantly longer land segment and,
efficiency. EU initiatives aimed at expanding the Transdiven the geographic location of Ukraine’s traditional grain
European Transport Network have helped increase ttiBporters, often a much longer maritime segment.
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The aim of this study is to determine the role anthdicate that the transited volume amounted to 0.71 million
significance of the transit route for Ukrainian agriculturatonnes in 2022 and 2.04 million tonnes in 2023. In contrast,
products passing through Poland, based on an analysisao€ording to the latest data provided by the Food and
the volume, dynamics, structure, and geography of tigriculture Organization of the United Nations [2], the

transit. volume of exports to Poland in 2022 reached 2.74 million
tonnes. In 2023, temporary deviations from the trade
2 Materials and methods liberalization measures introduced in June 2022 between

This study utilized source data provided by the Poliske EU and Ukraine [13] were in place. Notably, the Polish
Ministry of Finance, extracted from the Newdovernment imposed controversial in terms of legality
Computerized Transit System (NCTS), which recorddnilateral import bans on certain Ukrainian agricultural
transit operations conducted within the EU territory. Theroducts, and at the EU level, regulations temporarily
data cover the transit of five main types of grain (Corrqllowed_only. transit through member states located close
wheat, barley, rye, and oats) from Ukraine through Polaf@ Ukraine, including Poland. In 2022, when duty-free,
during the period from 1 January 2022 to 31 August 2024restricted trade with Ukraine was possible throughout
(2 years and 8 months, with just over 2.5 years fallinglmost the entire second half of the year, the volume of
within the period of the war in Ukraine). grain imported by Poland was nearly four times greater

The research is empirica] and constitutes a case Std&ﬁn the volume transited. These data indicate the scale of
concerned with the route through Poland as an alternatif¥® load on the transport system, in particular the border
expor[ channel for Ukrainian grain, focused on ke?l’OSSingS between Ukraine and Poland, with individual
findings from the point of view of logistics, in particularflows of goods (imported and transited).
management of material flow and optimization of transport The dominant grain transited through Poland was corn

processes. It employs analytical techniques and statisti€@p-8%), which, together with wheat (32.4%), made up
description methods: almost the entire volume of transit. Barley, the third most

. structural analysis — concerned with thesignificant grain, accounted for only 1.7% of the transited
commodity structure of transit (the share ofnass of grains. The share of other_grains was negligib_le
individual types of cereals in the mass ofbelow _0.1%). The structure of transited cereals by type is
transported grain) and the structure of transit b§hown in Figure 1.
type of transport (rail and road);

« spatial analysis — allows to determine the barley; 66 oats;3 .
importance of individual border crossings and =i
seaports in handling transit, and the importance of
individual importing countries as target markets;

» temporal analysis — allows to recognize the
variability of the flow of goods in a monthly
breakdown, which was the basis for assessing the wheat; 1277
stability of transit flow;

» statistical analysis — was the starting point for
assessing the size, dynamics, structure, and maize (com); 2 593
geographical distribution of Ukrainian grain
transit through Poland.

Diagrams and infographics were used to visualize the
information obtained as a result of processing the Sour‘flﬁ)gure 1 Structure of Ukrainian grain transited through Poland

material. from 1 January 2022 to 31 August 2024 (data in a thousand
tonnes)
3 Results Source: Own study based on NCTS data provided by the Polish
Between 1 January 2022 and 31 August 2024, Poland Ministry of Finance.

served as a transit country for nearly 4 million tonnes of ) ) .
Ukrainian grain. The average annual volume of transit was 1€ grain entered Poland through five border crossings:
therefore 1.5 million tonnes. Considering Ukraine’s expofforohusk (rail and road crossing), Medyka (rail and road
potential, this is a relatively small amount, given that iff0SSing), Hrubieszéw (rail crossing), Hrebenne (road
2022 alone, despite the ongoing war, Ukraine export&ossing), and Korczowa (road crossing). 82% of the grain
over 38.6 million tonnes of grain [2]. mass was transported by rail, while the remaining 18% was
The volume of Ukrainian grain transited througtifansported by road.

Poland was significantly smaller than the volume of grain Almost half of the total flow (49.3%) passed through
exported from Ukraine to Poland. Data from NCTghe Dorohusk crossing (39.5% by rail and 9.8% by road).
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The Medyka crossing accounted for 27% of the trangirain mass, respectively. The importance of each border
(26.3% by rail and 0.7% by road), and the Hrubieszéw raitossing in the transit of Ukrainian grain is illustrated in
crossing contributed 16.1%. The road crossings E&fgure 2.

Hrebenne and Korczowa handled 4.2% and 3.4% of the

Hrubieszow
(railway); 635

Medyka (railway);
1037

other; 713

Dorohusk
(railway); 1 558

Medyka (road); 29

Figure 2 Significance of border crossings in the transit of Ukrainian grain through Poland from 1 January 2022 to 31 August 2024
(data in a thousand tonnes)
Source: Own study based on NCTS data provided by the Polish Ministry of Finance.

The share of each transport mode in the transit of A total of 51.8% of the transited grain, amounting to
Ukrainian grain through Polish territory was identical tmver 2.04 million tonnes, was distributed via land transport
the share observed at the border crossings, with rtdl various European destinations. The remaining 48.2%
transport handling 82% of the total grain mass and rogaist under 1.9 million tonnes) was shipped to Polish Baltic
transport handling 18%. Although detailed recordSea ports, with Gdak receiving the largest share (30.7%),
tracking individual shipments were not available, théollowed by Szczecin (9.5%), Gdynia (3.3%}yinoujscie
consistent proportions in the types of transport used at b¢th5%), and Kolobrzeg (2.1%). This distribution is
the border entry points and throughout the Polish transiisualized in Figure 3.
route suggest that the same transport mode was maintained
across the entire land journey.

Gdynia (container :
terminal); 36 Swinoujscie; 100
Gdansk
{Eom Gdynia: 94
terminal), Gdaiisk: 210 o

1002 .
other; 861 ‘

Land transport in =
eattered B Szczecm; 375
destinations; 2 044 Kolobrzeg; 82
Figure 3 The role of maritime transport in the export of Ukrainian grain transited through Poland and its structure by ports and

transport methods from 1 January 2022 to 31 August 2024 (data in a thousand tonnes)
Source: Own study based on NCTS data provided by the Polish Ministry of Finance.

Considering that both the characteristics of the goodsfavor mass transport, the degree of containerization of
transit (homogeneity, high natural, technical, anttansport can be considered high. As much as 1.06 million
economic transportability) and the very poorly diversifiedonnes of grain were transported by land — both to the
type structure of the grain in transit (as shown in Figure bprder crossings and through Polish territory — in
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containers, accounting for 27% of the total transited granremaining 2.5% was distributed via land transport across
mass. various European destinations or loaded in various Polish
Nearly all container shipments (1.04 million tonnes, aseaports into the holds of bulk carriers.

97.6%) reached Polish seaports (as visualized in Figure 3), Unlike land transport, maritime transport was
and then almost always the transport continued (by sea)iredominantly container-based. The share of containerized
containers. The container terminal in @Gsla dominated transport in maritime operations was 54.7%, more than
container transport, handling over 1 million tonnes oflouble the share in land transport (27%). Meanwhile, the
Ukrainian grain, which represents 94.2% of the graikey role in the mass transport of Ukrainian grain was
transited in containers. The container terminal in Gdynjplayed by the port in Szczecin, with transshipment
received 3.3% of the containerized grain mass, while tlexceeding 375 thousand tonnes.

Vietnam; 28 Singapore; 26
United Arab

Emirates; 30 Philippines; 21

European Countries
— Sea Transport;
1446 65 Thalland:
Non-European Countries;
453
Countries — fada 171 I_ndja; 7
Land Transport; s
2044
USA;
other; 1
Angola; 1

Figure 4 Geographic structure of exports of Ukrainian grains transited through Poland from 1 January 2022 to 31 August 2024,
with emphasis on intercontinental exports (data in a thousand tonnes)
Source: Own study based on NCTS data provided by the Polish Ministry of Finance.

Analysis of Figure 4 reveals that nearly 3.5 million In summary, the transit of Ukrainian grain through
tonnes out of the slightly more than 3.9 million tonnes dPoland predominantly supplies the EU internal market,
transited grain (i.e., 88.5%) were destined for Europeavith minimal engagement in long-haul exports to
countries, predominantly EU member states. Apart frotnaditional markets in Africa, the Middle East, and Asia.
the EU member states, the United Kingdom was a
significant European recipient (over 115,000 tonnes). From the point of view of ensuring the permeability of
Intercontinental maritime transport accounted for jushe transport system, it is important how transport is
under 453,000 tonnes of grain, representing 23.8% of tHestributed over time. According to Figure 5, following the
total grain volume that passed through Polish seaports, difralization of trade relations between the EU and
only 11.5% of the total mass of Ukrainian grain transitedkraine in June 2022, the monthly transit volumes ranged
through Poland. This means that the route leading throuffbm 50,000 to 261,000 tonnes. The peak volume recorded
Poland primarily serves supplies to the EU internal markeh a single month is equivalent to the cargo load of
Its role as an alternative route for the export of Ukrainiaapproximately 120 standard 600-meter-long freight trains.
agricultural products to traditional sales markets i$his means that even if the entire volume was transported
marginal. exclusively by rail, handling the transit would only require

Among the non-European destinations, only Indonesi freight train sets per day. Given that the key border
received more than 100,000 tonnes (171,000 tonnesjossing for the transit of Ukrainian grain in Dorohusk has
While notable, this volume is small consideringhe capacity even for a dozen pairs of freight trains daily, it
Indonesia’s large population and the fact that the data spdorezomes evident that the transit of Ukrainian grains places
a period of over 2.5 years. The high degree d relatively low demand on the capacity of the Polish
containerization in maritime transport facilitated disperselansport system.
deliveries, resulting in a wide range of smaller, fragmented In conclusion, while the transit volumes have shown
end recipients. significant variability, the absorption of these flows by
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Poland’s rail and road networks does not appear to strdiottienecks are primarily at the border crossings rather than
the existing infrastructure excessively. Instead, théaroughout the broader transport system within Poland.

300
250
200
150
100
0 :N;ﬂ'LDLOI\ODQO\—!NHN(Y)Q'LDLOI\ODO?O\—!N\—!NOOQ'LDLOI\OD
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Figure 5 Monthly distribution of transit shipments of Ukrainian grains through Poland from 1 January 2022 to 31 August 2024

(data in a thousand tonnes)
Source: Own study based on NCTS data provided by the Polish Ministry of Finance.
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Figure 6 Schematic diagram of Ukrainian grain transit through Poland (1 January 2022 — 31 August 2024)
Source: Own study based on NCTS data provided by the Polish Ministry of Finance.
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Figure 6 visually represents the key transit routes fgrain crisis lies in the difficulty of supplying traditional
Ukrainian grain passing through Poland during the analysiscipients of Ukrainian agricultural products during the
period. The diagram consolidates significant details fromvar in Ukraine [23], i.e., insufficient supply. The issue of
earlier considerations into a single graphic overview. Thgeclining global food security due to the war in Ukraine,
thickness of the arrows is proportional to the mass of tlecluding the problem of the expanding geographical scope
transported grain, and the accompanying percentage valoés hunger and malnutrition, draws attention from
indicate what proportion of the total mass of transited gramnesearchers [24-27]. Another important aspect of research
was transported via a given route. is food safety during wartime when the quality of

agricultural products declines [28,29].
4  Discussion

The directions and intensity of trade flows betweep Conclusions
countries are significantly influenced by geopolitical The volume of Ukrainian grain transiting through
factors, as exemplified by the global reconfiguration dPoland (approx. 1.5 million tonnes per year) is relatively
logistical links between countries following Russia'small compared to Ukraine's export potential, which, even
invasion of Ukraine [14], including the shifts in the streamander wartime conditions, amounts to around 40 million
of grain exports from Ukraine [15]. The issue of exportingonnes annually. Almost exclusively, corn and wheat are
Ukrainian agricultural products (mainly grains andransited (in a 2:1 ratio). Ukrainian grain declared for
oilseeds) during the Russian-Ukrainian war is frequentlyansit enters Poland via five border crossings, of which the
addressed in economic research, which focuses particulaidylway crossings in Dorohusk, Medyka, and Hrubieszow
on formulating recommendations useful for economiare of key importance. The transit of Ukrainian grain across
policy and business practices — specifically, indicatingolish territory is dominated by rail transport, which
actions that should be taken to increase the efficiency laéindles over four-fifths of the total mass of transited goods.
transit. This line of research concentrates on identifyinghe same proportions apply to deliveries to border
bottlenecks in the transport system and optimizingrossings, indicating that there is no change in the type of
logistical processes [11,16-18]. Another research focustignsport used for transit across Poland. More than half of
the implications of exporting Ukrainian goods viathe transited grain is transported by rail and road to various
alternative, roundabout routes, including the quantificatiotispersed European destinations. The remaining portion
of the increase in negative environmental externalitigges to five Polish Baltic ports, mainly to Gd& (just
associated with transport (due to the inability to usender 65%) and Szczecin (almost 20%). Poland’s largest
traditional export routes). The use of alternativgrain port, located in Gdynia, plays a minor role in the
roundabout routes requires higher energy consumptidransit. Although grain is a bulk commodity, intermodal
which not only leads to increased transportation costs duwansport, combining different transport modes (road, rail,
to higher fuel consumption but also results in greateea) using containers as the cargo unit, plays a significant
emissions of pollutants [19]. role in its transit through Poland. More than a quarter of

Studies examining changes in the volume of Ukrainialdkrainian grain is transited in containers. Almost all
exports and their geographical structure focus orontainerized cargo goes to the terminal infS#along-
measuring the trade creation and trade diversion effeclistance maritime transport concerns a tenth of the grain
[20]. In EU member states located near Ukraine, mudhansited through Poland and is dominated by the port in
attention is paid to establishing the economic consequenéadaisk (with a small share handled by the portin Gdynia).
of increased imports of agricultural products from Ukraine This means that the route through Poland primarily
(in periods when free trade between the EU and Ukraiserves as a new export channel for Ukrainian grain to the
was possible) and transit leakage (in periods when impoBEsiropean market and only marginally substitutes
of some agricultural products were not allowed). Due to theaditional routes, supplying previous recipients whose
non-competitiveness of exports via roundabout routdsod security — unlike European countries — is highly
through EU countries to traditional markets compared &ensitive to disruptions in the continuity at moderately
exports to the EU, there was an influx of Ukrainiampriced supplies.
agricultural products into the EU internal market, which The development of the transit route through Poland as
led to a drastic drop in prices [10]. The resultingn alternative export route for Ukrainian grain depends on
agricultural market crisis triggered farmer protests. Thearious factors, including the military situation in Ukraine,
serious problems associated with this prompted researchigws availability of traditional routes, geopolitical
to measure the scale of the influx of Ukrainian agriculturalonditions, the extent of the EU’s involvement in
products and assess the impact of increased imports daveloping solidarity corridors, the scope and intensity of
domestic agricultural markets [21]. This represents a locaboperation between Ukraine and Poland, and progress in
dimension of agricultural market turbulence, paradoxicallynvestment and organizational improvements (including in
caused by excessive supply [22] (resulting from thiéhe area of harmonizing trade procedures between the EU
liberalization of trade relations between the EU andnd Ukraine). Given the need to ensure a high level of
Ukraine), while from a global perspective, the core of thglobal food security, efforts should be made, in particular,
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to ensure that the route through Poland primarily serves[@ SNOW, M.S.: The Invasion of Ukraine and the Global
an alternative supply channel for traditional recipients of Food Crisis of 2022: Responding to Food Supply
Ukrainian agricultural produce, i.e., poorer countries of the Shocks, In: FARHADI, A., GRZEGORZEWSKI, M.
Global South, rather than as a channel for expansion into AND MASYS, AJ. (ed.)) The Great Power
the markets of wealthy European countries. Strongly Competition, Cham, Springer, Vol. 5, pp. 351-387,
increased export to the EU destabilizes local markets, 2023. https://doi.org/10.1007/978-3-031-40451-1_17
which, in turn, prompts authorities to introduce additiondB] European Commission: Commission to establish
financial aid measures for farmers. This results in a Solidarity Lanes to help Ukraine export agricultural
paradoxical situation where the openness of the EU market goods. Press release. Brussels, [Online], Available:
to agricultural products from Ukraine is accompanied by https://ec.europa.eu/commission/presscorner/detail/en/
ad hoc support instruments for local producers, justified by ip_22 3002 [08 Oct 2024], 2022.
the need to compensate farmers for the drop in agricultuf@] ZAKHARCHUK, o, NAVROTSKY, Y.,
product prices due to the increased influx of these products VISHNEVETSKA, (O PETROV, V.,
from Ukraine. NESTERENKO, S.: Current State and Prospects of
Grain Logistics Development in UkrainEkonomika
Author contributions APK, Vol. 29, No. 5, pp. 20-36, 2022.
Conceptualization, A.S.; methodology, A.S.; formal https://doi.org/10.32317/2221-1055.202205020
analysis, A.S., P.W.-A. and J.Z.; investigation, A.S.; dafd0] PASZTALENIEC, J., ADAMIAK, M.: Import and
curation, A.S.; writing, A.S. (sections 1-5), P.W.-A. Trading of Crops and Rape from Ukraine —
(section 1) and J.Z. (section 4); visualization, A.S.; Effectiveness of State Bodies’ ActivitiesState
supervision, A.S.; funding acquisition, A.S., P.W.-A. and  Auditing, Vol. 2, pp. 56-67, 2024.
J.Z. https://doi.org/10.53122/ISSN.0452-5027/2024.1.12
[11] SADLOWSKI, A., ZAJAC, A.: Export Of Ukrainian
Agricultural Products Through Poland — Route
Restrictions Agricultural and Resource Economics:
International Scientific E-JournaVol. 10, No. 4, pp.
29-46, 2024.
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Abstract: This research examined the engineering projects supervised by Iraqi internal management teams and evaluated
the role of consulting firms in this area. The principal elements evaluated in analyzing engineering project execution
management tools, methodology, objectives, resources, and success rates were time, cost, quality, and project scope. This
research aims to create a detailed inventory of the services, functions, and requirements of the technical control and
engineering consulting sectors in relation to national and international standards. This work utilized pertinent data and
expert opinions to analyze the operations of consulting companies in Iraq via the Delphi method. The preliminary phase,
considering workplace variations, was the creation of a related matrix utilizing local data to determine the relative
significance of each component. After evaluating the second phase's data utilizing the Excel-based TOPSIS methodology,
the factor ratings were calculated. The AHP-TOPSIS method assessed the ability to reason and resolve difficulties, handle
conflicts, additional project expenditures, cost differences across four orders, and financial flow. In assessing variables,
here is where the outcomes truly excelled. The research further concludes that the efficiency of consulting officers plays
a pivotal role in overcoming the challenges of project execution in Irag. Their ability to address time, cost, and quality
issues directly influences the overall success of engineering construction projects.

1 Introduction economic instability that can negatively impact project

Engineering construction projects are one of the maftHdgets, as well as knowledge and skill gaps that some
pi”ars Supporting |raq's economic and social deve|opmeﬁpnsultants may suffer from. Furthermore, the mUltlpllClty
Under the current circumstances, where the country @ Stakeholders and different interests can complicate
facing significant challenges in the construction sector, ti§cision-making and impact the effectiveness of joint
importance of assessing the efficiency of the consulta¥ork [5,6]. _ .
which is a vital part of the project management process, is Quality is the state of conformity of the previously set
increasing [1,2]. The consultant assumes multiplequirements within the product/service [7]. Fraser [8]
responsibilities, including planning and design. In additiorflefined quality as "the ability to satisfy the needs at the
the consultant supervises the implementation of work ofime of purchase and during the usage at the best cost while
site. Factors management is also essential to his role, as'@ficing losses and increasing competitiveness.” This
consultant identifies potential factors during the projedefinition points out the cost factor and loss reduction and
stages and provides appropriate solutions to deal with théproving competitiveness. Assaf and Al-Hejji [9]said that
[3]. Evaluating the consultant's efficiency requiresquality, in general, is a set qf activities that are carried out
considering several main criteria. First, technical expertiégr the purpose of setting performance standards,
is a basic factor. The performance record is also &nonitoring and improving performance to make the
important indicator, as it helps in reviewing previougrovided service effective and efficient and also safe.” This
projects managed by the consultant and their successdgfinition sets itself apart by combining performance
achieving the specified goals. Also, the consultant's abilitgquirements with quality. Quality is a collection of
to communicate effectively with different parties, such agdministrative procedures to provide clients the most
the owner and the contractor, plays a crucial role in tf@ecurate service possible. Rezaee [10] noted that despite
success of the cooperation. In addition, the consultant mi3@t there is no universal concept agreed upon for quality,
demonstrate the ability to manage time and costs, to ensliréan be enumerated certain elements that are shared in
that the project is delivered on time and within the specifiegiality definitions as follows: Quality aims at satisfying
budget [4]. However, assessing consultant competenceCistomer’s expectations or more, applying quality could be
Iraq faces several challenges. Among these challenges @¢8eralized to commodities, services, operations, and
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individuals, and quality is marked by continuity of changeskills, scientific  abilities, and human resource
as what is acceptable today may not be acceptable lareanagement, on the time it takes to complete building
When these factors are taken into account, quality Bojects has been statistically shown. Nonetheless, the
defined by dynamic change rather than stability. It isesearch has made a number of noteworthy suggestions,
connected to goods, services, people, and the environmehich include: a) The board of directors and the founders
in accordance with or even beyond what clients araf construction enterprises should exercise caution when
management may anticipate. This definition is broachoosing the employees who will run their businesses. b)
because it emphasizes that quality encompasses not agsyablishing corporations and partnerships between various
the caliber of goods but also the caliber of people amtbmestic and foreign construction enterprises in order to
services. The concept also emphasizes continuity, whichcigrry out large-scale projects. As a result, it will facilitate
seen as a crucial component of quality. The only definitioexperience exchange and education on the most recent
that focuses on this idea is this one. For this reason, itssientific developments in project management. c) Expand
regarded as the finest option overall. academic professional training in order to equip personnel
Upon closer inspection, the Joiner [11] concept iworking in the construction sector with scientific,
among the most thorough explanations of Total Qualityreoretical, cognitive, and professional experiences.
Management. The following is their explanation of eacBeveloping Internal Audit's Functions in the Light of the
word in the phrase Total Quality Managementinternational Quality Standards Requirements (ISO 9000)
Management: the preservation and organizational growiththe title of the previous study. The International Quality
with the goal of consistently raising the standard. Qualitgtandards, or "ISO," 9000, were to be shown and examined
is defined as satisfying the beneficiary's or client's demanithsthis research. Additionally, as its execution guarantees
and expectations while going above and beyond. Totdhe provision of the proper environment for growing and
comprises putting into practice the idea that quality shoukhhancing Total Quality Management, it sought to
be sought in every work, beginning with determining thexamine and analyze the standards of the intellectual and
beneficiary's requirements and concluding with the clienfshilosophical frameworks of Total Quality Management.
evaluation of whether or not they are happy with the goo#onetheless, the research findings suggest that the
and services they received. Ahcom [12] defines it as Gnventional internal audit approach has shortcomings and
cultural revolution on the method that is used by thmadequacies when compared to the more sophisticated and
management on improving quality. It is a field ofcontemporary ideas of Total Quality Management and
expressing more common sensation in manageménternational Quality Standards. Additionally, the study
practices and the importance of statistical measures. It isiade clear how critical it is to update the conventional
continuous change by the administration in view of thimternal auditor framework, broaden the purview of
results through the management that understands dimhncial auditing, and assess compliance with laws, rules,
manages the operations to accomplish the goals. It is tned policies in favor of a framework that is better suited to
outcome of management practices and the analytidhle concepts of audit quality systems [14,15]. Khalid [16]
methods that help in the process of continuowaticle is headed “Introduction to Total Quality

improvement, hence the cost reduction”. Management to Enhance Internal Audit Management's
Efficiency and Effectiveness." The goal of the research
2 Literaturereview was to determine if the international quality certificate-

In the literature, there are several research groups thélding organizations' internal audit management applies
deal with management quality. The study by Suwanda [13Jpe principles of total quality management at the level of
"Assessing the Management Elements Affecting tr@ach variable or the overall level Of_ the variables'
Construction Project Delays."” The research was carried qiftrformance. It also sought to determine whether the
in Qatar. Examining the importance and influence dﬂterngl audit management effectively uses its human and
management elements on construction project performanﬁét-erlal reSOU.rCGS and Whether the Challenges it faces .Ca”
in terms of project completion time is the aim of thigor implementing Total Quality Management to help it
research. Surveying a sample of project managers Q4ercome those_: cha!lenges and increase effectiveness. The
consulting firms and construction businesses was tR&vate enterprises in the Arab Republic of Egypt that
approach used. The study concluded that: a) There iP@ssess an International Quality Certificate comprised the
statistically significant effect on the time it takes tcstudy's sample. There were 106 firms that participated in
complete construction projects for leadership competentie study. The researcher made use of SPSS.
with its aspects (manpower selection, leadership talents, The ~ study ~ recommended  the  following
and leadership skills). b) There is a statistically significafiecommendations: a) extending the reach of internal audit
influence on the time it takes to complete constructioervices to cover senior management and the company's
projects related to management efficiency and if®any divisions with advisory services. b) concentrating on
dimensions (creating teams and knowing the contractof§hancing internal auditors’ abilities and acquainting them
internal environment). ¢) The influence of scientific andvith contemporary management techniques. c)it is
cognitive efficiency, including its dimensions of legalessential that internal auditors get training and strengthen
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their statistical techniques abilities in order to effectivelgomprehend the components of building projects and
carry out their duties. d) advancements in the use of Totdentify strategies for maintaining harmony among all
Quality Management in internal audit departmentgarties involved [23].A Framework for Comparing
especially in businesses that have obtained ISO 90Q@ntactors' Project Management Components in Saudi
certification. Ameed Fathi's [17] assessing the Effect dfrabia. The research was carried out in the Kingdom of
Applying Total Quality Concepts on Construction ProjecBaudi Arabia, where it included interviewing engineers and
Execution in the Arab Countries and How It Relates tproject managers from construction businesses and
Engineering Code is the title of the study. The study's masbnsulting firms that are in charge of managing certain
significant conclusion is that, in order to improve theovernment projects. Its goal was to create a model that
quality of construction project implementation, it isconstruction companies might follow to enhance their
necessary to achieve integration with the Engineering Coddministrative capabilities. It was shown that the causes of
and strengthen the application of Total Qualityuilding project delays are closely tied to cost increases,
Management concepts in the environment of constructiovhich may be decreased by [23]: a) The project's
project execution. Al-zwainy and Mustafa [18] Theappropriate and superb planning. b) The ongoing oversight
principles of total quality and their effect on achieving thef the project plan by the project management. c)The
competitiveness priorities in factories. According to theontractor's cooperation with other external project
report, manufacturers must use contemporary total qualiparticipants, such as suppliers and independent contractors,
management practices and modify their tenets in order among others. d) The harmony among teamwork members.
meet competitiveness objectives. Miozzo and Ivory [19) adherence to guidelines and laws issued by the
examines how long construction projects take to compleg@vernment. f) The contractor's pledge is to supply highly
when there is inadequate planning. Project managers wpreductive cadres, competent workers, and premium
included in the study's sample. The study's most significamtaterials on schedule. The report advised the contractor to
discovery, however, is that construction firms' lack odssemble teams of highly skilled workers with a variety of
understanding of the value of management and engineerspgcializations and to oversee efficient coordination,
planning is the primary cause of the delays in theareful planning, and constant monitoring throughout the
completion of engineering projects management of totptoject's duration. However, the researcher benefited from
quality and exceptional performance [20]. The researchtss study by using many of the points as a standard for his
most important conclusion is that, in order to apply totalwn research, particularly in relation to planning and how
quality, the scientific method must be modifiedit relates to the project execution time.

Additionally, enterprises must take all necessary steps to This work provides an extensive analysis of the
ensure that the principles of Total Quality are implementedariables, risks, and uncertainties in engineering, along
correctly. Sweis et al. [21] enhancing the quality ofvith methods for their classification and mitigation. The
construction project execution in Iragi governmenaim of this work is to present a systematic approach to
contracting firms. The study included the project manageesaluating infrastructure development projects. A
employed by the Iragi Ministry of Construction andcomprehensive literature review revealed the obstacles
Housing. Nonetheless, one of the study's most importaadsociated with infrastructure initiatives. Infrastructure
conclusions is that the most important variableprojects are famously challenging to estimate because of
influencing the standard of project execution aréhe inherent difficulties in precisely evaluating site
compensation and incentives [22]. The implications afonditions. A study of the challenges related to the
recent advancements in projects and technology efficiency evaluation of consultants that have led to many
restriction in the British construction industry. All partiesfactors. In this work, the essential factors will be selected
engaged in construction—contractors, consultants, saed the main independent computational methods will be
contractors, and suppliers—were included in the sample s#lected. The research will present the modern effective
the British research, which included questionnaires. THactors and combine two computational methods for
goal of the research was to draw attention to thevaluating and ranking the factors.

administrative aspects of the building projects. The

investigation found a substantial correlation between the8e M ethodology

elements in terms of [22]: a) How the stakeholders engaged The research procedure commences with the

in the building process interact with one another. b) Thgrmulation of an extensive questionnaire designed to
techniques used in project design tendering, projegbllect data on pertinent factors. These components are
management, supervision, implementation, and funding @lineated and articulated comprehensively to guarantee a
each stage. c)The usage of modern technologies that hglild comprehension of the elements influencing the
the project outputs (cost, time, quality). However, thgwestigation. A broad questionnaire is thereafter
research suggested using contemporary technology d@seminated to gather preliminary replies. Two multi-
manage and plan building projects throughout every staggiteria decision-making (MCDM) methodologies are
from project conception to project delivery and investmenémployed to examine the data: the Analytic Hierarchy
Through this study, the researcher has been able to befiggcess (AHP) and the Technique for Order Preference by
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Similarity to Ideal Solution (TOPSIS). The Analyticfindings. Should the expert comments indicate that the
Hierarchy Process (AHP) is initially employed to ascertainutcomes are inadequate, the procedure will iterate by
the relative significance of each element, followed by theassessing and enhancing the effective components. This
application of the Technique for Order of Preference hbyecurrent feedback loop persists until the outcomes achieve
Similarity to Ideal Solution (TOPSIS) to rank these factorhe requisite degree of satisfaction, hence ensuring
according to their proximity to an ideal solution. Theprecision and pertinence in the identified factors. Upon
integrated findings of AHP and TOPSIS elucidate the moathieving satisfactory outcomes, the process terminates
significant elements affecting the outcom&xpert This section will describe the sequence of the methodology
comments are subsequently solicited to authenticate the shown in Figure 1.

Develop questionnaire

,

Specify the factors

.

General questionnaire

.

Apply AHP method Apply TOPSIS method

'

—®  Specify the effective factors

.

Expert opmion

Satisfactory
results

No

Figure 1 The Research Methodology

3.1 Developing the project questionnaire architects and engineers is a customary practice in
The research articulates the primary concept prior @onstruction projects. These efforts may require the
exploring the interview questions and subjects. Thassistance of architects and general contractors. A little,
methodology portion of the article delineates th&incomplicated consulting office assignment demands less
techniques employed to investigate the roles of projedéne and work than a substantial, intricate one.
managers in Iragi building projects. Employing certifiedconstructing in compliance with ranking system
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requirements is customary; this approach yield§able 3 The distribution of questionnaires based on the number

documentation and proof of adherence. The resistance of a of years of experience

structure or its components is evaluated using [aNo. | Experiencetime | Yearsof experience
comprehensive scoring system throughout the whdgle 1 High experienc 20

process, including design, construction, manufacturing, 2 Moderate 10-20

and erection. The prompt and economical completion of a experienc

project relies on the proper oversight and management|of 3 junior engineel 5-1C

several elements, including the grading system, credit

registration and documentation, stakeholder |t was discovered that a large percentage of them had

communication, and the responsibilities of team membekgrong experience in the construction area and hold
advanced positions in their jobs, which adds to the logic
3.2 Target groups and reality of the survey results to some extent.
Factors included in the study include company size and
level, job title, experience, and years of working 08.3 Developing the question aire

projects. Surveys are a good technique to collect and arrange
daa for assessment and getting the best outcomes.
3.21 Typeof company However, researchers frequently abuse the process by

Table 1 displays the employment distribution of thising questionnaires to conduct field surveys in order to
respondents: three organizations were contracted with tglect a certain assignment under investigation or trial.
government, and four organizations used subcontractoThey're also utilized to identify and assess changes by
This competency is found in all areas, although it igeasuring the difference between the 'before' and ‘after
evaluated most thoroughly in the project planning anstates. The design of the questionnaire may be broken
initial cost estimation portions. Understanding how to pidown into three parts:
together the parts and calculating the final cost quickly
follows. The majority of responses coming from a. Research and plan the questions that will be asked.
contracting firms rather than consultancy firms can be b. Choosing the right words for each situation.

explained by the increase in contracting businesses in Irag.c. Create an appropriate design for the question

sequence.
Table 1 The Distribution of Questionnaires by Firm Type.

No. Company types No. Of_ To determine the researph object|ve_:s, the rese_archer

companies creates and executes a major connection connecting the

1 government compani 4 research objectives and the specific questions. Questions

2 subcontracto 6 and a combined process of exploring creative thinking may

be used to identify goals and how to attain them. Different

3.22 Jobtitle sorts of questions can be utilized, such as open-ended

Table 2 demonstrates that the study involvegersus closed-ended questions, and replies can be single
individuals from several engineering specializations. Theersus numerous, or grouped in a certain way. Analyzing,
team was distributed as project managers, as the highesteoding, entering, and reviewing data using open vs
ranking members of the team, have access to all finanathbsed questions is a way of analyzing, encoding, entering,
data relevant to the project, as illustrated in this exampleand assessing data. To analyze the data and measure the

prediction, an Excel application was created. In all cases,

Table 2 The Distribution of Questionnaires by Job Title. data may be entered directly or through other tools like

No. Job title No. of engineers Excel, and it's usually organized on the computer as a
1 Consultant enginee 26 spreadsheet, with each row indicating a "case," or a single
2 Project manage 24 respondent. Each column represents a single variable, with
3 Planning enginee 15 data for that variable for all of the cases in question.

4 Site enginee 8 .

3.4 Ranking thefactors
3.23  Yearsof consulting offices activities project The primary objective of this study is to identify the
experience most critical and crucial factors for infrastructure projects.

The subjects’ professional background is displayed ¥Ye require_a staff that is bpth proficient and trained to do
Table 3. Most respondents demonstrated sufficiefite evaluation. The Delphi approach offers researchers a
expertise in consulting offices activities to identify theversatile and adjustable instrument for data collection and

primary factors influencing project costs. analysis. Several justifications for employing the Delphi
approach include the following:
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a. While precise analytical methods are not require®.5 Theindependent research factors
accumulated subjective evaluations may prove This section delineates the assumptions of the
beneficial. independent research variables on the many performance
b. Individuals needed to occupy these positions willactors' viewpoints on the importance of project
possess diverse backgrounds and areas of expertis@anagement, accompanied with the rationale for each
c. In contrast to in-person gatherings, which mayactor's standpoint as explain in Tables 4-8. The below
encounter issues such as interpersonal disputes aategories delineate the predominant factors identified as
dominating speakers, the Delphi method is #fluential in the investigations undertaken by [1,24,25]:
qualitative approach for achieving group consensus.
The Delphi technique was selected primarily Table 4 Thefirst group of factors
because to the expert panel's composition, whi¢hGroup 1 Consultant management skills
predominantly includes persons with decision- F1 1 Communication ski
making authority. F1: Motivation skill
d. In contrast to a cautious institutional approach, F1 = Conflict management sk
experts may express their opinions more openly F1 ¢ Negotiation skil

inside the Delphi method, facilitating the sharing of

more personal perspectives. Table 5 The second group of factors

Group 2 Consultant Leader skills
The validity of the results is contingent upor] F21 | Decision making and proble-solving skill
maintaining the individuals' heterogeneity. This E2: Delegation ski
necessitates extreme prudence in exhibiting evidence|of F5 = Planning and go-setting skil
authority derived from mere force of character of g5 Team building ski

numerical superiority. In summary, the Delphi procedu

is one of the most used methods of forecasting in the

e

Table 6 The third group of factors

technological domain and across many industries. OVeGroup 3

90% of all technical forecasts and analyses stem from

The investigation started with the formulation, evolutior],

Manpower effect

It F31

Project labor co

F3 2

project control syste

and execution of the Delphi method, emphasizing subjgct 3=

selection and timeframes as its primary focuses. Furt

Project overtime co

€T F3¢

Motivation cos

measures must be implemented to prevent a diminist

ed

response rate, inadvertent influence on responses, and to
address panelists on their insufficient competence on thesroup 4

Table 7 The forth group of factors

Planning and scheduling effect

topic rather than soliciting their expert opinions. The™ gz 1 Material and equipment ct
Delphi approach was employed in this investigation for the 4 Cost of rewor
following reason: _ | Fac Cost of variation orde
a. Assemble a team to supervise the execution offa =, Escalation of material pric
Delphi assessment of the prevailing issue.
b. Designate one or more specialists in the relevant Table 8 The fifth group of factors
field to participate in the panel. Group 5 Finance factor s effect
c. Develop the inaugural Delphi survey. F5 1 Cash flow of projec
d. Amend the questionnaire to guarantee accurate” g Profit rate of proje
phra_smg. - . . F5% Project design ca
e. Distribute the preliminary questionnaire to th F5 2 Regular project budget upd
panelists to collect their information. )
f. Evaluate the responses from the initial round and o A4 P-Topsis Method
;g'chjgfgf u;r']r:l'?nhérsng‘é?stilg g\?{;igte and provide In reality, the challenges will unavoidably be required
9- d panel m ) . P go make a decision. The subject of how to make the optimal
feedback on the initial questionnaire. The poll hagption by evaluating the relevant elements remains
now entered its second and concluding stage. tanty hether choosing a oroduct or determining a
h. Kindly elucidate the findings of Questionnaire. Theonstant, w ing a produ ning

Continue reading to evaluate the performance of t
second set of responses.

Ftrategy. Currently, multifactorial decision-making is

prevalent throughout several domains, including but not
limited to business, commerce, and healthcare. Decision-
I{Eaking instruments such as AHP streamline complex
ISsues into manageable tiers by creating a hierarchical
structure comprising goals, criteria, sub-criteria, and
options. The Analytic Hierarchy Process (AHP)

analytical group's report will convey the results o
the activity.
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encompasses complex, unstructured decision-making tisgstems, it is essential to create a mathematical and
involves several attributes. These criteria do not defirmmputational model. The Analytical Hierarchy Process
judgments linearly; instead, they involve a synthesis @¢A.H.P.) model provided a systematic and rational method
physical and psychological elements. The Analytifor organizing and prioritizing decision-making issues. The
Hierarchy Process (AHP) provides a method to quantiHP paradigm is founded on four guiding principles.
the subjective judgments of decision-makers. To evaludfégure 2 illustrates the AHP process flow diagram for
and choose suitable stations for the development of caosaterial selection in construction.

Creating a structural hierarchy

;

Making a distinction by pair

l

Checking the consistency (CT)

Prioritizing alternatives based on their regular weights

Figure 2 AHP method

For that, the priority AHP method was developed and A1 Qg weer Qip
applied to specify the required stations in the stages: AHP = (@21 Gy ... Qpq (1)
Stage 1: establishment of the pairwise comparison matrix, Ap1 OQpz wor Opp

shown in equation (1),
Stage 2: calculation of the weights of the criteria

presented in equations (2)-(7).

AHPg 4 = X411 =102 X in| 2
Ay Ay .. Qg
AHP = Q21 Qpp ... Gpp| X X701 ri2 Y, in|?t 3
(py  Qpy eeer Gpy
AHP,, 1, AHP, i, AHP, 1,
AHB, = | AHP, 5, AHP,, ,, AHP, 5, (4)
AHP,, 4 AHP,, AHP,, .,
j=1J1
AHPgym 2 = 7]fL=1jz (5)
Xhjn
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_ AHPsym_2
AHPprio = & (6)
AHPprio = H?t:l St (7)

This is the most important step in the procedure, arsglected. Quality environment modules are eight essential
the outcomes are similar to a method of selection. The eighiteria used to evaluate IBs that impact the whole building
key modules were distributed among other variabldge cycle. The TOPSIS approach was initially introduced
referred to as "secondary" and "sub-factors." To ensurebg Yoon and Hwang in 1981. The basic concept (Figure 3)
comprehensive collection of necessary components,isathat the selected solution needs to be close to optimal
statistical population consisting of specialists primarilyvhile being as distant from suboptimal as possible.
engaged in Building Management Systems (BMSs) was

=

(aauaaagaad Fwmseadur) Ty gy

Attribute X; (increasing preference)

Figure 3 Basic concept of TOPS S method

Fuzzy TOPSIS adheres to a procedure akin to the
traditional method, as delineated by Chen's approach, The linear scale transformation (1) is depicted in

which may be succinctly defined as follows: equation (8):
a. Compile the normalized choice matrix: In a fuzzy
environment, S|mp_I|f|e_d equations are err_lployed to 7= (ﬂi CJ)CJ = max,; ®)
transform many criterion scales into a unified scale, cj ¢ ¢
therefore circumventing the intricate normalizing _ _ _ .
calculations utilized in conventional TOPSIS. Jahanshhaloo et al.formula (2) is depicted in equation (9):
7 ©)

) JE((a) +e)?) ’\/Z?ﬂz”ii ’ (@) + (ey)”)

wherex;; = (a;;, b;j, c;j) are the elements of the decision matrix.
b. Calculate the relative closeness to the ideal solution using equation (10), (11).
A = {0, 95, .90} (10)
A ={U0, 75, .. 95} 11
where 7} = (1,1,1) and?¥; = (0,0,0) ,j =1,2,..m.

c. Rank the preference order using equation (12)-(16).
Ideal separation

St=3m,s(@;v)  i=12..n (12)
Negative-ideal separation
ST=Yms(b 7)) i=12,.n (13)
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Wheres(¥;;9;") and s(¥;; %) are distance measurements calculated with the vertex method:

~ ~ 2 2 2
ARy Ty) = (Al - vb) + (g = v8)" + (53 - 93] a9
%y (xlj,xf, x5) (15)
Vij= (yilj'yizj'xigj) (16)

d. Calculate the relative closeness to the Ideal Solution using equation (17).

cr=_5i 0<C<1,i=12..,n an

PGS

Where:
Ci=1 if A;=A*
C=0 if A=A

e. Rank the preference order as figure (Figure 4):

Algorithm TOPSIS

Input: Wind turbine criteria values Xxj
Weight of each criterion wy
Output: Best T //T is the best tradeoff solution

Create a decision matrix D

//Calculate normalized decision matrix
FOR x; in D do

Calculate ny
ENDFOR

//Calculate normalized weighted decision matrix
FOR n; in D do

Calculate v;= w;ny

ENDFOR

//Determine the positive and negative ideal solutions
FOR v; in D do

Calculate S and S

ENDFOR

//Calculate separations from S and S
FOR v; in D do

Calculate 4, and d;
ENDFOR

//Determine R;
FOR v; in D do
Calculate R;

ENDFOR

Figure 4 Basic concept of TOPS S method

A novel ranking method that considers the relativenatrix is necessary with n possibilities and m criteria, each
significance of each option inside a collection is nowvith specific weights. When articulating a conclusion that
accessible. This strategy is predicated on the assumpt@annot be quantified mathematically, the most suitable
that each criteria in the decision matrix exhibits approach for its quantification must be utilized.
monotonically rising or decreasing utility. A decision

~ 407 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 399-416 ISSN 1339-5629

Evaluating the efficiency of consulting officers in managing the implementation of engineering
construction projects in Iraq
Sepanta Naimi, Omar Khamees Khalaf, Omar Nadhom Qasim

4 Resultsand discussion developed in the final phase. The factors' ratings were
It is expected that construction projects that us@etermined by using the TOPSIS technique to evaluate the
consulting companies would be finished on schedule af@ta collected in the third phase. You will keep all of your
under budget. Projects related to transportation afélP data when you switch to TOPSIS. Based on the
notorious for having erratic schedules and budgets. Clain@)alysis of variables, we determined and evaluated the
cost escalations, and schedule delays in civil infrastructurariables that affect consultant projects.
development projects can result from a variety of potential
causes. Change orders commonly result in additional co4d ~ The weight of factorsresults
for transportation projects. In construction projects, every The purpose of AHP is to construct a data-friendly
change, no matter how little, might lead to disputes andatrix that can be used to calculate the appropriate cost
lawsuits. This analysis's main goal is to pinpoint the caus&stor weights. Using the geometric mean of individual
of claims, rework, and budget overruns. The topics of coggsessments, this approach allows for collective decision-
overruns and claims in civil construction projects—making by consensus. AHP is a multi-objective algorithm
including those involving buildings, consulting firms,that generates value scales using pairwise comparisons and
tunnels, hydropower, or water infrastructure—are covergdtings. The situations were created in two phases. After all
in a plethora of books and articles. Only a small number of the information has been acquired, the following step is
research works have focused on claims, modificatide rate the expenses using the AHP method. The ability of
orders, and cost overruns that can be linked to Iraq. TH$IP to check and reduce the inconsistency of expert
study looks at pavement construction projects in theerspectives is its primary benefit. The first step is to
consulting sector with an emphasis on modification ordei@entify significant value differences that may be used to
and claims. Six typical factors are covered by thgrioritize cost components. Several questionnaires and
management strategies used in consulting officggterviews with Iragi managers and engineers were
construction operations, which begin with the feasibilitgonducted to arrive at this conclusion. Decision-makers
study and continue through the maintenance phase with gf@ploy their judgments about the relative worth of the
goal of attaining efficient factor management. Threelements in the comparison process. The AHP method
fundamental pillars support the factors-driven methoatarts with describing the problem and assessing the
well-designed foundations, prompt and adequate si@owledge needed to solve it. The aim is at the top of the
assessments, and efficient foundation constructigtecision hierarchy, followed by consulting office activities
supervision. A basic need of quality assurance is tigdjectives, intermediate levels (criteria for subsequent
systematic and thorough documentation of the whofortions), and finally, the lowest level (typically a set of
factors management process. This paperwork attests to ¢heices). The weighting of the priorities at the level below
investigation's correct execution. Important finding$s based on the priorities generated from the comparisons.
suggested steps for factor control, and an explanation of thee researcher then utilized the AHP approach to quantify
study's methodology and data sources must all be includée influence of cost on project costs. The most challenging
in the documentation. It is clear that there are benefits &pect of this project is determining how to handle such
characterizing probability and outcomes statisticallvast amounts of data. The researcher organizes and
Concerns about the quality and sources of the data mighassifies the data in order to provide a good representation
make quantitative analysis challenging. In this case, o existing practices. AHP is used in cost-group decision-
thorough qualitative investigation with comparablgnaking when a group of decision-makers employs pair-
specificity would be suitable. This study provides a usefWise comparisons to evaluate the expert's responses to
and practical method for assessing the risks associated witiestionnaires (comparing items to one another two at a
consulting office operations during building projects. Idime). In terms of priority, each piece is given the same
factor management, it is usual practice for the person witygighting. The weighted values of each element in the
the best qualifications and competence to manage facttgsel below are combined together to produce the overall
to take on that role. We can protect the project frofr global priority. Continue to weigh and add until the
potential dangers or lessen their effects by assigning certs@searcher has determined the ultimate. The pairwise of
of its tasks to a single entity. Due to differences in soil arftfst-fifth groups of factors are shown in Tables 9-13, the
working circumstances, this chapter began by defining thegighted result is plot in Figure 5, and the numerical
study area in the northern parts of Iraq using the Delpweight results of all groups of factors are stated in
method, pertinent research, and expert insights. Usiigble 14.
regional data, an AHP for prospective changes was
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Table 9 The pairwise of first group of factors

Project cost Project implementation | Project completion Project profit
criterion guality criterion timecriterion return criterion
Project cost criteric 1 0.2 0.2 0.3%
Project implementation
guality criterior 5 1 0.3% 0.2
Project completion time
criterior 5 3 1 3.0:
Project profit return criteric 3 5 0.3% 1
Table 10 The pairwise of second group of factors
Project cost _ Project Project completion Project profit
criterion |mp|_emen_tat|.on timecriterion return
quality criterion criterion
Project cost criteric 1 0.33: 0.2 0.33:
Project implementation quality
criterior 3 1 0.14: 0.14:
Project completion time
criterior 5 7 1 0.11]
Project profit returicriterior 3 7 9 1
Table 11 The pairwise of third group of factors
. Project Project ) .
Project cost impIemJentation complagon time Project proflt
criterion : o L return criterion
quality criterion criterion
Project cost criterion 1 0.33 0.2 0.33
Project implementation quality
criterior 3 1 0.2 0.11
Project  completion  time
criterior 5 5 1 0.3
Project profit return criteric 3 9 3 1
Table 12 The pairwise of forth group of factors
Project Project
Project cost implementation completion time Project profit
criterion guality criterion criterion return criterion
Project cost criteric 1 1 0.11 0.2
Project implementation quality
criterior 1 1 0.2 0.3
Project completion time
criterion 9 5 1 0.33
Project profit return criteric 5 3 3 1
Table 13 The pairwise of fifth group of factors
Project
Project cost implementation Project completion Project profit
criterion quality criterion timecriterion return criterion
Project cost criteric 1 0.14: 0.2 0.2
Project implementation quality|
criterior 7 1 0.14: 0.14:
Project completion time criteriop 5 7 1 1
Project profit return criteric 5 7 1 1
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Figure 5 The weight results plot

Table 14 The numerical weight results of all groups of factors

factor Weight
F11 Communication ski 0.06¢
Flz Motivation skill 0.177
F1: Conflict management sk 0.471
F1¢ Negotiation skil 0.28¢
F2 1 Decision making and proble-solving skil 0.08¢
F2 2 Delegation ski 0.10¢
F2 & Planning and goal setting s/ 0.26(
F2 ¢ Team building ski 0.55:
F3 1 Project labour co 0.08¢
F3 2 project control syste 0.10¢
F3 Project overtime co 0.28¢
F3 ¢ Motivation cos 0.52(
F4 1 Material and equipment ct 0.07¢
F4 2 Cost of rewor 0.09;
F4 ¢ Cost of variatiororder: 0.36¢
F4 ¢ Escalation of material pric 0.46]
F5 1 Cash flow of proje« 0.05¢
F5 2 Profit rate of projec 0.14¢
F5 & Project design ca 0.39¢
F5 ¢ Regular project budget upd 0.39¢

An empirical survey's data was used to demonstrate thrpert to compare two hierarchical members at the same
suggested AHP paradigm. The consultant factotsme. Microsoft Excel may be used to see the preference
impacting the project's success are depicted usingseore of the model. Below is a thorough summary of the
consultant-centric hierarchy. The project's consulting teaAHP analysis's findings. The outcomes of the AHP
had an impact on the development of the three-tiereshalysis are shown in tables for each category. The
organizational structure. The matrices make it easier for thensultant's assessment of the effects revealed that the five

~ 410 ~

Copyright © Acta Logistica, www.actalogistica.eu



- International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 399-416

Acta logistica
ISSN 1339-5629

Evaluating the efficiency of consulting officers in managing the implementation of engineering
construction projects in Iraq
Sepanta Naimi, Omar Khamees Khalaf, Omar Nadhom Qasim

categories that were chosen had very high priority leveigvestigation for each specified reason. The ranking
The project variables were ascertained by computing tfiadings indicated that the 20 selected parameters were
AHP for every consultant component. These qualities wevery pertinent to the evaluation of infrastructure projects,
ranked according to the AHP results. derived from the outcomes of construction activities
conducted by consulting firms. A connection exists
Final ranking results between the AHP weight and TOPSIS results in the initial
The outcomes of the AHP-TOPSIS analysis argroup. The prevalence indicates a significant response in
detailed in the subsequent section. Presented below dne processes.
tables elucidating the results of the AHP-TOPSIS

4.2

Group 1:
Table 15 The questionnaire results of first group of factors
Project Project Project profit
Project cost criterion implementation completion return sum
quality criterion | timecriterion criterion
F11 22 6 21 24 73
Flz 27 21 15 10 73
F1: 2 2 37 32 73
F1¢ 13 27 24 9 73
Table 16 The matrix results of first group of factors
Project Project Prrotj)fe_(t:t
Project cost criterion implementation completion rpeturln
quality criterion | timecriterion N
criterion
F11 0.04( 0.0: 0.19¢ 0.16¢
Flz 0.05( 0.10¢ 0.13¢ 0.06¢
F1: 0.00¢ 0.01 0.341 0.21¢
F1¢ 0.02¢ 0.13¢ 0.22] 0.06:2
Table 17 The AHP-TOPS Sresults of first group of factors
Si+ Si- Pi Rank
0.197 0.11¢ 0.38: 3
0.25¢ 0.09¢ 0.26 4
0.12¢ 0.261 0.67¢ 1
0.19¢ 0.15] 0.43: 2

The findings show that, even in the absence of
information technology, the work system technique may be Group 2:
used as a framework for evaluating and enhancing In order to fulfill the requirements of the customer and
organizational processes. Contentious because it suggestsieve the project's objectives from start to finish, the
that profitable businesses must adhere to the same rujg®ject firm assigns a group of project consultants who are
The work system process includes a static and dynamigbject to contractual obligations. Even if it means
representation of how a system evolves over time asdwvering their own company's financial returns, they have
result of both deliberate and inadvertent changes. Amy maximize the project's profitability in order to satisfy the
analysis or comprehension of a work system must stageds of the client organization and the project's overall
with the "work system framework,” which is themanagement expectations. Thus, a number of elements
foundation of the static perspective. The first groupisiay have an impact on the project consultants' team's
results show that the most important ability is conflicéffectiveness in Iraqi building efforts.
management. This is explained by the element's
significance to the operation of building projects and
consulting organizations.
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Table 18 The questionnaire results of second group of factors

An essential step in the project development process, Group 3:

material evaluation and issue resolution are indicated by Respondents to the survey were open about the

the AHP-TOPSIS findings.

Making decisions ancdhdvantages of using project consultants in building
addressing problems are critical skills in this process. In tipgojects, which clarified the need for these experts in Iraq’s
process of developing consulting office projects, thisonstruction sector. The factors that made hiring project
capability is essential. A maximum level of continuougonsultants attractive for the construction company are
production may be achieved with the help of an idealutlined in the following tables. As per the responses
workplace and excellent management. Rework, suppligsovided, project consultants can aid in accomplishing the
tools, heavy machinery, crew interference, quality contrgoals of construction projects by taking on relevant

inspections, management interventions, and inspectioresponsibilities in the field.
are some of the factors.

Table 21 The questionnaire results of third group of factors

Project cost __ Project Project Project profit return
criterion |mpl_emen_tat|_on compl_ethn time criterion sum
guality criterion criterion
F2 1 2 25 18 28 73
F2 2 16 5 37 15 73
F2 3 18 6 39 10 73
F2 ¢ 27 4 23 19 73
Table 19 The matrix results of second group of factors
. Project Project
P:ﬂfgigﬁg impl_anjeqtati_on compl_et{o_n time | Project profit return criterion
quality criterion criterion
F2 1 0.004¢ 0.09¢ 0.07¢ 0.40:
F2 2 0.036¢ 0.0z 0.15i 0.21¢
F2: 0.041! 0.02¢ 0.16¢ 0.14¢
F2 ¢ 0.062! 0.01¢ 0.09¢ 0.27:
Table 20 The AHP-TOPS Sresults of second group of factors
Si+ Si- Pi Rank
0.08¢ 0.27¢ 0.75i 1
0.20¢ 0.111 0.35] 3
0.27: 0.097 0.25: 4
0.17¢ 0.131 0.42¢ 2

Project
Project cost implemjentation Project completion | Project profit return sum
criterion quality criterion timecriterion criterion
F31 2¢ 1¢ 9 1€ 73
F3: 25 1¢ 21 8 73
F3: 11 12 4C 1C 73
F3 ¢ 21 21 17 14 73
Table 22 The matrix results of third group of factors
Proj ect cost impIFe:rrr?Jeﬁf;tion com;re(t){scnttime Project profit return
criterion ) I o criterion
quality criterion criterion
F31 0.05¢ 0.05¢ 0.05: 0.33¢
F3: 0.041 0.05¢ 0.12¢ 0.16¢
F33 0.021 0.035 0.236 0.21
F3¢ 0.03¢ 0.06 0.1 0.29:
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Table 23 The AHP-TOPS Sresults of third group of factors

Si+ Si- Pi Rank
0.18¢ 0.16¢ 0.47¢ 3
0.20¢ 0.07¢ 0.267 4
0.12¢ 0.1¢ 0.597 1
0.14: 0.13¢ 0.4¢ 2

Project overtime costs suggest that the work systewhich is the foundation of the static perspective. In the
method is a set of ideas that can be used to any compapytscess of developing consulting office projects, this
systems for analysis and improvement. Contentiowspability is essential. A maximum level of continuous
because it suggests that profitable businesses must adipeogluction may be achieved with the help of an ideal
to the same rules. The work system process includes buotbrkplace and excellent management. Rework, supplies,
static and dynamic depictions of how a system developsols, heavy machinery, crew interference, quality control
over time as a result of both deliberate and inadvertenspections, management interventions, and inspections
modifications. Any analysis or comprehension of a workre some of the factors.
system must start with the "work system framework,"

Group 4: or financing. "Cost variance" describes the difference
"Variation Costs" refers to the direct expenses arfietween project expenses that were actually incurred and
revenue losses that are justifiably incurred as a result oftbose that were anticipated. If the variance is positive, it
associated with a variation. These costs may include extreeans the project stays inside the allocated budget; if it is
expenses related to design, construction, manufacturimggative, it means the opposite.
commissioning, decommissioning, Through Life Support,

Table 24 The questionnaire results of forth group of factors

Project cost . Project . Project completion Project profit

criterion |mpl.emen.tat|.on timecriterion return sum
quality criterion criterion
F4 1 31 31 9 2 73
F4 2 11 34 21 7 73
F4: 23 5 21 24 73
F4 ¢ 33 2C 1€ 4 73
Table 25 The matrix results of forth group of factors
Project cost _ Project _ Proj ect Project profit
criterion |mpI.emen.tat|.on _compl_ethn return
quality criterion timecriterion criterion

F4 1 0.04¢ 0.0¢€ 0.09¢ 0.03¢

F4 2 0.01¢ 0.06¢ 0.22] 0.12i

F4: 0.03: 0.01 0.22] 0.43¢

F4 ¢ 0.04i 0.03¢ 0.16¢ 0.07:

Table 26 The AHP-TOPS Sresults of forth group of factors

Si+ Si- Pi Rank
0.4z 0.0¢ 0.10¢ 4
0.30¢ 0.16¢ 0.35:¢ 2
0.05¢ 0.41¢ 0.87¢ 1
0.369 0.087 0.191 3

"Cost variance" refers to the difference between actuatders. The creation of standard designs for different
project spending and the pre-project budget. For thilistricts and the owner's financial restrictions are the most
calculation, the difference between the planned cost cdmmon owner-related grounds for change orders;
work done (BCWP) and the actual cost of work finishethadequate staff expertise and difficult access to the project
(ACWP) is used. The study determined that the ownesgte are the least common. The most common reasons for
financial difficulties, the difficulty of establishing a variation orders are conflicts in contract agreements and
consistent design across different districts, design erraredequate coordination between contract parties, whereas
and omissions, the contractor's pursuit of profitability, andonsultant-related concerns include time constraints during
the lack of an appropriate site prior to the design phasetbe design process and design flaws and omissions. The
the construction project were the main causes of variatibmo most typical variation orders pertaining to contractors
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are those pertaining to intended profitability angroject and business managers to track income and
substantial changes to the bill of quantities; the legxpenses. Project cash flow may be seen as the owner's
frequent ones, on the other hand, have to do with tp@ayment plan for the project's completion over a certain
contractor withdrawing from design and, if relevant, askingmount of time. It is a part of the long-term financial
to be compensated for low price. strategy of an organization or enterprise. When assessing a
project's appropriateness, organizations often use the term

Group 5: “"relevant cash flow" to indicate the financial evaluation of

In this groupcash flow is the entrance and outflow ofthe endeavor.
money related to a construction project over a given time Before moving further, the top management of the
period. When running a construction company or projeatrganization must assess the project's benefits and cash
it is essential. The careful management of a constructifiow and provide their approval. An examination of the
project's financial resources is essential to its sustainabilipyoject's cash flow may not be as important when
and profitability. The movement of money into or out of a@ollaborating with outside suppliers or providers. If there
business is referred to as cash flow. When a project bringere no agreements with other parties, there would be no
in moneyj, its cash flow is positive. Exiting the project witmeed to spend any money. An examination of project cash
funds results in negative cash flow. Adding the timéow is useful for allocating project resources, particularly
element yields the flow velocity. Cash flows are used byhen contractors are not present.

Table 27 The questionnaire results of fifth group of factors

Project Project Project Project profit
cost implementation completion time return sum
criterion quality criterion criterion criterion
F51 4 32 33 4 73
F52 29 21 20 3 73
F5: 7 32 31 3 73
F5 ¢ 5 3t 31 2 73
Table 28 The numerical matrix of fifth group of factors
Project Project Project . .
cojst implemjentation complet{on time Project proflt
e . oo - return criterion
criterion quality criterion criterion
F51 0.00¢ 0.07¢ 0.22¢ 0.258t¢
F5 2 0.05¢ 0.0t 0.13¢ 0.193¢
F5:< 0.01¢ 0.07¢ 0.211 0.193¢
F5 ¢ 0.01( 0.08: 0.211 0.129:
Table 29 The AHP-TOPS Sresults of fifth group of factors
Si+ Si- Pi Rank
0.00: 0.16¢ 0.95¢ 1
0.12¢ 0.06¢ 0.34: 4
0.06i 0.111 0.62¢ 2
0.1¢ 0.09¢ 0.4z 3

The goal of the inquiry was to clarify the role thatuunderfunding or improper resource allocation throughout
project consultants play in the cash flow constructiodevelopment.
sector. Based on participants' assessments of the
advantages of employing project consultants, we were ale88  Overall ranking factors
to collect precise data. An estimate of cash flow can be Analyzing the whole AHP-TOPSIS data for each
used to assess the operational and financial stability ofesponder element allowed us to analyze the consultant's
project. These estimates assist the availability of enougffect on the success of the project. You can see all the
money and the early detection of potential financiakesults of the AHP-TOPSIS investigation in the figure
dangers, providing as a strategic foundation for financigfigure 6). According to these rankings, the five criteria
decision-making. These reports help with effective cashere considered very important in light of the project's
flow management, which is necessary to avoigotential impact.
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F1 3 Conflict
management skill

F2 1 Decision making
and problem-solving
skill

F5 1 Cash flow of
project

F4 3 Cost of variation F3 3 Project overtime
orders cost

Figure 6 The overall effect of the main factors

In the building sector, the services provided by projeapplicability in real-world scenarios by categorizing risks
consultants are crucial. From the very beginning of based on environmental factors. The findings revealed that
project all the way to its conclusion, consultants offer thea systematic review procedure considerably enhances
specialized knowledge. The use of project consultansoject operations while reducing inefficiencies.
greatly enhances the efficiency and effectiveness of To reduce project failures and operational setbacks, it
construction projects. Project consultants' efficacy arid critical to address common difficulties such as
efficiency in connection to the final product quality in Iragineffective supervision, insufficient documentation, a lack
construction projects is the primary focus of this researcbf motivation, and confusing instructions. Continuous
This research made use of a dataset that was compiled fromonitoring of construction processes, combined with
a variety of primary and secondary sources. Secondary dataictured training and professional development programs
was gathered by conducting a thorough literature review fafr  supervisors, particularly foremen, is critical to
relevant books, journals, and articles in order to outline amktreasing staff productivity. By employing these tactics,

clarify the primary ideas of this study. consulting firms and construction companies can improve
their operations, reduce delays, and achieve long-term
5 Conclusion success in an increasingly complicated sector.

Delays in building projects and consulting office
opeations provide substantial obstacles, necessitatingRefer ences
thorough investigation of the underlying causes. This study] ENSHASSI, A., MOHAMED, S., ABUSHABAN, S.:
used the AHP-TOPSIS approach to systematically detect, Factors affecting the performance of construction
rank, and mitigate these delays, providing a formal projectsin the Gaza strigournal of Civil Engineering
framework for decision-making in project management. and Management, Vol. 15, No. 3, pp. 269-280, 2009.
The integration of this approach allows for a systematic https://doi.org/10.3846/1392-3730.2009.15.269-280
investigation of disparities, prioritizing numeric risks whilg[2] MISHRA, M., KESHAVARZZADEH, V.,
resolving qualitative concerns using the Ishikawa diagram. NOSHADRAVAN, A.: Reliability-based lifecycle
The study identified 20 significant risk factors management for corroding pipelin&suctural Safety,
influencing the efficiency of consulting firms and building  Vol. 76, pp. 1-14, 2019.
projects using surveys, expert interviews, and exploratory https://doi.org/10.1016/j.strusafe.2018.06.007
research. These components were evaluated for influerisg CHEUNG, S.O., SUEN, H.C.H., CHEUNG, K.K.W.:
using the AHP-TOPSIS factor ranking system and PPMS: a Web-based construction Project Performance
Microsoft Excel, yielding important insights into critical ~ Monitoring SystemAutomation in Construction, Vol.
areas such as conflict resolution, problem-solving 13, No. 3, pp. 361-376, 2004.
capacities, additional project expenses, cost fluctuations, https://doi.org/10.1016/j.autcon.2003.12.001
and financial flow management. The methodology was
evaluated in an lIraqi consulting firm to ensure its
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Abstract: The stable functioning of global logistics supply chains is a necessary condition for meeting consumer needs,
developing production and growing the economy as a whole around the world. The current situation with global economic
uncertainty is seriously testing the sustainability of international supply chains, revealing their vulnerabilities and the need
for diversification. The study aims to analyse the transformation of global supply chains in the context of geopolitical
changes to substantiate adequate directions and tools for managing and optimising logistics processes to achieve a
competitive advantage in a dynamic business environment caused by geopolitical uncertainty using modern supply chain
management platforms. The study is based on theoretical and statistical data and comparative analysis to identify the
impact of global geopolitical changes on supply chain management. The publication explores the world economy’s
challenges due to changes in global trade relations caused by factors, including the pandemic and military conflicts. It is
proved that the dynamics of international associations and the growth of protectionist policies are the driving forces that
lead to the destabilisation of global supply chains and the intensification of trade contradictions. The study identifies ways
to optimise global supply chains, considering integrating digital technology tools into supply chains, which can provide
more accurate tracking of goods, increase transparency of operations and reduce the risks of counterfeiting and fraud.

1 Introduction Inadequate analysis of potential threats can trigger

Global geopolitical processes, such as trade watg)foreseen problems that negatively affect all stages of the
climate change and pandemics, are radically restructurigeduction cycle and the ability to compete in the market.
the world economy. Global supply chains are undergoir%)IS limits opportunities for improving global supply chain
significant changes due to geopolitical disruptionghanagement [2]. _ _ _
economic instability, technological advances and cultural Managing global supply chains in a dynamic
transformations — their complex network is becomin§nvironment has become impossible without digital
even more uncertain due to the constant changes S@lutions. These solutions provide complete control over
international trade. To effectively manage these chains it supply chain, real-time tracking of goods and rapid
is necessary to clearly understand these changes andr@i@onse to market changes. Digital tools provide complete
impact of these processes on global supply chains to red@ggnness and transparency of business processes and
logistics risks and optimise them [1]. Given the currerontrol over all stages of the supply chain, enabling them
global challenges and transformations, the relevance t6faccurately track the movement of goods, control stock
Studying the impact of these Changes on g|0ba| Supﬂ@/els in Warehouses, identify potential bottlenecks
chains is obvious. promptly and optimise logistics processes, which helps to

High competition in the global market dictates nevncrease busir_less efficiency, reduce costs and improve
rules of the game. To meet the growing demands HStomer service. - _
customers, companies are forced to constantly improve That is why, in today’s geopolitically uncertain world,
their logistics processes, providing the highest level &UPPly chain management is the art of coordinated work of
service and ensuring impeccable quality, where the spefilinks, from producer to consumer, to deliver the right
and quality of logistics processes are critical factors in tigoduct to the right place at the right time. Solving the
competitiveness of companies in a globalised worl@hallenges of managing global supply chains in today’'s
Failure to anticipate and mitigate risks can lead tBusiness environment requires an integrated approach
significant disruptions in supply chain operationsconsidering various supply chain optimisation factors,
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including supply chain performance and optimisatioManag Rev [10] and Mishra et al. [11] emphasise the

criteria. importance of proactive planning, collaboration, and
adaptability of chosen paths in uncertain and complex
2 Literaturereview environments to mitigate the adverse effects of disruptions

Academic debates and practical experience over tA8d ensure the continuity of global supply chains.
years have shaped the current understanding of foreig&cording to Noble [12], combining lean and agile will
trade and geopolitics in the scientific works of manyncrease customer satisfaction and competitiveness and
scholars. Based on the results of their study, Goes aigdluce costs, creating a more sustainable and efficient
Bekkers [3] argue that geopolitical conflicts carBupply chain. S N
significantly harm the global economy; in particular, they ~The issue of supply chain optimisation in times of crisis
can lead to a decrease in international trade, slowér discussed in detail in Kryveshchenko et al. [13],
economic growth, and slower innovation processes. Roddiavadska et al. [14], Mittal [15]. Nandy and Md. Mamun
[4] investigated the interaction of globalisation processd$abib [16] emphasise the need for proactive management
and political changes and their consequences for foreigAd rapid response to change. Researchers are deepening
economic relations. The researcher notes that tHeeir understanding of logistics decision-making processes,
neoliberal model of globalisation, which preachedparticularly regarding uncertainty and risks accompanying
unimpeded trade and minimal government intervention @obal supply chains. The challenge of effective supply
the economy, did not always lead to the expected positigBain management in times of crisis is discussed in detail
results. He argues that this model has often led to increag®dRemzina [17], who emphasises that success depends on
inequality, job losses in developed countries, andie ability to adapt quickly to change. Bradley and
undermined social harmony. Chunikhina et al. [1] studieffiderman [18] note that in difficult situations, ready-made
international trade in the context of global transformationgolutions are needed that can be used to quickly adapt to
reviewing key trends and strategic decisions that can BBanges, as well as to implement innovative solutions to
used to develop effective trade policy in the context ¢fPtimise management processes.
globalisation. They argued that a systematic analysis of The international company McKinsey and Company
changes in world trade allows for more accurate forecadt@s conducted several studies in the field of logistics:
and business adaptation to new conditions. Alicke and Strigel [19] substantiated the issues of risk

The transformation of global supply chains, especiallfanagement in logistics supply chains; Bartman et al. [20]
in the wake of COVID-19, has intensified academic debagéibstantiated the current changes and global challenges in
in this area. Researchers such as Sandul [5], Tereshchei® logistics sector; and Dautner [21] optimised global
and Yevtushenko [2], Song et al. [6], Tullio [7] find thatflogistics supply chains. The researchers describe the new
protectionism, mainly through non-tariff barriers, affectdypes of risks that have emerged in global supply chains in
how fast global trade grows compared to the growth of ttigcent years, such as cyber threats, climate change, and
world economy. Khorana et al. [8] analysed how glob&andemics, and offer various strategies and tools for
supply chains respond to sharp supply and demand chang@aging them in supply chains. Diversifying suppliers,
in the face of increased protectionism, including thBuilding inventories, and using innovative technologies to
benefits and risks this brings to companies affected by tH@ck risks allow us to respond to existing problems,
COVID-19 pandemic. Protectionist measures, such a#ticipate potential threats and develop measures to
duties and quotas, can protect new or weak sectors of fgvent them.
national economy from foreign competition, giving them In the context of the development of Industry 4.0,
time to develop; import restrictions can help preserve joligsearchers led by Garcia-Reyes [22] identify how to
and reduce dependence on imports of strategiczﬂlﬂocjemlse supply chains. They propose areas that allow for
important goods. However, in their opinion, protectionisrihe gradual integration of new technologies while
can slow down economic growth in the long run as it limit§icreasing the flexibility, resilience, and reliability of
access to cheaper and more efficient resources dR@istics processes [23], such as increasing efficiency,
technologies. saving money, and improving customer satisfaction,

Analysing the experience of the international businesgdesigning supply chain processes to take advantage of
community in overcoming crises, Buckley [9] notes thafligital opportunities, creating reliable processes for
the disruption of global trade networks requires them gpllecting, storing, and analysing data. Hassani et al. [24]
rethink strategies and seek new opportunities. Accordiggnphasise that seemingly contrasting models (Lean
to the researcher, modern corporate strategies shouldeephasises efficiency, Agile emphasises flexibility) can be
more comprehensive and consider social and politicePmbined to manage a global supply chain effectively.
contexts, especially in rising nationalist sentiment. NorfHowever, only if the need for efficiency is balanced with
market factors, such as geopolitical tensions, are forcitige need for flexibility. For example, a company can use
multinationals to focus on increasing their flexibility, L€an principles to reduce waste in production while using
expanding their network of partnerships, and adaptirfile methods to respond quickly to changes in customer
business models to changing conditions in global markeg¢mand.

~ 418 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics

Volume: 12 2025 Issue: 2 Pages: 417-426 1SSN 1339-5629
Managing supply chains amidst geopolitical instability
Oleksandr Bratko, Andrii Gukaliuk, Nadiia Shyfrina, Iryna Kadyrus

The maturity of supply chain management in terms @he geopolitical environment, which primarily affects
sustainability is relevant today in the context of followingylobal supply chains. The abstraction method was used to
sustainable development, as noted by Reefke aidbntify general patterns characteristic of the
Sundaram [25], Hong et al. [26]. Digital solutions such asansformation of global supply chains in times of
process automation, accurate accounting, warehousiggopolitical uncertainty and to draw conclusions that can
optimisation, and data analytics give companies compldbe used to predict this area’s future development.
control over their inventory and shipments and identify The study of the transformation of global supply chains
potential problems at an early stage, as highlighted byas based on the application of such a method as analytical
Shpak et al. [27]. Although big data technologies are stifliagnostics, which allowed us to identify the main trends
in their infancy, they are already playing an essential rot# global changes in the geopolitical environment, the
in transforming various industries, including by facilitatingdynamics of changes in the international trade community
the development of new services, increasing thend the problems associated with this sweet economic and
competitiveness of companies, and developing innovatipelitical phenomenon. The statistical analysis of the total
logistics solutions [28]. As Colback [29] notes, thevalue of logistics operations by target regions provided a
introduction of digital solutions such as warehouseultifaceted picture of how global political changes affect
management systems (WMS), enterprise resource planngigbal supply chains and international trade volumes. It is
(ERP) and transportation management systems (TMS), andrth noting that there is a significant gap in the
the use of blockchain technology to securely andevelopment of decision-making methodologies in global
transparently track goods throughout the supply chaisypply chain management, especially in the face of
improve agility and response to force majeure disruptionsncertainty and multiple criteria.
and reduce costs and waste in the supply chain.

The existence of a significant scientific body of worlkd  Results and discussion

does not alleviate the urgency of the issue, as the scale ofThe global economy is going through a period of
global geopolitical uncertainty in global supply chaingyrbulence associated with increased protectionism and
requires new solutions that can only be found throughade barriers, which is provoked by the growth of
further research. The changing global context requirg@tionalist sentiment. The rapid development of
updated management approaches in global supply chaifgchnology, especially in transport and communications,

The research aims to analyse the transformation ghs become a powerful catalyst for global economic
global supply chains in the context of geopolitical changgstegration. The transition to Industry 4.0 requires
to substantiate adequate directions and tools for managimpanies to rethink their approaches to supply chain
and optimising logistics processes to achieve a competitiyganagement, considering the growing interdependence of
advantage in a dynamic business environment causeddbnomies and the rapid development of technology.
geopolitical uncertainty using modern supply chaitompanies have been actively expanding their supply
management  platforms.  Considering the globahains beyond national borders for cost savings. Economic
digitalisation trend, the study aims to identify bottleneckgotives drove this process, although it was accompanied
in the existing global supply chain management system aggl disregarding certain risks associated with globalisation
develop measures to address them in unstable global trggg.

After a tumultuous period of pandemic and subsequent

3 Methodology stagnation, logistics is transforming profoundly through a

The research methodology involved the collection oflave of mergers and acquisitions. These processes are not
theoretical and statistical data, their comprehensiwanly changing the landscape of the industry but also
analysis and comparative evaluation in order to identifshaping new areas for investment and development.
patterns and trends in the impact of global geopoliticéhcreased geopolitical instability and stronger protectionist
changes on international associations and trade policypolicies during this period significantly impacted the
order to increase the sustainability of global supply chairnkecline in international trade. Figure 1 shows that, after the
and the volume of investment in the technologicaccelerated development caused by the pandemic, global
development of logistics at the global level. Thesupply chains went into slow motion in 2023, but analysts
observation method allowed us to identify long-term trendsredict a new round of activity in 2024 [20].
and patterns necessary for understanding the processes in
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Figure 1 Total Value of Logistics Operations by Target Region, billion USD
Source: compiled by the author based on data from [20]

Growing geopolitical tensions are leading to theolumes. In contrast, free trade agreements, which
fragmentation of global supply chains and their increasediminate tariff and non-tariff restrictions, stimulate trade
dependence on non-market factors. Changes in trade polgrgwth between countries, and the formation of
are a direct stimulus for the growth or decline in tradmternational trade associations support the resilience of
volumes. Protectionist policies, which impose tradglobal supply chains (Figure 2).
barriers such as duties and quotas, hurt international trade

54

5 51
— o
€C AfCFTA RCEP CPTPP USMCA ACEAH MERCOSUR
mmmm GDP (trillion USD) === Total volume of trade transactions (trillion USD)

Quantitative composition of the alliance

Figure 2 Major International Trade Associations for 2022—-2023
Source: built by the author based on [30]

This trend is driven by the fact that international union® improving trade security in North America. ASEAN
and associations do not stand still but actively respond tontinues to work actively to strengthen economic ties
changes in the global economy. In 2022-2023. The Hiétween the region’s countries. contributing to their joint
focused on the digital transformation of the Single Marketevelopment. The South American trade bloc was
and enhancing economic resilience. The Africaestablished to liberalise trade and factors of production
Continental Free Trade Area is actively developing arfiktween the region’s countries and strengthen economic
focusing on digitalisation. The RCEP has become iategration. Despite this. The bloc’s foreign trade relations
powerful engine of economic growth in the Asia-Pacificemain heterogeneous. as evidenced. in particular. by the
region. providing favourable conditions for trade andomplex process of negotiating an agreement with the
investment. The Trans-Pacific Partnership Agreement h&siropean Union [1].
successfully continued to realise its trade liberalisation and Geopolitical conflicts and new international trade rules
regulatory harmonisation goals. The USMCA contributelsave become the main drivers of changes in world trade.
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which have been initiated by broader global political management strategies. as the regional integration that
processes. as noted by Goes and Bekkers [3]: results from these changes creates both new risks and
» The expansion of military blocs such as NATO creates opportunities for businesses;
a paradox: on the one hand. it increases security and The armed conflict in Ukraine hurts the volume and
promotes economic growth. but on the other hand. it structure of international trade. mainly through rising
can provoke conflicts and limit trade relations; prices.
* Due to the rivalry between China and the United States
and difficulties in NATO. countries are reviewing their ~ The reorganisation of trade and economic associations
trade relations and trying not to depend on one counttyid the adaptation of trade strategies open up new
or region; opportunities for the development of international trade.
+ Inthe context of rising international tensions. economiut they also carry certain risks. Given this. it is crucial to
sanctions are becoming an instrument of geopolitichighlight the main ones associated with changes in
pressure that can lead to trade wars and redistributigaopolitical alliances and trade policy that could disrupt the
of global economic resources; smooth operation of global logistics networks (Figure 3).
¢ Changes in international security and political alliances
are forcing companies to rethink their supply chain

Figure 3 Risks of Global Supply Chain Destabilisation as a Result of Geopolitical Challenges
Source: compiled by the author according to [1]

The rapid pace of globalisation and technological As noted by McKinsey and Company (Figure 4). The
development is forcing businesses to make new choicdgend towards investing in technology to reduce costs and
requiring them to constantly adapt to changing conditioniscrease productivity is becoming increasingly noticeable.
and build resilient supply chains that can withstand any With supply chain finance. exporters and importers can
threat. Based on the pandemic’s experience. governmefiéxibly adjust payment terms. maintain liquidity and
and businesses are developing new models of global supphsure the smooth flow of goods and funds between
chains that will be more flexible and adaptive to unforese@ountries.  Sustainable finance combines social
events. Increasing the resilience of supply chains remairesponsibility with economic benefit. meeting customers’
a critical task even for the world’s largest companies. Thiteeds and seeking sustainable development. Sustainable
process encompasses various activities. from analysifigance is expected to be a crucial factor in building
potential threats to using modern technologies arslistainable supply chains. and supply chain sustainability
collaborating with partners to create reliable supply chaingll become a new criterion for investment decisions [16].
[19].
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Figure 4 Investments in Logistics Technology Development at the Global Level. trillion USD

Logistics is a critical factor in ensuring the continuitysystem of key performance
of business processes in the face of uncertainty. It dscurately assesses how effectively the chosen strategy is

Source: [31]

indicators (KPIs) that

essential to clearly understand what criteria determine theing implemented. High efficiency is achieved by
efficiency and sustainability of logistics processes. Thenproving production efficiency by increasing throughput.
critical point of optimisation is to establish the optimakliminating bottlenecks and shortening the production
criteria for assessing the effectiveness of the supply chaincle. increasing labour productivity. optimising logistics
management strategy under conditions of uncertainty. Theocesses and accelerating the turnover of material

main criteria are the system’s ability to self-adjusttesources. To minimise the

risks associated

with

flexibility in responding to changes. resource efficiencyuncertainty. strategies to increase the resilience of global
and resilience to external threats [15]. A key element slipply chains should be applied. as shown in Table 1.
successful supply chain optimisation is implementing a

Table 1 Strategies for Optimising Global Supply Chains

Strategy

The essence of the
strategy

Areas of application

Advantages of use

Multisourcing Create backup suppBistributing risks among severdnsures high security of  supply.
channels sources to minimise the impact [@bmpetitive prices. continuolis
crises improvement of product quality and accgess
to the latest technological developm
Niaschoring Bringing  production Complete control over all stages|&peeds up order fulfilment and reduges
closer to the consurr |the suppl transport cos
Decentralisation dfTerritorial distribution] Reduce logistics costs and incregReduces the risk of supply chain disrupt{on
productior of productior delivery spee
Interoperability Implementation of |&ystematisation of actions at all levdiscreases the productivity and efficiency| of
single quality standa | of the supply cha all business process
Maintaining  surplusCreating  stock  drincrease in inventory or productipimsure against possible supply disruptions
production assets production capacitycapacity and increase the resilience of supply chains
reserve
Building strategic¢ Creating mutuallyEntering the shared logisticBncouraging joint  efforts.  market
alliance: beneficial partnershi| | ecosyster interaction and exchange of experie
Flexibility of supply Creating adaptivénvesting in dynamic logistigEnsures prompt adaptation to changing
logistics network system market conditior
Digital modernisation | Introduction of digitaBlockchain. Al and cloud computin@gnables supply chain transparency.

tools

in supply chain managem:

intelligence and scalabili

Source: added by the author based on [13]
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Significant fuel price increases. labour shortages andhnsparency. efficiency. and responsiveness are reaching
the destruction of transport infrastructures have createchanew level. Digital solutions enable tracking every stage
critical situation that requires a radical restructuring abf the goods’ movement from producer to consumer.
logistics processes using the most advanced technologiesonitoring stock levels in warehouses. and detecting

Digital transformation has become a necessity fgossible delays or problems in time [18]. A wide range of
global supply chains. which are facing unprecedentexbftware solutions help increase the productivity of the
challenges. Thanks to IT tools. the supply chain’sntire supply chain (Figure 5).

« Applying intelligent systems and analytical tools to improve all stages of the
supply chain, from planning to finance

Digital platform for business « Automates and improves critical stages of the supply chain, enabling
integration seamless digital integration between market participants

*Provides a complete picture of the movement of goods and services from the
supplier to the end user, which allows you to optimise logistics operations

« Integrates into the unified information space of supply chain automation
platforms, combining the processes of supplier management, order
processing, and product catalogue management

Figure 5 Supply Chain Management Platforms
Source: based on [14]

To achieve maximum transparency and control oveven halt in production processes in various industries.
task execution. systems that store reliable and undistortbéreby negatively affecting the structure and models of
data must be developed. Blockchain technology. faupply chains [6]. In addition. optimising global supply
example. guarantees the highest level of data securithains in times of crisis is a complex process that requires
making itimpossible to tamper with or access unauthorisesh integrated approach. It is necessary to introduce modern
data. 10T sensors have transformed supply chains irtechnologies. diversify suppliers. optimise inventory and
interactive systems where each product has its digitalventory management. ensure transparency and
passport containing detailed information aboutraceability. invest in own logistics. improve cooperation
transportation conditions. allowing companies to ensuletween chain participants. and adapt quickly to changes.
product quality and meet customer requirements [24]. The global processes of recent years have triggered

Digital platforms improve communication andlarge-scale changes in international trade. creating new
facilitate financial transactions between supply chaiapportunities and challenges for businesses and economies
partners. ensuring transparency and efficiency of paymentsrldwide. It is necessary to critically analyse the
[29]. Digitalisation transforms static supply chains intdransformational processes in global trade to understand
dynamic networks that provide greater transparenctheir impact on the development of global supply chains.
efficiency and adaptability. Integrating heterogeneous bignalysing global supply chains as an integral part of
data provides a comprehensive supply chain analysezonomic ecosystems allows us to understand their impact
enabling quick and informed decisions to be made inan economic growth and social development. Analysing
dynamically changing environment [28]. the critical factors shaping modern supply chains will allow

The active formation of global supply chains. driven bgompanies to develop effective strategies for optimising
globalisation. has been significantly hampered in the 21giobal supply chains to adapt to new market conditions and
century by the growing number of global crises. Thereate a future-oriented business [5].

COVID-19 pandemic has become a vivid example of such Geopolitical conflicts. including trade wars between
events. which have led to an unprecedented slowdownrogjor economies. have exposed deep divergences in the
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perception of democratic and liberal values betweddnlike traditional supply chains. agile supply chains are
Eastern partners and the Global West. leading to increasddiracterised by close collaboration between all
instability in global supply chains. Globalisation opens uparticipants. rapid data exchange. and innovative
new horizons for market expansion and cost optimisatidgachnologies. allowing them to respond quickly to market
in supply chains. but companies must also consider tbhhanges [16].
risks associated with growing de-globalisation trends. Effective supply chain management in the face of
Successful global operations management requirgkbbal crises requires not only the use of modern
constant balancing between changing geopoliticééchnologies but also a deep understanding of the
conditions. complex regulatory requirements. volatile tradelationships between all elements of the chain and the
relations and adapting quickly to changes. Geopoliticability to quickly adapt to changes in the external
risks have pushed companies to rethink their globalisati@mvironment [34]. The introduction of digital platforms
strategies and look for more local and regional solutioralows for the automation of many processes in the supply
[29]. chain. reducing the number of manual operations and
The increasing complexity of global supply chains anthinimising the risk of errors. The transition from linear to
stricter sustainability requirements force companies twetworked supply chains is a key trend in modern logistics.
reconsider their management approaches. Particulahich is enabled by digital technologies.
attention is paid to the responsible selection of partners. In a dynamic market environment. where supply chains
minimising the negative impact on the environment angre constantly subject to change and risk. it is critical to
ensuring compliance with ethical standards at all stagesrefyularly evaluate information on orders. prices. deliveries
production [10]. The urgency of this transition is related tand other factors affecting logistics operations’ efficiency.
the need to adequately respond to systemic shortcominigse key to effective supply chain management in a volatile
that manifest themselves in the form of negativenvironment is clearly defining and regularly monitoring
externalities resulting from a long-term underestimation dfey performance indicators that consider all these criteria.
the risks associated with market dysfunctions anieh order to adapt to changing conditions and maintain the
government regulation [32]. stability of logistics operations. it is necessary to
Today. the European Union is a leader in promotingystematically monitor and analyse key performance
sustainable development. focusing on the financial sectodicators that consider these criteria [2].
by redirecting investment to environmentally friendly
projects and limiting funding for environmentally5 Conclusions
damaging businesses. The new sustainable finance Global instability caused by wars. economic crises. and
regulations will make the integration of ESG criteria inthchnological revolutions transforms every aspect of
supply chains mandatory for all companies. Companigsternational relations. including global supply chains.
must comprehensively assess their environmental agfobal supply chains play a crucial role in today’s world.
societal impacts. including greenhouse gas emissiofsfluencing economies. politics. and people’s lives.
resource consumption. labour conditions. and suppligfnderstanding their role and the challenges they face is
performance [33]. Failure to comply with the requirementgssential for effective decision-making at the national and
may restrict suppliers’ access to finance and loss gfternational levels.
business  development prospects. In  particular. 1. The study shows that global change is a powerful
implementing sustainability standards can devastate thfver of transformation in international trade. The
development of countries on the path of modernisation. emphasis on achieving sustainable development goals in
As geopolitical competition intensifies and countriesogistics has shifted from declarations to concrete actions.
seek to protect their markets. large companies Mughich is especially relevant for global supply chains.
reconsider their business model. They are ||ke|y to rely |e§ﬁ]ere Companies must ensure transparency of operations
on global production chains and build more locahnd implement a range of environmental measures.
production facilities to meet the needs of consumers in 2. Geopolitical. economic. technological. and
their regions [14]. This is due to the desire to reduce th@itural factors significantly impact international trade
risks associated with supply disruptions and increase thedlations and the formation of alliances between states.
resilience to external challenges. However. the decline ffkports and imports. trade balance. tariff rates. and global
globalisation will not necessarily lead to the destruction Qﬁtegration indices are key indicators. and ana|ysing the
radical change of production chains — many companies gfgnamics allows us to assess the impact of these factors on
beginning to actively work to strengthen their supplynternational trade. The growth of globalisation makes it
chains. necessary to have an efficient and well-managed supply
Global supply chains must be flexible and adaptive tghain. as it is becoming an essential element for
survive in a constantly changing environment. The criticghternational business.
characteristic of an adaptive global supply chain strategy is 3. |t is determined that managing global supply
its ability to change quickly in response to unforeseeghains under uncertain conditions involves a detailed study
circumstances. such as market changes or customer negfishe company’s financial condition. risk assessment.
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development of plans to restore solvency. anfb] SANDUL, M.: Transformational Factors in the
implementation of measures to stabilise operations. The Development of Global Supply Chairnsternational
shaky balance of international alliances and the growth of economic policyVol. 38, pp. 78-102, 2023.
protectionism have led to high uncertainty in global https://doi.org/10.33111/iep.2023.38.04 (Original in
markets. Ukrainian)

4. The introduction of the Internet of Things and6] SONG, M., YUAN, S., BO, H., SONG, J., PAN, X.,
artificial intelligence in logistics significantly increases JIN, K.: Robust optimisation model of anti-epidemic
productivity. process efficiency and customer service. In supply chain under technological innovation: learning
the context of globalisation and a changing market. digital from COVID-19, Annals of Operations Research,
solutions are becoming indispensable for navigating the Vol. 335, pp 1331-1361, 2022.
complexities of global supply chains and maintaining a https://doi.org/10.1007/s10479-022-04855-5
competitive edge. [7] TULLIO, G.: Protectionism and international trade: A

The complexity of modern business requires long-run view, International Economigs Vol. 165,
professional management of global logistics supply chains pp. 1-13, 2021.
to achieve maximum efficiency. Volatility and uncertainty  https://doi.org/10.1016/j.inteco.2020.11.001
emphasise the need to focus on adaptability. flexibility arjf@] KHORANA, S., ESCAITH, H., ALI, S., KUMARI, S.,
efficiency when optimising logistics management DO, Q.: The changing contours of global value chains
processes. KPIs help identify global supply chain post-COVID: Evidence from the Commonwealth,
bottlenecks and develop measures to address them. TheJournal of Business Researckipl. 153, pp. 75-86,
systematic evaluation of all relevant data is critical to the 2022. https://doi.org/10.1016/j.jbusres.2022.07.044
effective planning and execution of logistics operations if2] BUCKLEY, P.J.: Corporate reactions to the fracturing
a global environment. of the global economynternational Business Review,

It is worth noting that optimising global supply chains  Vol. 32, No. 6, 102014, pp. 1-9, 2022.
in the face of global crises is not just a sum of individual https://doi.org/10.1016/j.ibusrev.2022.102014
measures but a set of interrelated actions. Modefh0] MANAG REV, Q.: Supply chain management in
technologies.  supplier  diversification.  inventory times of crisis: a systematic revieMational Library
optimisation.  transparency. investment in own  of Medicine, [Online], Available: https://www.ncbi.
infrastructure. cooperation between chain participants. and nlm.nih.gov/pmc/articles/PMC9362030/
adaptation to changes are all integral components of [17 Dec 2024], 2022.
successful optimisation. The proposed solutions cdhl] MISHRA, D.A.,, GUPTA, N., JHA, G.K.: Supply
contribute to creating new business models in global Chain Resilience: Adapting to Global Disruptions
logistics that will allow for successful operations in a  and Uncertaintylnternational Journal of Innovative

highly competitive and uncertain environment. Research in Engineerinyol. 5, No. 2, pp. 189-196,
2024. https://doi.org/10.59256/ijire.20240502025
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Abstract: The study aims to analyze the reasons for unpunctual service - aspects related to the absence of a spare part
during and immediately after the launch of a new product (New Product Interoduction - NPI flag). The data collection for
the survey research is based on customer interviews. The customer surveys were conducted with the help of the computer
manufacturer of one of the companies that provide after-sales service for computer devices that are not manufactured by
the same company and are therefore suitable for the research in order to determine the existing level of after-sales service
with spare parts and the possibilities for its improvement. Data collection for the supply chain performance study was
conducted from January 1, 2023 to January 1, 2024. The study covered 149,937 processed customer warranty claims from
a computer manufacturer and showed the level of customer service over a one-year period. The biggest weaknesses in the
supply chain for spare parts that provide after-sales service for new products are the uncertainty of future demand and
warranty failures that these products will cause.

1 Introduction parts, which must be available near the customer and

The global interest and scale of distribution of this type é¢telivered within a short time so that the product can be
product raises questions about customer Service’ namwalred with minimal loss to the customer's business.
how this technology is maintained once it has been ) )

purchased and installed by the end customer. Supply Chdin Literaturereview

Management (SCM) is responsible for these issues and isLeMay et al. [1] collected current definitions of supply
constantly challenged by the ever faster development dfain management into practical and analytical use. Many
technologies and their ever increasing distribution. Thigsearchers defined the concept of "supply chain
makes it necessary to explore the possibilities for theinanagement” (SCM) as an integrated [2,3]. The "supply
improvement in terms of efficiency, speed, costhain management” (SCM) concept is an integrated
optimization and offering flexible solutions, as well asnanagement of suppliers and customers. A supply chain is
working out the weak points of the supply chain througbharacterized by the network of actors, the relationships
optimization work. Technical service is not only softwarehetween them, and the processes and activities that take
but often also hardware - in the form of spare parts. Tipace in it. Vodenicharova [4] derives the understanding of
material flows required for warranty service must b&CM from the concept of SCM: "If one adopts the entire
available in warehouses close to the customer amdncept of supply chain, its participants represent all
delivered within a short time so that the product can mmpanies and organizations with which a company
repaired on time. A delay in delivery or the unavailabilitynteracts directly or indirectly through its suppliers and
of a spare part to repair the device would affect the businessstomers, from the production of raw materials and flow
of the customers who consume the product and negativelymanagement of material flow to the time of consumption
impact the image of the company that manufactures thé the product. A number of researchers are conducting
same product. The introduction of new products in thesearch in logistics [5-9] and supply chain [11,12] in
computer market is a topic of great interest. Thearious sectors of the economy, which shows the interest
introduction of new products in the computer market is and importance of the topic.

topic of great interest and of great importance for the In the derived definitions of the supply chain, there are
social, cultural and economic development of society in tlme unclear elements of logistics that lead to a lack of
context of the dynamism and rapid development afonsistent terminology and clarity about the SC that exists
technology and the urgency of artificial intelligence in thevith regard to the production of a final product and the one
personal and professional life of each individual. The satbat exists to ensure after-sales service for the final product.
of this type of product to customers all over the world i$hese two chains (forward and backward/production of the
associated with the challenge of being technicallgnd product-customer service) do not always exist at the
maintained within the warranty and post-warranty periodame time. The finished ICT product is produced and sold
not only in terms of software, but also in terms of spafer a limited time (usually 2 years, as the technology
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becomes morally obsolete faster and faster), while tlwain for manufacturing new products that are sold and
after-sales service for the already sold ICT product can ldsive a direct impact on companies' financial performance,
dozens of years after it has already been taken out saf the supply chain required to perform warranty servicing
production and sale [14]. Effective logistics managemenf the same products plays a secondary role in companies'
supports companies in adapting to changing customausiness strategies. Traditional after-sales service and
needs and gaining a competitive edge is emphasized sypport models are still heavily dependent on human
many authors. The article by Christopher and Holwefactors, as artificial intelligence is not yet as widespread
combines insights of supply chain management with tlend the after-sales service supply chain often does not
service to connect fundamental customer requirementsceive enough attention and focus. According to Yao Li et
[13]. al., companies need to invest heavily in their spare parts
Many researchers [15-17] describe that a welkupply chain to achieve a high fulfilment rate and
configured spare parts supply chain (SC) can reduce costBability [18]. Centralized production is the preferable
and increase the competitiveness of spare parts retailexspply chain configuration in the article Siavash et al. They
This makes it necessary to consider the after-sales serviesearch provides guidance for the development of additive
supply chain as a separate SC, since the challenges it favesiufacturing machines and their possible deployment in
after the production of the final product is completedpare parts supply chains [19].
mainly concern the availability and quality of spare parts The importance and role of the supply chain in bringing
and all activities in the chain related to the storage amgw products to market should not be overlooked, as this
maintenance of obsolete spare parts or their procuremerduld lead to unsuccessful product positioning combined
on the gray market. All these activities are part of SCM fawith high costs, unsatisfied demand, unsatisfactory
spare parts, which deals with the after-sales service of |@f&rranty service and ineffective after-sales service. Thisin
and is not explained in the definitions above. Customéurn would affect the company's competitiveness,
service is extremely important, as is service during tlregardless of how attractive and innovative the new
conclusion and execution of the transaction. It creat@soduct is with which it wants to compete in the market. In
security for the customer and the conviction that therder to identify the place of the supply chain in the
company understands their needs and offers solutionsittroduction of a new product, the main phases of the
their problems. Many companies do not pay attention to ti@roduction of a product in the high technology sector are
after-sales supply chain as they often suffer frompresented, namely: 1) planning; 2) concept development;
understaffing and underinvestment in this area. Howeve) system design; 4) detailed design; 5) system testing and
after-sales services are an important source of revenue ifaprovement; and 6) production. The position of the SC in
industrial companies. The focus is primarily on the supplgach of these phases is shown in Figure 1.

Pre-series production . .
Final Production

Rapid prototyping

Concept System-level Production

Development design

Testing and
| refinement Ramp-up

Planning Detail Design

be, etc.;
¢ Production of individual elements/spares
+  Product-assembly
* Transportation

Product Portfolio | Product Decision Product Concepts | Globalized manufacturing and Supply Chain :
Planning Alternatives Making |
|

|

* Marketing Product A Project Team of Development of * Selection of suppliers of raw materials; JI
* Industrial Design Product B Subject Matter the Product Choice of logistics strategy; 0
* Project Product C Experts Concept + Distribution network ) |
Management Product D Warehouse solutions yd :

*  Product Assembly decisions — whq will do what, at I
Engineering what stage of product_ion'activity will take

* R&D place, what the packaging materials shall |
|

e e

Figure 1 Sequence of activities within a company when introducing a new product to the market
Source: Adapted by [20]
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The place of SC, which is visible in all phases of the The components and production technology are
process, begins in the planning phase, in which the decisidgtermined on the basis of the assessments carried out and
is made as to which product the company will put intby other experts. Quality standards in the form of
production. A prototype is then created. In this phase, tepecifications are developed for the most attractive
production/operations departments are involved aradternatives (taking into account the technical restrictions).
discussions are initiated with the suppliers of the raWwhey provide the supplier with information about the
materials, components, and services required feharacteristics of the products to be procured and form the
production. In the following phases of the process, arafarting point for the search for a suitable supplier and the
especially in the last two, just before the product ipreparation of delivery orders. In addition, the information
launched, decisions are made about outsourcing, tbentained in them is also necessary for the supplier, who
logistics sector and/or production, which is usually carriedses it when executing the order in order to meet the
out in countries with low labor costs. Decisions on whereustomer's requirements. The specifications are used to
to produce, which logistics strategy to follow, where t@ompare the results of inspections, tests and quality
assemble and through which distribution channels wontrols of the products. Depending on how the quality
distribute finished products and spare parts farharacteristics of the materials are described, a distinction
maintenance are also made as part of the processioimade between two groups of specifications: detailed
launching a new product. Quality control is carried out apecifications and regulations/instructions. Detailed
every stage of the logistics cycle and in every functionapecifications can take the form of quality standards
area: Procurement, Production, and Distribution. designed by the organization - technical drawings and

In order to determine the role of the supply chain in thgpecifications that specify the material and manufacturing
introduction of a new product, it is necessary to look at ihethod of the product. Instructions provide more general
from the perspective of its most important functional areasiformation about the quality characteristics of the product
Procurement, Production and Distribution and to whand may take the form of a verbal description of the
extent the new product is influenced by the decisions apdoduct function, a brand or trademark, a quality
activities of the SC in each of these areas. One of the makrtificate, samples, etc. [21-23].
goals and tasks of procurement is to ensure an appropriateWhen determining the quality and technical
quality of material flow management. When introducing aharacteristics of product launches, it is important to
new product and in the decision-making phase of the S©nsider the original flow of raw materials flow and its
design area required to produce and service the firalppliers. The flow of materials and services requires
product, procurement plays a strategic role in the succesgategic decisions such as "buy or make", as far as this is
of the company's new product introduction. possible in the context of the new product to be developed

The quality characteristics are defined in the design ahd brought to market. Deciding who should supply the
the end product or service that the company produces aasv materials depends on factors such as location and
markets. The design of products and services is carried defivery times. Quality control is a challenge, and in the
by a team of specialists from different areas, includingvent that the product contains unique components with
logistics. The tasks and role of procurement experts in thipecific technical characteristics that limit the list of
product design process begin with product definition. Fgossible suppliers, there is the issue of supplier
this purpose, innovative ideas are collected, some of whidependency, transportation costs and regulatory
originate within the company itself, but some of which areequirements for importing the materials in question. At
also stimulated by the development of technologies and tties early stage of launching a new product, it is important
needs of the market during product definition. Procuremetd seek the advice of procurement experts in order to make
is involved in providing information on new material andhe most profitable decisions for the company.
technology developments on the market and, to this end, Manufacturing costs are largely influenced by the
holds discussions with suppliers, investigates suppliemplexity of the product to be manufactured and the
design and production capacities through direct visitapility to produce large quantities. The standardization of
attends trade fairs and reviews publications in traggoduct components and their unification with the
journals. This information can be useful for marketing andomponents used in the manufacture of the company's
design specialists in their search for new product ideas. Thieeady marketed products reduces the likelihood that
ideas received are evaluated in terms of their technologigabduction lines will need to be reconfigured to
feasibility, —market opportunities and financingaccommodate a different manufacturing process required
possibilities. The procurement specialists evaluate tffier the new product. Appropriate product design solutions
components in terms of their cost-effectiveness, functionaould use standard manufacturing processes as a basis and
properties and market availability. The possibilities of inshorten or postpone the differentiation and adaptation of
house production or purchasing are analyzed for eaploduction lines only with regard to the new product. The
component. Procurement plays a key role in this processspeed of manufacture, avoidance of reconfiguration of
it provides information on the costs, quality and markedroduction lines, cost and reliance on proven production
availability of material flows and components. and control processes would be advantageous and require
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the opinion of production specialists with regard to thenethods before the finished product is delivered. The
impact on the supply chain and the newly developeskrvice becomes more expensive, which affects the final
product. developed. Product design is an important factprice of the product. The dimensions of the product
in determining the degree of standardization during thgolume and weight) are the basis for the price of the
manufacturing process [10]. According to Cantini et al. mansportation service, regardless of whether it is ralil, air,
structured method for configuring spare parts SCs showdda or road transport. Sometimes the products are small in
be used to determine whether to centralise or decentralisdume but specific in terms of their characteristics. They
inventory management [15]. determine the packaging and the type of transportation,
Distribution is the final phase of the logistics processvhich has a direct impact on transport costs.
While the first phase is related to the procurement of the
necessary material resources (supply) and the second to3he M ethodology

control of processes within the company (production), the The data collection for the survey research is based on
third phase (distribution) comprises the physicalequests to customers who are computer users in one of the
movement of products to the end customer and customgfee companies examined in the case study. The inquiries
service. How distribution proceeds depends largely on the the customers were conducted with the help of the
final outcome of the efforts of many participants in thgomputer manufacturer of one of the companies that
previous phases of the logistics process. Good results ajgr@vides after-sales service for computer equipment that is
prerequisite for increasing market share, achieving highgét manufactured by the same company and is therefore
profits, and thus broader opportunities for product angljitable for the research in order to determine the existing
technology innovation and, of course, for successfybyel of after-sales service with spare parts and the ways to
market positioning. A rationally organized distributionimprove it. The data was collected through feedback from
therefore promotes the partnership between supplieggistomers following a warranty failure that required a
manufacturers, dealers, forwarders, and other companig@placement part to repair the product. The terms and
involved in the supply chain and thus becomes @onditions of the after-sales service company's response to
springboard for their success. Conversely, poorijhe warranty request, as specified in the customer contracts,
organized distribution demotivates and discredits thesfow how well the company was able to meet the
companies and worsens their market position. The maiistomer's expectations in a timely manner. The
objective of distribution is to minimize the cost of Storingespondents are private and Corporate customers who use
and delivering products - from manufacture to purchasggmputer equipment (servers) and have active customer
while achieving optimal customer service, i.e. deliveringeryice contracts.
products when and where consumers want them, and at theThe data collection to conduct the after-sales service
time they would most like to buy them. supply chain performance survey was conducted from
The customer's order triggers a series of actions aimgghuary 1, 2023 to January 1, 2024. The study covered
at meeting his requirements in terms of quantity, range49 937 processed customer warranty claims from a
quality, price, delivery time and place of delivery.computer manufacturer and showed the level of customer
Distribution therefore begins with the receipt of the Ordegervice over a one-year period_ The feedback from 1572
continues with its processing and compilation and eng@isspondents (private and corporate customers of the
with the transportation and delivery of the ordered producggmpany) was taken into account in the analysis. The
to the customer. These are generally the phases that makshondents are mainly private companies (small and
up the basic sales cycle. Distribution, which is considerggrge), schools, hospitals, universities, banks and others
the main functional area, consists of various elements, iyt use computer equipment for their business. The data
most important of which are warehousing angracks the fulfillment of all registered cases of warranty
transportation. These elements of logistics are considerggims of the company's customers using computer
in the context of making the right decisions for building agquipment.
SC market when introducing a new product to the market. aAspects related to the supply chain activities for spare
Most warehouses have standardized shelf sizes and sigsets immediately after the launch of a new product (up to
products on pallets. In the best case scenario, the packagngonths) of computer equipment from the point of view
of the product allows for its optimal placement on a pallegf ensuring after-sales service. The data reflect the level of
ensuring safety and stability and optimizing space in thgter-sales service provided to 101 customers of new
warehouse. Due to their size, some products cannot fi®duct category (NPI flag) computer equipment who
stored on a pallet or on pallets already set up in thgade 1294 requests for warranty services requiring a
warehouse, so they have to be stored in separate logisfigslacement part. This data is analysed to identify
elements and assembled |mmed|ate|y before delivery. Thi@aknesses in the after-sales service Supp|y chain for
makes warehouse operations more expensive and leadgeiflacement parts immediately following the launch of the
additional product handling. Wholesalers and retailers alg@w product. (The data comes from the survey of 1,572

have a hard time if the product characteristics are n@listomers, but has been filtered by the NPI flag, i.e. only
standardized and require special storage and handling
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the 101 customers who consume products that wettee level of customer service for 101 new product category
launched less than 6 months ago). (NPI flag) computer device customers who submitted 1294
Analyze the reasons for unpunctual service during amdquests for warranty service requiring a replacement part.
immediately after the introduction of a new product (dat@ihis data is analyzed to identify weaknesses in the after-
collection through a survey). The following data isales service supply chain immediately following the
collected in order to investigate improvement opportunitidaunch of the new product. Table 1 shows the number of
in the spare parts supply chain during and immediatetpmputer hardware products (116) and the number of spare
after the introduction of a new product and to suggeparts (839) introduced by computer hardware
improvement opportunities that should be implemented manufacturers during the reporting period. The data is
the initial phase of the introduction of a new product: Thiroken down by quarter and includes information on the
internal activities of the spare parts supply chain during thgercentage of cases where a replacement part was made
introduction of a new product are analyzed from thavailable in time for the new product to be serviced. This
perspective of ensuring customer service. The dakto ensure that a spare part required to service the new
includes: the number of new products introduced in thgroduct is available in the warehouse network at the time
computer category (116 new products) and the product trekinitial sale. In general, new generations of computer
for each product (or the spare parts required for custon@oducts are sometimes sold to customers years before they
service (839 spare parts)). The time periods in which eaahe manufactured and launched. The date of expected first
newly introduced spare part must be available in theervice of new products is known to the company 90 days
computer manufacturers' warehouse network and ready fmfore the product is sold and installed at the customer's
after-sales service are taken into account. This datasise. In the data, this date is referred to by the abbreviation
analyzed to identify weaknesses in the spare parts suppi$D and is the target/date by which the company must
chain during the introduction of the new product that amensure the stock of spare parts. Within 90 days prior to the
the cause of delays in ensuring the availability of spafSD, the supply chain staff must ensure that all spare parts
parts required for after-sales service in the warehouséthe product tree of the new product that are expected to
network be needed for after-sales service are available in the
- Stage 1: Assess the level of timely introduction ofvarehouse network.
spare parts when introducing a new product (using a Table 1 shows that 116 new products were introduced
balanced scorecard); within one year and 839 spare parts were added to the after-
- Stage 2: Identify the main reasons for the lack of spasales network to support these products. The performance
parts during and immediately after (6 months) thef the after-sales service supply chain for spare parts is
introduction of a new product using a Pareto analysis antkasured at a global level. It is measured and presented by
root cause analysis; comparing the number of spare parts that are not
- Stage 3: Identify the weak points in the after-saleguaranteed to be available on the FSD date with the total
supply chain during the launch of a new product bgumber of spare parts that need to be provided for service
identifying the reasons for missed deadlines in th&upport for each of the new products. The data in Table 1
implementation of after-sales service for new products dsbows that performance was below target in three out of

to the lack of a spare part. four quarters during this period. Consequently, the
Company's target of having spare parts available at FSD
4 Resultsand discussion was not met. Table 1 contains data on the introduction of

Activities in the spare parts supply chain immediatelew computer hardware products and their spare parts as
after (up to 6 months) the introduction of a new computetell as performance metrics for the customer service
product from a customer service perspective. Data sho@Pply chain, as described in the text.

Table 1 After-sales service supply chain of spare parts regarding the provision of stocks for thefirst service order
Quarter " unI;kr)c(?(:IL(J)cftgI - Number of Spare Parts % Spare Parts Performance vs. Target
I ntroduced Available at FSD )
I ntroduced
Q1 29 204 88% Below Target
Q2 30 21( 91% Below Target
Q3 28 20( 89% Below Target
Q4 29 224 95% Met Target

Note: FSD (First Service Date) refers to the target date by which spare parts should be available in the war ehouse network

Having established that the performance of the spaveder, the reasons for this are examined using a Pareto
pats supply chain in customer service does not achieve #galysis. Figure 2 shows a Pareto chart of the main reasons
goal of providing a stock of spare parts for the first serviaghy the spare part did not arrive at the IT company's
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central warehouses in time to secure the first service order. In second place is GBU late release (firmware) with
Three main categories of reasons stand out. The ma&®% of all cases in which a spare part did not arrive in time
reason, which accounts for 32% of all cases where a spfoethe first service order. The reason for this problem lies
part did not arrive in time for the first service order, is then the lack of synchronization between the supply chain
MOQ — the minimum order quantity required by thethat deals with the production of an end product and the
supplier-manufacturer of the spare part from the computene that deals with after-sales service. When a final product
technology manufacturers. The weakness in this caseinsthe computer category is manufactured, the after-sales
that when new products are introduced, the compasgrvice waits to validate all technical aspects related to the
requires minimum quantities (insufficient to meet the spamrrect functioning of the new product and all its
part manufacturer's MOQ conditions) from the suppliecomponents before giving the green light to the service
manufacturer of a spare part to position them in the stoaktivity. One of these technical checks relates to the system
network in case a warranty claim occurs in the first sikoard or motherboard of the new server. Before customer
months after the new product is introduced. Theservice receives the order to take the system board into
minimum quantities ensure availability in the warehousstock, production must ensure that it is working properly
network and guarantee that the company has a spare pagnd that the latest version of the so-called firmware is
the warehouse network in the event of a warranty clairmstalled. The production delay on the software side affects
However, the supplier of this spare part is not alwayke chain and delays the readiness to add the hardware
prepared to fulfill the request in the quantities required bgystem board to the company's stock network as a spare
the computer companies, as this can disrupt thegart. The production delay is not taken into account when
production plans and processes. Example: computgpdating lead times and end dates for spare part
manufacturers, when launching a new product, only waatailability. This poses a challenge for the after-sales
to have 3 cables (one in each central warehouse/regionsupply chain, as it is directly dependent on production and
stock in sufficient quantities to ensure warranty failures iits deadlines.

the first 6 months after the launch of the new product (as In third place is "delays due to the installation of a new
no failures are expected with the new technology), whiupplier" with 20% of all cases in which a spare part did
the cable manufacturer requires a minimum order quantitpt arrive in time for the first service order. This cause of
of MOQ 100 pieces. For certain categories of spare partiglay occurs when the company enters into a new
such as cables, it would not be possible to link the afterentractual relationship with a supplier with whom it has
sales service supply chain order to the order placed by the previous experience. In the dynamic world of
supply chain for the manufacture of the final product witinformation technology, the emergence of a new supplier
the same cable manufacturer, as the manufacture of #re its rapid rise in the market is no longer as rare as it was
final product is at "chassis" level - the requirement is fan the past. Despite the company's desire to consolidate its
the same manufacturer to pre-assemble the cables in sgpliers and work exclusively with a few key suppliers, it
chassis required to manufacture a final product. Howevesometimes needs to establish a new relationship with a
maintenance is done at the cable level, not at the chassigplier with whom it has not previously worked in order
level, and for this purpose the same component, but atcebring a new competitive product to market. Establishing
different level, is ordered separately from the same new relationship with a supplier that offers better quality
manufacturer. Negotiations are held between the R better pricing terms for spare parts (or both) that the
companies and the spare parts manufacturers to reducedbmpany needs to manufacture a new product is a time-
minimum order quantity or to agree that the sameonsuming process. Negotiating price contracts, return
component will be purchased by the PC companies withaptions for defective parts and repair contracts takes time
a certain period of time and not only when a new produahd causes delays in the introduction and positioning of
is launched. These time-consuming negotiations are ttieese parts coming from the new supplier with whom the
main reason for the delay in ensuring the availability afomputer manufacturers are technically building new
spare parts in the PC manufacturers' warehouse networkedationships.

the time of the first service order.

~ 432 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 12 2025 Issue: 2 Pages: 427-436 1SSN 1339-5629

Study on the supply chain for spare parts
Maria Vodenicharova, Yulia Genova

Pareto Chart NPI Readiness Misses

300 100%
90%
250
80%
70%
200
60%
150 50%
40%
100
30%
2.14 20%
50
22 18 18 18 1g — 10%
7 6 6 5 5
0 100 ] s P R 33,202, 2.2 3 1 &) .
@ e - @ ar 9 = = —_— ¥ H 1 @ £ 3
@ @ i = s a oo ® ok v B o & F =g om
2 8 8 : A £ s 2 & g 2 i E fS5gsd8 2
8 2z @ g B wm = = = 32 Em : 2 g A @ m &= g = 7o .,
E 2 = : T © & = W B o £ J ES T 2 B = E = oy
g EQRf®E 4, 5 868 1 EE S E YR E 35 g £ = 6 g 92 2 F & £
gEgugﬁﬁﬁqﬁE;:ﬁB%E-ﬂﬁggut‘ﬁ'gmgg
BEER B EEEEEE R R E SR L RE ET 23
S 8 ES EESsER 2 FgEss582 S8z 5§ &5 g 8
E-..‘nluhaﬁ__\.ln 3 _n;-a.gwmi m.g:;
- @ 2 2 w o = o v L S 2 @ g B
25 my 832828 < s £ 28 288°% 53 28323
53583808 582" 333523 S & E 3
S3Eg9AZETE S 93 SE5ZTIZE 2226
833« fo2 2853 B3F5F=8E Z 23
o 2 8 3 e} @ © 2 E 3 £ Sz &

Figure 2 Pareto analysis of the causes of missed deadlines for providing spare parts on time, for servicing new products

In order to identify the main weaknesses of the aftechain for spare parts of 101 customers was analysed) and
sales service for spare parts when new products dree first (6 months after the product launch) warranty
launched, an analysis of the efficiency of the after-salesders with spare parts have taken place (1294 requests).
supply chain for spare parts is carried out immediately aftBor the year under review (January 2023 to January 2024),
the market launch (6 months) of a new product. The stuéygure 3 shows that of all service orders (149,937), only
focuses on the after-sales supply chain immediately af@i86% (1,294) concerned products that were placed on the
the new product has already been positioned with timearket less than six months ago (NPI labeling).
customers (the service provided by the after-sales supply

EumchLosNetaty,

NPI Product Flag

1% NPI Product Flag 5

Y | (blank)

Figure 3 Number of serviced requestsfor after-sales service of customers who purchased new computing products
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This percentage is to be expected as products soldadfoa spare part are to be expected in the first 6 months after
customers under warranty in the early stages of the lifiestallation.
cycle are relatively rarely damaged and warranty claims Figure 4 shows the number of service requests received
increase with the degree of moral obsolescence of tf@ new products that were responded to promptly and for
equipment and, accordingly, with its operation. It isvhich a replacement part was provided to fulfill the
common practice for computer companies to technicallyarranty. Figure 4 shows that in 94% of cases a
test the performance of a product at the manufacturimgplacement part was available and warranty services were
facility before the product is installed at the customerjsrovided on time, but in 6% of cases this was not the case.
premises. It is expected that all possible tests am@bnsidering the company's goal to provide a 100% spare
replacement of a spare part will have taken place before {erts service for new products, it is necessary to identify
product is installed in the customer's data center. It ise reasons why the requested spare parts were not
assumed that no failures that would require the replacementilable at the time of the request.

Sum of Los Net gty
NPI Product Flag

6% NPL. .Y
HIT.. .Y

mY HIT

mY MISS

+_

Figure 4 Level of after-sales service achieved with spare parts for new computing products (missed (MISS) / fulfilled on time (HIT)
warranty claims)

Figure 5 shows the reasons for missed deadlines for gheactice serves to optimize inventory levels, optimize costs
timely execution of a service order with a spare part fand later make the right decisions - in which regional
products launched less than 6 months ago. Figure 5. shomazehouses, what types of parts and in what quantities to
that the reason is the same for all requested spare pausition them so that customers in the region can be served
categories, namely a delivery delay ("Delivered too late"Jn a timely manner. Regarding the types of spare parts
This means that a spare part was available (usually irreguested for the maintenance of products launched less
central warehouse) but not close to the customer (it was tioan six months ago, Figure 5 shows that it is hard disks in
available in a regional company warehouse). It is @1% of cases, followed by network spare parts (switches
common practice for computer companies to keep a stoakd routers) in 31% of cases and in third place cables,
of spare parts needed for after-sales service in centaalapters and chargers in 8% of cases.
warehouses at the beginning of the product life cycle. This
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LOSStatus ~ Los Fundtion Group Code .Y’ NPIProductFlag .Y

Sum of Los Miss Qty

Delivered too late Cable/Adaptr/PwrCord
8%

elivered too late Hard Drive

Delivered too late Product Netwrk Dvic 61%

31%

Figure 5 Reasons for missed deadlines for the implementation of after-sal es service but new products due to the lack of a spare part

Due to uncertain demand and warranty failureghain and present management with the challenge of
computer equipment manufacturers often take the risk ofanaging all relationships with different suppliers in
not stocking spare parts in regional warehouses for the fidifferent ways (depending on the established requirements
six months after product launch. Instead, they wait untiind the agreements made with each of them).
demand has stabilized so that they can make better Some of the spare parts are produced by the computer

decisions about stocking in regional warehouses. manufacturer itself - these are spare parts that require
special processing of the software part, which is combined
5 Conclusions with the hardware part to match the finished product

The analysis of the research data shows that computgfmware, etc.). The problem that may arise with in-house
companies work with several suppliers and manufacturepgoduction of spare parts is the maintenance of equipment
of spare parts. A large proportion of the spare parts use@d highly qualified personnel (engineers), which means
for the production and after-sales service of finishe@dditional costs for the computer company. One of the
products are supplied by non-company manufacturefys to improve the after-sales service supply chain for
(third-party Supp]iers such as Intel or AMD (processorsﬁpare parts could be Soug_ht in cost rationalization in the
Nvidia (graphics cards), Amphenol (special cablesfirea of spare parts production.

Samsung, Kioxia, Seagate and others (hard disks), etc.).
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