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Abstract: The research of this paper aims to characterize and describe the methodological sequence of operations
necessary for the correct calculation of the cost price when performing a bid calculation in the bending process step on a
bending machine. The research focuses on determining the methodology and its application exclusively to sheet metal
parts in the engineering industry in the processing of steel and stainless-steelTsheetearch this issue, we used
empirical and quantitative research in a real work environment. The methodology for calculating the cost price of bending
sheet metal parts yields the relationships between component inputs, the result of which is a time parameter that is
expressed by the actual production costs. The results can be used in the real working environment of manufacturing
companies for comparison with already established practices and a verification of their outputs. At the same time, it is
possible to use the determined methodological procedure as a basis for implementation in the Aurendi web application.

1 Introduction inquiries usually take place with very limited availability

Market trends are leading to the digitization, the use &f information and within short time frames, estimates of
technology and the transformation of businesses in the & costs on which these tenders are based are highly
called Industry 4.0. The most important aspect of arijaccurate and pose a significant risk to suppliers. In
company's success is a satisfied customer. The busin@agiicular, the actual consumption of production capacity
environment is changing year by year and marketing ag@nnot be predicted with sufficient accuracy [7]. For a
business practices are witnessing an ever-increasifgpduct to succeed in the manufacturer's competitive
tendency to focus on the customer and their needs [1,2ysiness, there should be an accurate estimate of its design,
Global competition makes it necessary for industriglevelopment, and manufacturing costs [8]. In this respect,
Companies to accurate|y monitor production Cosl(galculatlons of the productlon costs of finished products
throughout the design process. However, it is difficult foreed to be made quickly and reliably [9]. There are two

a company to determine the best technology to ensure ¢@ncepts for calculating the price of a product, namely
profitability [3,4]. absorption calculations and direct calculations [10].

Absorption calculations are also called full calculations,

Cost management is a major section of busine§3eaning a calculation concept in which all production
management in the manufacturing industry. The level 60sts are absorbed into a product. Direct calculations,
implementation of the cost management is Eeanwhile, are commonly known as marginal calculations
comprehensive index for measuring the level of enterpri§é Vvariable calculations, and involve only assigning
management [5]. The ability to predict the cost oYariable production costs to products [11]. The paper uses
manufacturing parts is therefore considered a key factor fée full calculation methodology.
the commercial success of products [6]. Since tenders for
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The methodology described herein for a specifiapplication is built on a cloud solution and can be used
bending process step is one of many inputs on feom anywhere, requiring only an Internet connection.
comprehensive scale to determine the target price. We The paper describes a methodical approach to dost pr
understand the target price here as the cost of the prodeaiculations of a specific technical issue, focusing on the
without compromising its quality [12]. technology of bending sheet metal parts on press brakes.

The bending process is herein defined for th&his is a key step in bid calculations, which has a
processing and production of sheet metal parts in teegnificant share in the final price of the product and is also
engineering industry, whereas individual processors mustmplicated for a qualified estimate. The paper’s results
map their own given industry in detail, as they would angan be used as a basis for the implementation of this
other industry. Manufacturers of sheet metal parts mustethodology in the Aurendi web application. This
take different measures to compete on the market ifoplementation makes it possible to monitor the process
differentiate themselves from their competitors. Offeringnd evaluate the outputs of individual calculations, and
customized products of the highest quality at the lowesttrospectively verify the correctness of the determined
possible price is the ultimate goal for the long-ternrmethodology.
operation of any company. For the price to be as
competitive as possible, the costs must be known. Once the M ethodology

product manufacturing process is complete, detailed The methodology is divided into three main branches
information can be collected and used to determine the c@gét must be projected — preparation time, bending time and
of the final product using additional costing. Regardlesge resulting conversion to the price for the preceding
an estimate of production costs is often required before thgctions. In the case of time per bend, it is necessary to state
actual production of a given part. Therefore, the costs muygk time calculation for the setting of one bend, while the
be estimated within the specified accuracy range, everyésulting time will be this calculation multiplied by the
not all the necessary details are known yet. To overcorggmber of bends on a specific job. In the price calculations,
these missing technical details, cost estimation techniquesyill then be necessary to take into account the possible

are used to approximate costs within a certain range géed for the participation of auxiliary workers, whose time
accuracy [13,14]. However, the basis of the calculation jfust be taken into account in the cost price.

the automation of the calculation based on structural and The methodology is limited to the use of press brakes
technological parameterization. This enables automaiiy to a maximum bend length of 5 meters. These

transfer of initial design and technology data to the costitg|ationships can also be used in setting up the

module [15]. methodology for larger press brakes, however, it would be
The paper’s research is based on the need to speeify necessary to make your own plans and adjust the

individual process steps within the methodology of thgsjationships for the given machinery. Therefore, the

Aurendi online web application. In this specific case, it ifollowing descriptions will only use a maximum bend

the issue of bending. The Aurendi web application is [@ngth in the range of 5 meters. Longer bends are relatively

calculation tool for the automated calculation of the Offe[fhore demanding in terms of the expected higher Weight of

price of sheet metal parts and welded structures in the parts, in which it is necessary to take into account the

engineering industryThe application mainly focuses ongadditional costs associated with the use of transport

performing bid calculations by the calculation of coskquipment.

prices and sales margin. The primary function of this tool  The method of statement of monitored outputs is

is to achieve an accurate calculation of the bid price whifscribed in two ways:

increasing the efficiency of the bid creation process. Atthe .  General values,

same time, the application simplifies the manufacturing . precise values.

companies’ contact with suppliers in the engineering

industry through a regularly updated database system. The General values are stated in the research wherever a
principle on which the system functions is its ability tQjiven value is subject to individual setting by each
extract data from the input prOdUCtion documentation iﬂ]anufacturing company depending on the Company’s
.dxf and .Step file formatsFiles in the aforementioned internal Settings and pricing poiicy Tables Containing
formats can be opened in the application environment aggact values are created using in-process surveys and are
the system automatically loads all the key information faecommended for use in your own calculations.

the calculation. By combining the ability to obtain the

required data from the tender documentation, a uniqge]  procedure for determining preparation time
methodological approach to the calpulatlon of tender bids Determining the amount of preparation time is
and a database system, the calculation of tender bids capyBRerally considered to be the most important and at the
performed in a fraction of the time compared to thg;me time the most complex quantity in the calculation of
conventional method of calculation. The accuracy of thgne parameters within the calculation of cost prices for bid
calculation of bid prices is also significantly better. The culations. This parameter is the most important mainly
due to the very high costs associated with the operation of
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the machinery, whose acquisition value is on the order 1.2  Number of bends
millions of crowns. It is the most complicated due to the This parameter must be read from the drawing
need to estimate when using the conventional method ddcumentation. When using the Aurendi application, this
calculation, and where the responsibility lies with th@arameter is automatically loaded by the application from
budgeter, who must be familiar with the productiorthe input documentation in the .STEP file format. This is a
process. The hourly rate is calculated from the acquisitisariable depending on the specific production assignment.
cost of the machine and the overhead costs associated with
the operation of the machine, which must be reflected #11.3  Preparation of workplace
the machine preparation timePreparation time is A constant whose value is adjustable by each
understood here as a non-production cost of the machimeanufacturing company depending on its own
when certain operations must be performed within thdeterminations and the layout of the working environment
machine settings and preparation of the machiref the press brake. For the purposes of presenting the
workplace. This is unproductive time, but it must be takearticle, the plans were made in a specific manufacturing
into account in the calculation of the cost price of theompany. When using the Aurendi application, this
product. It can therefore be stated that costs are alregghrameter can be set by the user.
incurred in the pre-production phase of the processing
process. The stated costs are calculated in the Wd.4  Settingup the pressbrake dies
calculation and distributed proportionally to the quantities This parameter is characterized by the relationship
of the required parts. Here, a quantity discount based rmtween the time requirements for the installation of dies
on the business strategy but on the pre-production phasérothe machine when processing different lengths of bends.
the production cycle is evident. In the case of high serig#is is a variable depending on the input documentation.
production on the order of hundreds of pieces, thEhe specified relationship corresponds to the time it takes
preparation time is practically negligible, however, whefor the production worker to install the dies on the press
dealing with small series production, this parameter is kdyrake. The specific type of die is selected based on the
and significantly affects the cost price. strength of the sheet, which is given by the input
As part of the calculation, all parameters must bdocumentation. However, the sheet metal force parameter
considered and defined. The definition of input parameteiss irrelevant for this calculation. The production worker
is shown in Table 1. Also included is the informatiorchooses the appropriate set of bending dies according to the
regarding selected inputs, especially information about tihedividual properties of the machine. Since it is very
nature of the value, its source and the possibility of a ugemobable that the bends will be of different lengths on
setting of the quantity. The latter information is requiredifferent parts depending on their dimensions, to set the
for Aurendi users. The value of the quantities is left in thereparation time correctly it is necessary to work only with
general form. the longest detected bend on the part. The reason is the
manual laborious installation of the dies in the press brake,
Table 1 Chart of input parametersin the preparation process and if we take into account the longest bend, there will be

Composition  of |Nature of Source of|User |Quant |Unit no risk of additional installation of dies being necessary,
O‘r’ef:'r'ation e value value ?“”9 lglue because there will no longer be a need to increase the
prep quantity length. In the case of choosing one of the shorter bends, or

the shortest, there would be additional costs associated
tes with the additional installation of dies in the machine. The

Bend Constant | Database YES a miny . . L. .
programming / bend given relationship is shown in table no. 2.
Number of bendsVariable | STEP NO b pieces . .
Table 2 Dependence of the length of bends on the time of setting
Workplace Constant | Database | YES c minutes thedies
preparation Minimum Maximum Time required for
Adjusting thdVariable | Database | YES d minutes length of bend|length of bend|die setting (d)
press brake be [mm] [mm] [min]
Span of ben|1 1000 2
2.1.1  Bend programming lengths 1001 2000 4
This is a fundamental parameter for working on a press 2001 300( 6
brake. The parameter has the nature of a constant, which 3001 400(
we understand will be set only once within the work with 2001 500¢ 1C
respect to the measurements in the work process. The fjrst 5007 600C 2
value of the parameter describes the time required for
N . 6001 700( 3C
programming individual bends on the machine.
7001 800( 4¢

~ 363 ~

Copyright © Acta Logistica, www.actalogistica.eu



bc’ Acta logistica - International Scientific Journal about Logistics
g Volume: 9 2022 Issue: 4 Pages: 361-368 ISSN 1339-5629
3 / METHODOLOGY FOR CALCULATING THE COST PRICE OF THE BENDING PROCESS FOR THE NEEDS OF
?}o MANUFACTURING LOGISTICS

& Kamila Janovska; Sarka Vilamova; Dalibor Labounek; Roman Kozel; Tomas Pala

information on all necessary inputs for the calculation. As
215 Defining relationships of inputstothe in the previous table, it describes the nature of the value, its
preparation process source and information on user settings with respect to
The actual calculation of the preparation tirpésta functionality within the application. The values are again
simple task when we know all the input parameters aneft on a general level.
their values (1). The parameters correspond to the
description in table no.1. The units of preparation tigne
are expressed as minutes [min].

t, ={(a*xb)+c+d} Q)

2.2 Procedurefor setting the bend time
To determine the time required in what is already th
production phase of bending, the time for one bend wi
taken and subsequently multiplied by the number of ben
detected on the part. This process step can be determi
in this way, because the decisive parameter that coy
cause differences between bending times of differe
lengths is the thickness of the sheet, which, however,
constant with respect to the input of one part. Therefor
we always work with the part that is being bent and whic
is separated from a single sheet of metal of the sal
thickness in the previous step. 2 To solve the time per bel
we must proceed analogous to the determination of t
preparation time. When using the Aurendi calculatio
application, setting the time for bending must b
approached in such a way that the calculation methodolo
will be applied to each detected bend separately and tt
the bending times will be summed depending on the  Figure 1 Expanded shape of the bent part, own drawing
detected bends. If the conventional method of calculation
is used, the process will be the same, with the differencgable 3 List of input parameters for the bend time cal culation
that the detection of bends is up to the budgeter. Composition |Nature of|Source |User setting|Quantity| Unit
The approach of calculating the time for each bexs] h |of total ratejvalue of value |of quantity |value
compared to the preparation time, a certain specificifge" bend
associated with the checking of the machine settingumber ojvariable | STEP NO e Pieces
which must be taken into account in the calculation. B§EN®

checking, we mean by measuring every first different bemlfﬂ;'i"k”ess dvariable | STEP NO f mm

. .. . . sheet metal
performed on the machine. 3 This is an inspection of the " Coreant | Daabate VES S i
first piece, where we consider the constant time determinglf~" i'r?npreg onstant | Databaye g econds
for inspection measurements of each bend during the initigykke

setup of the machine. Unloading ofConstant | Databage YES h | Seconds
An important criterion for calculating the bendinmeé |part  from
is understanding the bending process on the press brakess brak
For a correct calculation, it is necessary to detect all tjiéet time fofVariable | Database YES i | Seconds
bends on the specified part. However, it is also necess bend o
to consider the fact that if several bends are detected of.a t_’rake _ _
part that are in the same axis, they are considered to bg)tggft'gg bor Variable | Database  YES I | Seconds
single bend. The reason is to adjust the press brake so Rat
both bends are bent at the same time. With this type ﬁé 1 Number of bends
bending, it is possible to prepare bending on the machi .Th . ter i iabl hich is the basi
at what are called multiple workstations within the workin € given parameter IS a variable, which 1S the basic
put of the tender documentation. In the conventional

space of the machine. At a given machine setting, ben

. ; ._Mmethodology of determining the cost price, this parameter
are performed simultaneously. Figure 1 shows a typlcg]r{ead by the budgeter directly from the tender drawing

example of several such bends (marked in green) on a § .
P ( g ) d ocumentation. In the event of the use of an automated

shown spread out, which are on a single axis. calculation process via the Aurendi web application, the
All parameters required for the calculation of the P pp '

bending time are shown in Table 3. This table provideosarameter is loaded automatically.
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222  Sheet metal thickness pedal. This step ends when the bend has been performed
As with the previous parameter, the sheet metahd the jaws are returned to the initial position.

thickness is a parameter derived from the production

documentation. When using the Aurendi application, thz2.6  Checking of the bend

parameter is loaded automatically; in the case of a non- This involves checking every first different bend that

automated method, it must be read from the productidras been performed on a given part. The step maps the time

documentation. The parameter enters the process reguired to check all bends. The inspection is usually

relation to the time required for bending on the press brakeerformed with a protractor and a measure, or with a

Table 4 illustrates this dependence, but it should be notealiper — all measuring implements should be calibrated

that the dependence varies with the specific type ahd certified. The result of the performed measurement is

machinery. The limitation of this table is the technicah possible correction on the machine, if required by the

assumptions of the press brake, which can handle bendswgasurement result. The value itself is also the subject of a

to a maximum sheet thickness of 6 mm. decision by the quality control department in each
company. This value was left as general in the

Table 4 Sheet metal thickness dependency on bend time methodology.
Net time for 1 bend on press
Sheet meta Bending Sheet meta Bending 2.2.7 Def|n|t|0n of relationships of inputStOthe
thickness | time [s] thickness | time [s] bending process _ _
[mm] [mm] The calculation is performed including the parameter
05 2 25 6 for checking the performed bending. First, the calculation
for one bend (2) is determined, and then the calculation for
1 2 3 ’ all bends on the part (3). We check the performed bend j
1.3 3 4 9 only for each different first bend. For a calculation in a
1.5 35 5 11 series, this parameter is taken into account only for the first
> 5 6 15 piece. Units of both equations are expressed as a seconds
[s].
2.23 Insertion of part into press brake y=g+h+i+j 2)
This parameter is based on component surveys that
should be performed by each company in order to specify z=(g+h+i+j)xe (3)

the output cost price. This is the exclusive part of the
process, which maps only the time needed for the operaipg  patermination of the cost per task depending

to lift the part from position A, which is reserved for the

part entering this process step and its insertion into the T
press brake. The process step ends by precisely placingth
part on the preset stops of the machine.

224

operator to a predetermined place.

Unloading of part from the press brake

The parameter for unloading a part from the machine
defined similarly to the previous, insertion, paramet
Here, part of the process maps the time required to unl
the already finished part to location B, which is reserve
for the already finished parts, and thus is based on tnef
bending step in the process. The beginning of the step
the release of the press brake and shifting of the part by

e

on the preparation time and time per bend
he preceding sections map the process steps to ensure
time needed to fulfill them. In this section, all these
times will need to be evaluated in terms of setting the cost
prices for these procedural steps. To reliably meet this goal,
it is necessary to define additional input parameters that are
rt of the given calculation. This mainly concerns
ompany rates — specifically the hourly rate of the press
O@éﬁe and the hourly rate of the auxiliary worker.

Table 5 shows the inputs for calculating the coistepr

S not necessary to set specific values of rates within the
%thodology; general values will be used for the

rectness of the calculation procedure.

Table 5 Hourly rates

2.25 . Net timefor 1 bend on t_he prQSS . . Description  of|Nature [Source of|[User settingQuantity [Unit
This is based on the relationship given in Table 4nput of value value of quantity |value
Based on the dgtectec_i sheet metal thicknes_s, an appropiigf&y machin|Constant Databasé NO K EURl/
time parameter is assigned, the value of which corresponde hour
to the technical parameters of the press brake. This i$éurly rate folConstant Database NO [ EUR|/
process step that begins with the insertion of the part irgoxiliary worker houl
the working space of the press brake. Immediatem;mber o Variable| Database NO m | worker
afterwards, the bending process itself takes place at iliary worker

operator's signal. The signal is made by depressing the foot
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231

Hourly machinerate
This varies depending on the purchase price of the

machine and operating costs. The hourly rate must be set

by the company so that it is competitive on the market with.

respect to the required profitability of the machine.

232

Hourly rate for auxiliary worker
The setting of the hourly rate of the auxiliary worker i
fully under the control of each manufacturing compan

again with regard to competitiveness.

233

Number of auxiliary workers
In calculating the cost price, the determination of the
number of auxiliary workers with respect to the assignment

(4)

— (=
Xy = (60) *k
When working on different parts, an auxiliary worker
will not always be needed, but it is crucial to state the
calculation, including the element of additional labor, and
if no auxiliary worker is needed for the component

he calculation of the price per auxiliary worker is defined
y the relationship between the preparation tigyehe
hourly rate of the auxiliary worker | and the number of
auxiliary workers m.

f={() o)

issignment, the parameter m will be zero. The definition of

(%)

must also be taken into account. Tables 6 and 7 show the

criteria for determining the number of auxiliary workers.

The calculation of the complete price for the

The priority criterion is the evaluation in Table No. 6, whepreparation time is expressed by the sum of the calculations
it is necessary to first assess the part by weight. Thethe price for the preparation time nd the relative rate
secondary criterion is the distinction according to thfyr the auxiliary worker X

dimensions of the part.

Table 6 Dependence of number of auxiliary workers on part

weight

dimensions

Number of auxiliary worker s depending on part

X=X +X, (6)

_ _ _ 235 Calculation of pricefor bending
Number of auxmarywortlr(]eers;jretapendmg on the weight of The calculation is performed first by determining the
— . e part_ price for one bend (7) and then the calculation for all bends
Minimum weight | Maximum weight| Number of workers . . .
[kg] k] on the part (8). Both cal_c_ulatlons are shown mcIudmg the
incorporation of the auxiliary worker parameter. Units of
0 20 both equations are expressed in cost [EUR].
21 40 X .
a1 60 V= (55) =y +{(55) *mf =y )
. k l
Table 7 Dependence of number of auxiliary workers on part Z= (%) *Z + {(%) * m} *Z (8)

With the final sum of partial outputs when calculating

dimensions . - . . .
Vi Tk T Mimmam T Maxmom T Namb the prices for the final preparation time X and calculat!ng
: . the price for all detected bends on the part Z, we achieve
length of m width of width of er of . .
side A length side B sidleB | worke the d_etermmaupn of the price for the whole workshop
[mm] of side [mm] [mm] rs bending operation on the press brake.
A
[mm] 3 Result and discussion
0 1500 0 1500 1 The paper provides a definition of all component parts
1501 2500 1501 2500 2 of the production process of bending sheet metal parts in
5501 5000 5501 5000 the engineering industry on bending machines._ The
developed methodology describes the complete logistical
) ) o sequence of all tasks within this operation to determine the
234  Calculation of pricefor preparation time time intensity of the process. Time data that can be

The following calculation consists of two parameters ffectively calculated through formulas and the
the net time spent preparing the machine and the workiggnnections of individual inputs are key elements in
environment (4) and the proportional calculation of thga|culating the cost price for this technological operation.
price for the auxiliary worker (5), which is based on the The three main branches that make up the methodology
specified preparation time. The relationship is definegescribe the relationships between the individual inputs.
between the preparation timeand the hourly rate of the when calculating the time required for bending, the factors
machine k. Units of the equations (4), (5) and (6) afsr technical complexity when performing the bending
expressed in actual cost [EUR]. operation were taken into account. The key parameter here

is to define the relationship between the sheet metal
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Abstract: Nowadays choosing the right packaging system is becoming increasingly challenging, mainly due to the
pressure to meet dynamically changing customer needs. In order to remain competitive, the types of unit loads handled
by companies are changing more and more frequently, which means that the choice of the ideal packaging system is also
becoming increasingly important. The packaging of products influences the efficiency of logistics operations and the cost
of running the system, whose role is becoming increasingly important. As a result of the detailed literature analysis
presented here, it is concluded that no framework has been developed to date that provides an adequate answer to the
choice of the optimal packaging system in different circumstances. The methods used in practice focus on a few narrow
areas and ignore many relevant aspects. In this paper, we present the testing options for the packaging management syster
we have developed, the building blocks of the system and their role in the testing process. In addition, the basic process
of one type of testing, namely the selection of the optimal packaging system for a new product type, is described.

1 Introduction presentation provides the reader with an overview of the

In industrial practice, the selection of appropriatéifferent views of a discipline, including its key
packaging and the improvement of existing packagir@ethOdOiOgleS .aﬂd theoretl(?al traditions. Reports on
Systems are becoming increasingly Cha"enging, mainﬁystematlc reviews should iﬂClUde a .SeCtlon on the
due to the significant expansion of product structures, théethodology used and a precise description of the process
rise of e-commerce and the variety of seasonal packagfgthe study. This is mainly necessary, in their view, to
[1,2]. A detailed literature review was carried out using th@nsure that all decisions are taken in a transparent manner
systematic literature search method, the main aim of whi¢®5]-
was to determine the current state of the field and to The literature analysis (Figure 1) was carried out on 3
identify the scientific gaps. databases in order to capture the widest possible range of

This literature analysis was carried out using the SLFesearch. The first part of keyword search was performed
(Systematic Literature Review) method. In practice, thi@®r @ broader domain. These were the following keywords:

usefulness of a research is mainly determined by its «  artificial intelligence,
dissemination rather than its publication. The SLR includes + digital twin,
documentation of all methods performed [3,4]. » digital twin technology.

Traditionally, literature reviews present research
findings in descriptive or narrative form. A good narrative

Figure 1 Previous literature reviews (own editing)

~ 369 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 4 Pages: 369-378 ISSN 1339-5629

OPERATIONAL CONCEPT OF AN INNOVATIVE PACKAGING MANAGEMENT SYSTEM
Henriett Matyi; Peter Tamas

Specific keywords within these areas were then « Digital technology AND packaging planning
identified and also searched on Scopus, Web of Science AND logistics.
and ScienceDirect. The research was also made in 3
databases Scopus, Web of Science and ScienceDirect. TheThe timeline of publications is illustrated in Figure 2,
used keywords were the same in all three databases. which shows an increasing trend year by year in the
Keywords: ScienceDirect database. The search results for all
» Packaging management AND logistics; keywords are summarised in Figure 2 for all fields.
» Digital technology AND packaging system;

SCIENCEDIRECT
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Figure 2 ScienceDirect database’s publications result (own editing)

Publications in the Scopus database are illustrated search results for all fields.
Figure 3, which also shows the summarised keyword
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Figure 3 Scopus database’s publications result (own editing)
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It is clear from both figures that the number ofntelligence. Journal [20] deals with the application of the
publications on the subject has increased over the yearsdigital twin concept for proactive diagnosis of technology
the Web of Science database, the used keywords resuipedkaging systems. An important issue in the
only two publications, published in 2015 and 2020. manufacturing of process equipment, especially packaging

The number of publications shows an increasing trendguipment, is the modernization of manufacturing
and after reviewing the abstracts of some publications, thatomation systems. It deals with the elimination of
articles can be grouped into 2 major categories. The fifstilures in packaging equipment, applying Big Data
group is sustainability and the second group is digitalnalysis methods, artificial intelligence principles and
technology and industry 4.0. It can be seen that there aligital technologies to solve these problems. The article
significantly more publications related to sustainability ilPackaging 4.0 2022 examines the applicability of Industry
the databases. The publication [6] describes the principk® in packaging science, including the lack of research in
of green packaging and the investments in its developmettiis area. It discusses the potential benefits of Industry 4.0
Study [7] aims to identify the main environmentalpackaging in different sectors, including logistics [21]. The
sustainability initiatives of some logistics service providerpaper [22] provides a solution to the shortcomings of
and to identify future projects. The article mentions that theaterial handling systems in cloud-based manufacturing,
interviewed companies have implemented severptesenting a new material handling paradigm. The
initiatives such as energy efficiency, CO2 emissioidentification and analysis of recyclable packaging in the
reduction. The publication [8,9] deals with the generatioautomotive industry is addressed in [23]. Currently, if a
of packaging waste and the growth of e-commerce. Thisoduct meets the requirements, it is labelled and then
study considers several types of packaging materiajdaced on steel pallets. Products are also secured with
including disposable primary packaging, disposabladapters to prevent movement within the pallet.
protective packaging and returnable packaging. Based on the literature analysis, it can be concluded that
Sustainability and the circular economy are also addresseal packaging management system has been developed so
in [10,11]. A critical issue for circular economy industriegar, which ensures the optimal choice of packaging
is the development of reverse logistics for packaging amdaterials for the products under investigation by applying
transport of semi-finished products. The journal [12] dealmathematical methods and Industry 4.0 technologies. In
with the use of packaging in the automotive industnthe rest of the paper, the operational concept of this system
where comparisons of different sustainable packaging presented.
systems are presented, but does not deal with digital
technologies and the benefits of their application. Tr2  Operational concept of the packaging
article [13], published in 2021, after the coronavirus management system
pandemic, deals with soaps, hand sanitizers and their +
packaging. It has become essential to manage and recygle;
soap packaging waste to reduce its environmental impagf,

The study [14] also deals W'th the C|rcu_lar economy anlsice of consumer packaging. The operational concept of
presents - a structure_d literature - review. The strigf,q packaging management system is presented, including
env!ronmental regulations related_ to the transport e structure of the system, the tasks to be performed, the
environmentally hazardous materials offer a high costcas to pe examined and the operational process.

saving potential for an optimized transport and packaging

concept. This publication [15] is a case-oriented journ@1 Structure of the packaging manacement
dealing with product-specific transportation of engin€” system P ging 9

components, but digital technologies are not mentioned in _. " .
P g g Figure 4 shows the initial conceptual design of the

the paper. The second category includes publications kaai ¢ K To build th .
related to digital technologies and industry 4.0. Publicatidffi¢kaging management framework. To build the system, it

[16] deals with e-commerce logistics business models, B necessary to clearly Qefine_the actors, the main tools, th_e
Data analysis. It develops a hybrid content analysis mo tabases and the relationships between them. As shown in

for in-depth analysis of the fundamental knowledge of e-9ure 4, the framework can be divided into three parts: the

commerce logistics. Publication [17] addresses tl‘f%édy participants, the main tools used in its operation and

operations management problems of returnable shippi databases to be used.
items. Publication [18] has already addressed the new Stud - . d defi d
opportunities of the digital age, but has not investigated Study participants: |n order o define an

packaging. This paper presents views that may I&g?ntmuously improve the development of the system and

representative for the context of future bus services and {ffe ENSUre the quality .Of the inspections, the following
articipants need to be involved:

design of bus services. Research in [19] deals with artifici ,
Management: Management defines the development

intelligence and the development of informatio oS i . o
technology. It proposes an approach to design businessduidelines. They takes strategic and tactical decisions,

models for supply chain applications of artificial

he presented packaging management system is
cally concerned with the optimal choice of collection
transport packaging systems, that is does not cover the
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negotiates with new companies on the basis of expert
advice and concludes contracts.

Experts. The experts are completelty knows the
packaging management system and doing the necessary
tests. They have a complete knowledge of three main
areas: selecting the right packaging for a new product
(collective and/or transport packaging), selecting the
right packaging for an existing product, and testing
packaging because of quality reasons. They will also be
responsible for data collection, data processing and
evaluation tasks according to the type of test selected.
The use of software and simulation programs
supporting the packaging management system is also
part of the scope of the duties.

R & D team: The research and development team
develops the methods and procedures approved by
management and required for testing

Information providers: The information providers are
those who provide the additional information needed to
carry out the investigation. In particular, they provide
data and parameters of possible packaging systems for
a product, according to the needs of the experts. >

Used major tools during processin many cases, the

tasks to be carried out by the packaging management
system require environmental data and digital inspection
facilities, the tools for which are:

» Simulation

software:  Solving  manufacturing

packaging system. This allows the virtual model of
the plant to be coupled with the real plant control for
the actual simulation [25]. Thus, the entire operation
can be tested and optimized. With the discrete event
driven simulation system, it is possible to improve
and simulate logistic processes, optimize material
handling, machine utilization and labor demand with
statistical analysis capability. By using tools with
object-oriented and 3D modeling capabilities,
manufacturing accuracy, efficiency, throughput, and
system performance can be increased [26].
Simulation processing starts with a preliminary
analysis to identify problems, and then simulation
plans, checks and validations are created to generate
them. After collecting and examining the packaging
data, the software processes it to identify the problem
and generate simulation plans [27]. The simulation
solution has several advantages over the real system,
as it is cheaper, faster and allows to test many more
possible cases, as well as to analyse designed systems
that do not yet exist [28].

Sensors, cameras. Other major tools include sensors
and cameradn some cases, it is necessary to collect
and manage the data of the real system, and on the
basis of these data we can propose a better, more
efficient system, as well as to detect and manage
quality defects during the inspection of packaging.

logistics problems in each area requires the use of Required databases for system operation:

computer simulation tools, mathematical statistics, »
modelling, and algorithms. The aim of logistics
solutions is to properly influence and manage »
material flows. The application of mathematical
modelling is almost impossible, as it requires the
combined planning of material, information, and
financial flows. Therefore, computer simulation is a »
perfect tool to solve these problems [24]. A discrete
event driven simulation framework is used to
examine the events associated with the proposed

Major tools
Management
Simulation software
Experts
Sensors, cameras
R & D group
Information providers

Packaging system database: Database of packaging
schemes that can be used in the optimization

L ogigtics system database: A database containing the
logistical data of the process under study, which are
determined based on the data provided by the study
company and/or a simulation study.

Database for decision and optimization algorithm:
Database of decision/optimization = methods
(conditions, objective functions) for selecting the
right packaging.

Packaging system
database

Logistics system database

Database server

Database for decision and
optimisation algorithm

Figure 4. Packaging management system concept (own editing)
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2.2 Tasksto be performed by the packaging
management system Type 2 (Figure 7): Unit load device changes in a process
In this paper, the conceptual design of a packagingthout branching. In this case, machining takes place after
management system is presented, which, in terms of figlivery to the production area, so the packaging system
function, helps to select and improve the appropriatill change, as shown by the full circle.
packaging system and to ensure the quality of the

packaging system used in relation to the designated Q _. O
logistics process. The developed packaging management
system performs 3 main tasks, which are presented in Figure 7 Type 2 (own editing)
Figure 5.
These are the followings: Type 3 (Figure 8): The unit load device will not change

> Selection of the appropriate packaging for the new  \when several processes come together. For example,
product: model ,A” , which requires the use of a digital picking or assembly.

model.
» Improvement of the appropriate packaging for the —~ ~ A~
existing product: model ,,B”, which requires the use of \_J —H "'\ )
. - /'\_/ _
a digital shadow.
» Tegting the packaging to eliminate quality defects: I/‘\r,,.x""
model ,,C”, which requires the use of digital twins. N/

Figure 8 Type 3 (own editing)

Type 4 (Figure 9): The unit load device will change when
several processes meet, e.g. picking or assembly.

O—@ 0

Figure 5 Packaging management system operational process O
(own editing) Figure 9 Type 4 (own editing)

In practice, these tasks are becoming frequent asr@pe 5 (Figure 10): The unit load device will not change

result of the drive to meet specific customer needs agét myltiple forks of a process. In this type, product arrives
increasingly effective product innovation, and all threg; ihe production area from one supplier.

types of tasks can occur within a short timeframe for a

single product. —~ p— p—
( h\— » ‘,— ’{ \

. . W, \\ = S

2.3 Define the examine cases \ T =
The designated logistics process can be extensive from ? /\._.( \}

o b TR

supplier to customer. Once the system has been defined,
the cases and their complex cases from supplier to buyer
can be formed. We distinguish 6 elementary types and
complex cases that can be formed from them.

In order to understand the system to be analysed

Figure 10 Type 5 (own eaiting)

e . . . .
Llf‘ype 6 (Figure 11). The unit load device will change when
Sfyeral processes meet. In this type, product arrives at the

defined, the 6 types are first presented. The packagi dUCtiOEI area_from okne SlIJppIier. hFor t{:is typE, a
system for these types may change (full circle) or rema assembly process takes place, where the packaging
the same (empty circle). system will also change.

The types defined for the purpose of the study are:

Type 1 (Figure 6): The type of packaging does not change O " . O

during the test process. For example, if it is removed from 2
the same packaging during production and then returned to . -O

the same packaging after processing.
Figure 11 Type 6 (own editing)

O O O These types can be combined to form chains.

Figure 6 Type 1 (own editing)
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2.4 Operational process of a packaging
management system when choosing a
packaging system for a new product type
Due to the complexity of the operational concept, only
the operational process for model ,A” of the three task
types is presented in this publication.

Steps in the process under examination (Figure 12):

1. Delimitation of the examined system:The selection
of the logistic subsystem to be developed should be
done in this step [29].

2. Define the purpose of the studyThis initial step in

consumer packaging. Regulators are moving forward,
and companies and retailers are proactively committing
to improve the sustainability of their packaging and
fundamentally rethinking their packaging systems. For
packaging processors with the right focus and
innovation capabilities, the new environment could
offer significant growth and new partnership
opportunities in packaging review [33]. The
environmental impact of the logistics process is
determined subjectively by the experts conducting the
study, on a scale of 1 to 10, where 1 is the worst and 10
is the best rating.

the process involves defining exactly what we want to Weighting method: there are several methods in the
achieve as a result of the study, including the decisidigrature for determining the weighting of decision criteria
criteria for the choice of packaging, their weight and théccording to the interests of the company. The weighting
requirements for the packaging systems. The maffOcess can be either a serial scale or an interval scale.
decision criteria identified in the literature are a¥Vhen solving multicriteria decision tasks, one of the

follows [29]:

essential elements is to determine as precisely as possible
Transit time The average time elapsed between twihe order of importance of the evaluation criteria, or in

points in the delimited system. The duration Opthgr_ words, the weighting pf the order.of importan_ce. In
logistical operations can vary considerably dependir%ddlt_lon to t_he best decision alternative, a_rgnkmg of
on the type of packaging system and can be shorterféﬁﬁs'ble choices can aIs_o be_ developed, anq it is therefore
by choosing the right packaging system. Shorter led@Portant to pfarform yvelghtlng steps. The interval scale
times, faster response to customer needs and |O\,@é§o provides mformanon on the Qegree of preference: In
losses increase the competitiveness of the compaﬁ\}s respect, the Guilford method is recommended as it is

[30]

the most widely used and accepted in terms of reliability,
Total operating cost: The choice of packaging systeRfcuracy and applicability. The method requires the use of

is a major determinant of the design of material flo@" analytical team with a minimum number of staff. In the

systems and their operating costs, as well as the cos
purchasing and maintaining the packaging system. It

dgsign of the present system, this procedure is carried out
fy the expert group, with a minimum of 5 persons being

in the company’s clear interest to choose a packagiﬁﬁggeSted- The procedure requires a comparison work in

system that minimizes the overall operating costs.

pairs of factors to be compared, weights are already
Quality of the packaging system: the quality of th@utomatically added [34]. The Guilford weighting pairwise

packaging system can be an important criterion for tﬁ‘é)mpar_ison method is used to determine the order of the
choice of the packaging system. Only packagin valuation factors, transforming them to an interval scale.
systems that meet the essential requirements shouldf5@M & set of evaluation factors, any 2 can be selected to
included in the test. This factor is a component definédtérmine which is more preferred over the other, i.e.,
by the company, with a value ranging from 1 to 1@vhich characteristic or attribute is more important than the

(1 being the worst to 10 being the best). Examples gther. Each decision maker in each pair assigns a score of
factors considered in relation to this factor are th@ Or 1 to express which evaluation factor is preferred [35].

availability of the packaging system, its recyclability,

Setting requirements for the packaging system: criteria

its modernity, its integration into the current systen@n b€ set for specific aspects of the possible packaging

[31].

systems for the product types under consideration, which
Usability within the process under test: this indicator iwill influence the outcome of the selection process (e.g. the

used to measure the expected number of times tfgerating cost of the system under consideration must not
packaging system under test can be reused in tR¥ceed a certain value).

designated logistics process. The packaging system can , i
he Define the objects relevant for the choice of

be divided into two main parts. One is plastic and t
other is wood based. Plastic devices have a lifetime of
about 100 cycles in the supply chain, while wood
devices have a maximum of 15-20 cycles [32].
Environmental impact of the logistics process:
environmental protection is becoming increasingly
important today. Sustainability, particularly about
regulatory and public concerns about single-use
packaging waste, is driving a major change in

packaging system(s):the operations and objects
relevant for the choice of packaging system(s) shall be
identified for the logistics system defined. For example,
the formation, dismantling, quality control of the
packaging system(s), i.e. the points where the
formation and/or dismantling of the packaging
system(s) can take place. Based on these objects and the
material flow relationships between them, a material
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flow graph can be constructed from combinations of the
cases from Figure 6 to Figure 11.

. Material flow graph: Based on the relevant objects
and the material flow relationships between them, a

normalised objective function components, an
objective function can be formed for which the highest
value packaging system chain variant gives the optimal
value. If necessary, it is possible to select conditions for
the attributes (e.g. lead time, operating cost, etc.). In

material flow graph can be constructed using the cases case an attribute of a packaging chain does not satisfy

from Figure 6 to Figure 11 to illustrate the optimization
task.

9.
. Uploading packaging scheme database with datas:

the condition(s), it cannot be selected.

Designing a simulation test model: the basic principle
of simulation is based on a simplified representation of

The packaging scheme database contains several datea real system [36]. To build a real simulation model, it

tables, which are:

is necessary to know the simulation technique and other

Ranks of packaging systems under study: a data table areas of the company, such as the logistics of

containing the main information of the packaging
systems, with data on size, load capacity, capacity,
purchase cost, maintenance cost, quality, usability,
book load data for the packaging systems. It is the

production and service processes [28]. Simulation tests
have been designed by building a custom application or
by using predefined simulation frameworks (e.g. Plant
Simulation, Arena, Simul8, etc.). Development time

responsibility of the information providers to fillinthe  can be significantly reduced by using these

data table. frameworks, as predefined objects can be used and

Conformity data for packaging systems tested: This parameterized, while at the same time the specific

data table shows which packaging systems can be usedbehaviour of the model can be managed by methods if

for which material flow object according to the necessary. The design of the simulation model should

requirements defined by the company. The experts are be done taking into account the defined system and the

responsible for completing the data table. test objectives. The material flow model and the
information flow model shall be developed and the

. Uploading the logistics system database with datas:  method of operation shall be defined in order to

the database containing the main data of the logistics produce the objective function defined in the previous

system under study contains the following data tables: section.

Time factors for the packaging systems tested: this data

table shows the unit load formation and/or dismantling0.Simulation model implementation: the simulation

and/or handling times of the packaging systems tested test model designed in step 9 is integrated into the

for the material flow objects. The data in this table are simulation framework in this step.

filled in by the experts.

Material handling equipment data: a data tabl&l.Upload simulation test model datain order to run the

containing data on speed, size, operating cost, simulation model, the simulation model data tables

maintenance cost, capacity of the material handling must be populated with the data defined in the previous

equipment in the process under investigation. The steps.

experts are responsible for completing the table.

Technological operations data: a data table containii@.Testing and validation of the simulation modelafter

the time factors and capacity data of the technological the simulation model has been created, the model is

operations in the material flow system under study, to tested to eliminate possible data errors, program errors

be completed by the experts. and conceptual errors. For an existing system, the
validation of the simulation model is done by

. Making possible test variants: in this step, the comparing the model with reality, while for a future

variants of the packaging systems that can be assignedsystem, it is done by checking the data and processes.

to the objects defined in step 3 are trained, so that all

possible packaging system chains to be tested by th®.Running the simulation model, evaluating the

simulation test model are obtained. A packaging results: running the tested and validated simulation

scheme chain shows which packaging scheme is model results in the value of the objective function for

applied to which object with respect to the defined each packaging system chain variant, so that the most

scheme. favourable variant can be selected. The number of

variants tested depends to a large extent on the number

of packaging system variants that can be tested for the

objects, as well as on the number of objects.

. Determining the test conditions, the objective
function: the test criteria defined in step 2 are
converted into normalised objective function
components and weighted using the Guilford weighting4.Checking the appropriateness of the resultsn this
method. By determining the weighted sum of the phase, the validity of the results obtained is checked,
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and if it is feasible for the company, the test is implementation, otherwise further tests are carried out
completed and the company moves on to by modifying the test model.

3. Define the objects
relevant for the choice of 4. Material flow graph
packaging system(s)

1. Delimitation of the 2. Define the purpose of
examined system the study

6. Uploading the logistics 5. Uploading packaging
system database with scheme database with
datas datas

8. Determining the test
conditions, the objective
function

7. Making possible test
variants

9. Designing a simulation 10. Simulation model 11. Upload simulation test 12. Testing and validation
test model implementation model data ' of the simulation model

OK: Further tasks
14. Checking the 13. Running the

appropriateness of the simultaion model,
NOK: Go back to any of steps results evaluating the results
1-9 depending on the need for
testing

Figure 12 Steps in the process under examintaion (own editing)
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Abstract: The article discusses the possibilities of East Slovakian transhipment facilities, which, despite their relatively
strategic location and the possibilities they provide, are far from being used as much as their capacities allow. Growing
requirements for green transport and reducing the carbon footprint create space for increasing rail transport as the most
ecological option; on the other hand, the long-standing problems experienced by East Slovakian transhipment points put
them in a competitive disadvantageous position compared to other countries. The opening of the Silk Road provides
opportunities that East Slovakian transhipment points do not use or use very little. Therefore, the article points out the
weaknesses of East Slovak transhipment centres and looks for ways to improve the current sitissordraws

attention to the possibilities of East Slovakian transhipment centres, espéicatiy nad Tisou, and makes suggestions

for rationalization. The findings of the article point to the fact that Eastern Slovakian transhipment facilities have a
potential that needs to be further developed, which, however, will probably not be possible without state aid

1 Introduction Qevelopment of the largest Slovak transhipment point in
International trade is currently growing Signiﬁcanuy’cierr_la nad_Tisou. The makespan of operations at container

and the volumes of goods being transported are increasifgjminals is crucial for the lead time of cargo and

The European Union has created an appropriate leg&@nsequently the reduction of transportation costs.

framework for the transport sector to facilitate the freéherefore, an efficient transhipment and short storage of

movement of people and goods within the Union [1]. Ang;ntainers are demanded [4]. The transhipment point thus

country has a strategic document establishing a mo&&comes one of the most important points of the two

of actions with the view to achieve a globalnternational direct transport regimes (CIM/SMGS) in rail

developmental goal. To be competitive, a country muigight transport. _ . N

have a viable economy [2]. But the volume of goods Reducing costs and increasing efficiency are very

between Europe and Asia is an important element Bfhportant objectives for all service providers, which is

international trade within the EU, as one of the mospade possible by a thorough survey of demand in this area.

important Asian partners is the Peop|e‘s Democrat-iEhe e-Xce.SS|Ve Increase In transport |nteﬂ3|ty is one of the

Republic of China. The main mode of transport is sdegative impacts on the economy [5]. In the end, what will

container transport. However, in recent years, part of t§€cide which mode of transport will be chosen it depends

flow of goods has been diverted from maritime to raion:

Several measures have been taken to support rail transport* cost of transport,

in this area, such as the creation of a joint CIM / SMGS * ability to create networks,

consignment note. The higher application of common * railway safety, _

consighment note CIM/SMGS in rail transit cross Slovak * €nvironment protection [6]. _

republic is good way how to make railway transport more Transport of goods in intermodal transport in Slovak

efficient [3]. republic (Table 1) is inreasing. During last 20 years
Improving and supporting rail transport within thetransport is more than 10 times higher what shows huge

Europe - Asia freight flows brings an opportunity for thédotential for intermodal transport.

Table 1 Transport of goods in intermodal transport of Slovakia - transport of intermodal transport units
(containers) by railway

Y ear 2000 2005 2010 2015 2020
Transport of goods total (grosstonr | 564 22{| 125600 | 277912t| 479163:| 589000
Nationa 15 89: 28 00( 163 02 482 37! 439 00(
Export 116 90 388000 112947 | 198069:| 321300
Impor 92 92¢ 445000 116263 | 206807.| 214700
Transi 338 50: 395 00 323 98 260 49¢ 91 00(

Source: statistics data of Ministry of Transport and Construction of the Slovak r@iblic
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It is obvious that this significantly increasing transpor8 Characteristics of East Slovakian
of goods also requires an increase and a focus on transhipments

aLrj]tomatlonb.lThe. b'.g prr(])blem 'Sf re[ated to raﬂvx;ay ransit, 1o East Slovak transhipments include:
where problem is in the transferring many information, _ transhipment complexes (fierna nad Tisou,

e.g. wayhill, technical condition of the wagon, etc. [8]. - wagons from wide gauge (1 520 mm) to normal gauge
. . . (1 435 mm) and

2 Historical development of East Slovakian - modern Combined Transport Terminal in Dobra.

transhipments East Slovak transhipment points are of strategic
After the end of World War I, the Slovak Railwaysimportance on a European scale, especially in east-west

were among the most damaged European railways amansport, as they are the gateway to Central Europe.

their restoration lasted until April 1946. In May of the same The Cierna nad Tisou transhipment yard provides the

year, the construction of the railway transhipment yard ifiollowing services:

Cierna nad Tisou began. Thanks to the large area, in which «  transhipment, loading and unloading of goods,

there are wide and normal gauge trackisrna nad Tisou «  pumping of liquid substances,

is said to be the largest land port. On April 15, 1947, the «  wagon strapping,

wide gauge line built in Slovakia merged with the wide .  determination of the weight of consignments,

gauge line on Soviet .territory. As early as 'Fhed\%\{eek of April palletising, packaging and strapping of goods,
22, 1947, the first train from the USSR arrivediarna na «  detection of damage to wagon consignments,

Tisou after a wide gauge, ?f.‘d transhipment to r)ormal distribution of unloaded consignments,

gauge wagons began. In addition to tracks and equipment, issue of a transit declaration

facilities for the maintenance of locomotives, wagons and . ' :
mechanisms were built iGierna nad Tisou. In the first representation of.the declarant on delivery of the
stage, 4 tracks of normal gauge were built, to which 4 and cu;toms declaration,

3 tracks of wide gauge for transport and 1 track for delivery of transport documents,

transhipment were later added. The transhipment consisted *  Sending consignment notes and other documents
of 1 wide track and 1 normal gauge track, which were next to the carrier. [10]

to each other. At one end was a wooden ramp 50 meters

long. At the same time, a definitive transhipment ramp was Table 2 Types of transhipped goods in East Slovakian

transhipments

being built, which they called the “covered ramp". The - -

scopge and technical I)e/vel of transport and tranghipmeANam'ng of good | Types of transhipped
facilities were low. In 1947, an average of 3,500 tons of goods

goods was transhipped here. In the first years of operatiowooc soft hardwood, raw woc

of the transhipment facility, it was assumed that rawiron ore agglomerated, non-
materials for the heavy and textile industries would floyw agglomerated, iron ore pellets
from the eastern side of the border. However, the mast and concentra

intensive was goods with grain. The composition aflron, steel products| angles iron, bars, rods, rolled
transported and transhipped commodities was later product:

influenced by the construction of VychodoslovenskgMinerals stone, gravel, salt, sand, kat
Zeleziarne (East Slovak Ironworks) in KoSice, as theCoa black and brown co

transport of iron ore increased. The launch of the “Druzba’coke anthracite and pitch co

pipeline in 1963 was also significant, as millions of tons ofchemical products | methanol, ethyl alcohol,
oil a year were stopped translatinglierna nad Tisou. [9] benzene, various o

The requirements for transhipment increased and so it
was necessary to build additional tracks and transhipment \/5rious types of transhipment machines and equipment
ramps. , , are used for loading, because (as show Table 2) various
Already e.g. in 1947, 700,000 tons of grain wergnes of transhipped goods are transhipment and unloading

transhipped there. Gradually, ore defrosting plantgy” East Slovakian transhipment points. Machines and
pumping stations for oil products and other anC|IIar)équipmem can be as follows:

facilities were built here. The construction of the wide lifting devices,

gauge line started from Mavce to Haniska near KoSice, _ hydraulic excavators,

itis 106 km long in the Slovak Republic. At present, thereniversal front loaders,

are approximately 160 km of tracks and 500 switches QRechnological translation equipment,
an area of 10 km2 at the transhipment poiritierna nad _ pumping complexes,

Tisou. - tippers [10].
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Tippers are used in modern transhipment facilities fofranshipment is performed using hydraulic crawler
transhipment of bulk substrates. They have more powexcavators, which are equipped with a hydraulic grab. The
than other transhipment facilities, unloading the wagon maximum capacity of this ramp is 6,500 tons in 24 hours.
automated. High ramp I. - 111, - is intended for storage of bulk

Tipper types: substrates for unloading pellets and iron ore. There is a

- side tippers - the load is dumped through the side wailbtating tipper on the high ramp III..
the wagon can be rotated by 150 ° - 175 ° around the Sub-high rampsl. - 1V. - perform iron ore loading and
axis, which is parallel to the track axis; freight adjustment in NR (normal gauge) wagons when

- front tippers - the load is dumped over the folded fronteighing them on a rail scale.
wall of the wagon, tilting the wagon by 45 ° + 65 ° Eastern ramp - southern is used for transhipment of
around an axis that is perpendicular to the track axis;logs and stem-wood. Transhipment is performed using 2

- rotary tippers - the load is dumped through the side wdiydraulic belts of excavators type DH 411 and Liebherr
of the wagon, the wagon can be rotated by 150 ° - 1B84. The maximum capacity on this ramp is 1800 tons in
° around an axis that is parallel to the track axis; 24 hours.

- combined tippers - in the longitudinal and transverse Eastern Ramp - north is used for transhipment of
direction they tilt the closed wagon with the emptyinderrous metals, iron ore and other ores. Transhipment is
of the load by the wagon door [11]. carried out using 2 hydraulic excavators type DH 411 and

Liebherr R 932. The maximum capacity on the north east
31  Workplacesin East Slovakian transhipment  ramp is 4,300 tons in 24 hours.
facilitiesin Cierna nad Tisou [I. ore ramp - used for transhipment of pellets,

The transhipment section is used to perforrferroalloys, titanium ore, coal, coke and other granular
transhipment activites and manage transhipme@0ds. Transhipment is performed using 2 pieces of
according to customer requirements. It is important thiydraulic belts of type DH 28.1. Maximum capacity for II.
customer service is performed in a quality and timelgre ramp is 4,300 tons in 24 hours.
manner, adhering to all technological and safety
procedures. The transhipment section consists of the The second circuit is thedeavy Mechanization

following circuits: Circuit, which is divided into the following ramps:
- ore; - new meat ramp,

- heavy machinery; - I. ore ramp,

- light mechanization; - old container ramp,

- overdrafts. - portal ramps,

- container ramp.

The above-mentioned districts provide transhipment, New meat ramp - use for transhipment of pellets and
unloading and loading of goods such as wood, coils of sté@ke. Trgnsh|pment IS performed using 3 gantry cranes.
sheets, loose lumber, rails, coke, anthracite and othEff€ maximum capacity on the New Meat Ramp is 2,000
goods. There is also a transfer from wide gauge to norni@ns in 24 hours.
gauge and from normal gauge to wide. Transhipment The oreramp is used for transhipment of steel scrap,
ramps, on which bridge and gantry cranes are located, #&ous metals, iimenite, pellets, logs and wood.
used to fulfil and perform the required services and work§ranshipment is carried out using 4 bridge cranes with a
The employee is responsible for the activities of individu&iapacity of 12.5 tons. The maximum capacity on the I. Ore
districts and work on transhipment ramps is organized {amp is 2,400 tons in 24 hours. _
warehouse masters and warehouse supervisors. Old container ramp - use for transhipment of bulk
Transhipment ramps allow you to work in continuou§ubstrates and loading of iron ore on heaps. Transhipment
operation. is performed using one hydraulic excavator.

Within these districts, there are individual workplaces Portal ramps - are used for transhipment of
where transhipment activities are carried out. The fir§hetallurgical products, machinery, ferrous metals, iron
district is theOre District, which is divided into the Scrap, bar steel, pig iron, sheet steel, transformers, crates,

following individual ramps: marble, logs, etc. The portal ramps form 2 crane tracks.
- general ramp, Transhipment is carried out using bridge cranes with a load
- high ramp 1. - 1L, capacity of 80,000 / 12,500 kg and 25,000 / 8,000 kg. The
- sub-high ramps I. - IV., maximum capacity is 2,000 tons in 24 hours.

- Eastern South / North Ramp, Container ramp - is used for reloading, loading and

- 11. ore ramp. unloading of sheet steel, bar steel, big-bag bags. It is used

for loading goods on road vehicles from the storage area or

General ramp — use for transhipment of bulk from the railway wagon. There is also a customs

substrates such as agglomerated iron ore, ndﬁarehouse, which has a 600m2 Storage area. The
agglomerated iron ore, pellets and other bulk substrates.
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maximum capacity of the Container Ramp is 900 tons in the complex, the units are divided as follows: pumping

24 hours. points, pumping station, operating building and
Technological equipment of the Heavy dispatching. The new complex consists of normal and wide
M echanization Cir cuit: gauge tracks, between which there is technology that is

- new meat ramp - 3 gantry cranes, 2,000 tons / 24 hoursised in the pumping station. It allows pumping 8 wagons,
- I. ore ramp - 4 bridge cranes, carrying capacity 12.5dnd the total output is 3,600 tons in 24 hours. Management

2,400t/ 24 hours, and control of the pumping system is from the dispatching
- portal ramps - 6 bridge cranes, carrying capacity 25 abdilding. Control and management are performed using a
80t, 2,000t/ 24 hours, control system; part of this process is the weighing of rail

- container ramp / portal ramps, KPS cranes, load capadignks at the entrance and exit to the complex.

36t, 900t/ 24 hours. Complex 12/12 is used for pumping fuel, kerosene, gas

oil from wide gauge wagons to normal gauge wagons and
The third circuit is the_ight M echanization Circuit, vice versa, "bottom through drain valves or top using RPP

which is divided into the following ramps: 150 gear pump."

- loading platform Nr. | and II., The EDC pumping complex is used for pumping

- customs ramp, hazardous substances of crude benzene and oil into normal

- transporter ramps, gauge wagons from wide gauge wagons and vice versa by

- loading platform Nr. III. means of discharge valves. The maximum capacity of this
Loading platforms I. and II. - loading platforms is complex is 1,100 tons in 24 hours.

used for transhipment of aluminium, zinc, non-ferrous
metals, nickel sheets, cellulose boxes, cotton, rubb&2 Three subsidiariesof ZSSK CARGO and
fibbers, chemicals in barrels, raw hides, rolls of paper afHeir missons
loose substrates such as ferroalloys and magnetite. The railway company Cargo Slovakia, a.s. was
Forklifts and front loaders are used for transhipment. Thestablished as one of the two newly established successor
maximum capacity of the Loading platforms is 1,400 tongompanies on January 1, 2005 by the division of the former
/ 24 hours. passenger and freight transport operator - Zeleani
Customs ramp - on this ramp there are 2 customspolonog’, a.s. Its activities follow the 180-year history of
warehouses, which are used for storage of goods. Thflways in Slovakia. The owner, founder and 100%
customs warehouse consists of 2 steel halls, which ajigareholder of the Railway Company Cargo Slovakia, a.s.
prefabricated and have dimensions of 20 m + 7.85 m. Thethe Slovak Republic. The Ministry of Transport and
capacity of customs ramps depends on the area in the hallgnstruction of the Slovak Republic acts on behalf of the
The maximum capacity of the Customs Ramp is 250 tongdvernment. From a business point of view, the main
24 hours. product of the Railway Company Cargo Slovakia, a.s.
Transporter ramps- NT-6 is used for transhipment of (hereinafter ZSSK CARGO) is the performance of
bulk feed, salt and cereals in covered wagons with wiggmmercial and transport activities on the railways and the
gauge to normal gauge wagons. Belt transporters afftus on the implementation of transport and transportation
mechanical shovels are used for transhipment. Tl@rvices in freight transport. The second main product is
maximum capacity of the Transporter Ramp is 750 tonssérvices related to the rental of rolling stock and their
24 hours. repairs and maintenance. The decisive activity for the
Loading platform Nr. Ill. - is used for the company is the transport of goods such as iron ore, coal,

transhipm_ent of bulk substrate such as salt. A mechanig@od, etc. The company's product portfolio includes the
shovel, winders, conveyors (screw, belt, bucket) are usgfliowing services:

for reloading. Maximum capacity of the Loading platform carriage of wagon consignments,
Nr. 1l. is 750 tons / 24 hours. - automotive,

o ) o - intermodal transport,
The fourth circuit is thEPumplng Circuit, which is . services in East Slovakian transhipment'

divided into the following: - support services.

- old complex 6/8,

- new complex 8/8, x 3.21 Bulk Transhipment Slovakia, a.s. (BTYS)

- complex 12/12 and The company is the operator of the fully automated
- EDC pumping complex. technology of the transhipment complex Glierna nad

The old complex 6/8 is used for pumping kerosene,Tisou. The unique technology of transhipment of bulk
petrol, diesel, gas oil, fuel and heating oil. HUNA 611 Disypstrates - rotary tipper - supports, in addition to direct
centrifugal pumps are used for pumping. The maximumanshipment, also indirect transhipment with the
capacity of this complex is 360 tons in 24 hours. possibility of storage under a high ramp along its entire

~ The new 8/8 complex is used for pumping technical jength. The complex has a defrosting hall. The transfer of
oils, alcohol derivatives, fuels, various liquids and acetates.
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bulk substrates from wide gauge wagons to normal gauge The whole transhipment process begins with the arrival
wagons is ensured by two fully automated workplaces: of the wide-gauge set up the ramp to the dump truck

- West transhipment complex building. In it, the loaded wagon is disconnected from the

- East transhipment complex. towing equipment set and moved to the rotary tipper.

The annual transhipment performance in continuous The wagon is fixed and rotated 175 degrees, so it is
operation is 4.8 mil. tons [12]. turned up by the wheels. It takes 120 seconds and 69-70

tons of goods are unloaded into stock bins.

The complexes provide transhipment of pellets, iron Handling of piece goods is carried out at the workplace:
ore, concentrate, coal and coke. The main technologidghst ramp - Portal.
elements of both workplaces are rotary tippers. Unloading The gantry double-girder crane creates conditions for
of goods with a rotary dump truck significantly reduceslirect transhipment from wide gauge wagons to normal
damage to the SR of wagons and speeds up thauge wagons and vice versa, as well as indirect
transhipment process (as show Fig.1). During loading, th@nshipment with restocking, or transhipment from / to
normal gauge wagon is placed on a static rail scale ensuriogd motor vehicles. The telescopic traverse with four
official weighing of the wagon tare, the net weight of thelectromagnets enables the transfer of ingots up to 35 tons,
substrate and the final gross weight of the wagon. boils and also sheet metal sheeting. If necessary, it is
cooperation with the mobile conveyor, it also ensures gossible to use one of the four types of grabs for reloading
even distribution of the goods in the wagon. The direetood or bulk substrates.
transhipment system is an automated process controlled The gantry crane offers an expansion of the company's
from the operations centre - control room, by twa@ommodity offer of transhipment services with the
operators. possibility of reloading goods in a customs regime. The

The complex is equipped with water curtain technologgrane handles the goods on a 600m long track. The load
and air conditioning for the greening of the operatiorcapacity on the main lift is 50t and the auxiliary lift has a
Another advantage of transhipment is the possibility dbad capacity of 12.5t. From the south side, it has a side
technological wetting of substrates to temporarily limit thenloading of 8 m, which allows unloading of goods on a
freezing of the substrate in the winter, whereby the emgw paved panel area with an area of 5,000 m2. Another
customer significantly shortens the thawing in itsisable area for reloading goods is the ramp area with an
defrosting halls and the stay of wagons at unloading. Tlheea of 7,200 fa
West transhipment complex also has a customs warehouseBy establishing and operating a customs warehouse, the
on an area of 5,418 anlt allows the storage of bulk company is able to ensure the storage of goods under
substrates under customs supervision in quantities of updwstoms supervision without being subject to customs
50,000 tons. duties and other charges payable on the importation of

goods into the territory of the European Union.

3.22 CargoWagon, a.s.

The main activity of the company is the management of
the freight wagon fleet. The company provides rental of
wagons to ZSSK CARGO and to the external environment.

323 ZSSK Cargo Intermodal, a.s.

Back in 2015, there was an effort for a qualified
investor to join the subsidiary ZSSK CARGO Intermodal,
a.s., focused on the implementation of intermodal
transport. Although four companies took part in the tender,
only one complete tender and three notices of decision not
to submit a tender were finally received by the deadline.
However, the only offer submitted by the investor EP
Cargo did not meet the expectations of ZSSK CARGO.

The transhipment yard is used for bulk substrates wifthree companies - the Russian company TransContainer,
the main focus on ore, intended for steel production. Evéie Chinese company Bondex Logistics and the Slovak
today, some types of goods are unloaded using excavat§@npany Railtrans International - took part in the
but the transhipment facility handles it much faster. Thank@mpetition, but did not submit a bid. Therefore, in the end,
to the tippers, this process takes about 5 minutes, whiéle selection of a qualified investor was not made and the
means that one wide-gauge wagon is transferred to norm@@mpany’s management was advised to consider further
gauge wagons in 5 minutes. In 2.5 to 3 hours, a complégtions for the development of intermodal transport and

set of normal gauge is loaded or unloaded. system solutions through support activities within the
parent company.
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the construction of intermodal transport terminals in the
4 Possbilities of East Slovakian Slovak Republic, while currently there are 9 of them. TKD
transhipment points Dobra is located in close proximity to tbeerna nad Tisou

As of March 1, 2022, the selected transhipment activi ranshipment station, so when it started its operatiqn, an
and part of the transport service were separated from reement was rg_ade that ther_e would be no_transhlpment
East Slovak transhipment sections. They will be providddcilities in the Ciema nad Tisou stacked intermodal

through a subsidiary of BTS. The trial operation of the ne{fAnsport units. This means that the antainer ramp, which
model of transhipment organization was introduced iyas designed for the transhipment of intermodal transport

Cierna nad Tisou on 1 December 2021. This means that $tS in¢ierna nad Tisou, remained unused. At the same

the first of December, there were changes in the e4ipe; _thlsTrhamr:c I ha;]s one %gntry-brldge granfe r?.f high
Slovakian transhipment section concerning transhipmeﬁ?pac'tg' ¢ ere ore# e trans ;pment Icapzlicn_yo this ra:*np
activities not only in work organization, but also in thdS used for transhipment of metals. It is not only

personnel area [13] impractical, but also dangerous to handle long sections of

The changes, which had been prepared for a long ti 'eta_\I semi-finished pr(_)ducts With one crane. When
were mainly due to a reduction in transported volumes affding longer and heavier steel ingots, the technology of

more efficient transhipment. The historically highsynchronous _transhipme_:nt with two gantry cranes on

volumes, which irCierna nad Tisou decades ago reach ntry ramps is used, which cannot be done with one crane.

the limit of 12 million tons, are now halved. In recent year herefore, only shorter steel ingots can be transhipped at

shipments have been at the level of 6-7 million tons pg?e Container ramp, V_Vh'Ch S|g_n|f|cantly disadvantages the

year. The transhipment facility iierna nad Tisou competitiveness of this transhipment area.

provides transhipment services for several types of )

commodities, but the highest share, almost 90 percentdf Advantages and disadvantages of East

the total volume belongs to iron ore and the remaining Ovakian transhipment points

percent is divided between coal, metals, building materials, East Slovakian transhipment points have several

chemistry, wood and intermodal transport in 202@dvantages: _

belonged only 0.32 percent. Since the start of operation of - €xperienced and professional workers,

both rotary dumpers, approximately 70% of the goods have - the transhipment point is the gateway to Central

been transferred using modern technology, and onlyEdlrope, o

small part has been handled at ZSSK CARGO, which - transhipment of goods is in one place,

meant high fixed costs. - the largest transhipment center that offers a wide
In the area of transhipment of bulk materials, the mafiange of services between the Slovak Republic and the

goal is to maximize the use of modern automatedepublic of Poland,

transhipment complexes, which can carry out this activity - @ popular and recognized transport company on the

with lower operating costs compared to transhipment Bilway transport market.

excavators. Transhipment on automated dump trucks is at

a high quality level and without damaging the wagons. Among disadvantages are: _

New technologies thus replace the work of excavators and - Military-political situation in Ukraine,

excavators as much as possible. - high rate of wear and tear of the machine park,

- insufficient and uneven use of transhipment capacity,
4.1 Proposals for the rationalization of the Cierna - unbuilt border crossings,
nad Tisou transhipment point - indebtedness of the company.

The use of individual ramps varies, but none is used to

100% of its capacity. For a long time, the most used are the Tr|1ese d|saf1d\r/1antagesh_ give po§S|b|ThEes fpr the
Municipal ramp, where mainly iron ore and ferrous meta evelopment of the transhipment point. The main areas

are transferred, then Il. Ore ramp where ferrous metals artable for ‘?'e"?'opm?”t are. .
modernization of information technologies,

iron ore are also handled. The used ramps also include the” 7 )
modernization of transhipment technology,

Eastern ramp, the I. Ore ramp and the Meat ramp. Of ~ ) ) -
development of business and operational activities,

course, the most used ones also include Rotary tipper and” 4uci five i ; h X N
Pumping complexes. It is important to realize that 100% ~ reducing negative Impacts on the environment.

use of the Rotary tipper is not possible, as downtime ma . .

occur during the transhipment of goods due to the techniél Result and dlSCUSSlOf]

capabilities of the tipper as well as the arrival of wagons by The border crossing statighierna nad Tisou, which is

the transhipment operator. located on a large area, has several workplaces. Atthe same
The use of rail transport can also be increased IByne, it has a lot of mechanization equipment. It has a new

introducing a combined transport system. Theumping complex in operation, which is intended for

development of combined transport has created space for

~ 384 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 4 Pages: 379-386 [ISSN 1339-5629

THE CURRENT STATUS OF EAST SLOVAKIAN TRANSHIPMENT POINTS AND THE POSSIBILITIES OF
THEIR FURTHER DEVELOPMENT
Romana Hricova

pumping liquid commodities and also a rotary wagoposition of eastern Slovakia, especially from the point of
tipper, which is intended for transhipment of ore. view of insufficient and undeveloped infrastructure.

The East Slovak transhipment points are not only East Slovakian transhipment points face the challenge
characterized by a change in gauge, but also by a changbriought by the future in the form of rising input prices,
the transport mode, thanks to which the East Slovakiamcreasing competition and, above all, a lack of support
transhipment points are also equipped to perform affi@m the state, which does not realize that it is necessary to
provide transport and procurement services. Differemvestin state transport infrastructure and support logistics
legislation regarding transport documentation acts asirathe field of international transport of goods.
limiting factor. Increasing performance also requires fast
processing of trains, which is possible thanks to a suitabgknowledgement
information system. However, it must be fully compatibleThis publication was supported by the Operational
with the advanced information systems of neighbourinprogram  Integrated  Infrastructure  within  the
countries. project: Enhancements to support the efficient exploitation

Another  challenge facing Eastern Slovakiaiof outputs from H2020 projects solved at TUKE
transhipment points is the fact that today around 12,0(code ITMS: 313011W554), co-financed by the European
trains are transported from the Far East and back \Regional Development Fund and VEGA 1/0268/22

Belarus and Poland, but only a few dozen go through tgranted by the Ministry of Education, Science, Research
Slovak terminal in Dobra. Neighbouring states support thand Sport of the Slovak Republic.
segment mainly through subsidies per container in various
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Abstract: The article aims to determine the last mile delivery challenges faced by online retailers in Kenya. This is based
on the online retailing sub-sector’s contribution to the country’s economy. Despite its significant contribution to the
country’s economy, little is known about the challenges facing online retailers during last mile delivery. In other countries
such as China and South Africa, that are doing better in online retailing, extensive research has been done to determine
unique challenges facing their online retailers during last mile delivery. It is important for the online retailers and relevant
government agencies in Kenya to understand the last mile delivery factors that hinder the growth e-commerce.
A qualitative research design using face-to-face interviews was used to collect data from seven online retail managers in
Nairobi. The findings revealed there are a variety of last mile delivery challenges facing online retailers. These include
the lack of a good national addressing system, traffic concerns, security concerns, high cost of delivery, postal service
unreliability, and unconducive county government by-laws. The lack of a good national addressing system was found to
be the most common last mile delivery challenge facing online retailers in Nairobi. It is recommended that retailers request
their customers to share location details via online map applications such as Google Maps to overcome this challenge.
The use of other delivery options, such as customer pick-up points of convenience can also be considered.

1 Introduction 608.00 million in 2022, compared to China’s projected e-
Electronic commerce (e-commerce) has grown at £ommerce sales of $2 784.74 hillion [1,5]. Furthermore,
unprecedent level in recent years. The global e-commer@@uth Africa’s e-commerce revenue is projected to reach
sales are projected to rise from $4.248 trillion in 2020 t$8.74 billion [6]. These figures indicate that even though
$7.391 trillion in 2025 [1]. This is an increase of 7494he online retail subsector contributes significantly to
within a period of five years. In 2022, 50.2% of total globakenya’s economy, the revenue is still quite low by regional
e-commerce sales, which account for more than half, s#8d global standards. As in China, Weber and Badenhorst-
expected from China. The incredible growth of eWeiss [7] acknowledge that online retailers in South Africa
commerce in China, making it a world leader, is attributeface logistical challenges, such as incomplete orders, cold-
to the establishment of a delivery infrastructure thehain distribution complexities and high cost of
supports express last mile delivery service, among ottdistribution. The last mile delivery challenges facing
factors [2]. Despite the strong government support for @nll_ne retailers in these two countries, con;@ergd as
commerce infrastructure in China [3], it is acknowledgetfgional and global e-commerce leaders, are dissimilar.
that online retailers face some delivery challenges, such asDespite the significant contribution of the online retail
high delivery failure rates due to ‘not at home problemsubsector to Kenya’s economy, little is known about the
This means customers are not available at home to recéigeét mile delivery challenges facing online retailers. A
their ordered goods. Moreover, frequent time windowtatista report [8] on the structure of e-commerce in Kenya
changes due to unpredictable delivery routes haf@und little to describe on delivery characteristics. This
complicated the timely delivery of goods to shared delivefji€ans that the Statista report [8] did not find useful results
facilities in China [3]. to report on Kenya's e-commerce, including last mile
In Kenya, online retailing continues to contribute to théelivery challenges. However, in Google Scholar there
growth of the country’s economy. According to thevere some studies done in Kenya which addressed the
Government of Kenya [4], the retail sector is listed amonggrvice quality issues affecting online shopping [9,10];
the six priority sectors aimed at making the country Ectors affecting the adoption of e-commerce [11,12]; and
middle-income country by the year 2030. In additionthe general or legal challenges facing online retailers in
Kenya’'s e-commerce revenue is projected to reach #gnya [13-16]. The studies listed in Google Scholar failed
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to examine the last mile delivery challenges facing onlimmade which cause air and noise pollution [22]. In
retailers in Nairobi. Moreover, Kenya's e-commerce lack&ermany, e-grocery retailers find it difficult to deliver
a reliable, low-cost delivery service [17-19]. But therdecause of local emissions from delivery vehicles [30]. To
lacks clarity on which components of the delivery serviceeduce local emissions related to distribution, Ehrler,
to which this referred. Therefore, there is a need for th&hoder and Seidel [30] found that some e-grocery retailers
study to further investigate the problem, and morkad started using electric vehicles. In Ukraine, light
specifically to determine the last mile delivery challengesommercial vehicles and intermediate light commercial
faced by online retailers in Kenya. vehicles have also been recommended for use in reducing
A search for journal articles was restricted to peermissions on roads [31]. This means that there exists a
reviewed journals between 2014 and 2022 using twariety of approaches used to reduce emissions from
groups of keywords: delivery challenge/factors and onlirdelivery vehicles. Therefore, retailers must balance
retail/le-commerce. The keywords were linked by theustomer satisfaction and the environmental impact of their
Boolean OR operator to create a search string for eaattions since consumers are becoming more aware of
group. The group search strings were linked by the Booleglobal climate change.
AND operator to have combined search strings. Articles The other complications during delivery can be
that were published in languages other than English weatiributed to the lack of a cold-chain delivery [7,23,28,30].
excluded from the search. The authors noted that there were few providers of cold
Online retailers have been facing numerous challengelsains for perishable products, such as fresh food,
while delivering goods to customers. Globally, recergspecially in some urban areas and other far areas. In some
studies suggest that last mile delivery is one of the mastban areas, online retailers experienced complications
expensive and inefficient part of the supply chain [7,2Guring delivery because of security concerns and restrictive
24]. The high cost of delivery is attributed to complicategolicies, such as low emission zones and restricted areas
and costly handling of returns [7,24]. Moreover, the higfor a specific size of vehicles [28]. Security concerns in an
cost of returns is a result of making numerous produatea impact distribution service, particularly in emerging
returns due to the use of cash-on-delivery where customerarkets [28]. For example, an unattended home delivery
refuse to pay [21]. In some cases, the high number wfethod is rare in emerging markets due to the many
returns is caused by dissatisfaction with what is purchasselcurity incidents that are reported, unlike in the United
online upon delivery [25]. States of America (USA) and other mature markets, which
Apart from costly handling of returns, last mile deliveryhave few incidents [28].
is associated with high shipping charges [20,22,23]. The The lack of proper street addresses also makes it time
high shipping costs result from delivering goods in smaconsuming when doing delivery [21]. In India,
guantities, which makes it more expensive to transpcBhattacharya and Mishra [25] established that e-commerce
[22]. The use of different supply points, such asperators find it difficult to deliver goods to their
distribution centres or existing stores to deliver goods tustomers due to the unique postal addresses. They also
customers also has implications on the cost of last miteted that India’s administrative divisions based on blocks
delivery [23]. Furthermore, Archetti and Bertazzi [26]and sub-blocks cover large geographical distances which
argue that the high cost of delivery is associated wittause complications during delivery.
explicit requests made by customers for same-day or evenIn Kenya, it was noted that lack of a working national
next-day deliveries, which end up demanding moraddressing system has made it difficult to deliver items to
transportation resources. This implies that the high costaiistomers’ homes [17,32,33]. This has made it more
delivery is caused by different factors. challenging for online retailers to deliver goods to the
Other online retailers suggest that delivery delay isactual locations of customers. In addition, Kenya's e-
challenge to them during last mile delivery [3,21,27,28Lommerce lacks a reliable, low-cost delivery service [17-
The delivery delays can be attributed to unpredictabl9]. This can be attributed to the non-functioning postal
delivery routes, which complicate delivery time to sharegystem in Kenya [19,34]. This leaves online retailers to
delivery facilities [3]. A study by Janjevic and Winkenbacloperate their own delivery motorbikes, which increases the
[28] indicate that delivery delays are caused by trafficost of doing business [34]. Furthermore, Nielsen [35]
congestion and the poor quality of roads in urban areasported that 70% of Kenyan online shoppers are not
Lack of traffic discipline was also found to be a commowvilling to shop online again due to extra delivery charges.
occurrence in many cities in developing countries [29]n contrast, the European countries doing well in e-
Furthermore, some places remain inaccessible for eemmerce have used their public postal corporations to
commerce companies due to the absence of good roadsprove delivery reliability and reduce the cost of delivery
affecting delivery time [25]. This shows that delivery[19].
delays can be caused by different factors. From the above literature review, online retailers are
Gopal and Miguel [22] argue that last mile delivery isacing several last mile delivery challenges, including high
known to be one of the most polluting aspects of the supplpst of delivery; delivery delays; complex handling of
chain. This is attributed to the many delivery trips that ameturns; cold-chain delivery constraints; poor roads and
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traffic concerns; unreliable postal delivery service; norreliability in qualitative research [41], was achieved
conducive urban policies; security concerns; anthrough cross-checking of the codes developed by the
environmental concerns, such as pollution. This leads tesearcher. The interviewed managers were also assured of
the following proposition. their confidentiality and anonymity to encourage them in
Proposition 1: There are multiple challenges thagiving unbiased information.
online retailers face in offering last mile delivery service.
3 Reaults
2 Methodology The online retailers that participated in the study were
A gqualitative research design was used to determine lastsigned codes as R1, R2, R3, R4, R5, R6, and R7. This
mile delivery challenges faced by online retailers imas meant to ensure anonymity and confidentiality of the
Nairobi. According to Leedy, Ormrod and Johnson [36], eollected information. The findings from the interviewed
qualitative research design aims to collect textual data frgparticipants are presented using the following themes.
an informative small sample, analyze data subjectively,
and communicate findings using narratives. A qualitative.1 Lack of a good national addressing system
approach was ideal to enable the collection of in-depth All online retailers reported that the lack of a good
qualitative data from the small number of online retailersational addressing system made it difficult to offer last
that are found in Nairobi County. mile delivery service. This was because of either some
Given that there exists no official database of onlinguildings were not numbered, or some streets were not
retailers in Nairobi, a Google search was used and a tatghelled which forced delivery personnel to make calls to
of 44 online retailers were found [37]. The 44 onlingerify the exact location of their customers. Some
retailers were used as the target population. Seven onliggidential areas were congested with buildings which
retailers were sampled from the target population to allomiade it difficult to deliver goods to customers. R1 had this
for an in-depth data collection. This was based on the say:
assertion that the minimum sample size for in-depth Honestly, | will say that lack of a proper addressing
interviews is six for data saturation to occur [38,39]. The system is in Nairobi...and that is why you will notice
seven online retailers were purposively selected, to ensureriders will tend to call the customer to confirm exactly
that each of the five product categories mostly bought where they are...because you might be on this street but
online in Kenya were represented in the final sample size then the street has multiple buildings that they need to
[40]. The five product categories are: toys; furniture and actually verify that where the customer is exactly
appliances; food and personal care; electronics and med was of a similar view, describing that:
and fashion. ... tracing new customers is hectic especially in
A semi-structured interview guide was administered Eastlands where roads are not labelled well, and
using the face-to-face technique to one customer puildings congested without any numbers...our
relationship manager or the equivalent manager in charge delivery crew have to call asking directions
of customer care for each of the sampled online retailef®his implies that the lack of a good national addressing
The collected data was first transcribed into wordystem made it difficult for online retailers in Nairobi to
processing files and crosschecked for accuracy beforepiter last mile delivery service.
was entered into ATLAS.ti software program to perform
thematic analysis. Researchers have noted that them&ig Traffic concerns

analysis helps them to integrate related data from different Traffic concerns were also raised as another challenge

transcripts and identify key themes or patterns from th&perienced by online retailers in Nairobi while offering

data set for further exploration [41]. last mile delivery service. The causes of traffic congestion
Validity in qualitative research is concerned withinclude ongoing road construction, rain and rush hours

‘credibility’ and ‘transferability’. ‘Credibility’ relates to  experienced in the afternoons. Traffic was found to cause
ensuring that socially construed responses match with wiglays in product delivery. R1 noted that:

respondents intended, while ‘transferability’ refers to the | 3 good example is like currently Mombasa Road

generalizability of findings [41]. ‘Credibility’ was ensured  right now is under construction together with Waiyaki
by recording the interviews using an audio device for ay.... traffic is expected in these areas which goes
reference on the exact quotes given by managers to hand in hand together with the level of delay that
authenticate the findings. In addition, the researcher was customers might face...while they want the product to
personally involved in asking questions and capturing the pe delivered within promised time.... we try and

responses in a notebook. The managers were also informedgispatch most of our goods by midmorning...since that
that their participation in the interview was voluntary, and s when the traffic has died down.

they can seek clarity to any question before respondings also noted that:

‘Transferability’ was ensured by having a representative . traffic congestion in Nairobi is like hell...especially
sample that considered the five product categories that arein the afternoons... and also when it rains...we use
mostly bought in Kenya. ‘Dependability’ concerned with
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bodabodas to manoeuvre with traffic jam but still it is
a big problem.

The findings on traffic concerns implies that online
retailers in Nairobi were having late deliveries due to
traffic concerns. The County Government of Nairobi, the

...delivery cost to the business now is quite high...the
longer you stay in traffic the more fuel you consume,
the longer you have to pay the delivery team.... there is
also now the aspect of bad roads...the owners of the
truck will now charge you much higher because now
they have to incur high maintenance costs

Ministry of Interior and Coordination of National R7 had a similar view and had this to say:

Government, and the Ministry of Transport, Infrastructure,

...actually there are some concerns...sometimes a

Housing, Urban Development and Public Works had failed client maybe wants an item that costs Ksh. 200 and

to manage traffic flow in Nairobi.

when you check the delivery from your riders...the

charge is like Ksh. 300...s0, there is some concern
3.3 Security concerns
The results also indicated security concerns as a This implies the County Government of Nairobi, the
challenge faced by online retailers in Nairobi during ladflinistry of Interior and Coordination of National
mile delivery. Delivery personnel were reported to haveovernment, and the Ministry of Transport, Infrastructure,
been attacked while delivering goods in some informéddousing, Urban Development and Public Works had
areas. The attacks were linked to the cash they collecteccastributed to the high cost of delivery due their inability
they delivered goods to customers. It was also noted tiatmanage traffic congestion in Nairobi. Furthermore, the
some customers had tried to defraud delivery personnel @punty Government of Nairobi and the Ministry of
presenting fake messages as evidence of payment. Ransport, Infrastructure, Housing, Urban Development
stated that: and Public Works had contributed to the high cost of
...security concerns especially on our delivery team, glelivery by failing to improve the poor state of roads in
they make deliveries, they are collecting cash ddairobi.
well...there is always that risk of being attacked by
people just to take away the cash...there has be@b Unconducive County government by-laws
experiences especially in informal areas like Mathare The unconducive county government by-laws were
and Kibera...we have lost some cash in those areas.also reported among the last mile delivery challenges faced
R2 also noted that: by online retailers in Nairobi. Online retailers reported that
Nairobi, the biggest issue is conmen because we thw enforcement officers from the County Government of
payment on delivery....and we use m-pesa, airtdlairobi harass their delivery personnel even when they
money, visa card...so try showing the rider or driver &ave the required parking and distribution licences. R4
payment made from m-pesa which is false or fake....soted that:
we have had several of those, but we have our own ...there are a lot of issues with county by-laws
internal system of dealing with this plus insurance for especially on parking and the designated parking
goods in transit. slots....not all customers have those designated loading
zones,... so you are always at crossroads with county
Based on the findings on security concerns, it implies askaris despite paying for the licenses and parking fee,
that the option of cash on delivery in Nairobi had reported our team gets in trouble for parking at a wrong place
theft of cash, fraud cases involving presentation of fake or doing deliveries at non designated areas...l will give
payment messages, and personal attacks on deliveryyou an example like Parklands area, despite making
personnel. This shows that the Ministry of Interior and payments to the county government for parking and
Coordination of National Government had failed to distribution licenses, they really harass us that our
provide security service to businesses in Nairobi. trucks are not parked at the right spots or we do not
Furthermore, the Ministry of Information, have the official sticker of that bay.
Communications and Telecommunication (ICT) had faileB2 was of a similar view and noted that:
to protect online businesses in Nairobi from fraudsters. ...of course, we have issues with city council askaris
during pickups because most of our sellers are based in
3.4 High cost of delivery the CBD...so they really harass the motorbike riders
High cost of delivery was also found to be a great even though they have licenses.
challenge during last mile delivery. The high cost of
delivery was because transport service providers were From the responses, it implies that the County
consuming more fuel, traffic jams, and the high vehicl&overnment of Nairobi had failed to protect genuine
maintenance costs caused by the poor state of roadsousinesses in Nairobi. Delivery personnel were being
Nairobi. This forces transport service providers to charderassed by law enforcement officers from the County.
more to stay in business. Moreover, it was reported that
some delivery charges exceeded the price paid for tBé6 Postal service unrédiability
product. R4 noted that:
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The results also revealed that postal service The results also showed that online retailers in Nairobi
unreliability posed some challenges during last milare having difficulties during last mile delivery because of
delivery. The postal service was found to be inefficient arttie unreliable postal service. The postal service in Nairobi
not able to offer the same day delivery service. It was als@s reported to be unreliable and inefficient to the extent
reported that the postal service was slow when deliverimg being unable to offer same-day delivery service. In
goods to clients. R7 reported that:.they are slow...and India, a study by Bhattacharya and Mishra [25] reported
some clients actually forgotten about postal servié®gl” similar results where online retailers found it difficult to
was of a similar opinion and reported that: deliver goods to their customers due to huge complications

. actually, we have had some discussions aroutaadministrative divisions based on blocks and sub blocks
postal service...but then we found that it wasn't thihat cover large geographical distance. However, in some
right time to utilize postal service. The postal service inountries postal service unreliability is not common

Kenya is also undergoing changes internally to ensumspecially in countries doing well in e-commerce. For

they have that efficiency within themselves as well...fexample, Ekekwe [20] argues that Amazon.com and eBay

example | can't utilize the postal service to deliver foare great e-commerce firms in the USA because they

me the same day...because what they have is the rdepend on the postal system to serve their customers.

day delivery. The other last mile delivery challenges facing online
retailers in Nairobi include traffic concerns; security

This implies that the Postal Corporation of Kenyaoncerns; high cost of delivery; and unconducive county
(PCK) had failed to offer reliable and efficient postaovernment by-laws. It was established that traffic
service in Nairobi. Most online retailers prefer same dagongestion is a great challenge to online retailers in Nairobi
delivery service, which is not offered by PCK. when offering last mile delivery services. The findings

revealed that traffic congestion led to delivery delays in

The results of last mile delivery challenges ar®airobi. The causes of traffic congestion in Nairobi were
summarised in Table 1. Proposition 1 is true as more thegported as rush hours in the afternoons, rains, and the poor
one last mile delivery challenge was identified. state of roads. The result concurs with CAK [17] that found

delivery service in Kenya's e-commerce was unreliable.
Table 1 Last mile delivery challenges faced by online retailersThis is likely to hinder the growth of e-commerce in

in Kenya Kenya. A study by Janjevic and Winkenbach [28]
Most common last | Lack of a good nationgl identified traffic congestion as a last mile delivery
mile delivery | addressing system challenge in urban environments of emerging markets.
challenge They suggested that traffic congestion can be resolved by

Other last mile | Traffic concerns; security either use of alternative modes of transport or use of

delivery challenges | concerns; high cost of delivery; different vehicles
unconducive county The high cost of delivery was also reported as a last
government  by-laws; and mile delivery challenge facing online retailers in Nairobi.
postal service unreliabili The high cost of delivery was partially due to the poor state
of roads that increased vehicle maintenance costs. Traffic
4 Discussion congestion in Nairobi also led to a high cost of delivery

From the responses presented in the preceding sectiogcause vehicles consume more fuel. This finding
the lack of a good national addressing system was reporiglidates CAK [17] that found there was lack of a low-cost
as the most common last mile delivery challenge facirdglivery service in Kenya's e-commerce subsector.
online retailers in Nairobi. The finding revealed that thi§urthermore, Nielsen [35] reported that 70% of Kenyan
challenge had made it difficult for online retailers to delivenline shoppers are not willing to shop online again due to
goods to customers’ location. The finding validates resul@xtra charges. If not addressed, this challenge is likely
from Communication Authority of Kenya (CAK) [17] and hinder the growth of e-commerce in Kenya. In South
Alushula [32] that found the lack of a working nationaAfrica, Brink [23] found that high shipping charges are a
addressing system in Kenya made it difficult to delivesignificant challenge for online groceries in Gauteng.
items to customer’s homes. Online retailers reported thi@tobally, Ehrler, Schoder and Seidel [30] found that online
streets were not labelled, and buildings were not numbergrocery retailers in Germany face very high costs of
making it difficult to deliver goods to customers. In thedelivery. Similarly, Mangano and Zenezini [27] posit that
United Arab Emirates, Ghandour [21] found that the lackast mile delivery is probably one of the most expensive
of proper street addresses had made it time-consuming &mgl complex global supply chain processes. This calls for
costly for e-commerce firms when offering deliveryuse of other measures to manage the high cost of delivery.
service. As an alternative, Halldérsson and Wehner [4For instance, online retailers should carefully plan their
found that the use of pick-up points in Sweden enabldeliveries by offering two slots per week to maximize drop
delivery service providers to deliver many goods at trdensity [30]. However, sometimes online retailers can
same time. incur extra cost to fulfil low customer orders [22].

~ 391 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 4 Pages: 387-395 [ISSN 1339-5629

THE LAST MILE DELIVERY PROBLEM: A KENYAN RETAIL PERSPECTIVE
Eric Mogire; Peter Kilbourn; Rose Luke

Security concerns were also raised as a last mile the afternoons led to delays in product deliveries. It is
delivery challenge facing online retailers in Nairobirecommended that online retailers should undertake better
Delivery personnel reported attacks to their managers. Téelivery planning, such as alternative routing and
attacks were reported in some informal areas. The attackheduling at different times to avoid delivery delays.
were linked to the cash that the delivery personn&etailers should consider introducing incentives for off-
collected as they delivered goods to customers. It was afseak deliveries to encourage customers get their deliveries
reported that some customers had tried to defraud delivavpen there is less traffic. Instead of using delivery trucks,
personnel by presenting fake messages as evidenceraihilers should consider using flexible modes of transport
payment. This finding is supported by Janjevic anduch as motorbike$hodabodas’ due to their excellent
Winkenbach [28] who found the unattended home delivemanoeuvrability when there are traffic jams during peak
method was rare in emerging markets, such as Kenya chaurs. Furthermore, through the RETRAK, online retailers
to high security-related issues. Therefore, securishould lobby the County Government of Nairobi, the
concerns need to be addressed to promote the growth oMeristry of Interior and Coordination of National
commerce in Kenya. This is supported by a study b@overnment, and the Ministry of Transport, Infrastructure,
Janjevic and Winkenbach [28] which reported that matutéousing, Urban Development and Public Works to
online markets, such as the USA have fewer securitgroperly manage vehicle traffic situation in Nairobi.
related issues that affect the delivery service. Based on the finding that security was a great concern

Unconducive county government by-laws in Nairobfor online retailers in Nairobi, the study concludes that
are a challenge to online retailers during last mile deliverglelivery personnel are at risk of attacks, losing cash, and
It was reported that delivery personnel were harassed bging subjected to fraud. It is recommended that online
the County law enforcement officers. This is unacceptabtetailers adopt either the payment before delivery option or
and relevant government agencies need to address thish cashless payment option to reduce fraud cases and
promote the growth of e-commerce in Kenya. A study bipsing cash. Retailers can also consider outsourcing
Janjevic and Winkenbach [28] identified urban freighsecurity personnel to assist in the delivery of high-value
policies as a last mile delivery challenge in urbagoods. Through the RETRAK, online retailers should also
environments of emerging markets. They were of the vielwbby the Ministry of Interior and Coordination of National
that the urban freight policies are subject to restrictivGovernment to provide security services during delivery.
policies applicable in a given e-commerce market, fdRetailers can put in place online security systems and
instance, having low emission zones or restricting the simeeasures to prevent cyber-attacks and fraudsters. This

of vehicles allowed in a given area. involves the use of escrow service, requesting customers to
use strong passwords, and setting up system alerts for
5 Conclusions suspicious customer behaviours.

In conclusion, online retailers in Nairobi face numerous The study also found that online retailers in Nairobi are

last mile delivery challenges. The main last mile deliver§xperiencing high costs of delivery attributed to high
challenge is related to the lack of a good nationgharges from transport service providers. The high
addressing system. Online retailers mentioned that soffi@nsport charges are due to the traffic congestion and the
buildings in Nairobi were not numbered, and some streg?§0r state of roads in Nairobi. It is recommended that
were not labelled, making it very difficult to traceretailers should use other delivery options, such as
customers’ locations during delivery. It is recommendegustomer pick-up points of convenience, to reduce delivery
that the online retailers request their customers to sh&@sts. Retailers can also continually optimize delivery
location details via online map applications such as Goodleutes by analysing historical route data to identify the
Maps for delivery. The use of other delivery options, suciost efficient routes. Through the RETRAK, online
as customer pick-up points of convenience, can be adopté#gilers should also lobby the County Government of
by the retailers. The customer pick-up points OlNawo.bl, the Ministry of Transport, In_frastructure,
convenience engage the online customer in collectidgousing, Urban Development and Public Works to
goods from pick-up stations near them. The use of pick-ifgprove the state of roads in Nairobi and effectively
points in Sweden had enabled delivery service providersfitanage traffic congestion. This will eventually lead to
deliver many goods at the same time [42]. Through tH@dugﬂon in the operational expenses of transport service
Retail Trade Association of Kenya (RETRAK), onlineProviders.

retailers should lobby the County Government of Nairobi The finding on harassment from the County law
to ensure all streets are labelled and buildings ap@forcement officers implies that the County Government
numbered. Evidence collected from online retailers al$ Nairobi was not providing a conducive business
revealed that retailers face other last mile deliver§nvironment for online retailers. It is recommended that
challenges such as traffic concerns, security concerns, hjiine retailers should document and report all the law
cost of delivery, unconducive county government by-law§nforcement officers founc_i to har_ass delivery personnel.
and postal service unreliability. Traffic concerns caused through the RETRAK, online retailers should also lobby
ongoing road construction in Nairobi, rain, and rush houtge County Government of Nairobi to investigate and take
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disciplinary measures against law enforcement officefd] GOVERNMENT OF KENYA: Kenya Visia 2030: th
harassing online retailers. Lastly, the finding that postal Popular Version, [Online], Availabl
service unreliability is posing some challenge during last https://theredddesk.org/sites/default/files/vision_2030
mile delivery, means that online retail managers cannot _brochure__july 2007.pdf [15 Nov 2(], 2007
rely on postal services when doing delivery in Nairobi. [t5] STATISTA: Ecommerce: Kenya, [Online], Availak
is recommended that online retailers consider using https://www.statista.com/outlook/dmo/ecommerce
alternative courier service providers that can meet their ya[l14 May 2022], 202.
delivery needs. Through the RETRAK, online retailerfs] STATISTA: Ecommerce: South Africa, [Onlin
should also lobby the PCK to reengineer its delivery Available: https://www.statista.com/outlook/dmo/eco
services to make them more efficient. mmerce/sout-africe [14 May 2022], 202
Overall, the findings offer practical implications to thg7] WEBER, A., BADENHORST-WEISS, J.: The last-
managers and relevant government agencies on the lastmile logistical challenges of an omnichannel gro
mile delivery challenges that should be addressed. The retailer: a South African perspectivdournal o
retailers can embrace the different managerial strategies Transport and Supply Chain Managemaéfdl. 12, No
recommended in the study to overcome last mile delivery August, pp. 1-13, 2018.
challenges. Additionally, retailers can lobby via RETRAK  https://doi.org/10.4102/jtscm.v12i0.3
for provision of essential services whose absence [B] STATISTA: KenyaStatista Country Report, [Onlin
contributing to the identified last mile delivery challenges. Available: https://www.statista.com/study/48451/keny
This should lead to the growth of the online retail subsector a/[21 Jun 2020]2019
in Nairobi hence creating more employment opportunitigd] INDECHE, A.: Role of online service quality
and enhanced economic growth. customer satisfaction: case of online retailing site
Owing to the limited research in last mile delivery Nairobi, Kenya, MBA Thesis, United State
service, these findings are a valuable addition to logistics- International University, Nairobi, 201
related research in Nairobi. However, this study wgd40] ONYANGO, C.: Service quality of Kenyan onli
limited to online retailers in Nairobi County. Any shopping services and customer satisfactidBA
generalisations of results to other retailers that are not Thesis University of Nairobi, Nairobi, 202.
purely online, to other counties, and other countries shoJtil] WAWERU, E.:Factors affecting the adoption of e
be considered cautiously. A similar study should be commerce in Kenya: a case study of cons
conducted in other counties in Kenya to test whether the perspective in Thika towMA Thesis, University ¢
results are similar. Further research should focus on other Nairobi, Nairobi, 201.
countries in Africa which have adopted e-commerce to[a2] KIMANA, V.. Factors affecting eommerc
great extent, such as South Africa and Nigeria, to provide adoption among small and medium enterp

an opportunity for a comparative study (SMESs) in developing countries: the context of Ke
Bachelor's Thesis, Mid Sweden Univer:
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Abstract: The current study aims to provide an overview of the role of electronic human resources management practices
(E-HRM) in corporate entrepreneurship (CE) in telecommunication corporations in the Duhok governorate-Kurdistan
region to progress their entrepreneurial capacities through implementing E-HRM systems. The study sample was made
up of 5 telecom companies. The structured questionnaire designed by the researchers was used to collect primary data,
totalling 32 respondents. Data analysis was performed by different statistical methods through SPSS program. The results
of the study reveal that the correlation coefficient between the variables of the study is 0.775 (Total index). This shows a
positive relationship between E-HRM and Corporate Entrepreneurship, supporting the validity of the first main hypothesis
of the study. The results also indicate that E-HRM practices have a significant positive effect on Corporate
Entrepreneurship due to the calculated F value (45.184) is higher than its tabular value (4.17). Accordingly, the second
research hypothesis has been accepted.

1 Introduction innovative goods and services, technologies, strategies,

In today's business world, there has been a risingnd managerial systems. . _
concern by organizations in depending on corporate Information technology totally impacts all managerial
entrepreneurship (CE) as a great source to boost ttanches including human resources practices in today's
innovative capabilities of their workforces. Especially in global networking timeframe. Recently, using of new
this Century CE has progressively been determined astgchnology in implementing HRM practices has growing
legitimate way to upper levels of individual and dramatically [7]. Electronic human resources management
organizational performance [1]. Corporate (E-HRM) is a means of executing human resources
entrepreneurship according to [2] is the process oPractices in corporations via a sensible and directe support
establishing new and innovative business insidénd the complete usage of web-technology-based
established an organization to increase organization&latforms [8]. The number of organizations who have been
profitability and improve corporation's competitive feplacing human resource management practices with
advantage. On the other hand, [3] axplains CE as a procegigctronic HRM increasing continuously because of vast
of expansion of the corporation's area of competence arfogress in information and communication technology
conforming opportunity set via internally created (ICT) sector.
combinations of original resource [3]. Corporate _ _
entrepreneurship can be understood as the result &  Literature review
effective exploration for entrepreneurial opportunities2.1 Corporate entrepreneurship (CE)
generating from asymmetries of market or technological In last decades, the research @B field has been
knowledge [4]. Corporate entrepreneurship according tgrowing significantly, while, according to some
[5] is based on Innovation of original product category,researchers there are some aspects of corporate
new technology, or innovative business model that leadgntrepreneurship still need to be researched [9]. Because of
to constant benefit for the firm. As [6] mentioned that CEtoday's highly competitive business world and emergence
states to a procedure that happens within an existingf globalization phenomena make business environment to
corporation, and leads novel business ventures, othé&%e more dynamic and challenging. Organizations need to
original actions and alignments such as creation obe more entrepreneurial and attempt to recognize and

exploit new opportunities arise and avoid riks from the
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external environment so as to achieve competitiienctions. Although the main purpose for the execution of
advantage. Firms that develop CE are mostly recognizedrasv technology within the human resources practices was
flexible and dynamic organizations ready to take benefit 6 enhance processes in implementating HR practices,
different opportunities when they arise [1]. Corporatether encouraging effects such as reducing cost, providing
entrepreneurship essentially involves high levels of bothetter quality of services, higher productivity also occurred
risk and uncertainty [5]. The ideas behind CE can be tracgi®]. Implementing HR practices electronicaly is expected
back to the mid-1970s. The concept was introduced firsttp create value for both in and out-firms beneficiaries,
by [10] as a leadership style and strategy implemented bgpecially at the time of rapid competition and evolutions
large firms to handle with the growing level of markethat today's organizations are facing. Therefore, managers
instability [11]. Corporate entrepreneurship is a set @f human resource departemnt should use contemporary
organizations actions that focus on the finding and purssystems and create integration in HR practices to attain
of business opportunities via innovation, creating newdesired values [18]. The term electronic human resources
business, or creation of original business modelmanagement or E-HRM in short, has been emerged in the
Successful  corporate  entrepreneurship  involveE990s, with the idea of the beginning of electronic
simultaneous consideration to both innovation andommerce concept [19]. Therefore, because of the
exploitation [12]. Corporate entrepreneurship according teputation of e-commerce field, the prefix "e" was used in
[13] is a multi-dimensional concept that contains of thredRM field; consequently the E-HRM term has been
man dimensions which are: innovation, strategic renewamerged. Technological development has created a new
and new business venturing. He added more explanatiaqyeneration of workforces as well as changed organizational
to these dimensions and according to him Innovation sructure in contemporary corporations. These kinds of
determined as a process contains transition of novel idedmnges are structured in a manner that organizations who
to value added products and services, Strategic renewatissnot depend on new technology in performing their daily
characterized as the major organizational change activitiesks, thay may loss massive of their capital resources [20].
through restoration of the major impressions, and neB-HRM is a comprehensive concept covering all potential
business venturing is determined as the establishment ohtegration mechanisms and contents between human
new business entity or new business acquisition [14]. Closesources management and IT so as to create value within
to this explanation, [15] classified CE to two main types aind across firms for both employees and management [21].
phenomena: the first one is the creation of new businesg#iectronic human resource management is very crucial as
within existing organization, such as inner innovation at enables firms in performing HR functions for their staffs
venturing; and the second one is the transition @nd managers. Manageres and workforces will be able to
corporations via renewal of the basic ideas on which thegcess easily and efficiently to information through the
are made. Corporate Entrepreneurship concept Hhgpical use of internet or web technology channels. This, in
numerous definitions due to the importance of the subjettirn, leads to employees and managers empowerment with
Jennings and Lumpkin defined the CE as the scope ttee purpose of growing their proficiency in accomplishing
which innovative goods and services or original marketertain human resources functions. In a wider view,
are established [16,17]. Corporate entrepreneurstopganizations that use web technologies in human
defined by [13] and according to him it refers to practice®sources functions can be more flexible, cost-effective,
meant at establishing new business in creating firmsistomer-oriented, and more strategic [22]. E-HRM
through product and process innovations and markedncept is different than human resources information
developments. Corporate entrepreneurship is targeted system or (HRIS) in short. HRIS concept indicates
employees' readiness of large size firms to adopystematic processes for collecting, storing, updating and
entrepreneurial behavior and communicate with thdistributing data and information related to HR functions
bureaucratic corporation they are working for, in order tf23], where HRM department is the main user of this
beat various obstacles to new products and servicgsstem [24]. On the other hand, E-HRM concept refers to
development. Moreover, CE involves the transformatiotine application of human resources practices with support
processes, as the most complicated form, that avefull dependence on web technology, and this system can
anticipated to accelerate organized changes bé used by HRM department staffs, and other employees
organizational culture and structure to inspirén the organization, potential employees, in addition to the

entrepreneurial behaviour of employees [7]. organizational management. The main areas of application
of the E-HRM systems are basic HR planning, Staffing,
2.2 Electronic HRM practices training and development, job analysis, performance

In the last few decades, the use of new technology dppraisal, and rewards and compensation [25-26].
facilitating management functions in general and human
resource management function in particular has increas2e®@ E-HRM and Corporate entrepreneurship
significantly. There are almost all the human resources Corporate entrepreneurship according to [8] includes
activities that new technology systems interrupted durinthree  main  dimensions which are innovation,
implementation or changed the way of caring out theggoactiveness, and risk taking. On the other hand, Zahra
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(1996) proposed that CE is consisted of three dimensiotasn support corporate entrepreneurship. Organizational
which are innovation, strategic renewal and, corporatearning happens when employees are willing and able to
venturing. Some other authors identified more dimensiomseate informal networks where they freely exchange
[9]. But all the classifications with different dimensions ofnformation, implicit knowledge and generate shared
CE, included (innovation) dimension. Innovation, as aperspectives. Especially these kinds of networks are more
element of corporate entrepreneurship, is an obligation iofluential when organizations adopt e-HRM systems. Due
the organization to create original products or services it can facilitate teamwork, continuance connection, and
production methods, and organizational systems wiihcrease cooperation. Strategic renewal determined by
concentration on technology development [8-13]. One sbme CE scholars as the third main dimension of corporate
the key characteristics of CE that explain thentrepreneurship. This area of CE is strongly linked to E-
entrepreneurial orientation of organization andtHRM. Especially, when [31] proposed three levels of
continually appears in organizational and academéectronic human resource management; operational,
studies is the organization's ability to innovate [23]. Theational, and transformational E-HRM. Transformational
evidence of the study that has been conducted by [12]level concerns human resource practices with a strategic
Spain on the basis of a mixed sample of industriglspects such as knowledge management, strategic
organizations confirmed a relationship between some obmpetence management, and strategic reorientation.
the HRM practices (performance appraisal, internal careEnrough this it is possible to create a change-ready staff via
opportunities, and incentive based compensation) withcnilogical systems that empowers the employees to
innovation, venturing that it is the influence of the humadevelop in line with the organization's strategic choices
resources management practices on employee involvemg3a].

that offers opportunities for innovation. Another study by

[27] illustrated that (training and development3  Methodology

compensations, and performance appraisal) as the focalThis study examines the role of (E-HRM) practices in
human resource management activities have impact @§rporate entrepreneurship (CE) in telecommunication
different aspects of innovation. HRM practices are thgorporations in Duhok governorate-Kurdistan region. E-
essential components that contribute to empowg{rRM practices (recruitment, selection, training &
organizations to be more innovative, proactive, and aCCQjﬁvebpment, rewards & Compensationsy performance
risk [28]. Many authors demonstrated that establishingppraisal) were considered as independent variables and
EHRM systems can make organizational employees to Bgrporate entrepreneurship was considered as dependent
more openness to innovation and strategic learning [29]. &ariable. A structured questionnaire was designed to
HRM plays a substantial role in professional developmerdp|lect the primary data. The population of this research
increased competence and capability and employeggludes in telecommunication corporations operating in
innovation abilities. Especially, after using informationpyhok governorate. The sampling method of this study is
and communication technology (ICT) tools in HRpased on the probability sampling which are clustered to
functions. We can CO”C'U.de that Implementlng eleCtrO.ﬂi_ﬁree groups, department managers, unit directorsy and
HRM systems by organization can provide innovatiogmployees. The primary data that have been collected for
opportunities to organization as the main corporai@s study are analysis using SPSS program.
entrepreneurship dimension, through preparing innovative

employees especially staffs that are dealing with ne&/1  Research hypotheses

technology in their jobs. _ _ H1: There is a significant correlation between E-HRM
Regarding the second dimension of Cofpora?ractices (recruitment, selection, training & development,
entrepreneurship, which is risk taking behavior Ofewards & compensations, performance appraisal) and

employees as determined by [30]. Electronic humagy horate entrepreneurship in Telecommunication industry
resources management systems enable enhangRghok governorate (Figure.1)

employee's behavior in terms of risk acceptance through . E_HRM pracices has a significant impact on

improving electronic communication continually amon@orporate  Entrepreneurship in  Telecommunication
employees on one hand and between employees Eiﬁgustry in Duhok governorate

managers on the other hand. Two issues determined by [4]
that any examination of human resources management
corporate entrepreneurship correlation need to |__|
addressed: the development of informal entrepreneur; [Recruitment [Selection | Training & | Rewards & | Performance

E- Human Resources Management

behavior and employees risk acceptance. Human resour | ol evelopnnt | Canpensations | Appatel
practices impact corporate entrepreneurship ki x A
establishing circumstances for the development i v "’

—————— > Corporate Entreprencurship

informal cooperative relationships. The theory of ______
organizational learning would seem to be the suitab,Jmpat
model for understanding how human resource practices

Correlation

Figure 1 Research framework
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3.2 Reliability analyss jobs. The findings of the study showed that respondents
Researchers used the Cronbach Alpha coefficient ¥ého have more than five years of experience reached
ensure the research instrument's reliability (Table 1), td€.6%. 25% and 21.9% for those have (3-5 and 1-3) years
Cronbach Alpha should be equal to or greater than (0.06§,experience respectively. And respondents have less than
but it is better to be closer to (1.0). The Alpha value fadne year of work experience are only 12.5 %. According to
overall E-HRM functions was (0.872) in the current studythe results, 100 % of the respondent companies have HR
and for corporate entrepreneurship was (0.815). The AlpHapartment.
value for training and development, as well as selection,

was higher than (0.8), whereas the value for rewards and __Table 2 Descriptive Analysis for research sanple
compensations was (0.731). While for both performan Descriptive Freq. %
appraisal and recruitment is only (0.65). As a result, tf Male 27 68.¢
Cronbach's Alpha value for all aspects was greater than| Gender Femall 10 31',
standard value, making this questionnaire reliable a less than 3 13 40'2
appropriate for the study. :
pprop y é}’:ars) 30-4C 15 | 46.¢
Table 1 Reliability analysis Above 41 4 12.t
£ No. of Cronbach's Job Title |-EMPloye 23 71
actors ltems Alpha Unit Manage 4 12.5
- Head of De 5 15.€
Overqll E-HRM 15 0.872 _ d p .
Function: Diplome 7 21.¢
Recruitmer 3 0.647 Education | BSc 22 68.¢
Selectior 3 0.80¢ Level MSc 2 6.2
Training and 3 0.810 Other: 1 3.1
developmer ' Less than 1 year 4 12.5
Rewards ang 3 0731 Work 1-3 year 7 21.¢
compensatior ' experiance | 3-5 year 8 25
PerformanctAppraisa 3 0.65¢ 5 years and mo 13 40.€
Corporate Have HR Yes 32 10C
Entrepreneursh 10 0815 Dept. No 0 0
4 Results and discussion 4.1 Descriptive analysis of study variables

As illustrated in table 2 more than two-thirds of the The findings presented in table 3 indicate that most of
respondents were male; from the 32 respondents, 22 wére respondents agreed on recruitment function through its
male, and 10 were female. The results also found out thiadicators (X1-X3), wherehe level of agreement reached
46.9 %, of the respondents were between (30-40) yea(87.5%), followed by neutral (10.44%) and only (2.06%)
Followed by those aged less than 30, which has reacheere disagree, with an arithmetic mean (4.06) and a
40.6%, and only four were over 41 years which represestandard deviation (0.618). Regarding to the selection
only 12.5%. The results illustrated that nearly thredunction, around 60% agreed through its indicators (X4-
quarters were employees, 15.6% were head #6). Furthermore, over 80% agreed with training and
departments, and the remained 12.5% were unit managei@velopment function, while only 8% disagreed. In terms
Majority of the respondents have a bachelor's degree wieh rewards and compensations function, the level of
accounted for 68.8%, followed by diploma 21.9%. Whil@greement is the lowest, which is only 46%. Finally, over
master's and others degree were only 9.4%. This indicaB8% of the respondents agreed on performance appraisal
that the telecommunications companies rely more dunction through its indicators (X13-X15).
employees who have bachelor's degree in performing their

Table 3 Descriptive analysis of the independent variable (E- HRM)

Evaluation Levels
Strongly . Strongly Standard
Variables Agree Agree Neutral Disagree Disagre: Mean |4 viation
Freq| % |Freq| % |Freq| % | Freq % Freq | %
X1 8 25 22 68.8 2 6.3 0 0 0 ( 4.19 0.53b
Recruitment | X2 4 12.8| 21 | 65.€ 6 18.¢ 1 3.1 0 0 3.8¢ 0.66(
X3 8 25 21 | 65.€ 2 6.8 1 3.1 0 0 4.1: 0.66(
Average 87.5% 10.44Y% 2.06% 4.0€ 0.61¢
Selectiot | X4 3 | 94] 18 [56.2] 6 [18.6] 5 | 156 [ 0 | 0 | 35¢ | 0.87¢
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X5 3 9.4 17 | 53.1 7 21.¢ 4 12.5 1 3.1 ] 3.5¢ 0.95(

X6 2 6.3 14 [43.¢€| 10 | 31.:c 5 15.¢ 1 31| 3.3 0.93

Average 59.4% 24% 16.6% 3.4¢ 0.92(

Training and X7 7 21.¢| 16 50 5 15.¢ 4 12.5 0 0 | 3.81] 0.931]

development X8 12 | 37.5| 18 | 56.C 1 3.1 1 3.1 0 0 | 4.2Z 0.87(

X9 5 15.€| 19 | 59.¢ 5 15.¢ 2 6.3 1 3.1| 3.7¢ 0.90¢

Average 80.23% 11.44% 8.33% 3.9¢ 0.902

Rewards an X10 2 6.3 10 [ 31.5| 15 | 46.€ 4 12.5 1 3.1] 3.2¢ 0.885

compensatio X11 3 9.4 18 | 59.4 6 18.¢ 3 9.4 1 3.1 ] 3.6¢ 0.90:

X12 3 9.4 7 21.¢| 17 | 531 5 15.¢ 0 0 | 3.2¢ 0.84-

Average 45.9% 39.6% 14.5% 3.3i 0.87¢

Performance X13 6 18.6| 20 | 62.% 4 12.5 2 6.2 0 0 | 3.9¢ 0.75¢

Appraisal X14 | 16 50 14 | 43.¢ 1 3.1 1 3.1 0 0 | 4.4 0.71%

X15 | 12 | 37.8] 17 | 53.1 2 6.3 1 3.1 0 0 | 4.2Z 0.83-

Average 88.5% 7.4% 4.1% 4.1¢ 0.76
Total Average 72.4% 18.5% 9.1% 3.81 0.817

4.2 Descriptive analysis of dependent variable
(Corporate Entrepreneurship)

As shown in the table 4, the mean value of Corporate According to the calculations in table ( 3 and 4 ), the
Entrepreneurship as the dependent variable is 3.45. Thigan value for the variables (E-HRM and Corporate
refers that the level of Corporate Entrepreneurship amoigtrepreneurship) is beyond average, and the over-all
agencies managers higher than the average. More than 52%rage for the research variables standard deviation
of the respondents were agree with Corporateveals that the diffusion of indicators is not very far
Entrepreneurship indicators (X16-X25), 35% were neutrakeparately, indicating a positive relationship between the

and 12% were disagree. two variables.
Table 4 Descriptive analysis of dependent variable (Corporate Entrepreneurship)
Evaluation Levels
, - Strongly Standard
Variables Strongly Agre Agree Neutral Disagree Disagree Mean -
_ Freq.| % | Freq.| % |Freq.] % |[Freq., % |Freq. %
S X16 1 3.1 20 | 623 9 28.1 1 3.1 i 31 3.59 0.756
é X17 1 3.1 18 | 56.3 10/ 317 1 3.1 2 L 3.47 0.879
o X18 1 3.1 2 6.3| 20| 62.5 9 28.1 @ ( 2.84 0.677
i‘; X19 1 3.1 13 | 40.6 14| 431 4 12.6 0 D 3.34 0.745
E X20 1 3.1 8 25| 20| 62.5 3 9.4 g @ 3.22 0.659
o X21 8 25 22 | 68.8 1 3.1 1 3.1 g @ 4.16 0.628
IS X22 0 0 24 75 6 18.8 2 6.3 0 g 3.69 0.592
§_ X23 2 6.3 15 | 46.9 11| 344 4 12.6 0 D 3.47 0.803
S X24 1 3.1 8 25| 16 50 7 21.9 q @ 3.09 0.777
X25 4 125/ 19| 594 5 15.4 2 6.3 2 6,3 3.66 1.004
Total Average 52.8% 35.1% 12.1% 3.45 0.752
4.3 Research hypotheses validity Recruitment, E-Selection, E-Training and development, E-
Relationship between E-HRM Practices and Corporatewards and compensations, and E-Performance
Entrepreneurship. Appraisal) and the dependent variable Corporate

The results of table 5 indicate that the correlatiokntrepreneurship (r = .501, .680, .409, .799, .492)
coefficient value between the study variables is 0.77&spectively. This indicates a positive correlation between
(Total index). The outcomes of Pearson's correlatidn-HRM practices and Corporate Entrepreneurship,
analysis shown in table 5, there is a significant correlatigpporting the validity of the first primary research
between the independent variable E-HRM functions (Ehypothesis.
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Table 5 Correlation analysis
Dimensions of E- . . Training and Rewards and | Performance| Total
HRM Regiment | Sekei developmer compensatior Appraisa Index
Corporate 501* 680* 409 T99% A92% 775
Entrepreneursh
** Correlation is significant at the 0.01 level (2-tailed)
Table 6 theimpact of E-HRM on Cor porate Entrepreneurship (Total Index)
Indep_endent E-HRM
variable
Dependent variable  Beta R2 F Sig.
Corporate Calculated Tabular
S — 601 45.184 4.17 .000
df=1,30 N=32

As illustrated in the the table (Table 6) that the F valuealue (4.17). Thus, the second main research hypothesis
is (45.184) in df (1,30) at the Significant level (.000), antas been accepted.
the R2 is (.601), this refers that electronic human resource The impact of each practice of E-HRM on Corporate
practices describes 60.1% Corporate Entrepreneursiiptrepreneurship
changes and the remaining 39.9% is because of the other
aspects and factors not involved in the present researchTo calrify the impact of each practice of electronic
model. Hence, the study conclude that electronic humamman resource on Corporate Entrepreneurship and
resource management practices has a significant impactiovestigate the sub hypotheses of the second main one in
Corporate Entrepreneurship as the calculated F value frdralecommunication industry in Duhok govarnorate, the
the above table (45.184) is more significant than its tabulegsearchers depend on (F) value and (Sig). As presented in

table 7.

Table 7 the effect of each practice of E-HRM on Cor porate Entrepreneur ship

F
1.V. Beta . .
D.V. R2 Sig. Decision
E-HRM Calculated | Tabular J
Recruitment Corporate . 501 | .251 10.066 4.17 .003 Accepted
Entrepreneurship
Selection Corporate .680 | .462 25.754 417 .000 Accepted
Entrepreneurship :
Training and Corporate
development Entrepreneurship 409 | 167 6.010 4.17 020 Accepted
Rewards and Corporate | 799 | 38|  52.824 000 | Accepted
compensations Entrepreneurship 4.17
Performance Corporate
Appraisal Entrepreneurship 492 | 242 9.59 4.17 004 Accepted

df=1,30 N=32

According to the results in table (7), all five sub hypothesésppraisal) (= 10.066, 25.754, 6.010, 52.824, 9.596)
from the second main one, have been supported as thepectively, which is greater than (4.17) its tabular value.
calculated F value is greater than tabular F. Were the

calculated F for electronic human resource manageméint Conclusion

practices  (Recruitment,  Selection,  Training & Corporate entrepreneurship has gained significant
development, Rewards & compensations, and Performang&earch consideration with an emphasis on the factors that

~ 402 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 4 Pages: 397-404 [ISSN 1339-5629

PROMOTING CORPORATE ENTREPRENEURSHIP THROUGH ELECTRONIC HUMAN RESOURCES
MANAGEMENT PRACTICES: AN EMPIRICAL STUDY
Dilgash Qadir M. Salih; Araz Majeed Ahmed; Farsat Shaaban

influence the organization's willingness to initiate an@] ZEHIR, C., MUCELDILI, B... The Impact of
sustain competitive advantage through entrepreneurial and Corporate  Entrepreneurship on  Organizational
creative behaviors. In the 198Gntrepreneurship within Citizenship Behavior and Organizational
established firms (CE) appeared as being the point of Commitment: Evidence from Turkey SMBESocedia
attention in today's corporations and the aim is to improve - Social and Behavioral Sciences, Vol. 58, pp. 924-
productservice innovation, risk acceptance and strategic 933, 2012.
renewal of the organization [13]. The current study aims to https://doi.org/10.1016/j.sbspro.2012.09.107
highlight and investigate electronic human resourcdg] POISAT, P., MEY, M.R.: Electronic human resource
management as an important factor in promoting CE. The management: Enhancing or entrancidgurnal of
finding of this research illustrated that there is a significant Human Resource Management, Vol. 1, No. 2, pp. 1-9,
correlation between the independent variable E-HRM 2017. https://doi.org/10.4102/sajhrm.v15i0.858
practices (E-recruitment, E-selection, E-training anfB] COVIN, J.G., SLEVIN D.P.: A conceptual model of
development, E-rewards and compensations, and E- entrepreneurship as firm behavi@mntrepreneurship
performance appraisal) and the dependent variable Theoryand Practice, Vol. 16, No. 1, pp. 7-25, 1991.
corporate entrepreneurship (r = .501, .680, .409, .799, .492) ANTONIC, B.: Intrapreneurship: A comparative
respectively with a total index of (0.775). As a result, the structural equation modeling study|ndustrial
main first hypotheses has been accepted. On the other Management and Data Systems, Vol. 137, No. 3, pp.
hand, the researchers conclude that electronic human 309-325, 2006.
resource management practices has a significant impac{1®] BERBER, N.,PORPEVIC, B., MILANOVIC, S.:
corporate entrepreneurship based on the findings of data Electronic human resource management (e-HRM): A
analysis as the calculated F value (45.184) is more new concept for digital ag&rategic Management,
significant than its tabular value (4.17). This proves the Vol. 23, No. 2, pp. 22-32, 2018.
validity of the second main research hypothesis. This https://doi.org/10.5937/straman1802022
indicates that telecommunication corporations in Duhdkl] SAKHDARI, K.: Corporate Entrepreneurship: A
governorate should be aware about the importance of using Review and Future Research Agendachnology
the E-HRM because it influences directly the corporate  Innovation Management Review, Vol. 6, No. 8, pp. 5-
entrepreneurship. 18, 2016. https://doi.org/10.22215/timreview1007
Finally, the research is not free of limitations that cagi2] JIMINEZ, D., SANZ-VALLE, R.: Innovation and
be addressed by future studies. One of the limitations is the human resource fit: An empirical studgter national
fact that the study conducted in Duhok governorate and Journal of Manpower, Vol. 36, No. 4, pp. 364-398,
data have been collected only from corporation that are 2005.
operating in this area. Future studies can add otH&B] ZAHRA, S.A.: Governance, ownership, and corporate
variables as mediators and moderators, to improve the entrepreneurship: The moderating impact of industry

understanding of the role of E-HRM practices on  technological opportunities, Academy
promoting corporate entrepreneurship. of Management Journal, Vol. 39, pp. 1713-1735,
1996.
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Abstract: Logistics, in the future, will be a decisive factor in the competitive struggle between organizations, economic
regions and countries for value creation. The level of competence in logistics primarily determines success in this struggle.
For modern companies, supply, production and distribution issues are becoming more and more relevant. It is possible to
improve this process by strengthening logistic integration and coordinated interaction with external partners and between
different departments within the company. Today, with the high development of technologies, it has become possible to
automate not only production processes but also the movements of a person who, for one reason or another, cannot
perform usual functions, in particular, to restore or replace partially or completely human limbs. This article deals with
the issue of reducing logistics workers' workload. We are talking about the development of a robotic platform, namely
exoskeletons, which are designed to supplement lost functions, increase human muscle strength and expand their physical
capabilities, which will significantly increase the degree of worker efficiency. This article aims to optimize and facilitate
workers' work by explaining the use of exoskeletons in supply and distribution logistics.

1 Introduction 2 Methodology

Logistics, supply, production and distribution issues are  The exoskeleton is a device that helps compensate for
becoming increasingly important for modern society. Thist functions, strengthens human muscles, and expands
process can only be improved in terms of strengthenitige range of motion due to its outer frame and drive parts.
logistics integration and coordinated interaction, both wittWhen carrying loads through the outer frame and drive
external partners and between the various divisions withiarts, an exoskeleton can also transfer the load to the leg
the company. support platform (Figure 1). Exoskeletons generally allow

Its continuous improvement remains relevant in theumans to perform movements with greater effort and
conditions of rapid scientific and technical progress for thgrotection against external forces [1].
implementation of processes and digitization in logistics.
Digitization in logistics aims to speed up all processes aif
make them more accurate and smoother. Digital da
transmission, the use of new delivery methods, automati
and robotization of business processes are alrea
changing the logistics market. In addition to digitalization
the development of technical means that help worke
directly in production, warehouses, dispatch or transport
also important for logistics. Industrial exoskeletons ar
also modern elements that are beginning to be asserted
used in the structures of industrial logistics. Th¢ s =
exoskeleton, as a technical logistics device, is a device thae : ‘ .
can help increase human strength by supporting the outefigure 1 Modern techmca] de;wce in logistics — exoskeleton
skeleton. The exoskeleton mimics human biomechanics in US Bionics [2]
order to increase an individual's effort during movement. . .

Industrial exoskeletons are the collective name for

The use (.)f exoskeleton _rqpotlcs aIIows_ you to redu?ﬁechanical devices used by workers whose design reflects
the load during normal activities and static load, redu% e structure of the limbs, joints and muscles of the

fatigue and at the same time, increase efficiency witho erator who works with them in tandem and is used as a
serious associated costs. Furthermore, exoskeleton robotCs . . . . ) ;

- : .. . ~means of increasing capacity or as a relief to relieve fatigue

can be used to reduce muscle and joint tension, minimizin . : : -

; . and tension. It also helps with weight support, lifting

the risk of injury to workers who must constantly carry of

. S X e assistance, load support, posture correction and body
hold heavy objects in inappropriate positions. e . !
stabilization are common features of industrial

exoskeletons [3].
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2.1 Exoskeletonsclassfication
Exoskeletons that have been developed or are
development can be classified according to the followi
criteria [4].
According to the energy source and the principle (
operation of the drive:
» passive exoskeletons (energy independent and

not require any energy sources),

» active exoskeletons (mechanisms equipped wi
electric drives).

By application point (location):
» upper limb exoskeleton (to increase the streng
and range of motion of the upper limbs),
» the exoskeleton of the lower limbs (facilitates
walking, increases strength and range of motion
» whole body exoskeleton (designed to increas
strength and endurance; provides protectio
against external factors).

—

By price (conditional): Figure 2 Activ exskeleton [7]

» low cost (affordable): 1000-10000 €,

*  medium costs: 10000-50000 &, Passive exoskeletons are devices that do not need any
* high costs - more than 50000 €. energy source to function (Figure 3). The principle of their
operation is based on the basic laws of mechanics. Passive
According to the weight of the construction: exoskeletons distribute the load to individual parts of the
* light - up to 5 kg, body using weights and levers. By the action of a passive
* medium (average) - from 5 to 30 kg, exoskeleton, it is possible to reduce the load on active
* heavy - more than 30 kg. muscles by an average of 30% [6].

Advantages: independence from external energy
The most common areas of application of thisources, low weight of the structure, high reliability, and

technology are: low costs for equipment and maintenance.
* medicine, Disadvantages: they cannot be used in the absence of
« defence, residual muscle strength, inability to program, relatively
 industry. low speed of movement, individual need for anatomical
parameterization, and movements with limited amplitude
2.2 Active and passive exoskeletons [6]-

According to the mode of action, exoskeletons are
divided into active and passive [5]. '
Active exoskeletons have actuators powered by ener
sources connected to the exoskeleton itself. These devida
usually equipped with electric actuators (pneumatic ar -
hydraulic components can also be used), significan --"-:‘*'
increase the force exerted by the operator on the obje™ Sy
and his endurance because the effort expended to con
the exoskeleton is relatively low (Figure 2).
Advantages: high speed of movement, the significal
increase in force and range of motion, adjustability and t \ d
possibility of programming allow you to perform a larg o ¢ - 08
amount of work. Figure 3 Passive exoskeleton [8]
Disadvantages: dependence on external energy sources,
high price, large construction and weight, dependence gn  Need of exoskeletonsin logistics
climatic conditions, need for repairs and maintenance, and y|| automation of logistics processes can solve the
lack of service [6]. problem of trauma to employees. But this is not always
possible from a technical and economic point of view. A
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new high-quality tool that improves working conditions in  Moving objects of medium weight are considered the

the field of logistics is the exoskeleton. The exoskeletamost dangerous work. Uncomplicated, repetitive work

allows you to work for a long time without overwork andgives the worker a false sense of security. Fatigue from

injury. It reduces muscle tension and allows one tmonotonous activities combined with incorrect postures

maintain longer working capacity during change. reduces concentration and attention, which often leads to
injuries that are expensive (Figure 4) [9].

1334 244%  gvervoltage associated with work
8.99 164%  drop from a height of up to 2 meters with objects
478 87%  falling from height

g 47 86%  hit with an object (equipment)
E 367 6.7%  other overvoltage
% 262 48%  equipment failure
2.08 38%  slipping or tripping without falling
174 32%  being caught or pinched by equipment or an object
1.64 3% hit by an object or equipment
161 29%  repetitive movements while performing various tasks

Figure 4 The relationship between the economy and accidents at work [9]

According to US sources, the compensation for the
damage received is distributed as follows (Figure 5) [9]:  The employee's long absence during the convalescence

e 36% - injury in the lower back, period leads to additional costs. Several organizations have

« 25% - overvoltage due to liting, moving andalready concluded that investing in measures to improve
throwing objects, working conditions, including exoskeletons, is more

«  12% - knee and shoulder injuries. beneficial than bearing the damage associated with

temporary disability [9].

4  Characteristics of SuitX exoskeletons
The popularity of American exoskeletons is due to their
high efficiency, ergonomics and quality.
Strengths of SuitX exoskeletons:
« comfortable to wear throughout the working day,
» possibility of self-regulation,
e modular design,
» intelligent user movement recognition,
» ability to drive without removing the exoskeleton,
« mobility, and lack of connection to energy
resources.

A large number of tests prove the effectiveness of such
structures. For example, muscle tension measurements
using the ShoulderX model when working with the drill
@ anklejoint neck showed that the load was reduced up to 6 times. The
support is particularly effective in the deltoid and trapezius

multiple injuries arm :

muscles (Figure 6) [9].
hand foot
wrist other

Figure 5 Diagram of the most common injuries [9]
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Load weight 4.5 kg / Work with

1 1 .
. " " = " 0 arms raised above the head
- =
el
8 = Muscle involvement on average without the use
§ of equipment and with different levels of
assisted strength / average involvement of
muscle activity without the use of additional
5 devices or relief aids
] % (Dynamic load 4.5kg)
R
T ®
83
2 Significant unloading of the
8 following muscles:
25,
s 3 8
v o 3
25 E
=}
8
2
g

latissimus
dorsi

triceps

wrist
extensor

anterior deltoid muscle

trapezius muscles
M without ShoulderX auxiliary force 5.4 kg

B auxiliary force 0.9 kg [l auxiliary force 2.7 kg

Figure 6 ShoulderX exoskeleton research [9]

Further research assessed worker fatigue durirgy Advantages and disadvantages of
warehousing operations. As a result of the observation, the oy ogkeletons

following data were recorded [9]: , The key advantages of the exoskeleton for logistics
+ working with warehouse technology using OUfy,rkers are [10]:
own resources led to feelings of fatigue after two | performance
minutes and fifteen seconds, 2. Increase workplace comfort with support,
* when working in the ShoulderX exoskeleton, 3 Fewer injuries,
fatigue manifests itself within 15 minutes. 4. Improving the quality of work,

5.  Reducing the risk of occupational diseases.
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&
Disadvantages of the exoskeleton: » providing additional motivation for employees,
1. Costs, which is achieved by creating more comfortable
2. Limited power range, working conditions.
3. Material,
4. Power supply, By 2026, the global robotic exoskeleton market will
5. Management. reach € 1.6 billion (Figure 8). The growth of the global

) ) market is due to the ageing of the population, technological
6 Current dtuation of exoskeletons on the innovations and the expansion of their application in the
market military industry, healthcare and industry as such [12].

As an ever-evolving market, exoskeletons today cannot

yet provide many examples of practice, experience-testi
practices, standards and business models. Nevertheless, CAGR 3T A%
market is beginning to take shape, both in terms ¢

expectations and challenges. 572
Due to a large number of producers, the Far East al 416
China are expected to be the regions with the highe 220 303
exoskeleton rental revenues (Figure 7). 117 160
The main driver of growth will be the ageing of the s N - -
population. In Japan, for example, there is already a laba
shortage, as the proportion of people over the age of 70 2018 2019 2020 2021 2022 2023
20% of the population. Exoskeletons are gaining Figure 8 World exoskeleton market forecast, EUR million
popularity there and helping older people stay productive
in areas requiring manual labour. Companies such ;
Daewoo, Guardian, Ford, and Hyundai 7> Conclusions

are actively
investing in this sector [11]. Due to the constant change of products, the company

needs to improve the system of technological preparation
of production in order to ensure fast and high-quality
implementation during the development of a large number
of technological processes. The most modern and
promising field of robotics is the creation of mobile robots,
specifically exoskeletons.

In logistics and production, the physical workload of
employees is often very high, which in the long run,
represents a major burden on the health and productivity of
workers. Workers are often tense or exceed their work
capacity when moving heavy objects, which is a major
problem today.

With the help of exoskeletons, it is possible to
compensate for physical disadvantages and prevent posture
deformities and physical deterioration of a person's
condition because excess physical exertion is eliminated.
This means that exoskeletons are actively used to help
employees do their job safer, longer and more efficiently.

Suppose workplaces cannot be ergonomically
optimized due to spatial layout or other specific conditions.

Shin i In that case, the exoskeleton can help restore balance by

Figure 7 Regions with the largest use of exoskeletons  stabilizing certain parts of workers and thus reduce the
effort required to perform difficult or monotonous

Nevertheless, the introduction of these types of devicestivities and increase efficiency and quality of work.
provides a solution to three important business problems:

» increasing labour productivity and reducing labouAcknowledgement
intensity in manual production processes, The VEGA Grant Agency funded this research. The
« reducing the number of social benefits angubmitted paper is a part of the project "Research and
compensations associated with the occurrence @¢velopment of new smart solutions based on the

work accidents and occupational diseases, principles of Industry 4.0, logistics, 3D modelling and
simulation for streamlining production in the mining and

building industry" VEGA 1/0317/19.
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Abstract: Nowadays, waste is something that every country can handle in terms of disposing of it, storing it, or reusing

it. However, waste is not only municipal waste but also other raw materials that wear out over time, and their primary
purpose in life is over. The ideal case for such waste is its recycling and reuse in other forms. Preventing waste is the best
way to recycle, but its life cycle needs to be addressed if waste is produced. The economic model of the current society
is primarily linear so far. We extract natural resources and take them to the other side of the world, where products are
made from them. These are distributed to other corners of the world, where consumers buy, use and throw them away.
This is how waste is created and raw materials in the form of products end up in landfills, incinerators, or thrown in the
wild. However, according to the institute, the circular model should, in addition to a stable economy, also ensure a healthy
environment. This specific area of waste is under-discussed across society compared to plastics, where more emphasis is
placed on recycling and reuse. The presented manuscript concerns the worst kind of waste, namely end-of-life tyres.
Despite this, there are companies in Slovakia that are looking for innovative ways to evaluate this type of waste and are
dedicated to traditional recycling methods. The number of fast-paced used tyres is increasing nowadays, which also adapts
to the lifestyle of everyday life.

1 Introduction the United Kingdom and lItaly. These three countries

Over 6 million tons of end-of-life automobile waste ardroduced just over 1 million tons of waste in 2018. For
produced annually worldwide, of which approximately somparison, Slovakia produces only 38 000 tons of end-of-
million tons are recycled [1]. In percentage terms, gfife vehicles per year [3]. _
percent of the total vehicle waste is recycled after the end The upcoming Figure 1 offers a graphical treatment of
of its useful life [2]. Among the EU countries, France is thEhe European Union's recycling capacity from 1992 to

largest producer of waste in this area, closely followed BP19.

100% - - - -
90% If
80%

13% ™,
70% 12%

= 12% - ™ — i i i
wll b N“NTwT
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B

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2019
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Figure 1 EU Recycling capacity (1992-2019) [3]
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The share of landfilling is slowly disappearing in the On the other hand, rubber asphalt produced in the USA
European Union, and its percentage decreased from 62/produced directly at the site of road construction, as it
in 1992 to 9% in 2019. The reuse share reached its lowestist be used within a few hours. Due to the extraction of
point in 2008 when its value was around 5%. On theibber particles. The mentioned plant can produce up to
contrary, in 2019, we can note an increase in the reuse2®,000 tons of rubber asphalt annually. This production
waste tires to a value of 9%. Retreading as a possible weyvers almost 10% to 15% of the domestic demand for
of using waste tires has decreased within the EU to 7%. @sphalt [6]. Hungary can thus ensure the construction of
the contrary, waste tyres' share of energy and matenwdarly 200 kilometres of the two-lane road by recycling
recovery is very close in percentage values from 1992 balf a million used tyres. The conditions for expanding
2019 [4]. The newly built plant near our neighbours imubber-asphalt routes are favourable, as rubber-asphalt has
Hungary is worth mentioning, which also deals with thexcellent adhesion to mineral substrates. This reduces the
issue mentioned above of processing used tyres. The newsbability of potholes, and its higher load capacity
plant in the Hungarian refinery Zala z recycles 10% of atlompared to traditional asphalt minimises the possibility of
used tires in Hungary. Behind this plant are the oil, gas, ands on the road [5].
petrochemical group MOL, whose portfolio includes the In the world, one of the cheapest and at the same time
Slovak refinery Slovnaft. The construction of the plant coshe simplest ways, which is burning used tyres, is often
8.5 million euros [4]. The plant aims to produce so-calledsed. From an ecological point of view, this method is very
rubber asphalt from used tyres. It is an unusual compositianfriendly to the environment. When used tires are burned,
of asphalt and granulated mixture from waste tyres. MObxidation reactions occur, where many of the tyres that
developed this new production technology in cooperatidsurn turn into carbon oxides and soot. Substances such as
with Pannonian University. Chemically stabilized rubbebutadiene, styrene, aliphatic and aromatic hydrocarbons,
asphalt was patented in 2009, and later in 2014, it whsnzene, toluene, and phenylacetylene are released into the
awarded the ecological product trademark. The technologyr [6,7]. Simply put, heavy metals are released into the air,
patented by the MOL company allows rubber asphalt to éhich negatively impacts the environment. Despite these
transported, stored, and later used so that it can be produfaeds, this method of recycling tires is used in many
in bulk, and at the same time, its use can be outside tw@untries worldwide. The result of the tire combustion
place of its production [5]. process is fuel (Figure 2).

Plastic and rubber waste

Syngas

Carbon Light fuel oil

Figure 2 Process of waste tyres and plastics management [4,7]

To illustrate, if we burn 700 kg of used tyres, thanks tof used tires with an innovative method that is friendly to
the burning, we will get a secondary processing produghe environment [6]. In 2007, the company developed dry
which is fuel, but on the other hand, we will produce 72fyrolysis technology. Compared to classic pyrolysis,
kg of toxins and soot [6]. In Finland, it provides recyclingvhich is very popular in the EU, dry pyrolysis does not
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produce any excess emissions [4,5]. As the companglsip engines or vegetable fuel producing heating energy
homepage states, their advantage over classic pyrolysi§a$]. The basic goal of the proper functioning of every
that no cooling or heating cycles occur during theienterprise is to ensure safety and health protection at work
production, and no emissions are released into the airthe human-machine-environment system [5]. Despite
during processing, as the show takes place through closegblementing all available measures to increase safety and
processes (without a chimney). The resulting product bkalth protection and conscious compliance with the
recycling is pyrolysis oil. Around 10,000 tons of old tyreorganization's occupational health and safety policy by
are processed annually in this Finnish company [4]. Themployees, it does not exclude the emergence of an
innovative method of using tyres consists of a modifiedndesirable situation that leads to occupational accidents.
thermal decomposition process - pyrolysis. The essencdfisuch an undesirable situation occurs, it is necessary to
to heat the recycled material at a high temperature withqutoceed according to the valid legislation [4]. Safety and
access to oxygen [7]. Under specific pressure conditiorsgalth protection at work can be defined as the state of the
high temperature breaks down tyres into individualorkplace, which ensures that in compliance with rules
components, such as oil, carbon, or gas. Pyrolysis oil masléch as technological procedures, safety regulations, etc., a
from rubber can be used for heating in industrial furnaceguation will not arise that would endanger the health of

or converted into diesel or gasoline in refineries. workers [6]. To create safe work, in which the protection
of the worker's health must be observed, it is required to
2 Thewastetyres characterization develop and implement a system of measures such as

The input material is not only old tyres but also varioudislative, economic, social, organizational, technical,
plastics, which are either crushed on a crushing machineltsialth, and education [7]. We consider waste tyres, rubber
sent to a pyrolysis reactor, where, thanks to pyrolysis, #&raps, and rubber waste as input to the recycling process.
obtain synthesis gas, which is suitable for gas heating b€ annual capacity for the plant is 15,000 tons/year [4].
the production of electricity with a gas engine or turbineés an output from the recycling process, the mentioned

The mentioned pyrolysis oil can even be used as fuel féee forms are rubber granulate, metal component, and
textile component, which can be seen in Figure 3.

Figure 3 The Material Outputs from Recycling [4]

For truck tyres, in addition to chopping, the bead ropeshopped and crushed. The result of crushing, magnetic and
are removed, and the tyre is cut into smaller partpneumatic separation is rubber granulate, which has
Passenger car tyres are somewhat simpler, as they cadifferent fractions [5].
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3 Thefuture of wastetyres materials as long as possible to minimize waste and use
Not all products are suitable for natural renewal, aneW resources [8]. Within the framework of the graphic
just-worn tyres are a typical example. Ambition in thi€xpression of the circular economy of waste tires model,
direction must be set against what is possible in the conté®€ input raw material is the tyre, which consists of
of current technologies with a certain expansion of marke@mponents, followed by the design and production. After
demand. In other words, although our ambition may Heroduction, the distribution by companies dedicated to the
fully circular, there will still be many areas of products irfale of tyres to the consumer market begins [9]. After a
which full circulation will be unattainable [4,7]. certain time, the tire wears out, i.e. the end of its useful life
Figure 4 describes the principle of understandin$:10]. At this moment, the tyre represents waste, intended
circular economy or circular economy. The circulafor collection and subsequent recycling, where the output

economy model aims to preserve the value of products a‘hﬁthel recycling process is a new type of raw material -
granulate.

Circular
Economy

of Waste
Tyres

/

Figure 4 Circular Economy cycle [ Authors own processed]

4 Conclusions is to get closer to Green Slovakia through several strategic
The 2030 Agenda for Sustainable Developmenflocuments [6,12]. _ o _
approved in September 2015 by the UN General Assembly, The potential of waste tyres is also very significant with
also belongs to the circular economy [11]. The 203the circular economy or the circular economy, as waste can
Agenda represents the most complex set of priorities ofo& recycled and offers various possibilities for processing
global nature, the goal of which is to achieve sustainab¥d subsequent use, whether it is the production of
development [8,11]. Transformation, integration, an@ranules, alternative fuel, or the production of rubber
universality are its key principles. The 2030 Agendasphalt. This area provides a Iarg_e numbe_r of options for
includes 17 Sustainable Development Goals (SDGg)econdary processing of material and its subsequent
which are processed into 169 related sub-goals. The méiansformation into various innovative forms of products
ambition of these goals is to guide the structural politica®riginating from waste tyres.

economic and social transformation of individual countries
of the world, where the Slovak Republic has also signed ek nowledgement

to implement Agenda 2030. Agenda 2030 connects thrggis paper is part of a project that has received funding
dimensions of sustainable development: economic, soCithm the European Union’s Horizon 2020 research and
and environmental. The goal of Agenda 2030 in Slovakjgnovation programme under grant agreement No.723274.

~414 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 4 Pages: 411-415 [ISSN 1339-5629

SELECTED INNOVATIVE APPROACHES IN THE WASTE TYRES MANAGEMENT
Rebeka Tauberova; Matus Marticek; Lucia Knapcikova

References https://appsso.eurostat.ec.europa.eu/nui/setupDownloa
[1] FIEBIG, S., SELLSCHOPP, J, MANZ, H., VIETOR, _ds.do[24 Jul 2022], 2022.
T., AXMANN, J.K., SCHUMACHER, A. Future [8] LETCHER, T.M,  SHULMAN, VL,
challenges for topology optimization for the usage in AMIRKHANIAN, S.: Tire Waste and Recycling, -
automotive  lightweight ~ design  technologies, [Online], Available: https://books.google.sk/books?id

Proceeding of the Mworld congress on structural and ~ =4F4BEAAAQBAJ&pg=PA8B&dg=tire+recycling&hl
multidisciplinary optimization, Sydney, Australia, 7-12 ~ =sk&source=gbs_selected_pages&cad=2#v=onepage

June, 2015, Vol. 142, pp. 1-8, 2015. &g=tire%20recycling&f=false [15 Jul 2022], 2022.

[2] Polyvinyl Butyral, [Online], Available: https://www.ih [9] LENORT, R., STAS, D., WICHER, P., STRAKA, M.:
S_Com/products/po|yviny|_butyra|_chemica|_ State of the Art in the End-of-Life Vehicle RecyC“ng,
economics-handbook.html [15 Jul 2022], 2022. Rocznik Ochrona Srodowiska, Vol. 23, pp. 902-913.

[3] European Environment Agency: Waste recycling, 2021. _
[Online], Available, https://www.eea.europa.eu/datal10] ELT Management Company Slovakia (ELTMA),
and-maps/indicators/waste-recycling-1/assessment-1  [Online], Available: https://www.eltma.sk/o-

[10 Jul 2022], 2021. nas#aboutus [10 Jul 2022], 2021.

[4] TAUBEROVA, R.:Creation of selected parametersin [11] Institut of Circular Economics, [Online], Available:
the management of waste tyres- economic and https://www.incien.sk/cirkularna-
environmental aspect, FMT TUKE, 2022. ekonomika [26 Jun 2022], 2022.

[5] KOVAL CiK, J., STRAKA, M., KACMARY, P., [12] Continental Slovakia, [Online], Available:
PAVLIK, T.: Catalyst Procesing and Recyclin;ta https://www.continentalpneumatiky.sk/osobne/techn

Tecnologia, Vol. 7, No. 3, pp. 99-104, 2021. ologieftire-production [24 Jun 2022], 2022.
https://doi.org/10.22306/atec.v7i3.118
[6] SHULMAN, V.L:.Tyre Recycling, Rapra Technology, )
2004. Review process
[7] EUROSTAT, End-of-life vehicles — reuse, recyclingSingle-blind peer review process.
and recovery, totals, [Online], Available:

~ 415~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 4 Pages: 417-431 [ISSN 1339-5629

ANALYSIS OF THE IMPACT OF TRADE OPENNESS ON ECONOMIC GROWTH: THE CASE OF MOROCCO
Hanane Louardy; Abdelhak Moussamir

doi:10.22306/al.v9i4.336 Received: 05 Aug. 2022; Revised: 17 Nov. 2022; Accepted: 30 Nov. 2022

ANALYSISOF THE IMPACT OF TRADE OPENNESS ON ECONOMIC
GROWTH: THE CASE OF MOROCCO

Hanane L ouardy
Faculty of legal, economic and social sciences of Ain Chock, Hassan Il university, Km 9, Route El jadida, BP 8110
Oasis, Casablanca, Morocco, nina.louardy@gmail.com (corresponding author)
Abdelhak M oussamir
Faculty of legal, economic and social sciences of Mohammedia, Hassan Il university, Route de Rabat BP 145-
Mohammedia, Morocco, amoussamir@yahoo.fr

Keywords. trade openness, economic growth, Morocco, ARDL model, causality.

Abstract: The relationship between openness to international trade and economic growth has been a subject of perennial
controversy. This has paved the way for various theoretical and empirical investigdtionsas yielded inconclusive

results, particularly in the case of developing countries. As a good case in point, the Moroccan economy has been

subjected to a thorough analysis in order to determine and evaluate the impact of trade openness on economic growth
covering the period from 1980 to 2019. To this end, the methodology adopted consists of a complementary approach of

statistical and econometric tests using the ARDL bounds test of cointegration and the Toda-Yamamoto causality test. The
results have shown that Morocco's openness to international trade positively impacts economic growth in the short term.

Yet, it produces adverse effects in the long term, especially with the presence of bidirectional causal relationship between

the two variables— i.e economic growth and international trade.

1 Introduction established between openness to international trade and

The impact of trade openness on economic growth iscuntries’ economic growth. _ _
long-standing controversial issue that has laid the Morocco has adopted a policy of economic
foundations for subsequent and recurrent theoretical atigeralization for several decades, focusing its strategic
empirical studies. Such studies have tried to explain t|_q§velopment on exports and attractiveness .of international
divergent consequences of this relationship across inyestmentas a long-term development choice. As a result,
number of countries. the reduction of tariff and nontariff barriers, the

Theoretically, it has been argued that in the long ruievelopment of logistics, the simplification of border
trade openness potentially promotes economic grow@@ntrol procedures and the adoption of an arsenal of
through multiple transmission channels, such as accesdngltidimensional reforms have contributed to both
technology and knowledge, international financialncrease in trade volumes and the restructuring of its
integration, effective and efficient allocation of resourcedoreign trade composition. o
access to diversified markets, improvement in domestic Indeed, the Moroccan economy has made significant
factor productivity, attractiveness of foreign capital, an@rogress in terms of economic growth and openness to the
finally international cooperation [1,2]. global market_ over the _Iast decades. It averaged a growth

These theoretical underpinnings have motivated almdéte of 7.6% in the period between 1980 and 2019 and a
all developing countries to both take a range of measufégde openness representing nearly 87% of GDP in 2019.
to facilitate global trade and reform their foreign traddhis mixed performance is attributable to the country's
policies so as to promote trade openness. The internatiof@Mmitment to a varied series of reforms and structural
institutions regulating the global liberal system have aldf€asures.
fueled the demand to reform external strategies, especially However, this relative performance does not only lay
those of developing countries. Furthermore, the failure §are the structural deficits that restrain the economic
self-centered and inward-looking development strategi@gnsformation, but it also reveals the complications facing
has paved the way for promoting this liberal choicéhe Moroccan economy in the management of its openness
extensively [3,4]. process. Despite the gradual diversification impacting the

Despite the theoretical and empirical developmenf§anufacturing sectors, the national productive sectors
framing this issue, there is still a lack of consensus on thlffer from deindustrialization in some specific sectors due
possible effects of trade openness on economic growtA. low labor productivity and the absence of high-tech,
Variables such as the diversity of countries economfigh-value-added industrial ~ and  technological
structures and trade policies and the abundance of stdtgnsformation activities [5].
techniques, analytical settings, sampling periods and casesThe purpose of this article is to analyze in a multivariate

selected weigh heavily on the effects of the relationshffamework the relationship developed between openness to
international trade and economic growth in Morocco

~ 417 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 4 Pages: 417-431 [ISSN 1339-5629

ANALYSIS OF THE IMPACT OF TRADE OPENNESS ON ECONOMIC GROWTH: THE CASE OF MOROCCO
Hanane Louardy; Abdelhak Moussamir

between 1980 and 2019. The study is conducted to answed innovation produced by the developed countries in the
the main question raised in this analysis: Does opennessrternational market. This kind of distribution on a global
international trade contribute to the promotion of economgcale encourages developing countries, especially small
growth in Morocco? Within this framework, the hypothesi®nes, to imitate and produce products with low and
to be tested is the following: foreign trade does or does nmoiedium technological content through the learning and
promote economic growth in the Moroccan economy.  experience effects accumulated by the human capital of
Our study attempts to address this problematic by usitigose countries [13].
the ARDL model of Pesaran [6] and the causality test of Theoretical analysis has been put forward to include
Toda-Yamamoto [7]. These two analytical tools will helmlobal trade policy from strategic perspective by
us explain the evolution of the relationship between tradieveloping competitive advantages and enhancing the
openness and economic growth in the short and long tecompetitiveness of countries at the international level by
and identify the causal inferences made among thiee adoption of an interactive arsenal of public policies and
variables of our hypothetical model. actions in line with the free trade principles [14,15]. In
The remainder of the paper will unfold as follows. Theddition, the management of the reforms undertaken by
second section contains the theoretical developmerduntries must be able to assist and complement their
framing the relationship between trade openness asttategies of trade openness in order to achieve a high level
economic growth. The third section discusses thaf performance on the international scale.
development of the hypothetical model, the variables In the global competitive market, the performance of
adopted and the statistical data. The fourth section presenternational trade is intrinsically linked to the innovation
the econometric methodology, the main empirical resulend the performance achieved in the logistics at the macro

and a discussion of the main findings of the study. and microeconomic level.
In the long term, trade openness, involving an active
2 Literaturereview transfer of technology and knowledge, the transformation

The role of international trade in promoting economi@f prOdUCltive structures, the C_]u_alificat_ion of human -Capital
growth has been widely debated and much has been writfif! the improvement of efficiency in the allocation of
in an attempt to confirm or refute the trade-led-growtfesources and thus increase economic growth, leads to a
hypothesis. Within this framework of analysis, the classic@fadual and progressive convergence between economies
theory of international trade, driven by the principle of16,17].
mutual prosperity between nations, stipulates that the The growing impact of foreign trade on the internal
specialization of countries combines the position they haogress of countries and the emergence of MNC's as new
acquired on the international market [8]. Indeed, thidctive operators in the global economic architecture have
specialization, with the factor endowments that it revealBlayed a key role in the flow of capital and technological
will tend to stimulate scale production and trade exchang&ternalities. This has prompted almost all countries to
in the sectors with the most abundant factor. abolish barriers and open their borders to the free
As a result, the accumulation of physical capitafirculation of goods and services [18,19]. All these
generated by the increase in volumes traded on foreigfguments encourage countries to integrate into the global
markets implies an increase in national income an@conomic sphere through a high degree of trade openness
consequently, high overall economic growth [9]. Thélespite the existence of an alternative approach suggesting
theory of comparative advantage has been widefpat trade openness inhibits economic growth and
developed to combine the vulgate of the neoclassidatroduces adverse effects, particularly when the country
liberal theory_ The neoclassical approach asserts tmecializes in low-value-added activities and its initial
openness to international trade provides relativeonditions and parallel reforms do not favor the adaptation
compensation for the unequal geographical distribution 8nd absorption of the external shocks initiated by excessive
productive wealth in the world and thus replaces tHePenness to foreign trade [20,21]. _
exchange of factors of production among economies [10]. Empirically, the analyses of the impact of trade
In this perspective, the new theories of endogeno@@enness on economic grOWth are often Contradlctory. A
growth reconsider international trade in economifumber of studies point to the existence of positive effects
development policies as a key factor and a stratedi trade openness on economic growth [22,23]. However,
stimulus to the performance and promotion of economﬁihel’ studies contradict the presence of a pOSitiVG link in
growth. The development of human capital and thidis relationship and confirm the existence of negative or
acquisition of new technologies, and new productiothe absence of impacts [24].
techniques are now the major determining factors for Moreover, empirical studies, which are scarce on the
stimulating this relationship developed between openne&gse of the Moroccan economy, have attempted to analyze
to international trade and the economic growth of countriéde impact of foreign trade on economic growth with the
[11,12]. objective of producing policy recommendations for the
Openness to foreign trade allows the least developMproccan authorities. By conducting a study on the
economies to benefit from an advanced level of technologyoductivity of Moroccan firms, Haddad [25] confirms the
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existence of a strong positive relationship between tleapital stock by accumulation starting from the level of
productivity of national firms and the share of exports thepitial capital [31]. The initial capital is deduced by
make, particularly those of the industrial sector. Thisalculating the average rate of investment extended over
indication is in accordance with the results of the study tfie previous period from 1965 to 1980.
El Alaoui [26] which also supports the presence of a This first formula: K, = FBCF,/(p + &) estimates
positive long-term relationship between trade opennetige approximate value of the country's initial caikad),
and economic growth. While the study of Currie anihserting a constant annual depreciation raté of0.05
Harrison [27] demonstrates that trade openness h@do) (this rate was adopted in the HCP reportin [32]). The
penalized the strategic sectors of the Moroccan economsgtimation of this depreciation rate is based on several
through various reduction effects on employment, wagesgdicators, including mainly the nature of the physical
prices and profits. Similarly, Bouoiyour [28] indicates incapital accumulated, the production process and the
his study that there is a weak relationship between foreiggchnology used [33].
trade and economic growth. In contrast, the second formula estimates, in addition to
the formula mentioned above (2), the accumulation of data
3 Methodology for the construction of the physical capital stock series.

Our hypothetical perspective is based on the model of
Mankiw etal., [29] which is founded on the original basic K, =FBCF,+ (1 - 8K, 2)
formulation developed by Solow [30]. To this can be added
the contributions of [11,12] Lucas and Romer developed The stock of physical capital varial{iét) includes the
within the framework of a theoretical constructiorstock of equipment, basic infrastructure and structures of
analyzing economic growth from an endogenoute economy intended for national production. For our
perspective. purposes, it includes the panoply of structural and
The model tests the hypothesis of whether trad@mplementary reforms adjusted during the liberalization
openness does or does not promote economic growth in gesiod to stimulate economic growth and enhance the trade
case of the Moroccan economy. In this framework, tHeerformance of the Moroccan economy in the global
ultimate objective is to explain the variations of thénarket [34,35].
economic growth observed during the period of analysis While investment in human capital requires a complex
dealt with in our study by the evolution of the variable§ombination of income, education, health, and a multitude
including the foreign trade variable. of interactive elements, especially at the social level [36],
In view of the above, the formulation of a function ofour empirical analysis emphasizes the interpretation of this
economic growth, inspired by the theoretical reflectionariable from the perspective of the level of (secondary)
developed on this subject, has led to formulating tHeducation of the labor force, taken as a proxy for the human

following dynamic growth function (1): capital variable(KHt), to refer to the relatively and
moderately skilled labor force [37,38].
Y, =A, K KH}™@ (1) Regarding the technology varial§lst), this variable is
t=1,..... ) manipulated as a mechanism for transferring innovation,
O<a<l knowledge and know-how from developed countries,

which are the main producers of technology to less

The theoretically relevant variables induced in thi§eveloped countries and thus, to our study context
formulation are based on the extended Cobb-Dougl&4orocco as a developing economy [16,39,40]. _
production function, which must be augmented in the In developed economies, technology is driven by a high
context of the design considered above. These variables i&\e! of investment made by rational profit maximizing
respectively the combination of physical capital stgck ~ agents mostly in the private sector, creating a competitive
human capita{k H) and technological progre¢a). the ~environment of picking winners and thereby stimulating
signs (@) denote the remuneration of the factors oféchnological progress [41]. However, the process of
production inserted in the equation aft}iindicates the Stimulating technological advancement is usually initiated
time range. by public authorities as a part of complementary strategies,

Economic growth(Yt) is analyzed by the GDP persuch as es_tabllshlng a research end development platform
capita indicator as a key variable that generally tends &d providing the necessary equipment and infrastructure
explain the evolution of the growth of countries and thfor creative ideas and technological innovation [18,42].
standards of living of its population [11,12,29]. Morocco's foreign trade structure reflects the country's

The stock of physical capitalKt) is taken in an technoleglcal level; the country exports a relatively small
accumulated form, retained by the measure of gross fixBgPPortion of technology-intensive products compared to
capital formation calculated by the competent authoritid® considerable imports in this category of products
on the basis of annually established data. This stock ([Bachinery and equipment). _ o
generated by the intermittent (perpetual) inventory method, However, human capital is crucial to activating these
which consists of reconstructing the series of physicHRnsmission channels in developing countries such as
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Morocco. The human capital must develop its capacity governance, the quality of institutions, the climate and
absorb technological progresses and the ability to adaggographic location of the country and many others. These
constantly to changes and advances made in scientiictors, different from a country to another, are considered
knowledge and innovation worldwide [43,44]. a country-specific shock and therefore imply a divergence
This provides an explanation for the developments im growth, living standards and initial conditions for trade
contemporary theories of endogenous growth that attributpenness across countries.
a determining role to trade openness in the dynamism of The function is a simple mapping from inputs to outputs
economic growth [13,45]. We suggest in this frameworkf production [51]. This functional form consists of
that externalites and technological spillovers arexamining the different mechanisms that influence the
transmitted by openness to international trade as well asigjationship between economic growth and openness to

the entry of foreign direct investment to Morocco. international trade by specifying the transmission channels
that regulate this relationship [52]. A linearization of the
A, = BTO¢ FDI? X? (3) adopted model becomes necessary at this stage of analysis

by log-linearizing the entire equation (dependent and
Most empirical studies structuring theoretical thinkingndependent variables) in order to allow a correct
and analyzing the impacts of foreign trade on econom@stimation of the specified parameters (5).
growth focus the measurement of trade openness on
exports, neglecting the considerable role of imports, LnY, = a; + a, InK, + a, InKH, +
especially for the least advanced economies [46,47]. While azInTO, + a,InFDI, + p, (5)
the theory of comparative advantage asserts that an
efficient allocation of resources is possible by importing The error term is represented (py;) and the constant
goods that are more expensive to produce and producigdsymbolized by this sigfiay). On the other hand, the
the factor-intensive goods that are vastly abundant in thgrameters to be estimated are the sign®od1, 02, a3,
country [48]. o4 and assumed to be positive.
Morocco has a structural trade deficit that favors
imports (equipment, machinery, inputs, finished producty, Resyltsand discussion
semifinished products and raw materials) for the |, orger to study the impact of openness to international
dynamism of its domestic economy. Trade open(B83 546 on economic growth in Morocco, our econometric
is calculated as a ratio of exports and imports divided iathodology is divided into three main steps that are
. . . Yogressive and complementary. The ultimate objective is
of added value. The foreign direct investméRDI) (5 yerify the existence of a causal relationship between
indicator is calculated by the net inflow of FDI to the,,qea openness and economic growth in Morocco as well
Moroccan territory. This flow provides an active transfefq 1o test the robustness of the hypothetical model to
of imported technology and know-how in the form ofyirical examination. Therefore, the study relies on time
machinery, equipment, organizational model and varioWes data that spans over a 40-year period from 1980 to
knowledge [49, 50]. The constant in equati(®) is g9
identified by(p). _ _ Our econometric approach is based on a
Based on the previous equatiof® and (3), the complementary process of statistical tests. First, the
canonical model adapted is formulated in the followingationarity test of the time series is used to detect the order

equation(4). of integration of the variables by unit root tests. The next
step is to examine the presence of cointegration and short
Y, = BTO7 FDI; K KH{ ™" X, (4)  to long term relationships between the variables by the

ARDL model. Finally, the Toda-Yamamoto causality test
The variable (X) is a constant that frames otheris adopted to verify the existence of causal relationships,
variables affecting the evolution of the relationship undgrarticularly between economic growth and openness to
study and the overall efficiency of the economy, includinfnternational trade.

Table 1 Descriptive statistics

LnY LnK LnKH LnFDI LnTO
Mear 7.65496. 8.68947! 2.361591 2.16075! -0.42322
Mediar 7.58644 8.616021 2.34321. 2.15362. -0.45079.

Maximunmr  8.13037. 9.47509. 3.24259. 2.24866 -0.09365.
Minimum 7.16664 7.97523" 1.845301 2.07634. -0.70222
Std. Dev 0.29854. 0.45970! 0.34234( 0.05269:- 0.16770
Skewnes 0.11644. 0.22204/ 0.63493( 0.16513 0.30444.
Kurtosis 1.76141 1.77174¢ 2.85621 1.76162' 1.85399.
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Jarqu-Bere 2.64720° 2.84301! 2.72203; 2.73773 2.80679!
Probability 0.26617- 0.24134! 0.256401 0.25439' 0.24576.
Sunr 306.198! 347.5791 94.4638' 86.4302; -16.9291.
Sum Sg. De' 3.47596. 8.241811 4.57066. 0.108291 1.09689!
Observation 4C 4C 4C 4C 4C

The descriptive statistics table above (Table 1) displays Pursuing the analysis by the correlation matrix
a set of specifications that characterize and describe theveloped in the following (Table 2), which illustrates the
trends of data and provides insight into the size, variaticapparent nature of the relationship developed between the
central tendency, mode of dispersion and normality of thariables and determines the linearity of this probable
variables over the period of the study [53]. links. Hence, a positive relationship is observed between

The univariate observation and the analysis of the datade openness and economic growth by a value higher
show that the logs of the two main variables, traddhan 90% as well as between the majority of variables that
openness and economic growth, reached the highest ledBl/e economic growth as presented in the Table 2. On the
in 2019 with 8.130371 and -0.093651, respectively againsbntrary, a positive correlation does not imply a significant
an average that reaches 7.654962 and -0.4232@&usality.
successively for the same variables.

Table 2 Correlation matrix

LnY LnK LnKH LnFDI LnTO
LnY 1.00000:!
LnK 0.99545! 1.00000:!
LnKH 0.95809 0.96989i 1.00000:!
LnFDI  0.99597. 0.99975! 0.96773i 1.00000:!
LnTO 0.91010i 0.92810. 0.89653! 0.92556. 1.00000!

At this level, stationarity tests are applied to determine In order to have a real analysis of the relationship
the order of integration of the variables in our model. Thestablished between the variables, it is necessary to
ultimate objective is to identify the econometric methoéliminate the effects or shocks often manifested by crises,
adapted for this study. The data in the series must retonomic policies and structural reforms, political or
contain trend, seasonality or cycle, which by their presengwstitutional changes that lead to non-stationarity of the
and ignorance will be capable of biasing the results of tliata [57,58]. To this end, the stationarity test used is the
study and making them fallacious [54]. Thes&wiatkowski, Phillips, Schmidt and Shin (KPSS/[59]),
characteristics, affirming the stationarity of time series, atest since it is more robust for small data and observations
generally invalid in the majority of cases manifestindike in this case study. This test is applied to validate the
macroeconomic and financial phenomena; those amell hypothesis of stationarity (HO = stationary series) of
dominated by stochastic trends, as demonstrated in the time series.
studies conducted by [55,56] Nelson and Plosser and
Campbell and Perron.

Table 3 Results of unit root test of (KPSS)

K PSS integration
i or der
Variables Leve First difference
C T&C C T&C KPSS
LnY 1.312795* | 0.112582** | 0.096760** | 0.080476** 1(1)
LnK 2.392508** | 0.456402** | 0.188889** | 0.091309** 1(1)
LnKH 0.401873* | 0.173038** | 0.455472**| 0.189708* | 1(1)
LnTO 0.506674* 0.131233** - - 1(0)
LnFDI 4.743531** | 0.423788** | 0.124602**| 0.091875** 1(1)

Note: The tests were conducted with individual constant and trend and constant equations and the lag intercepts
for each variable were automatically selected by default by the software (Default Barlett Kernel/ Andrews
Bandwidth).

Significance level is represented by **critical value at 5%, *critical value at 1%. These critical values are
calculated by Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1).
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The table 3 displays the results calculated for each data The relevance of this cointegration technique compared
series and asserts the assumption of the stationarity of tbeother conventional and traditional methods, such as
time series at first orddi(1) for all the variables and at those of Granger and Engel, 1987, Johansen and Juselius,
level 1(0) for the trade openness variable in the differert991, lies in its high capacity to deal with multivariate
stationarity equations (constant, trend & constant) adoptedses and at various degrees of integration. Besides, this
according to the advancement of the stationarity tests. tst has relatively more efficient statistical properties that
other words, the results indicate that most of the series ditavith the characteristics of small sample sizes [60].
derived from a non-stationary process in level, except for Considering the results in the table 4 and with the
the variable(LnTO). For this purpose and for the non-determination of the GDP variable as the dependent
stationary variables, new series are formed with values thatriable (first equation), the hypothesis of no cointegration
indicate the difference between the observation of the tinfd0: a1 = a2 = a3 = 04 = o5 = 0) was rejected in order to
being and before. accept the hypothesis of existence of cointegratiin ¢1

The next step consists on analyzing the cointegratiéne2 # a3 # a4 # o5 # 0) in the long run between all the
relationship established in the long term between variablesriables, in particular between the dependent variable and
In this framework, the technique of cointegratiorthe set of independent variables over the determined period
developed by Pesaranadt, [6], through the specification for the case of the Moroccan economy. Thus, the presence
of the ARDL bounds test, is used to determine the preserafea strong cointegration reveals that any state of imbalance
of vectors and equilibrium relationship between the seriégtween the variables is only a short-term phenomenon.
in the long term. For the rest of the equations and adopting each variable

This test requires either levg(0) or first orderl(1) individually as dependent variable, the result also confirms
stationarity or a combination of both and it's conducted tithe existence of long-run cointegration relationships
examine the movement on a long-run equilibrium path dfetween all the variables, which are in this case, GDP per
the dependent variable alongside with the set afpita growth, physical capital, human capital, foreign
explanatory variables designated as regressors in tdisect investment and openness to international trade.
model.

Table 4 Results of the ARDL cointegration test

Estimated M odels Optimal lag length F- Diagnostic tests
statistics Serial . .
. Normality | Heteroscedadticity
correlation
Y =f(K,KH, FDI, TO) ARDL (5,2,0,0,1 | 4.23692. 0.268¢ 0,030214 0.0591
TO=1(Y,K KH,FDIl) | ARDL (1,1,4,3,4 | 8.11299 0.3461 0,76764 0.827.
K =1(Y,KH, FDI, TO) | ARDL (5,3,4,4,% | 10.6663 0.640¢ 0,09808: 0.904"
KH =1(Y, K, FDI, TO) | ARDL (1,0,4,4,1 | 4.30139 0.066° 0,52062 0.2767
FDI =f(Y, K, KH, TO) | ARDL (5, 3,4, 4, | 10.5202 0.629( 0,13489! 0.949:

Leve Critical values (T=35)
L ower bounds|(0) Upper bounds|(1)
10% 2.69¢ 3.89¢
5% 3.27¢ 4.6:
1% 4.5¢ 6.36¢

Note: The optimal lag number for each variable is selected automatically by the Akaike Info Criterion (AIC) with a maximum lag
estimate of 5.

Values are generated with the unrestricted constant model and no trend.

The signs *, **, *** represent the significance of the values at the 1%, 5% and 10% levels respectively.

Probabilities of diagnostic tests are significant at 5% and *1%.

The test for normal distribution of series and residuals is advanced by the Jarque-Bera statistical test. The problem of autocorrelation
of series is tested by the Breusch-Godfrey test. The test of heteroscedasticity is checked by the Breusch-Pagan-Godfrey statistical test
to determine the variance of the error term.

In this framework, the table 4 presenting the results For data samples with a limited number of observations
exposes the F-statistic that indicates a significance wifim our case 40 observations in each series), which varies
respect to the upper bounds generated in the same tablbedtveen T = 30 and T = 80, the upper and lower bounds
significance levels of 5% and 10% for all equations. Thudetermined in the table 4 are defined by Narayan, [61]
the results of the cointegration at the bounds reveal thestead of those of Pesaranadt [6], rather adapted to
presence of a strong cointegration in the long run betwekmge samples size (T = 500 to T = 40.000).
all the variables. Moreover, given the limited data of our time series, the

ARDL model is sensitive to the structure of the estimated
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lag numbers. As explained by Litkepohl, [62] the dynamic ALnY, = a, + a;LnY,_; + a,LnK,_; + azLnKH,_,
links developed between the time series are detected by this + a,LnFDI,_; + asLnTO,_,
optimal lag number because an appropriate lag in the L L
model used removes the endogeneity and correlation +ZgliALnYt—i+zgziALnKt—i
problem between the residual series. Therefore, the optimal i=1 i=0
lag numbers for each equation are shown in the second L
column of Table 4 with a maximum lag length of 5 for the + Z 03; ALnKH,_;
dependent variable and 4 for the independent variables. i=0
These lags are distributed automatically for each variable !
by the Akaike Info Criterion (AIC) selection criterion. + Z 04 ALnFDI,_;
To test the robustness of the results, it is important to i=0
designate a number of diagnostic tests such as the .
normality test, the heteroscedasticity test, the error +Z 05; ALnTO,_; +
autocorrelation test as well as the stability test of the model i=0
(CUSUM) in order to consolidate the results estimated by . _ _ _ (8
the ARDL model. All of these tests are significant at the All variables are defined previously.is the difference
5% level and confirm the existence of appropriat@Perator,(m, n, p, g, k) are the estimated lag or offset
econometric properties for the tests and, consequently, digmber for each variable andrepresents the error term.
not violate the validation assumptions of the selectetlis €quation is subdivided into two major parts: the first
econometric model. specifies the long-term relationship between the variables
The cointegration of all variables in the long-term an_Brofiled by the variables in level, and th_e seqond frames the
their stationarity at different levels | (0) and | (1), requirenPortance of the short-term relationships simulated by the
the use of the ARDL model to identify the nature anaa_rlables in first difference. Inthls regard and to detgct the
significance of the short- and long-term relationshipgXistence of short-term relationships, the equation is
between the variables. The ARDL model, which is &isplayed as follows (7):
dynamic model, will be used to justify the evolution of the ALnY, = 6, + X%, 04;ALnY;, ; +
dependent variable by both its past variations with respect Yo 02 ALNK, _; + X¥_ 03, ALnKH,_; +
to the short- and long-term equilibrium and the lagged and Z?:o 0,; ALNFDI,_; + XX, 05, ALnTO,_; +
current values of all the other variables as explanatory BECT_; + u, (7)
variables since this model is a combination of endogenous
and exogenous variables. The cointegration equation, referred to as ECT (Error
This model supports the specification of the short-ter@orrection Term), reflects the coefficient of adjustment
results by an error correction mod&QM) in order to and Cointegration between the variables in the long term
produce relatively correct estimations in the long run. Thehile marking the short-term dynamics [63]. This
empirical formulation of the ARDL test for the dependentointegration coefficient is calculated by the following
variable LnY (6), which is GDP per capita growth, iformula (8):
presented below:

ECT_, = LnY,_, — @y + & LnY,_, + GLnK,_, +
@;LnKH,_, + @,LnFDI,_, + @LnTO,_, + A, (8)

Table 5Short run estimates of the relationships between the explanatory variables and the dependent variable (GDP)

Explicative Dependent Variable ALN(Y)

Variables Coefficient t-statistic Probability

(regressors)
ALnK - 3.34915: 0.039¢6’
ALnKH 0.11883! 1.23032: 0.232¢
ALNnFDI 35.9022 1.24912! 0.226(
ALNTO - 6.38481 0.0072
Constar -0.01893. -0.95818: 0.349:
ECT (1) -0.83084. -3.127157% 0.0053

The two missing coefficients on the table represent variables with estimated lags in the equation, their joint significance is tested with
the Wald test.
*Significance at 5%.

The results of the short-run dynamics between thts negative sign indicates the presence of a stable
variables are presented in the table 5. The coefficient of tredationship in the long run between the different variables
error correction term lagged by 1 is statistically significantn the model, and its coefficient reflects an adjustment and
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a return of economic growth to its general equilibrium adnd the explanatory variables in the long run by the ARDL
83% if a deviation occurs in the long run. model specifying the Ordinary Least Squares (OLS)
The physical capital variable and the trade opennesgthod and by the Fully Modified Ordinary Least Squares
variable exert a simultaneously significant and positivFMOLS) model cointegration regression in order to assist
short-run effect on the evolution of GDP per capita; theand confirm the initial results.
short-run elasticities have been represented by several The results reported in the table 6 show relatively
coefficients because they have lagged and, therefore, haumilar coefficients and signs for the two estimated models
been tested jointly by the Wald statistical test. HowevefOLS) and (FMOLS). These results indicate a long-term
the human capital variable and the foreign diregelationship between trade openness and GDP per capita
investment variable do not have a significant direct shorggrowth as well as between human capital formation and the
run impact on economic growth in the Moroccan econonperformance of the economic growth. However, the impact
represented in our model by GDP per capita. of these relationships in the long run on the promotion of
After estimating the coefficients of the short-runeconomic growth in Morocco is relatively negative
relationships and with the existence of a long-rubecause the signs of the coefficients are negative. While
cointegration, we proceed to the next step to identify thbe other variables like physical capital and foreign direct
presence of relationships between variables in the longvestment show no direct long-term effet on the variable
term. For this very reason, the equation is limited to th®@DP per capita.
following formulation (9): In other words, and according to the main model
ARDL-OLS of the study, the 1% dynamic of human capital
in the long run leads to a 0.09% decline in GDP per capita.
Similarly, the 1% change in trade openness leads to an
indirect decline in GDP per capita of 0.16% in the long run.
This empirical approach is utilized to demonstrate the
existence of relationships between the dependent variable

LnY, = ay+ a,LnY,_; + a,LnK,_; +
az;LnKH, | + a,LnFDI,_; + asInTO,_; +u; (9)

Table 6 Long run estimates of the relationship between the explanatory variables and the dependent variable (GDP)

Explicative Dependent Variable Ln(Y)

Variables ARDL-OLS FMOLS

(regressors) | Coefficient | t-statistic | Probability | Coefficient | t-statistic | Probability
LnK 0.31502. | 0.66751( | 0.508¢ 0.23756. 0.46375. 0.645¢
LnKH -0.09389: | -1.77878 | 0.0840* | -0.12896! | -2.37692 0.0232
LNnFDI 3.96042. | 1.01284.| 0.318: 5.09029 1.19280: 0.241:
LnTO -0.16122! | -2.34985: 0.0245 | -0.23118. | -3.30440! 0.0022’
Constar -3.48643. | -0.78977 | 0.435( -5.20264. | -1.07472 0.290:

*Significance at 5% and **significance at 10%.

Taking into account the results obtained, the hypothesis The optimal number of lags to include in our model is
of trade-led-growth, which is the framework of our studyconsidered decisive to have appropriate results. A high
has been rejected in this empirical testing for the case mimber of lags could introduce multi-linearity problems,
Morocco over the period cited in this analysis. This resutlisplay statistically insignificant coefficients and reduce
is confirmed in other recent studies analyzing the casetbie degree of freedom in the manipulation of the model
Morocco, such as Okuyan eal., and Ayad and while alow number of lags leads to difficulties in the error
Belmokaddem [64,65]. specification.

All the tests carried out above have provided an array The optimal number of lags is framed by the calculation
of information on the existence of long- and short-terrof several selection criteria as presented in the table 7. This
relationships between the variables as well as on the natoimal lag number is determined by the value of 5 in most
of this relationship, omitting the analysis of the probablef the selected criteria in table 7. Most often, the Akaike
causality developed between all the variables. Information Criterion (AIC) is adopted for its accuracy in

For this purpose, the test of causality in the sense wfeasuring the quality of a statistical model [66]. In our
Granger will be advanced with the aim of apprehending tlease, this selection criterion indicates an optimal nhumber
asymptotic behavior of the studied phenomenon. Causalitf lags of5, which must necessarily be incorporated into
in the sense of Granger, like most econometric models,tie estimations constructed in the following test.
restricted by its sensitivity to the optimal lag and lag
numbers that are adopted in its application.
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Table 7 Results of optimal lag numbers by the lag order selection criteria

Lag LogL LR FPE AlC SC HQ
0 354.5478 NA 1.46e-15 -19.97416 -19.75197 -19.89746
1 666.6058 517.1247 1.11e-22 -36.37747 -35.04432* -35.91727
2 695.7358 39.94975 9.65e-23 -36.61348 -34.16936 -35.76977
3 733.0988 40.56554* 6.15e-23 -37.31993 -33.76485 -36.09272
4 775.6413 34.03396 3.97e-23 -38.32236 -33.65631 -36.71164
5 842.4857 34.37714 1.22e-23* -40.71347* -34.93646 -38.71925*

Note: *indicates the order of lags selected by the criterion.

LR: sequential modified LR test statistic (each test at 5% level).
FPE: Final prediction error.

AIC: Akaike information criterion.

SC: Schwarz information criterion.

HQ: Hannan-Quinn information criterion.

The equation that consists in examining the presence of causality in the sense of Granger is formulated as follows (10):

Y, e Bii 01 Yu Yiq Bii 6u Y Yo €1t

K, ai Bai b2 Ya Ki_4 Bai 02 Vo K Eat

KH, | = |ac|+ Z?zl Bsi 03 Vai| X | KHeq |+ Z?:;H Bsi 03 Vsi| X [KHei |+ [&3¢ (10)
FDI, ay Bai Oai Vai FDI,_4 Bai Oui Vai FDI,_; €4t

TO, a Bsi Osi Vsi TO.—4 Bsi Osi Vs TO,-; Est

The causality in the sense of Granger [67] establishegenness). In this sense, the Wald statistical test verifies
between the variables, especially the dependent variabihe significance of the explanatory variables in a given
and the explanatory variables, will be calculated by thmodel and their presumed impact on the dependent
causality approach developed by Toda and Yamamoto [Vhriable.
adapted simultaneously to integrated series with different Causality in the Granger sense is unidirectional and
orders of stationarity and cointegrated in the long-run. Fetatistically significant among all the variables, in this case
this purpose, an augmented VAR model is used with thhysical capital, human capital, foreign direct investment
insertion of an additional lag number that indicates thend trade openness, on the dependent variable, which is
maximum order of integration and stationatfiy) of the GDP per capita. In other words, these variables cause and
series to the lag number of 5 held in the optimal lagontribute to the growth of GDP per capika KH, FDI,
specification (Table 7) [68]. The VAR estimate a®OC —Y).
specified in Toda Yamamoto's [7] technique is of order 6.  Similarly, for the variable trade openness, adopted as a

causal variable to test its effects, there is a strong

Table 8 Results of Toda-Yamamoto causality tests unidirectional causality among the variables: physical

Dependent Causal Variable capital, human capital, foreign direct investment. Also, a
- . human Trade i di ; ;
Variable Y Capital Capital | ™' | Openness bidirectional causality was revealed between trade
Y - 0274( | 0.646¢ 1 0260° | 0.053¢ openness and GDP per capita growth, wich attests to the
Capital 0.0192] - 02941 | 0.32200 0.0298 existence of a strong potential between the dynamics of
Humar|1 00392| os5740] - 06001  0.0236 economic grpvvth and the_z fo_rggn trade of the country. This
capita ( ( result is confirming the significance of the short- and long-
T'?aD(Ije 0.013t | 0.323¢ | 0.398 | - 0.011¢ run coefficients Y, K, KH, FDI — OC).
Openness | 0:0192| 0:5053| 08816 05085 - In other words, this result confirms the existence of an

The values shown in the table are the probabilities of the waigtive and dynamic link between trade openness that is also
statistical test. present both in the short and long run and in a bidirectional
Significance is at the 10% and 5% level. causal sense/(~0C).
To complete the analysis of the results yielded by the

In order to have a causal inference, the Wald statisticd@ranger causality test, the table 9 illustrates a diverse set
test is applied to the lagged explanatory variables with tloé tests and calculations involving the generalized forecast
objective of validating or refuting the null hypothesiserror variance decomposition method, which highlights the
which suggests the absence of causatity. €25 = c26 = variance of the different indicators in the study, via the
€27 = ¢28 = ¢29 = ¢30 = 0 / null hypothesis: tradeadjusted VAR system [69].
openness does not cause in the Granger sense GDP growtiThis method permits the total variability of a variable
andHO0: ¢125 = ¢126 = ¢127 =¢128 = ¢129 = c¢130 = 0 /to be decomposed by its own shocks and fluctuations as
null hypothesis: GDP growth does not cause tradgell as by innovations and shocks emanating from other
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sources presumed to have an influence on its variance gg@portion reaching 64.3%. While the impact of human
key independent variable over different time horizonsapital is limited compared to the first variables despite its
without determining the type of reaction (positive oimportant role in the promotion of trade openness; in
negative) that it might experience [68]. parallel with a negligible impact of foreign direct
Analyzing the variance of the GDP variable oveinvestment on the dynamics of foreign trade.
the long term (15 years), this variable is explained by its The human capital variable is determined by the
own shocks to the extent of 21.7%, as well as by thenovative variations of physical capital, the evolution of
innovative shocks affecting trade openness variable and fher capita income and the openness to foreign markets,
variable representing physical capital to a significarwith various shares of 54.5%, 19% and 26.4% respectively.
proportion of 26.8% and 51.4% respectively. While thén this line, the coherence of the results indicates that the
effects of human capital and foreign direct investment ateade openness and the evolution of the physical capital by
insignificant in this decomposition and do not reflect antheir own fluctuations and by the innovative shocks of the
improvement in the long run. other variables are determining factors of the promotion
As for trade openness variable, it is explained by isnd the performance of the economic growth, the
own innovative fluctuations to the extent of 20.2%, as wefbrmation of the human capital as well as the attractiveness
as by shocks of GDP per capita with a share of 15.3% aofithe international investments the long run.
shocks to the physical capital variable with a significant

Table 9 Variance decomposition analysis

Variance decomposition of Ln®

Perioc S.E LnY LnTO LnK LnKH LnFDI
1 0.00639: 100.000!I 0.00000t! 0.00000t! 0.00000t! 0.00000t!
2 0.01964! 13.0109: 29.16201 57.8270: 7.72E-08 8.88E-07
3 0.02338: 21.7005: 24.4332 53.8661! 2.13E-07 1.44E-0€
4 0.02450: 20.6102: 25.3194 54.0702! 1.99E-07 1.64E-0€
5 0.02571. 24.8524:. 25.5435  49.6040 1.82E-07 2.01E-0€
6 0.04684. 14.1027: 13.5187! 72.3785: 2.77E-07 1.23E-0€
7 0.06030:! 19.8361! 14.1665! 65.9973. 6.27E-07 9.58E-07
8 0.08827 19.1068! 19.1718. 61.7213: 6.61E-07 1.65E-0€
9 0.09805: 19.1770! 27.7020: 53.1208:! 9.48E-07 2.73E-0€
1C 0.10994. 15.4953i 25.9831. 58.5214! 7.72E-07 3.07E-0€
11 0.19974 16.6702! 9.14806! 74.1816! 3.86E-07 9.81E-07
12 0.41274. 16.7807: 8.80487! 74.4143.  4.46E-07 3.99E-07
13 0.67834 19.1838! 13.6773 67.1387! 6.15E-07 6.77E-07
14 0.89472! 20.7253! 19.9539: 59.3207! 7.93E-07 1.39E-0€
1E 0.96483 21.7376 26.8228I 51.4394 9.64E-07 2.72E-0€
Variance decomposition of LnT¢(
Perioc S.E LnY LnTO LnK LnKH LnFDI
1 0.00936! 37.5146. 62.4853I 0.00000t! 0.00000t! 0.00000t!
2 0.02320: 86.3947. 12.2754. 1.32982! 3.62E-07 5.21E-0€
3 0.02863 56.7417. 13.6927! 29.5655; 2.38E-07 3.48E-0€
4 0.03307! 54.7670:. 11.2783! 33.9546! 2.18E-07 2.86E-0€
5 0.03662! 44,7183 16.6974: 38.5841! 2.56E-07 2.80E-0€
6 0.06286. 15.5226i 11.0164 73.46009: 1.40E-07 1.07E-0€
7 0.06677. 16.8700: 12.1305! 70.9994; 3.29E-07 1.02E-0€
8 0.07551. 32.4895I 10.8795! 56.6309! 4.02E-07 1.21E-0€
9 0.08760: 41.6546 8.37891. 49.9664. 3.76E-07 1.59E-0€
1C 0.09909: 34.9663! 7.20387. 57.8297. 3.06E-07 1.49E-0€
11 0.13358: 21.0756: 7.89072. 71.0336: 3.06E-07 8.21E-07
12 0.18315: 18.1021I 10.1215i 71.7763 4 .65E-07 7.31E-07
13 0.24224: 18.2912: 15.4366! 66.2721! 6.37E-07 9.71E-07
14 0.27688! 18.5336! 22.1386: 59.3277! 8.16E-07 2.03E-0€
1E 0.30399: 15.3756: 20.2458: 64.3785: 7.14E-07 2.82E-0€
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Variance decomposition of Ln

Perioc S.E LnY LnTO LnK LnKH LnFDI
1 0.00571 18.1921. 8.53399 73.2738! 0.00000¢  0.00000!
2 0.00744 12.6177 11.5930! 75.7891. 2.52E-07 8.27E-07
3 0.00838: 15.7451! 9.80768! 74.4471. 2.82E-07 2.10E-0€
4 0.01493 4.97141. 15.4057! 79.6228. 1.87E-07 1.01E-0€
5 0.02497 4.13040. 18.5503! 77.3192. 3.25E-07 3.65E-07
6 0.03771. 8.46002! 21.5751! 69.9648: 4.98E-07 2.93E-07
7 0.04955! 9.48940. 26.7585! 63.7521! 6.28E-07 6.27E-07
8 0.05392. 8.86088 34.7169 56.4221. 7.45E-07 1.23E-0€
9 0.06332! 8.67578: 26.3437! 64.9804 5.41E-07 1.24E-0€
10 0.12711 11.9506: 10.5791. 77.4702. 3.75E-07 3.19E-07
11 0.24556. 13.6681! 12.5193 73.8124 4.99E-07 3.59E-07
12 0.37687. 14.7348 17.9674! 67.2976 6.58E-07 8.03E-07
13 0.45905 15.6501. 25.5354! 58.8144. 8.52E-07 1.72E-0€
14 0.48378. 14.3114 29.7619. 55.9265! 9.00E-07 2.96E-0¢€
15 0.78779 11.3316! 11.7221 76.9462. 4.12E-07 1.32E-0€
Variance decomposition of LnKt
Perioc S.E LnY LnTO LnK LnKH LnFDI
1 0.02629 5.06645! 25.8287. 69.1048 4.12E-07 0.00000!
2 0.04038. 11.82941 30.7296 57.4400. 6.16E-07 4.68E-07
3 0.05837 7.22084! 32.8709! 59.9082. 4.13E-07 2.29E-07
4 0.07180! 6.06948 39.6838. 54.2466 5.18E-07 1.05E-0€
5 0.08545! 13.4966 30.3545! 56.1487 3.66E-07 9.61E-07
6 0.19092 14.1200! 12.2783i 73.6015! 3.32E-07 2.08E-07
7 0.35240: 14.9500! 13.9960! 71.0539 4.94E-07 2.74E-07
8 0.53346! 16.7461! 18.8272 64.4265! 6.67E-07 7.56E-07
9 0.65739. 16.0919! 26.6702 57.2377 8.29E-07 1.56E-0€
10 0.69286. 14.5858! 31.9435: 53.4706 8.85E-07 2.71E-0€
11 1.10346! 12.1443 12.8909 74.9646. 4.17E-07 1.25E-0€
12 2.34442. 14.0843 8.93887. 76.9768! 4.07E-07 3.38E-07
13 4.13000: 15.8827. 13.0237 71.0935! 5.54E-07 5.05E-07
14 5.78818: 17.6864. 18.9483: 63.3651. 7.32E-07 1.10E-0€
15 6.50294. 19.0411 26.4099! 54.5488 9.27E-07 2.26E-0€
Variance decomposition of LnFC
Perioc S.E LnY LnTO LnK LnKH LnFDI
1 0.00065: 17.4270: 8.77581! 73.7971 1.98E-1C 2.57E-0¢
2 0.00084. 12.08021 11.9786! 75.9410! 2.67E-07 8.97E-07
3 0.00095: 15.8396! 9.88912! 74.2712. 2.97E-07 2.22E-0€
4 0.00168. 5.08466: 14.8486! 80.0666! 1.89E-07 1.08E-0€
5 0.00281! 4.34212: 17.8514: 77.8064 3.25E-07 3.92E-07
6 0.00426. 9.00204 20.8251. 70.1728: 4.98E-07 3.03E-07
7 0.00563: 10.2952 25.8722. 63.8325: 6.31E-07 6.40E-07
8 0.00615! 9.83716. 33.7344 56.4284. 7.55E-07 1.25E-0€
9 0.00712 9.01504: 26.5502 64.4346: 5.63E-07 1.34E-0€
1C 0.01415: 11.6599 10.5675: 77.7725! 3.74E-07 3.45E-07
11 0.02751! 13.4486! 12.3428! 74.2084 4.93E-07 3.49E-07
12 0.04254! 14.5798 17.7221. 67.6979 6.51E-07 7.79E-07
13 0.05221. 15.5638! 25.1959. 59.2401! 8.45E-07 1.67E-0€
14 0.05493 14.3950 29.9146! 55.6902 9.09E-07 2.94E-0€
1t 0.08758! 11.2463! 12.1474. 76.6062: 4.21E-07 1.39E-0€

Cholesky Ordering: LnY LnTO LnK LnKH LnFI
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5 Conclusion the international supply chain management and to operate

The causal relationship identified between tradd restructuring of the commercial exchanges by targeting
openness and economic growth has been the subjectiif production and export of technological products with
vigorous and intense debate for the diversity of results afigh added value. Also, the development and the
consequences that it implies across countries. The casdyestment in both logistics capacities and logistics skills
the Moroccan economy is not an exception; the empiric@SU'tS in easier access to foreign markets and thUS, an
analyses carried out concerning this issue in the Moroccti§reasing integration in international trade [71].
economy provided varied results as demonstrated in the Our results in terms of long-run causality affirm the
works of [26,65,70]. The results of those studies confirdinportance of human capital formation and qualification
the existence of divergent impacts stemming from thf§r the economic growth performance, trade openness and
relationship (positive, negative or insignificant). the relationship developed between these last two

Our empirical analysis confirmed the existence of ¥ariables. o . o
bidirectional causality between trade openness and The aim objective of the different policies and reform
economic growth. The reverse causality reflects dneasuresisto place human capital at the heart of economic
interdependence and a transitional dynamic that coufi¢velopment and social welfare in order to improve the
occur if the economy reaches a threshold of emergerfg@npetitiveness of the Moroccan economy, increase
ensuring economic and industrial development. private sector productivity, neutralize external shocks, take

On the one hand, the results confirm the presence of@vantage of the positive externalities of free trade,
positive short-term relationship between the accumulatigiimulate good governance and institutions, and through all
of physical capital, the openness to international trade aHi¢se variables promote economic growth [13].
economic growth. This asserts that the dynamics of the Like any field of empirical analysis, our study has a
Moroccan economy can be par“a”y exp|ained by a Strorﬁwmber of ||-m|ta.t|0n5. First of a”, the ana!ytlcal framewor.k
demand for national consumption, resulting in an incread@d the estimation method adopted, which may be subject
in imports of raw materials, semi-finished products antp endogeneity problems and omitted variables for the case
finished products. The evolution of national economi€f the Moroccan economy. Therefore, future research
production oriented mainly toward exports, revealing theerspectives should include other variables relevant for the
comparative and competitive advantages of the Moroccagtivation of the economic growth process driven mainly
economy in the international markets, play also ay foreign trade in order to derive a broader and more
important role in the dynamic of trade and economi@étailed representation of the Moroccan economy in its
growth. complex and heterogeneous international environment.

On the other hand, the results indicate the presence ctignilarly, the study needs to adjust the trade openness
negative long-term relationship established among foreiditdex to assess individual sectors' impact of foreign trade
trade, human capital and growth of GDP per capita for o@p the country's economic growth.
case study. For this, the hypothesis of trade-led-growth has
been refuted in the case of the Moroccan economy. ~ Acknowledgments
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Abstract: The subject of this article was connected with the problem of finding an effective layout of manufacturing
mechanisms in a particular manufacturing hall in DELTA Company, where we were part of a project team. The project
team's goal was to solve the problem associated with the actual layout with the help of modelling and designing. It was
necessary to analyse the actual layout and also opinions and possibilities of changes in this particular manufacturing
mechanism. It is the manufacturing hall. For the analysis of the actual layout, we decided to work with different analytical
methods because there were a lot of elements in this manufacturing system which have their own characteristics that are
also connected itself or with others. It was necessary to look at all of these characteristics and their connections, and the
result will be based on a prime scheme model of design variations for finding an effective layout of manufacturing
mechanisms for a particular hall in DELTA Company.

1 Introduction problem itself but also by fulfilling smaller sub-goals. One
Nowadays, logistics is one of the most importan@f the tools with which it can be achieved is the process of

factors that dynamically effect the world economymodelling and planningstraka, M. et al[4] relies in their
The common trend is globalisation, which is changing th&ork on the fact that "modelling is the process of replacing
traditional management of company Objects and the dynamic system with its simulation model" and also
management of the company itself. The literature made Bjpodelling includes the creation of non-simulation
Malindzak, D.[1] states that "the objects of logistics arénodels, and their use can also be used for production
financial, material and information flows, flows of peoplepurposes.” .
goods and materials”. In the publication\édarasz, L.~ During modelling, we can not forget about the rule,
et al. [2] is mentioned the fact that "by proceséNthh. IS a state |n.Hra(-jeCka, J.pUbllCﬁthﬂ [5] "when .
management, we understand the provision of Rlanning and creating, it's also necessary to pay attention
predetermined goal by means of controlling specififot onIy’go the_practlcal, aesthetlc.but also to the ergonomic
devices based on evaluation and processing informatigigle” which will lead to the effective layout. When we are
that aforementioned devices will receive back not juslking about layout, we mean objects that are organised
about the object itself, but as well as about the effects @Rd arranged according to a certain taste under certain
the environment on this object.” This leads to the so-callé@nditions. In our case, it will be from the point of view of
global optimisation, which requires considerable attenticchitecture. The interior design tries to create a functional
from experts and engineers whose goal is to continuol@out as a part of the overall concept.
improvement, innovation and elimination of system _ _
deficiencies, which will ultimately lead to an increase i2  Literature review
the quality of work, products and the working environment When it comes to the definition of redesign, there are
itself while maximising the use of capacities and potentiglenty of meanings. For example, it depends on the
while incurring minimal costs connected with it. Thedictionary that we use. In Merriam-Webster dictionary,
definition of the global goal by Takala et {8] states that redesign is definite as a "revise in appearance, function or
a global goal "is given by optimisation criteria" meanwhileontent [6]. When it comes to Cambridge dictionary,
"logistics management directly or indirectly solves theedesign is the definition of changing "the way something
problem of multi-criteria optimisation, such as maximuntooks, is made, or works" [7]. Portal Seobility states that
use of equipment capacities, minimisation of energy amddesign is "visual upgrade or rearrangement of an
material consumption, profit maximisation, etc." wherexisting" subject, system, etc. [8] easily said it is a plan for
"these criteria can be supportive or conflicting". making changes. In the publication, Universal Principles of
However, the goal of logistics is to meet these criteri@esign by Lidwell, W. et al. [9] mentioned that the key
especially from a time point of view, which will lead toprinciples of design were selected from various design
cost minimisation and profit maximisation [3]. Practicallydisciplines based on several factors. The authors also stated
optimising the problem and finding an effective solutiothe fact that even the best designers sometimes disagree on
and subsequently achieving the global goals can be easitg principles of design. When they do so, however, there
achieved not only thanks to an in-depth analysis of the usually some merit attained at the cost of the violation.
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Therefore, unless you are certain of doing as well, it is bgatoject we were a part of was financed by various
to advise the principles [9]. But we can sum it up in thiawvestors, who, however, all set one condition, which was

following steps: presented by the global optimisation of the entire
1. definition of a goal — what we want to achieve, production hall and not only the production process. The
2. who is responsible for the redesign, problem which we worked on was associated with finding

3. design process — examination of the monitoredn effective layout of the manufacturing mechanism in the
object, its elements and description of how iparticular manufacturing hall, which we mentioned earlier.

works, limitations, Reconsidering the condition of investors, we set our goal,
4. modelling — creation of an idea of the monitoredvhich was not also to find the most effective layout of a

object and its functioning, particular manufacturing hall but we needed to include the
5. verification of correctness, most effective layout of all mechanisms. Thanks to this, we
6. verification of truthfulness, can get closer to global optimisation. But before that, we
7. testing, needed to start by analysing the current state. For this
8. application [4,8]. purpose, we used system analysis.

System analysis is a method of general systems theory
Modelling includes the creation of models and desigrfer exact and empirically intuitive investigation of basic
other than simulation, and their use can be for otheroperties and target systems in various areas of human
purposes as well. It is important to remember that whexctivity. In the analysis process, we look for individual
creating and designing a layout, it's important to know th&ystems and try to modify or replace activities, connections
dimensions of the space we are working with. In additiomy relationships in the given system. The process of system
it's necessary to pay attention to requirements such as: analysis represents the main activities, such as the

« structures, definition of the problem (what we are investigating), the
«  security, research and analysis of the associated systems, the
« medical and psychological, determination of the appropriate method of solving the
« economic, given problem, the introduction of a new proposal and the
manufacturing, subsequent evaluation and feedback. For this reason,

system analysis represents a relatively wide set of different
methods and procedures for the most detailed analysis and

It is also important to be aware of the basic functions gpalys!s [11]. System analysis is a swtab_le tool for
the space with which we are working, i.e. all activities mu@n2lysing the state of the system, as it examines not only
be kept in mind, as well as the functions mentioned abo{}§ elements and the relationships and connections between
that will be performed and occur at the given workplace. €™ bgt also the elements, their properties, and the
this case, it's necessary to consider the fact that in a speci gnections betV\{een th_em.. Th_anks to this, we can get to
production hall, the workplace will mainly involve theXNoW the system's functioning in de'gall and subsequgntly
movement of people, material handling equipment, and tAgrive individual results gf observatlons and evqluatlons
movement of storage handling equipment. If we artom .the .research. This analytical .method IS u;ed
planning the layout of the workspace, it's necessary to tagaPecially in cases where we want to improve the given
into account a place for relaxation and rest, as well as otif¥Stem Or completely replace and create a new one, which

facilities. In addition, we must pay attention to theaS Our Case.

* and others.

following: :
« environmental quality (heat, light, ventilation, air31  Current state anaJySls ,
extraction, air circulation, ...) After we decided which type of analysis we would use,

we could start with an analysis of the current state of the

» the comfort of space and security , .
company's manufacturing hall.

» spatial solutions

* necessary workplace equipment [10]. 311 Manufacturing process

Before we could start with modelling and creating a

3 _Methadology design of a particular manufacturing hall, it was necessary

. Th_e DELTA Company, which is the subject of th.eto understand how the production works and what
investigation, is currently one of the world leaders in

refrigeration . in the field of hermetic com ressoI|mitations may occur in the process. Usually, it all starts
9 . compre With entering materials into production, which in these
manufactures. The idea of DELTA Company is continuo

imorovement and innovation to increase the quality o ses are direct and indirect materials. Direct material is
P quaitty supplied in 900 kg blocks of Aluminiu from the supplier,

ﬁcgdugts(’:;\gg aﬁzalig;:]eainv'riggfgt vag(ejgr\:\ilsea‘g'g;k %r d then they are processed into 8 kg ingots in one of the
: pany p * manufacturing halls in DELTA Company. Indirect

dzgiii?a:on*:gﬂg;/;;furci)r?e r?;”'tisnporggug'ﬁg ggt((:)erisessesTlr? terials are rotor packets, which are manufactured
P 9 ' %irectly in the company. The real production process
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(2

begins with preheating rotor packets at a temperature ldive 99.9% content of Aluminium. Indirect material
450 °C at the induction heating robot. Meanwhile, thancludes quality requirements such as strength, hardness or
ingots are melting in a melting furnace at a temperature weight, but also measurements where important are length,
750 °C. Both temperatures must be at exact numbersdiameter, thickness and angle of the rotor. All of the inputs
maintain the production process's accuracy, which leadsnst satisfy exact requirements, which will lead to
the final product's final quality. The next step is a neweaching the highest quality of the final products, which is
innovation in the production process: the centrifugalonnected with requirements for output. The company
casting of rotors. Then the process continues with chilingemands control of compliance with production and
and subsequently, the finished products are moved to tieehnological processes, quality and measurements of final
finishing station. Under final processes, we can imagin@oducts. It's necessary to mention daily manufacturing
processes such as cutting, rolling and, of course, qualgtandards, which we couldn't forget because they must be
control. The last step is to load the final products intstrictly observed according to the stated manufacturing
pallets. More specific information is in the publication oflan, which you can see in Table 1 [12].

Spirkova, S.: Analysis of the possibility of changing the After observing and recording all requirements, we
layout of production facilities in a particular companycould start analysing the current state of the company's

[12]. manufacturing hall. Supplying the production process is
based on forklift and handling units. It's good to point out
3.1.2 Requirements that some special handling units are used in the company,

Even if we learned how it would work, checking all thevhich are connected with supplying the ingots. More
details connected with the new production process wdstailed information and photos are Bpirkova, S.
necessary. First, we started with the production procegsiblication [12] which | mentioned earlier. The supplying
machinery and equipment itself. There were a lot afystem may be considered a small detail, but in the end, it
technical (separation requirements for machinery arislalso animportant part of the system, and we are speaking
equipment), technological (efficiency, performanceabout global optimisation, so it was necessary to notice that
speed), mechanical (temperature transfer and absorptiom)our analysis. The whole place looks really crowded,
and one of the most important time requirementshich canlead to many collisions and injuries. Due to that,
(scheduled times within the technological and productione decided that we would make an FMEA analysis.
process) which must be observed, because then the final

product will not be able to satisfy the final quality of Table 1 Daily manufacture standard

products, which is most important. Because we a Request for individual manufacturing lines
speaking about global optimisation, it was also necessg R The average| \ 1o o e turin _Da|ly
to check all requirements for the workplace, inputs, an : J weight of used 9 intake
; line : cycles (s/pcs) ,

outputs cause they're also part of the successful complet] Al (g/pcs (pcs
of the product. As we are speaking about, workplad T 184 10.7 380(
requirements include manufacturing mechanisms and a| J 204 1C.7 150(
handling space. But what is specifically important it's th NB 162 74 950(
quality control of inputs before they enter the productio EM 16¢ 6.7 910(

process. If it comes to direct material, it is necessary to

1ﬂll]| e T
 Line EM (NB)
L b x5y A I
“Collected stock
& -'—H-1r—]}-
area: 22 1 Newtine (Em)
H A ES
o e g2
Ry stock s S el . T3 1.

Figure 1 Layout of a partlcular manufactunng hall
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Failure Mode and Effect Analysis (FMEA) belongs to Table 3 FMEA analysis
the group of basic analytical methods, but it is mainly used ‘_
in the field of quality, reliability and safety management. It = g 5 = = =) 2
acquires its use not only in the field of production, services, &=
and many other industries and processes. The first step is =
the definition of the problem, the error. In the second step, =
we approach the numerical expressions, which we g - “ < - Sl |
calculate based on the monitoring and evaluation of the =
individual investigated phenomena. It is, therefore, g
necessary to find out the values of the occurrence of the £ o o o P ~ ©
error or problem and their significance and assign the g:
degree of detection of that problem and error. The last step -
is the product of the individual values, which will give us N . = = & = -
the so-called risk number. According to experts, the risk S T it || 5
number should not exceed 125. This value is considered = =
critical, and errors or problems whose risk number exceeds = & B
this value must be corrected or eliminated. We must not £ == =
forget the values that approach this value, where it is also S = . &8 § pE
necessary to consider their correction [13,14]. g— 3 s Tg s 23
Thanks to all information mentioned earlier, ~ = 3 =& S s§® & 5@ g
conversations with employees and managers, and our = 8 &£ E §=x 9 | ga =
observation. We were able to puncture risks and problems E” = ‘g ‘g_ § E, g -§ 5 B
connected with this layout, which you can see below. S e = o= -
The analysis of errors and risks in the particular E 5 £ g
manufacturing hall can be easily found S$pirkova, S. 2|2 & B
publication [6]. FMEA analysis describes in detail all =~ & %5 £ £
subjects of analysis, the manifestation of errors, their = @ g O 5
potential causes and effects, occurrence, detections anc = g § § 5 5 5 5
also possibilities of control, which led us to risk number. =5 § & 2 8 8 g R
Since it is global optimisation, it was also necessary to = @ & ®» » & S 5 5
recalculate the costs associated with the production process = 2 ¢ g 5 5 5 5
with this particular layout. You can see the leading @ ®
indicators and monetary expressions connected with the g 2 g
current layout in Table 2 [12]. sl 2 2 2
The total costs associated with this workplace | %5 B be E ;
amounted to a total of 4.310 euros. The costs in the table 2 2 2 @ 5o e g
i > |3 E c 2 < @
are averaged according to the data that the company = e = = £ s =
monitored for a period of 5 years. However, we have also = % S S £ 3 2|
included a potential risk indicator in the table. It S s = a = £
represented up to 50 possible risks, which is relatively large g 8
given the dimensions of the production hall of 42,000 x g & 3
36,500 cm. We obtained a potential indicator of safety risks & & 2 ® 5
based on the FMEA analysis we created. As part of this e = & 3 2 g
analysis, we made Table 3 based on observations. ® = 5 'g S § S
b g @ E = e el
Table 2 Costs and indicators associated with the current layout § E § 3 g E -,':o-“- k:
Leading indicators and monetary expressions B 2 =E 2 g g =
Indicator: Expressior SRR S NE R = E
Fuels consumption (euro/mor 228( 2 g "
Electric energy consumption (euro/mol 23C % S E 2
Maintenance costs (euro/month) 1125 5 £ g g
Labour costs (euro/mon 67t 2 8 ® =
A potential indicator of security ris 5C E = = §
3 * S
& =]
=
= — o~ o
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Table 3 includes the basic areas of risks, themuch as possible or removed completely. The other values
manifestations and potential impact. The areas of risk wenere around the values of 80, 60 and 40. These values are
mainly represented by the workplace environment, workot so alarming, but in general, the FMEA analysis gave us
methods and the employees themselves. We then assigapddea and an indication of the main problem of creating
the most common possible manifestations of risks to thedsks and the dangers associated with them [12].
areas. Each risk was assigned a degree of importance,
which we chose according to the degree of danger from the  Discussion and results
interval from 1 to 10. The greater the degree of importance, The analysis of the current state helped us to set our
the greater the risk. The greatest degree of danger occurgedl, which was simply to design and create the most
in the area of the workplace environment, where this rigkfective layout where will be minimal risks and errors,
manifested itself in the form of a small space fowhich will lead to global optimisation in the particular hall
manipulation and movement, in the area of methods in tbe DELTA Company.
form of losses and waiting, and in the area of employees in
the form of inattention and unqualifiedness [12]. 4.1 Modéeling asaturning point

Next step, according to the results of observations and The aim of this work was the analysis of the
monitoring, we assigned values for the number qfossibilites of efficient distribution of production
occurrences of given risk manifestations. Subsequently, Wguipment in the production hall, while the problem is
assigned detection values to each of these manifestatigafted to the search for efficient distribution of production
of risks, which represent the values of the expected changgfiipment in a specific production hall. This task also
for finding out whether or not it is a risk. Values wergesylts from the results of the FMEA analysis from the
assigned from an interval of 10 to 1, where the value witltevious chapter, where deficiencies were identified
the largest number was likely to be the most noticeable. V¥eecisely within the workplace environment. We were able

then mUltlplled all these indicators to obtain a risk nlumbei_re come up with results thanks to the Workplace mode”ing
The risk number represents the value by which Werocess.

determine the degree of danger. Whether the risk needs to

be eliminated or removed, we find out according to thg 1.1  Model nr. 1

limit Value, which is given as the number 125. In our case, |n this modeL we keep maintaining material flow and
we exceeded this value in 2 cases, in the form of a rigle original area of manufacturing lines and the entry area
associated with an overcrowded workplace space andstack. We suggested removing the kanban table, washing
small space for manipulation and movement itself. The rigkachine and cylinder cover because these types of
number for an overcrowded workplace was 240, which fachinery were not connected to our production process
almost two times the limit value. Much worse was the risgnd also iust to make the whole piace less crowded. We
number for the small space for manipulation ang|so suggested adding a new line in the original position of
movement, which reached a value of up to 330, which jfe kanban table and cylinder cover and replacing the
even more than 2.5 times the limit value. Both casggashing machine with the collected stock area. You can

recorded alarming values and gave us an idea of thge the first variation of the model below.
magnitude of the danger, which must be eliminated as

s | T e nn-__;@ﬂﬂﬁ'fﬂ‘
- f - 2 r¥tia 0O |

Figure 2 Variant nr. 1
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But then there was a question if this is really globdine was the oldest one. Conversations with managers and
optimisation and if we will keep all the old lines and jusemployees confirmed that there were often a lot of
add a new one. So that was the reason why we decidegtoblems and they required to be repaired all the time. So

make a second model. after removing the mentioned machineries and equipment,
we suggested relocating a line NB in an original line T/J
4.1.2 Model nr. 2 and relocating the production process from T/J to the NB

Again in this particular layout, we decided to keepine. Next, we did the same with lines NB and EM. We also
maintaining material flow and entry stock area. We als@placed the cylinder cover with the collected stock area,
insist on removing the kanban table, washing machine amthich ultimately created a new larger space, which you can
cylinder cover for the previously mentioned reasons. Bsee below.
we also suggested removing line T/J because this particular

L R | el 4
l{ = "."f"'#y r% )

Flgure 3 Variant nr. 2

4.1.3 Modelnr. 3 Based on that, we just slightly changed variant nr. 2,

After modelling variant nr. 2, we realised that this neveverything is almost the same, but the change is in the
space was located at the end of the manufacturing hall, ametbcation of the new line and collected stock area to the
we would like to add the collected stock area in the end sther side of the manufacturing hall, which you can see
there will be less manipulation with the final productsbelow.

Hﬂaﬂﬁ (T/1)
o 'krl-’i"‘

Flgure 4 Variant nr. 3
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4.2 Resultsof the modelling process design, which was slightly edited. After studying our

Our next step was to submit our models to the compariyodels, the company’s project team decided to develop a
The company project team decided to work with our lagew layout, which will be the final model.

e — B T T 5 T AN ML | e e

- |
-t

-'—d—-—*ﬂ i

) Figure 5 Final layout

It was decided to remove line T/J and replace thdefines new monetary expressions and leading costs
production process with line NB. They also edited the neeonnected with the new layout, which is in Table 4 [12].
line and line EM layout, so it will take a smaller place and

keep our suggestion to produce rotors NB at line EM andTable 4 Costs and indicators associated with the new layout
rotors EM at a new line. The washing machine with the Leading indicators and monetary expressions
collected area was replaced, but for a specific reason, th Indicator: Expressior
decided to keep the kanban table for future plans. Thig Fuels consumption (euro/mor 111¢

whole decision is also connected with empty space in thq_EI€ctric energiconsumption (euro/mont 5%

back of the hall. As we look for results, whether it is the :\_"aigher”f:;z ?gj:z /Eﬁgf/mor 4§E

global optimisation or not, the company project team A s T o ol e 0

GRAPHICAL ASSESSMENT OF LEADING INDICATORS

AND MONETARY EXPRESIONS FOR BOTH LAYOUTS
2280

1115 1125

675
425,
230

Figure 6 Comparison of the costs
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In the end, we can state that even if our model was nminciples of Industry 4.0, logistics, 3D modelling and
final, it was the basis for the final layout, but that wasimulation for streamlining production in the mining and
already the company's intention for the future, which weuilding industry" VEGA 1/0317/19.
couldn't know about, but we still influenced that. We
helped to make an effective layout for global optimisatiofiReferences
and our last step was to review what was achieved. Whgj MALINDZAK, D.: Vyrobna logistika Technical
we compared the results, we found out that the company University of KoSice, 1997. (Original in Slovak)
can save 68.75% of the original monetary, while 2] MADARASZ, L., FOZO, L., ANDOGA, R., BUCKO,
decreased from 4310 euros to 1595 euros per month, as youM.: Zaklady automatického riadenia, Elfa s.r.o.,
can see in Figure 6 [12]. Kosice, 2010. (Original in Slovak)

We can consider this a huge achievement, but a sm@] TAKALA, J., MALINDZAK, D., STRAKA, M.
"huge" problem is connected with it. Company states and Manufacturing strategyVaasan yliopisto - University
insist that with this particular layout, it can be reached of Vaasa, Vaasa, 2007.
unbelievably zero potential indicators of risks and4d] STRAKA, M., SOFRANKO, M.,
problems, which, to be honest, is not possible, and we can GLOVA VEGSOOVA, 0., KOVALCIK, J.
call it utopia because it's practically impossible to achieve Simulation of homogeneous production processes
something like that. Even if we made the most effective International Journal of Simulation Modelling,
layout and succeeded in global optimisation, there is no Vol. 21, No. 2, pp. 214-225, 2022.
proof that it can be much better in the future and that https://doi.org/10.2507/1IJSIMM21-2-597
nothing will happen. It's impossible to state that there wil5] HRADECKA, J.: Skola interiérového designu pro
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can continue to fulfil its motto. Dictionary, 4" ed., Cambridge University Press, 2013.
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5 Conclusion https://www.seobility.net/en/wiki/Redesign
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point out what is wrong and what's not working and makd0] AMBROSE, G., HARRIS, P.:Layout — Velky
collisions or errors in the system, which give us to givinthe  pruvodce grafickou UrpavoulComputer Press a.s.,
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Abstract: Food production is one of the key sectors of the food industry in the Czech Republic and the European Union.
Its direct link to the primary agricultural sector is also crucial, from which it takes inputs, which it further processes and
markets. A necessary condition for this process is the quality and safety of the commaodity produced. The businesses must
demonstrate food quality and safety through an effective system of traceability and traceability of these criteria. These
conditions significantly affect aspects of production and logistics. The paper is focused on the dairy industry. This industry
forms an essential part of the entire agri-food chain. Processes in enterprises of this type are specified in that several
regulations affect production and logistics operations. Raw materials and products are perishable. On the other hand, the
customer expects a quality and safe product at the right time. The paper's main aim was the identification of risks in
individual phases of the dairy industry logistics processes. The area of purchasing, production, and the transport was
examined in particular. The secondary aim was to expand theoretical knowledge of dairy management. Expert studies
and scientific articles in this area are insufficient.

1 Introduction Republic [8-10]. High performance and competitiveness of

The food industry is a mainstay of all European anﬂpe dairyindustry and the ablllty to finalize the primary raw
world economies [1,2]. Lukiewska and Juchniewicz staf@aterial into products with higher value-added (and
that the sector is significant for long-term sustainabiguccessfully face the competition within the European and
growth in Central European national economies [3]. THglobal market) are essential prerequisites for keeping the
food sector is one of the critical branches of the processifignension of the milk production in the EU regions [10].
industry in the Czech Republic. Trnkova et al. stated thBsinesses in the food chain are forced by the pressure of
supplies food to the market and thus ensures tGobal markets and the ever-increasing demands on
population's diet [4]. Farmers are the backbone of ogPnsumers and end-users to take a comprehensive
society, and they support the whole world’s population [5PProach to managing their activities. This management
The food industry also plays a significant role in essentilvolves integrating food quality and safety with a risk
macroeconomic aggregates. According to the Ministry dfanagement approach. They point to the significance of an
Industry and Trade, the food industry accounted for CzKtegrated management approach within the agri-food
322.2 billion in sales of its products and services in 2019hain [11,12]. Rapid and dynamic changes in the
which is approximately 6.1% of sales in the entir€nvironment, technologies, consumer behaviour,
manufacturing industry 2019. In 2019, the food industrpolicymaking, and climate are putting extra pressure on the
employed over 95,000 employees, representing 7.2% fgPd supply chain, especially in efficiently managing food
employees in the Czech manufacturing industry. The§gcurity, food surplus, food loss, and waste [13]. Higher
indicators rank the food production sector among tHguality and safer food are still the highest priority in the
essential domestic employers [6]. food industry [14]. Food safety is an essential prerequisite

As stated by Syiek et al. and Naglova et al., thefor ensuring the health of the population. The Food Safety
production of dairy products is a mainstay of the Cze(ﬁystem was established in the Czech Republic in 2001. The
food industry [7,8]. A number of studies deal with theéssential tool legislation requires is the Hazard Critical

performance of the dairy and food industry in the Czechontrol Point (HACCP). As Havinga demonstrates, private
standards are prevalent in the food industry in numerous
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European countries [15]. Private food safety standardsainly associated with the supply chain processes and
have become a critical governance mechanism handling goods, not people [23]. The supply chain
contemporary food supply chains [16]. International foodepresents the processes that need to be done, from the
safety management systems standards can be applied tpathary raw material to the delivery of the final product to
or part of the food chain. The standards can then be usedtasfinal customer. As the title of the article suggests, the
a risk identifier in individual logistics processes. The mogiaper focuses on the field of agriculture, specifically in the
commonly used standards include the British Retailairy industry. In research articles, we come across
Consortium (BRC) and International Food Standardoncepts such as food supply chain and agriculture supply
Logistics (IFS Logistics). Several studies addresshain. Van der Vorst defines the agricultural supply chain
international food safety standards and highlight thevolves all stakeholders, from farmers, agro-processors,
significance of their implementation in food safetydistributors, transporters, and retailers to end consumers,
management throughout the food chain [17-19]. Thaiming to provide a wide variety of consumer products that
production and logistics process of the dairy industry hasnsists of fresh foods, meat products, a wide variety of
its specifics. processed food including beverages, canned foods,
In research papers, we can find several definitions obnfectionery, and bakery or dairy products [24]. Rossini
logistics. The basic definition based on the Cambridget al. added that practitioners and researchers identified the
Dictionary states that it is the process of planning arafricultural supply chain as a significant area [25].
organizing to ensure that resources are in the places whereOn the other hand, we can find the definition of the food
they are needed [20]. An activity or process happessipply chain by the European Commission. The food
effectively. Ghiani et al. add that it represents theupply chain is the direct exchange of food from the farmer
functional activities determining the flow of materials ando the consumer, or the different stages of activities such as
the relative information [21]. In this publication, we will the processing of raw agricultural commodities as well as
learn that we can include here as well the service sectbe checking of consumer safety standards and packing or
(water services, postal services, urban solid wasteansport activities which add value to food products before
collection, and others). These definitions can bthey are sold. Based on these definitions, we can conclude
supplemented by Rushton et al., who list logistics abat we are using two concepts — food supply chain and
critical components — transport, inventory, andgricultural supply chain —which are identical [26]. Kumar
warehousing [22]. Kumarage explains that logistics igresents A food supply chain network (see Figure 1) [27].

Government
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A h 4
s N\ g N
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C U!|u|l"11 a — . P  Wholesalers
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- B E » P Retailers Customers
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Downwards Goods flow through transportation, processing, packaging, marketing

>

Upwards Capital and Information flow

Figure 1 A food supply chain network, Kumar [27]

For all supply chain steps to work correctly, supphBupply Chain Risk Management. The paper aims to
chain risk management must be implemented. Severaldress risks in individual phases of the logistics chain in
authors recommend the implementation of supply chathe dairy industry in the Czech Republic.
risk management [28-30]. Within the supply chain, we may
encounter several risks, such as risks in physical flo@ M ethodology
[31,32], currency, information, partnership, innovative Several scientific methods were used in this paper. It
opportunities [31], environmental and organizational ris{yas mainly analysis, synthesis, comparison, and using
[33], safety risk [34], and chemical and biological risk [32]statistical methods. The methods of analysis and synthesis
The ISO 31000 certificate is suitable for effective FOOdlere used by Writing introduction. The method of
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comparison was used when comparing the results of own The second part is focused on the process of entry
research with already conducted studies. The mafpurchase) of milk into the transformation process. The
methods were Chi-square, which confirmed the statisticqliestions focused on importing raw materials and the
dependence between the method of transport of input raelection and evaluation of suppliers. It was ascertained
materials and the size of the dairy enterprise. Furthermorehich criteria (location, quality, and price) they preferred
the evaluation was performed using basic descriptifer all the surveyed enterprises. At the same time, it was
statistics and box fences representations. The questionnaiseertained whether there were differences between the
survey took place in the month of September-Novembanswers in the individual size groups of the addressed
2021. The questionnaire addressed a total of 72 daenterprises. Each addressed enterprise had the opportunity
enterprises in the Czech Republic. Contact addresses wereletermine the importance of individual criteria using the
taken from the database of the Food Chamber of the Czeahking method. To simplify the processing of the results,
Republic. Thirty-five were received, and wholly completedhe first place was evaluated by three points, the second by
guestionnaires were processed. Incomplete or incorrectiyo points, and the third by a single point. The best average
completed questionnaires were excluded from the researpbint gain can be observed for all surveyed enterprises in
Therefore, the return is about 49%, which in this case tise quality criterion (average = 2.46), followed by location
also the share in the basic statistical set. The questionndaeerage = 2.14) and price (average = 1.4). Regarding the
consisted of closed and open questions, and the size ofitmgividual size categories, for small enterprises (up to 50
enterprises according to the number of employees alemployees), there was an interesting agreement in all 15
served as an identifier. In the category of up to 58ddressed enterprises in this size category, where all
employees, 15 completed questionnaires were available dnterprises are the most important criterion was chosen
the category of 51-250, it was again fifteen respondentscation (average = 3.00), followed by quality (average =
and in the size category of more than 250 employees, it waf0) and then the price (average = 1.00). It is interesting

five respondents. to agree on the order of small businesses. However, a
similar agreement has not been reached for medium-sized
3 Resultsand discussion enterprises (up to 250 employees). In addition, there is a

The research was divided into four parts. Firstly, theoticeable change in the order of the individual criteria.
issue of certification of voluntary quality, safety, and riskhe best result can be observed for quality (average =
management systems in the dairy industry was addressé@?), followed by price (average = 1.7) and last location
It is generally possible to use the international certificatdgverage = 1.40). For a small number of addressed large
ISO 9001, I1SO 31000, ISO 22000, the BRC, and IFShterprises (over 250 employees), the resulting averages
standards. Sixty percent of the addressed enterprises hoff@more balanced; however, quality was determined as the
quality certificate according to the ISO 9001 standardost essential criterion (average = 2.60), followed by
Regarding differences in size groups, only largdpcation (average = 1.80) and price (average = 1.60). It is
enterprises have 100% representation of ISO 9001 qualfgar from the results that for small enterprises, the location
certificate holders. For the other two groups, the holdefer the selection of suppliers is important; for other
non-holder ratio is 8:7; in other words, about 53% ofnterprises, itis mainly quality.
holders of a quality certificate are in other groups. Only Due to the coronavirus pandemic and other external
two of the 35 enterprises surveyed hold an 1SO 310d0reats, flexibility in supply chains is being disrupted.
certificate. The vast majority (94%) of enterprises do notIherefore, it is essential to have rules in selecting suppliers

On the contrary, a food safety certificate is a necessitjicorporated into the purchasing management system. As
Eighty-nine percent (33 out of 35) of the addressedahman States, with the z_advancement of manufz_icturing
enterprises hold this certificate. Only four enterprises dgchnology and globalization of supply chains in the
not hold a certificate and fall into the category of smafPurth-generation industrial revolution, manufacturing
businesses. Of the food safety certificates (ISO 22000dustries face significant pressure to improve customer
standard BRC, and standard IFS), the most frequently usﬁlsfacpon an(_j maintain their position in the global market
certificate was standard IFS when it was mentioned by 140]. It is confirmed by the Pakula study that correctly
out of 35 (51%) enterprises contacted. defined criteria for the selection of suppliers of raw

International standards for food Safety managemematerlals have the effect of redUC|ﬂg Operatlonal risks [41]
systems can be used as an essential tool for riSkly 5 out of 35 enterprises contacted do not require any
management in individual logistics processes of the entiggandard or certificate from their suppliers. The HACCP
agri-food chain [35] and certification of food safetylaw requires the remaining 30 enterprises (63.3%),
systems affects the trust of individual links in the agri-foofpllowed by the IFS or BRC food safety certificate
chain [36-38]. Hassan's study addresses the security of {A8-3%), and 20% of enterprises request the 1ISO 9001
milk supply chain and its failure factors, emphasizing thgertificate. Only 3 out of 30 enterprises require more

need to emphasize, inter alia, operational and transp8tandards or certifications from their suppliers, equal to 3.
management systems [39]. Only one is enough for the remaining ones. Research

confirms that international food safety standards are
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necessary for the agri-food chain. As further studies shawet considering full digitization even within five years.
[36-39]. 11 of the 15 small enterprises contacted (up to @vo-thirds of the small businesses contacted (up to 50
employees) to import input materials through theiemployees) do not consider complete digitization within
suppliers. In comparison, medium-sized (51-250) and lar§ige years. On the contrary, the remaining third of the
enterprises (over 251 employees) use mainly exterredidressed enterprises have already implemented complete
carriers. Together, 18 of the 20 enterprises contacted digitization (= 5). Two enterprises have fully implemented
used by external pages in this combined categorgigitization for the medium-sized category, and seven
Combining the two largest size categories made it possilmteedium-sized enterprises are considering complete
to examine the dependence using a four-field table, whetmitization within five years. No enterprise already has
the results confirmed the statistical dependence, where ¥@mplete digitization in place for large enterprises (over
(1, N = 35) = 14.7261, p = 0.000124. We can acce60 employees). Two enterprises are considering complete
hypothesis H1: The mode of transport of input rawdigitization within five years. The remaining three
materials is affected by the size of the enterprises. Inpemterprises are not considering complete digitization.
raw materials are imported using suppliers’ means of Risk mitigation is one of the essential aspects of supply
transportation more often in smaller enterprises than largehvain risk management [43]; 24 of the 35 enterprises
ones. contacted to have a designated department or risk manager.

Thirdly, the research is concerned with the productioAll large enterprises have a risk department or employee in
process and the associated operational risks. As alreadyms of size structure. It was observed in only 8 out of 15
established, the production process is harmonized with teeterprises and 11 out of 15 enterprises for smaller
requirements of international food safety standards at m@stterprises. A specific dependence can also be observed
dairies; regarding the use of the information system, 27 obncerning a department or representative dealing with
the 35 enterprises contacted use an information systemisks and the level of risk management in enterprises. Till
which is about 77% of respondents. At the same time, theBeout of 11 enterprises that do not have a department or
is a significant dependence between size categories. Wititmployee responsible for risk management address risks
the larger size of the enterprises, the greater the likelihoodly by legal requirements. On the contrary, out of 24
of using the logistics information system. For smalkenterprises with this responsibility, 15 enterprises have
enterprises, 60% of enterprises use the logistickeveloped a risk register, and the remaining nine
information system, in the middle category, it is alreadgnterprises even have a set risk management system.
87%, and in the highest category of large enterprises the One of the things needed for risk-based management of
share is already 100%. By combining the two largest sifeod safety systems is understanding the risks and how
categories, it was possible to examine the dependertbey are generated in the food system [44]. Paillin et al.
using a four-field table, where the results confirmed theonducted research on risk assessment and mitigation
statistical dependence, where X2 (1, N = 35) = 4375, pthroughout the food chain in social, environmental and
0.03647. We can therefore accept hypothesis H2: The seeonomic dimensions [45]. In manufacturing, research on
of the enterprises affects the use of the logistiagperational risks. Operational risk can be defined as the
information system. The main benefit of introducing theisk resulting from the shortcomings in information and
logistics information system in 24 of the 27 enterprises iaternal control systems or external events such as fraud,
the traceability of the quality of milk/products and theiresulting in unanticipated losses. Next, it could be the risk
batches from each order. Other frequent benefits are up-telated to either human errors, system failures, and
date data and time savings in administration. inefficient procedures that occur due to breakdown in

Aung and Chang emphasize that traceability is essentiaternal control procedures, either in the front, middle or
in ensuring food quality and safety [42]. Traceability is &#ack-office activities, leading to unanticipated losses [46].
tool for meeting quality and safety requirements The frequency of operational risks was monitored at the
throughout the food logistics chain. It is confirmed bysurveyed enterprises in six primary areas:
Aworth's study that traceability has become an essential
feature of the global food supply chain with the growing A. Low-quality raw materials at the entrance,
food safety concerns and the globalization of food B. Power failure,
production and distribution [35]. C. Machinery and equipment,

Digital technology can profoundly positively impact D. Technology,
agriculture outcomes in developing countries by improving E. Human error,
market transparency, enhancing farm productivity, F. Increase in operating cost.
improving rural households' food security, strengthening
logistics and optimizing supply chain management, and The answers from the survey was evaluated according
improving food quality and safety [35]. Of the 35to a four-scaled evaluation of all six research questions
enterprises contacted in this survey, 16 enterprises &g, B.x, C.x, D.x, E.x and F.x where x = 1 determines
considering or have already implemented completmall-sized enterprises, x = 2 determines medium-sized
digitization; the remaining 19 com enterprises panies aemterprises, x = 3 determines large-sized enterprises and x
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= all determines all enterprises together. The individudiscrete ordinal variance that was converted to the
grades of the rating scale of frequency are defined standardized form (NOR) for better comparison of
follows: 1 — (Hardly) ever, 2 — Rarely, 3 — Sometimes, anddicators. All used statistical characteristics of collected
4 — Often. data are presented in Table 1.

Measures of the location of the cases were found by
mode and median. Measures of variability were found by

Table 1 Measures of location and variability of the cases A.-F

Cases | Aadl | Al A2 A3 B.al | B.1 B.2 B.3 Cal |[C1 C.2 C.3
NOR 0.49¢ | 0.711 | 0.462 | 0.00C | 0.67C | 0.7171 | 0.62¢ | 0.96( | 0.59¢ | 0.391 | 0.74: | 0.96(
Mode 2 1 2 2 1 1 2 3 2 2 2 3
Mediar | 2 1 2 2 2 1 2 3 2 2 3 3
Cases | Dall |D.1 D.2 D.3 Eal |E1 E.2 E.3 Fal |F1 F.2 F.3
NOR 0.64: | 0.782 | 0.68i | 0.00C | 0.437 | 0.717 | 0.30¢ | 0.00C | 0.52z | 0.332 | 0.66< | 0.00C
Mode 2 2 3 1 3 2 3 3 3 3 3 3
Mediar | 2 2 3 1 3 2 3 3 3 3 3 3

Poor input raw materials are perceived as a potentialiyowth in operating costs) reach the highest median and
small operational risk and are often not addressed byode values across size categories (human error in smaller
businesses. For small enterprises, it is possible to identépterprises to a lesser extent). Therefore, it is possible to
a larger degree of dispersion; however, the mode atabel them as the most important and the riskiest due to the
median are equal to 1. Medium and large enterprisesatively frequent frequency and importance in operation.
address the poor quality of input materials much moieke the first six areas of operational risk, methods for
often than smaller enterprises. Still, the risk is natlentifying operational risks were also examined:
perceived as large because the median and mode are equal
to 2, and the variance rates are quite small. Differences in G. based on experience and estimates,
responses can be traced to a power outage. With the H. brainstorming in a team,
enterprises growing in size, enterprises address energyl. Check-list,
issues much more often, at least based on mode andJ. Ishikawa Diagram,
median. However, some ambiguity can be seen in the K. What-if,
variance rates, which are quite high. The operational risks L. HAZOP,
related to machinery and equipment are also not perceived M. FMEA.
as large, but their frequency and position increase with the
enterprise's size. Technology-based operational risks are anThe same methodology was used as in the previous
unexpected outcome. In this category, risks occur masase. The four-point range of responses remained
frequently in medium-sized enterprises, less frequently imchanged, mode, median, and normalized variance were
small enterprises, and least (barely sometimes) in lardetermined and compared. The change occurred only in the
enterprises. The last two research areas (human error dedignation of individual examined areas.

Table 2 Measures of location and variability of the cases G.-M.

Cases [ Gadl | G.1 G.2 G.3 Hal | H.1 H.2 H.3 l.all .1 1.2 1.3
NOR 0.52Z | 0.521 | 0.54(C | 0.32( | 0.48¢ | 0.51Z | 0.30¢ | 0.32( | 0.70¢ | 0.56¢ | 0.77C | 0.00¢
Mode |4 3 4 4 3 3 3 4 3 3 3 4
Mediar | 3 3 4 4 3 3 3 4 3 3 3 4

Cases |Jall |J.1 J.2 J.3 Kal | K.1 K.2 K.3 Lal |L.1 L.2 L.3
NOR 0.51¢ | 0.47< ] 0.41% | 0.64( | 0.46¢ | 0.581 | 0.15« | 0.00C | 0.13¢ | 0.15« | 0.15¢« | 0.00(¢
Mode |1 2 1 1 1 1 1 2 1 1 1 1
Mediar | 1 2 1 1 1 2 1 2 1 1 1 1
Cases [Mal |M1 |M2 |M3 |- - - - - - - -
NOR 0.2671 | 0.15¢ | .041¢ | 0.00C | - - - - - - - -
Mode |1 1 1 1 - - - - - - - -
Mediar | 1 1 1 1 - - - - - - - -

Operational risk identification based on owncontrary, the brainstorming method is widely used,
experience and estimates is more often used in medium aspecially in large enterprises. We observe relatively
large enterprises, to a lesser extent in small. On thensistent responses in this area due to smaller variances.

~ 445 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 4 Pages: 441-448 1SSN 1339-5629

SUPPLY CHAIN RISK MANAGEMENT IN DAIRY INDUSTRY OF THE CZECH REPUBLIC
Romana Heinzova; Katerina Vichova; Kamil Peterek; Jan Strohmandl

The outputs of using the checklist method also look similaRefer ences

Itis also widely used for large enterprises, even in this sigg] SHUKLA, M., JHARKHARIA S.: Agri-food produce
category of enterprises, even with zero variance. Ishikawa's sypply chain management: a state-of-art literature
cause and effect diagram is very rarely used in monitored review, International Journal of Operations &
enterprises and, if so, in small enterprises. The remaining Production Management, Vol. 33, No. 2, pp. 114-158,
methods, i.e., What-If, HAZOP, and FMEA, are rarely 2013, https://doi.org/10.1108/01443571311295608
used. With the exception of the What-IF method, thp] BHAT, S.A., HUANG, N.F., SOFI, I.B., SULTAN,

frequency is very small, and no major disproportions were M. Agriculture-Food Supply Chain  Management
observed between the size categories of the enterprisesBased on Blockchain and IoT: A Narrative on

surveyed. Enterprise Blockchain Interoperabilitydgriculture-
] Basel, Vol. 12, No. 40, pp. 1-25, 2022
4 Conclusion https://doi.org/10.3390/agriculture12010040

Food safety and quality are essential aspects of tf& LUKIEWSKA, K., JUCHNIEWICZ, M.: Identification
competitiveness of every food business. The dairy industry of the Relationships between Competitive Potential and
is the third most efficient food production branch in the Competitive Position of the Food Industry in the
Czech Republic. A whole range of legislative regulations European UnionSustainability, Vol. 13, No. 4160, pp.
affects dairy products' production and logistics. In addition, 1-13, 2021. https://doi.org/10.3390/su13084160
dairies can implement food safety standards that help thé#j TRNKOVA, G., KROUPKOVA, Z.Z.: Drivers of
identify and manage risks that arise throughout the Economic Performance: What can we observe in the
processing process. The research goal was to identify Czech Food Industry?,E & M Ekonomie a
which risks this type of business encounters most often and Management, Vol. 24, No. 3, pp. 110-127, 2021.
which tools it uses to manage them. The research https://doi.org/10.15240/tul/001/2021-03-007
confirmed that businesses use voluntary risk managem@sit SADAYAPILLAI, B., KOTTURSAMY, K.. An
tools in connection with food safety, up to 89%. Agriculture Supply Chain Model for Improving Farmer
Companies eliminate entry risks by requiring these Income Using Blockchain Smart Contradiecture
certificates from their suppliers. Within the processing Notesin Networks and Systems, Vol. 311, pp-587-598,
process itself, traceability is a crucial factor. This is related 2022. https://doi.org/10.1007/978-981-16-5529-6_46
to using an information system that eliminates the risk §6] Institute of Agricultural Economics and Information,
losing traceability. The research confirmed the hypothesis Panorama of Food Industry 2019, Prague, 2020.
that the company's size is related to implementing 4] SYRUCEK, J., BARTON, L., REHAK, D,
information system for managing production logistics KVAPILIK, J., BURDYCH, J.: Evaluation of
chains. Digitalization helps improve the traceability economic indicators for Czech dairy farms,
process. Research has shown that large and medium-sizedAgricultural Economics, Vol. 65, No. 11, pp. 499-508,
enterprises are implementing digitization. While small 2019.
dairies do not consider digitization in the five-year horizon. https://doi.org/10.17221/136/2019-AGRICECON
The research confirmed the hypothesis that the size of {8¢ NAGLOVA, Z., BOBEROVA, B., HORAKOVA, T.,
dairy enterprise has an influence on the method of transport SMUTKA, L.: Statistical analysis of factors
of input raw materials. Small businesses use supply means,influencing the results of enterprises in dairy industry,
large and medium-sized businesses use external carriers Agricultural Economics, Vol. 63, No. 6, pp. 259-270,
The most severe operational risks for businesses in the 2017.
dairy industry are human error, rising operating costs, and https://doi.org/10.17221/353/2015-AGRICECON
technological risk. The risk of low-quality raw material a{9] KOSTIKOV, E., MARES, D., PROCHAZKOVA, R.:
the input is perceived as low. Itis more common in medium Performance and stability of the sectors in the food
and large dairies. Technological risk is also more common industry of Czech Republidournal of International
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expanded to include elements of reverse logistics afitD] ZDRAHAL, I, CHMELIKOVA, G., BLAZKOVA,

sustainability of food chains as stated by Fidlerova [47]. I.: Sector-wide and country-specific drivers of firm
performance in the visegrad group dairy industry,
Acknowledgement Agris On-line Papers in Economics and Informatics,

This paper was developed under the support of projects: Vol. 10, No. 4, pp. 89-100, 2018.
RVO/FLKR/2021/03 Peterek, K.: Risk management in  https://doi.org/ 10.7160/a0l.2018.100410
logistics, RVO/FLKR/2022/04 Heinzova, R: Lean andl11] POP, S.Z., DRACEA, R., VLADULESCU, C.
Project Management in manufacturing Industry in the  Comparative study of certification schemes for food
Czech Republic. safety management systems in the European union
context, Anfiteatru economic, Vol. 20 No. 47, pp. 9-
29, 2018. https://doi.org/10.24818/EA/2018/47/9

~ 446 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume: 9 2022

Issue: 4 Pages: 441-448 ISSN 1339-5629

SUPPLY CHAIN RISK MANAGEMENT IN DAIRY INDUSTRY OF THE CZECH REPUBLIC
Romana Heinzova; Katerina Vichova; Kamil Peterek; Jan Strohmandl

[20] Cambridge

Implementation of Quality Management System with
ISO 22000 in Food Iltalian CompanieQuality-
Access to Success, Vol. 19, No. 165, pp. 125-131,
2018.

[13] ERSOY, P., BORUHAN, G., MANGLA, S.K.,

HORMAZABAL, JH., KAZANCOGLU, Y.,
LAFCI, C.: Impact of information technology and
knowledge sharing on circular food supply chains for
green business growtlBusiness Srategy and the
Environment, Vol. 31, No. 5, pp. 1875-1904, 2022.
https://doi.org/10.1002/bse.2988

[14] MANGLA, S.K., SHARMA, Y.K., PATIL, P.P.,

YADAV, G., XU, J.J.: Logistics and distribution
challenges to managing operations for corporate
sustainability: Study on leading
organizationsJournal of Cleaner Production, Vol.
238, No. 117620, pp. 1-48, 2019.
https://doi.org/10.1016/j.jclepro.2019.117620

[15] HAVINGA, T.: Private Food Safety Standards in the

EU, Regulating and Managing Food Safety in the
EU: A Legal-Economic Perspective, Vol. 6, pp. 11-
37, 2018.
https://doi.org/10.1007/978-3-319-77045-1_2

[16] RAO, M., BAST, A., DE BOER, A.: European Private

Food Safety Standards in Global Agri-food Supply
chains: a Systematic Revielmfernational Food and
Agribusiness Management Review, Vol. 24, No. 5,
pp. 739-754, 2021.
https://doi.org/10.22434/IFAMR2020.0146

[17] VESNA, P., PREDRAG, V., MILIVOJE, C.: Food

Safety and Quality Policy in the Republic of Serbia,
Ekonomika Poljoprivreda-Economics of Agriculture,
Vol. 64, No. 4, pp. 1607-1617, 2017.
https://doi.org/10.5937/ekoPolj1704607P

[18] SMITH, D.L.: Global Food Safety Initiative scheme

audit requirements regarding cleaning tool and utensil
selection and maintenance - a revie@uality
Assurance and Safety of Crops & Foods, Vol. 11, No.
7, pp- 603-611, 20109.
https://doi.org/10.3920/QAS2018.1409

[19] PERICACHO, C.D.C., GADEA, E., SANCHEZ,

[12] CASOLANI, N., LIBERATORE, L., PSOMAS, E.: [23] KUMARAGE, A.S.: Transport Logistics: Redefining

Logistics in Transpor&ri Lanka Society of Transport
and Logistics, Vol. 1, No. 2, pp. 93-104, 2021.
https://doi.org/10.4038/jsalt.v1i2.36

[24] VAN DER VORST, J.G.A.J Effective Food Supply

Chains. Generating, Modelling and Evaluating

Supply Chain Scenarios, Wageningen University and
Research, [Online], Available:
https://edepot.wur.nl/121244 [06 Sep 2022], 2000.

[25] TOSCANO, G., FELICIANGELI, G., ROSSINI, G.,

FABRIZI, S., PEDRETTI, E.F., DUCA, D.
Engineered solid biofuel from herbaceous biomass
mixed with inorganic additives;uel, Vol. 256, No.
115895, pp. 1-10, 2019.
https://doi.org/10.1016/j.fuel.2019.115895

Indian diary[26] European Commission, You are part of the food chain

— Key facts and figures on the food supply chain in
the European Union. United Kingdom, Cardiff
University, [Online], Available: http://ec.europa.eu/a
griculture/marketsandprices/market-
briefs/pdf/04_en.pdf, [06 Sep 2022], 2015.

[27] KUMAR, A., MANGLA, SK., KUMAR, P.: An

integrated literature review on sustainable food
supply chains: Exploring research themes and future
directions, Science of the Total Environment, Vol.
821, No. 153411, pp. 1-18, 2022.
https://doi.org/10.1016/j.scitotenv.2022.153411

[28] ZIMON, D., MADZIK, P.: Standardized management

systems and risk management in the supply chain,
International Journal of Quality & Reiability
Management, Vol. 37, No. 2, pp. 305-327, 2019.
https://doi.org/10.1108/IJQRM-04-2019-0121

[29] IVANOQV, D., DAS, A., CHOI, T.M.: New flexibility

drivers for manufacturing, supply chain and service
operations, International Journal of Production
Research, Vol. 56, No. 10, pp. 3359-3368, 2018.
https://doi.org/10.1080/00207543.2018.1457813

[30] ZHU, Q., KRIKKE, H., CANIELS, M.C.J.: Integrated

supply chain risk management: a systematic review,
International Journal of Logistics Management, Vol.

28, No. 4, pp. 1123-1141, 2017.

https://doi.org/ 10.1108/1JLM-09-2016-0206

M.A.: Standardizers. The new private bureaucraci81l] CAVINATO, J.L.: Supply chain logistics risks: From

that controls the quality and food safety in global
agricultural vale chains,Revista Espanola de
Sociologia, Vol. 30, No. 1, pp. 1-21, 2021.
https://doi.org/10.22325/fes/res.2021.16
Dictionary,  [Online],
https://dictionary.cambridge.org/dictionary/english/l
ogistics [06 Sep 2022], 2022.

[21] GHIANI, G., LAPORTE, G., MUSMANNO, R.:

Introduction to Logistics Systems Management, 2
ed. West Sussex, 2013.

[22] RUSHTON, A., CROUCHER, P., BAKER, PThe

Handbook of Logistics and Distribution
Management: Understanding the Supply Chain, 6"
ed., London, Gee Street, 2017.

the back room to the board roorimternational
Journal of Physical Distribution & Logistics
Management, Vol. 34, No. 5, pp. 383-387.
https://doi.org/10.1108/09600030410545427

Available: [32] LIU, N.J., BOUZEMBRAK, Y., VAN DEN BULK,

L.M., GAVAI, A, VAN DEN HEUVEL, L.J,
MARVIN, H.J.P.: Automated food safety early
warning system in the dairy supply chain using
machine learning,Food Control, Vol. 136, No.
108872, pp. 1-11, 2022.

https://doi.org/ 10.1016/j.foodcont.2022.108872

[33] JUTTNER, U., PECK, H., CHRISTOPHER, M.

Supply chain risk management: outlining an agenda
for future researchnternational Journal of Logistics

~ 447 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume: 9 2022

Issue: 4 Pages: 441-448 ISSN 1339-5629

SUPPLY CHAIN RISK MANAGEMENT IN DAIRY INDUSTRY OF THE CZECH REPUBLIC
Romana Heinzova; Katerina Vichova; Kamil Peterek; Jan Strohmandl

[37] BIROL,

[40] RAHMAN,

Research and Applications, Vol. 6, No. 4, pp. 197- [41] PAKULA, K., PIENIAK-LENDZION, K., BECHER,

210, 2008.
https://doi.org/10.1080/13675560310001627016

[34] NACUL, H.Z., REVOREDO-GIHA, C.: Food safety

and the informal milk supply chain in Kenya,
Agriculture and Food Security, Vol. 11 No. 8, pp. 1-
14, 2022.
https://doi.org/10.1186/s40066-021-00349-y

[35] AWORH, O.C.: Food safety issues in fresh produce

supply chain with particular reference to sub-Saharan

M., KUZIEMSKA, B.: Selection of the Supplier of
Production Means as a Risk Element in Farm
Logistics, Entrepreneurship and Sustainability
Issues, Vol. 8, No. 4, pp. 585-594, 2021.
https://doi.org/10.9770/jesi.2021.8.4(35)

[42] AUNG, M.M., CHANG, Y.S.: Traceability in a food

supply chain: Safety and quality perspectivesnd
Control, Vol. 39, pp. 172-184, 2014.
https://doi.org/10.1016/.foodcont.2013.11.007

Africa, Food Control, Vol. 123, No. 107737, pp. 1-7, [43] SREEDEVI, R., SARANGA, H., GROUDA, S.K.

2021.
https://doi.org/10.1016/j.foodcont.2020.107737

[36] AKINWEHINMI, O., OGUNDARI, K.: Consumers'

food control risk perception and preference for food
safety certification in emerging food markets,
Journal of Agricultural Economics, Vol. 73, No. 3,
pp. 690-708, 2021.
https://doi.org/10.1111/1477-9552.12474

E., KARANDIKAR, B., ROY, D.
Information, Certification and Demand for Food

Impact of a country's logistical capabilities on supply

chain risk, Supply Chain Management - An
International Journal, Vol. ahead-of-print, No.
ahead-of print, pp. 1-15, 2021.

https://doi.org/10.1108/SCM-09-2020-0504

[44] HOFFMANN, S., ASHTON, L., AHN, J.W.: Food

safety: A policy history and introduction to avenues
for economic research, Applied Economic
Perspectives and Poalicy, Vol. 43, No. 2, pp. 680-700,
2021. https://doi.org/10.1002/aepp.13158

Safety: Evidence from an In-store Experiment irj45] PAILLIN, D.B., TUPAN, J.M., PAILLIN, J.B.,

Mumbai,Journal of Agricultural Economics, Vol. 66,
No. 2, pp. 470-491, 2015.
https://doi.org/10.1111/1477-9552.12089

[38] BANERJI, A., BIROL, E., KARANDIKAR, B,
RAMPAL, J.: Information, branding, certification, [46] PENA, A.,

and consumer willingness to pay for high-iron pearl
millet: Evidence from experimental auctions in
Maharashtra, Indiag-ood Policy, Vol. 62, pp. 133-
141, 2016.
https://doi.org/10.1016/j.foodpol.2016.06.003

[39] HASSAN, A., LI, C.X., AHMAD, N., IQBAL, M., ]
HUSSAIN, K., ISHTIAQ, M., ABRAR, M.: Safety [47] FIDLEROVA,

Failure Factors Affecting Dairy Supply Chain:
Insights from a Developing Econonfjystainability,

Vol. 13, No. 17, pp. 1-24, 2021
https://doi.org/10.3390/su13179500

H.F., CHAKRABORTTY, R.K,
ELSAWAH, S., RYAN, M.J.: Energy-efficient
project scheduling with supplier selection

manufacturing projects, Expert Systems with
Applications, Vol. 193, No. May, pp. 1-21, 2022.
https://doi.org/10.1016/j.eswa.2021.116446

LATUNY, W., LAWALATA, V.O.: Risk assessment
and risk mitigation in a sustainable tuna supply chain,

Acta logigtica, Vol. 9, No. 1, pp. 51-61, 2022.

https://doi.org/10.22306/al.v9il.270

BONET, I, LOCHMULLER, C.,
CHICLANA, F., GONGORA, M.: An integrated
inverse adaptive neural fuzzy system with Monte-
Carlo sampling method for operational risk
managemengxpert Systems with Applications, Vol.

98, pp. 11-26, 2018.
https://doi.org/10.1016/j.eswa.2018.01.001

H., MAKYSOVA, H.,
SKLENAROVA, L., BAJDOR, P.: Streamlining
packaging as part of sustainable reverse logistics
processesicta logistica, Vol. 8, No. 4, pp. 423-433,
2021. https://doi.org/10.22306/al.v8i4.249

inReview process
Single-blind peer review process.

~ 448 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 4 Pages: 449-456 [ISSN 1339-5629

QUALITY COST FLOWS IN MANUFACTURING COMPANIES
Petr Bris; Marie Cermakova; Vieroslav Molnar

doi:10.22306/al.v9i4.345 Received: 18 Oct. 2022; Revised: 11 Nov. 2022; Accepted: 03 Dec. 2022

QUALITY COST FLOWSIN MANUFACTURING COMPANIES

Petr Bris
Tomas Bata University in Zlin, nam. T. G. Masaryka 5555, 760 01 Zlin, Czech Republic, EU,
bris@utb.cz (corresponding author)
Marie Cermakova
Tomas Bata University in Zlin, nam. T.G.Masaryka 5555, 760 01 Zlin, Czech Republic, EU,
cermakova@utb.cz
Vierodav Molnar
Technical University of Kosice, Sturova 31, 080 01 Presov, Slovak Republic, EU,
vieroslav.molnar@tuke.sk

Keywords. quality management, cost, cost of quality, PAF model.

Abstract: Companies have increasingly focused their attention on quality costs. Therefore, raising awareness of this group
of expenses is essential. This paper aims to present a survey on the topic of costs of quality management in manufacturing
companies in the Czech Republic. This paper opens with a literature review that focuses on the existing cost of quality
models and then focuses on empirical research results. Manufacturing companies represent the framework of this research.
The research with a total of 159 respondents provides information about the real market situation. The aim was to
determine the significance of costs and cost-effectiveness. The study's findings revealed that 73% of organizations
quantify their quality costs completely, 21% of companies quantify their costs only partly (external costs), and 6% of
companies do not. 36% of surveyed companies (42 companies) that monitor quality costs use some of the recommended
models, mainly the PAF model. The research was confirmed by hypothesis 1 that companies that use some type of
evidence cost of quality have lower levels of these costs.

1 Introduction costs. The next part focuses on the research methodology

Quality is a critical factor that significantly influencesand presentation, leading to the conclusion.
a customer's decision to purchase a product from a
particular provider. Contemporarily, the market is affected.1 ~ Definition of cost of quality
by globalization pressures, which are characterized by an The first mention of quality costs dates back to 1951,
extensive portfolio of products that can be renewe®ut Juran states that there are different meanings for the
motivating companies and encouraging them tterm quality costs. It should be pointed out here that there
permanently improve their level of production and finds no clear definition for the term "cost of quality” Some
new competitive advantages. Cost versus quality is tieople may see the term as a cost incurred in the separation
everyday question for the management of an organizatiaf. management [6,7]. From the perspective of quality-
Everybody wants the best products but at the lowest pri¢elated costs, costs incurred due to coordination activities
However, it is complicated to find a boundary betweeare hidden costs of non-quality. If these costs are excluded
minimum cost and maximum quality [1]. The companyrom the costs of quality, it systematically underestimates
must always try to improve the quality of its productiorihe total costs of quality[8]. Authors Evans and Lindsay [5]
while at the same time striking a balance between the baggue that in the case of costs, it depends on the actual
quality and extraordinary costs for the company. [2]. Mansituation of the business and its operations. According to
studies have examined the measurement of quality cob@land [9], the term quality cost must be properly
and the quality level. Behmer and Jochem [3] claimed th@xplained and understood in order to maintain optimal
the annual costs of poor quality amounted to approximateiynctioning and improvement of product and service
15% of sales. Chiadamrong [4] estimated their proportigiuality. Some authors [5,7,11,12] describe quality cost as
is around 10% of production costs and Evans and Lindsayset of three main categories: costs of failure (internal and
[5] declared that costs of quality care from 20% - 40% afxternal costs), evaluative costs and preventative costs.
total costs in the company. These statements confirm tAdiese descriptions are explained in overview Table 1.
the high proportion of quality costs in the structure of
overall company costs confirms that quantification of these2  Classification of cost of quality
costs cannot be ignored and requires an interdisciplinary Several tools and methods could be used for the costs
approach. of quality analysis. The most common models are the PAF
The following chapters describe quality definitions andnodel.
the different approaches and benefits of monitoring quality
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Table 1Descriptions of quality costs et al. [20], this approach follows the flow of activities in
various departments of the company, while the traditional
Definitions approach focuses on the activities of specialized
departments. Lari and Aslanni [21] use the idea that using
These costs are associated with defectbe cost of quality as a measure of the performance of the
that tend to be detected before they|areperating processes leads the organization to better
Insider costs | delivered to the customer, making| itperformance results. The benefits of this model can be seen
impossible to satisfy the customer's neledas the fact that exact costs are allocated to the process and
[7]. that a specific person is established as responsible for the
mistakes in the process [22]. This model allows the
These costs are often discovered | byinderestimated processes to become opportunities for
Externalities | customers and are reported as pl‘Ojuqﬁnpro\/ement, helps management manage processes,
defects[10]. allows for systematic management processes and improves

. . . customer service activities [21].
These costs are aimed at meeting quality

Assessment | and performance requirements and ar§23 COPQ Modé
Costs also associated with ratings, revisions and’"-
verifications[11].

Type of costs
of quality

This model is based on the assumption that non-
compliance with customer requirements always causes
These costs are set to keep breakdowr aﬁ&gducers considerable eponomig losses [23]. The
valuation costs as low as possible. unigueness of this model is that it only _repords non-

productive losses and thus neglects efficiently spent

resources [24]. It monitors the cost in these four categories:
cost of internal defects, cost of external defects, the cost
121 ThePAF model _ _ associated with investment and the use of opportunities and
The measurement of quality costs was first done by Q¥gsts associated with environmental damage. Very often,

Armand V. Feigenbaum in 1956. He divides the costs @fere is no evidence that would be able to track items from
quality into three categories [12]. These are the costs @ |ast two groups [13].

prevention, evaluation and non-conformance.

The British Standard Institution as well as the 3 Quantification of costs of quality
American Society for Quality Control (ASQC) have  cqgt of quality information helps the organization's
adopted this breakdown and incorporated it into the anagement to evaluate its important quality issues and

standards. In production and services, this model is thg ity the most significant opportunities to reduce these
most used [13]. According to authbaura [14] , it is

Prevention
Costs

management in companies [26]. This process brings
ny benefits to businesses, such as achieving a higher
vel of product and service quality, reducing the cost of
products and services, greater customer satisfaction [27]
and improvements in efficiency, effectiveness and quality
122 ThePCM model _management system, including financial performance [28].
The PCM model brings only two costs categorie§y, aqgition, it reduces the number of complaints, lowers the
Costs of compliance and non-compliance costs. Accordinge; of fajlure and increases sales volume [29]. Other
to Ireland [9], these are categorized as costs of planningefits include the ability to report a complete overview
control processing, verification and controls and so 0%fﬁthe company's quality costs, classification and analysis
Scrap, reworking and guarantee service, efc., are in fifassaciations, costs for different levels of management
secondary classification. In the eyes of Goetsch and Dayilsy  assistance for the development of tracking
[19], the costs of conformity cover the money for th‘?nethodologies. [30]. Although it is shown that quality cost
products or services supplied in the most efficient Wiy, ing has many benefits, it must be said that this concept
foIIovymg the stgnd_ard requirements. is not being given sufficient attention [31]. The authors
It is a situation in Wh.ICh every activity is executed folgg\er and Quarles [16] and Kiani [15] provide evidence in
the first time in conformity with the requirements. Not alk eir work that monitoring quality cost is not as widespread
costs of non-conformance are the costs that are linked wgrb expected in the world. The concept of quality cost

failures. _ management enterprises was not accepted despite the fact
Itis possible to apply this process model to any procesfig; this indicator should be included among business

but it is necessary to identify the key steps process and fi&ormance indicators [32]. Reasons for the problem are

following parameters [19]. According to the authors Pire§,a |ack of standardization and an inadequate

of prevention and cost of appraisal have an impact on t
reduction of the cost of failure and the overall cost q

that with the proper management of quality costs, the Cj%
quality [15-18].
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understanding of the concept principles [33]. The next tygendustry, size of the company, type of production and
of problem could be the fact that the relationship betweenwvner structure), the questionnaire includes five questions
the people in the organization is such that costs can notreéated to the level of cost of quality management and the
discussed openly without fear of punishment [34]. In anext four questions describing the results of this system in
organization where the atmosphere is open and problethe companies. The type of questions is shown in Table 2.
are communicated without fear and punishment is, the

quality system more effective [33-34]. Authors Mantriand Data were collected through an electronically
Jaju [35] draw attention to the fact that a lot of companiaBstributed questionnaire. A total of 159 manufacturing
use their own methodology for evaluation and that the datampanies from different industrial areas participated in
was collection still manually although technologies arthis survey. The questionnaire was sent to 1412 companies,

implemented. and the effective rate of returned questionnaires was 11.3%
which is considered satisfactory. The questionnaire was
2 Methodology designated to the representatives of the quality departments

The aim of the research was to find out the level ¢S the most known persons in this process in the company.
imp|ementation of qua“ty cost control in manufacturingThe structure of respondents is described in Figure 1. This
companies of the Czech Republic.In the first step, tH&ure represents the structure according to the European
authors performed a quantitative analysis to géfassificaton of economics activities (NACE
fundamental knowledge about the current situation. Basél@ssification)
on the results of theoretical research, the following
hypotheses were defined:
H1: Companies that quantify quality costs and use for jtNumber Question

some systems have lower costs of quality than others:; ) — ]
H2: Characteristics of companies that quantify quality @1 Interes in monitoring cost: of quality
costs are different compared to companies that do no&32
quantify quality costs.

Table 2: Type of questions

Cost: monitoring using the mode

H2a: Large companies quantify quality costs to a greatetg Type of using model:
extent than small and medium-sized companies.

H2b: Multinational companies quantify costs more thanQ4 Type of monitorec cost: categorie
domestic companies. -

H2c: Companies with mass and serial types of productigri2® Type of monitorec curren cost:

quantify costs to the extent that companies with pieceQG
types of production.
H3: Companies see the biggest problem with monitoringQ7 Improvement in specifiec area
costs of quality in inappropriate methodology.

Level of cost: of quality

Q8 Advantage anc disadvantage
Questionnaire-based research was used to obtain data .
for evaluating the above-mentioned hypotheses. BesidgS® Obstacle anc opportunitie
the initial basic information and classification questions Source: Authors

NACE classification
2%2%
4%

4% 6% 6%
= NACE 10 = NACE 20
\“’/3% m NACE 22 = NACE 24
21% m NACE 25 = NACE 26
NACE 27 = NACE 28

m NACE 29 = NACE 31
m NACE 32 = NACE 33

2%

Figure 1 Structure of respondents
Source: Authors
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The following Table 3 shows additional basicsome of the recommended models. The other companies
information on the composition of respondents. Most of tHg5 companies) do not use any of these models and only
companies in the sample are small and medium (62.2%gllow some categories or use their own system. If a
while large companieaccount for 37.8% of the sample.company already uses one of the models, it is a PAF model
More than half of the companies (53.5%) have a foreiglb9% of respondents - 29 companies).
majority owner, while only 46.5% of companies have a
domestic owner. Almost of companies is with mass &2 Evaluation of the first hypothesis
serial type of production (59.7%) while companies with |n order to test the first hypothesis, the t-test procedure

piece type of production is 40.3%. was applied. The results of the t-test used to test the
o existence of statistically significant differences in the
Table 3 Sample description characteristics of the costs of quality depending on the
Characteristics |Variable Companies| % decision to quantify the costs of quality are shown in Table
Small and 4. Inthe part of the paper, the level of quality was observed
. i 99 62.2%|  through dimension costs of quality. The respondents were
Company size |mediun - L ;
asked to rate their level of costs of quality in their
Large 60 37.8%)  companies. These characteristics were measured on a five-
Domestic 39 24 5% point Likert scale.
majority owne ) According to the results presented in Table 4, there is a
Foreign statistically significant difference in the level of costs of
Majority 49 30.9% quality depending on whether the company quantifies
ownel quality costs (p<0.005). By comparing these two groups of
Business Subsidiary companies, it is evident that companies that quantify costs
segment company L 36 22 6% of quality gave significantly lower costs of quality (x =
foreign : 4.147, s = 1.061) than those that do not quantify quality
majority owne costs (x = 3.326, s = 1.307).
Subsidiary  t+
domestic 35 22.0% Table 4 T-test results
majority owne Quantification | n | Mean S t test p - value
: ualit YES 117 | 4147 | 1.061
P:ggictior 64 40.3% Qcostsy NO 42 | 3326] 1307 >00% 0.003
p Source: Authors
Type of_ Mass _ 20 12 5%
production |productior 2.3 Evaluation of the second hypothesis
Serial . 75 47.2% The hypothesis number 2 a) states that large companies
productior

quantify costs of quality to a greater extent than small and
medium companies. It is expected that large companies to
N be more concerned with monitoring and evaluating the cost
In order to test the research propositions, severgf quality. The Chi square test was used to test differences
was the t-test for independent samples. This test Wassts of quality. The significance level was selected at 0.05.
deployed to test the differences in the characteristics of thge results are shown in the Table 5. The Chi square test
costs of quality. The second test was the Chi-square tegiows interesting results. In the total number of companies
This test was used to test the differences betwegiyt quantify costs of quality 53.9% are small and medium
companies that quantify and those that do not quantifympanies while 46.1% are large companies. Therefore

costs, considering their size, type of production angyr hypothesis number 2 a) is not rejected at level 0.05.
ownership structure. The main goal of this study is to

Source: Authors

analyze_z the si.tuatipn in our market and to understand better Table 5 Chi square test results
the main barriers influencing the management of costs [of Small and| _ Chi
quality. medium 9 = |Total |square
. companies
companies test

21 Data Quantify 63 54 117

The quantification of quality costs was observed on g;"t"“ty cos;sf (3563.9%] (646-1%] 21200% Chl':fgggg

; : 0 quantify =13.

nomlnal_measurmg scgle. The results show that 73% Slality costs |(85.7%) (14.3%) (100% |p value -
companies quantify their quality costs completely, 21% ot 99 60 159 0.000257
companies quantify their costs only partly (only externalotal (62.3%) (37.7%) (100%

costs), and 6% of companies do not. 36% of surveyed Source: Authors
companies (42 companies) that monitor quality costs use
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Hypothesis number 2 b) states that multinational The Chi-square test shows some exciting results. Of the
companies quantify costs of quality to a greater extent théstal number of companies that quantify quality costs,
domestic companies. The Chi-square test was used to &319% are small and medium-sized companies, while
differences between companies that quantify and those tH&t1% are large companies. However, it could be said that
do not quantify costs of quality. The significance level wa80% of large companies quantify quality costs. A similar
selected at 0.05. The results are shown in Table 6. Of tlesult is visible in multinational companies, where 78.9%
total number of companies that quantify costs of qualitpf companies quantify quality costs. This result was
57.3% are multinational companies, while 42.7% arexpected considering the fact that large and multinational
domestic companies. The chi-square statistic is 2.57&®mpanies have more significant resources than small and
The p-value is 1.10832. Therefore our hypothesis numbeedium-sized companies. Furthermore, it is evident that
2 b) is rejected at the level 0.05.

Table 6 Chi square test results

63.2% of the total number of companies that quantify
quality costs are companies with the serial or mass type of
production, while 36.8% are companies with the piece type

Multinational |Domestic T Chi of production. . . o
companies  |companies otal |square From the questionnaire survey results, it is clear that a
: tedt total of 117 (73%) companies are involved in quantifying
Qﬁ;ﬂt'fy 67 50 117 quality costs.Table 8 lists the problems that prevent more
go stsy (57.3%) (42.7%) (100%) gomprehensive monitoring of quality costs in different
Not Chi squarg firms.
uantify |18 24 42 =2.5786
gualityy (42.9%) (57.1%)  |(100%) |p value 1 Table 8 Problems
costs 1.10832 Ma}ss and Piece type of
S 5 74 159 Problem ;err(')s]utgt’{)oen"f production | 'Ot
(53.5%) (46.5%)  |(100%)
Source: Authors Reluctance 0,6 16 3
cooperat
Hypothesis.number 2 c) states _that companies Withgnappropriate
mass and serials types of production quantify costs ¢iyethodolog 21 7 28
quality to a greater extent than companies with piece type
of production. The Chi-square test was used to tesflime-consuming |, , 7 21
differences between companies that quantify and those th&wooperatio
do not quantify costs of quality. The significance level Was oot
selected at 0,05. The results are shown in Table 7. The Chis ¢ vare Suppo 13 8 21
square test shows these results. Of the total number |of
companies that quantify costs of quality, 63,2 % are theLittle management , ) 3 13
serial and mass type of production, while 36,8 % are piegeuppor
type of production. The chi-square statistic is 2.2554. The_ .
p-value is 0,13315. Therefore our hypothesis number 2 :)ngbj.ecnv'ty ofl 1 1
H . sting
is rejected at the level 0,05. -
. Conceal 0 1 1
Table 7 Chi square test results nonconformitie
) Serial and Chi
E:i((;jeutc)t/i%i of masstypeof|Total [square Total 4 43 17
production test Source: Authors
Quantify . .
quality |43 74 117 3 Result and discussion
costs (36.8%) (63.2%)  |(100%) To sum up the findings from our testing strategy. On
Not Chi squar the one hand, the study fulfilled expectations in the form of
quantify |21 21 42 =2.2554 original assumptions. Large and multinational companies
quality  |(50%) (50%) (100%) |p value 3 give more attention to this issue than small and domestic
costs 0.13315 companies. This result was expected because large and
64 95 159 multinational companies have more significant resources
Total ; ; ;
(40.3%) (59.7%)  |(100%) than small and medium-sized companies. On the other

Source: Authors

hand, these numbers were not as different as the study's
authors initially anticipated. Detailed results are given in
chapter four. The study also found unexpected conclusions
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that refute the claims of other authors. The research mfle stating that it is better to do things right from the first

Amiya Kumar Pattanayak [36] declares that the cost tifne, they do not know how much better it is.

quality management is not a widely used concept. The

newest research by Elizondo [32] states that companiesAlcknowledgement

not pay much attention to this issue because they are ibie authors are thankful to the Internal Grant Agency of

sufficiently acquainted with this issue. However, théaME TBU No. IGA/FaME/2021/ 014 New competitive

opposite was the result of our study. 73% of all surveyetivantages based on risk management of the work

companies are engaged in this issue which means teawironment.

companies use a system to monitor quality costs (either

have their internal rules or use some of the recommendRéfer ences

models). If the company use some type of model, it is ti¢] KAMAUFF, J.: Manager's guide to operations

PAF model. This model is a widely used model because it managementMcGraw-Hill, New York, 2010.

is applicable in most companies [37]. [2] SANCHEZ-SIERRA, ST, CABALLERO-
However, on the other hand, only 69% of companies’ MORALES, S.0., SANCHEZ-PARTIDA, D.,

use it for monitoring quality data. The research was MARTINEZ-FLORES, J.L.: Facility location model

confirmed by hypothesis 1 that companies that use with inventory transportation and management costs,
evidence cost of quality have lower levels of these costs. Acta logistica, Vol. 5, No. 3, pp. 79-86, 2018.

Research has shown that large and multinational https://doi.org/10.22306/al.v5i3.98

companies are the most involved in monitoring angi] BEHMER, F.J., JOCHEM, R.: Organizational planning
evaluating, which was expected. However, in all cases, for quality management in the digital agdysiness
similar obstacles can be identified. These include in process Management Journ®lol. 26, No. 3, pp. 679-
particular  reluctance to cooperate, inappropriate 693, 2019. https:/10.0.4.84/BPMJ-12-2018-0365
methodology and time-consuming data collection. It i) CHIADAMRONG, N.: The Development of an

necessary to develop suitable approaches and methods tEconomic  Quality Cost Model, Total Quality
reduce the burden of data collection. This would be a big pManagement and Business Excellendal. 14, No. 9,

challenge for research. pp. 999-1014, 2003.
) [5] EVANS, J.R., LINDSAY, W.M.The management and
4 Conclusions control of quality,7" ed., Cencage Learning, South-

In the introduced paper, the present state of the subject Western, 2008.
matter was analyzed on the basis of the literature revid@] PYZDEK, T., KELLER, P..The handbook for quality
with a focus on the core of the costs of quality management: a complete guide to operational
management. Consecutively via the questionnaire survey, excellence?2 ed., McGraw-Hill, New York, 2013.
the level of costs of quality management in th§7] JURAN, J., A DE FEO, JJduran’s quality handbook:
manufacturing companies was researched. The benefit of the complete guide to performance excelleBeed.,
this study was mapping the current situation of cost of Mc Graw Hill, New York, 1998.
quality management in the environment of the CzedB8] STANCIU, I, PASCU, E.: Quality cost&§nowledge
Republic. Based on 159 respondents, the study gives anHorizons - Economigd/ol. 6, No. 4, pp 39-41, 2014.
insight into companies and how quality costs are related[%] IRELAND, L.R.: Quality management for projects and
can be seen that companies increasingly make an effort toprograms Project Management Institute, Upper Darby,
determine quality costs to improve the processes in the 1991.
company. It can be identified the similar type of problemd 0] GUPTA, M., CAMPBELL, V.S.: The cost of quality
with the related costs of quality. These include, in Production and Inventorilanagement Journalol.
particular, the reluctance to cooperate, inappropriate 36., No. 3, pp .43-9, 1995.
methodology and time-consuming evaluation. [L1]CAMPANELLA, J.: Principles of quality costs:

The topic of further research will be a study of quality  principles, implementation and ys@€‘ ed., ASQ
costs in companies. At the same time, this study showed Quality Press, Milwaukee, 1999.
that companies are involved in quality, but many of thefd2] ALEXANDER, P., ANTONY, J., RODGERS, B.:
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Itis also a question of further exploring whether companies manufacturing enterprises: a systematic review,
quantify these costs correctly. Knowing the quality costs is International Journal of Quality & Reliability
the basis for further management decisions for each Management Vol. 36, No. 3, pp. 378-397, 2019.
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to help companies make these decisions. For most qualityd] DIMITRANTZOU, C., PSOMAS, E., BOURANTA,
costs, it is possible to eliminate them by using an effective N., KAFETZOPOULOS, D.: The role of
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should do a systematic and comprehensive financial adoption and cost of quality,Total Quality
analysis of various processes. While all people know the Management & Business Excellenpp. 1-19, 2021.
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Abstract: Potential utilization of owned natural resources is the advantage of each region as an industrial competitiveness
strategy. Moreover, each existing industry can be grouped (clustered) according to the characteristics of the industry
which in turn can support regional economic growth and improve the welfare of its people. This study seeks to map of
potential of smoked fish industrial cluster product in the archipelago by focusing on the Ambon Island area. The results
showed that, there were 78 smoked fish industries that formed 6 (six) groups of smoked fish industry agglomerations in
the Ambon Island region with an average distance between point (industrial) with its closest point is 0.208 km. A total of
78.79% or 78 points (industry) has a distance to their nearest industry which is less than the average distance. The Average
Nearest Neighbour Analysis using ArcGis 10.5, found that the distribution of the fishery processing industry in the Ambon
Island region has a ratio of 0.203416 with a Z-score of -15.008879 and a significance of 0.000. This ratio is within the
parameters that indicate a spatial clustered pattern, which means that the distribution of smoked fish industry on Ambon
Island is identified as having the potential to develop into industrial clusters.

1 Introduction located on the island of Ambon, has played an important
Industrial clusters are believed to have an important afigle in various aspects of people’s lives including the
strategic role in industrial development and increasirggvelopment of industrial centers. Based on fishery data
industrial competitiveness, which supported by th&om Ambon City in 2022, the existing aquaculture
availability of adequate natural resources in an areRfoduction includes seawater and freshwater aquaculture.
Furthermore, the existence of this industrial cluster # 2019, marine aquaculture commodities including
expected to reduce high production costs, such as ré&@uper, trevally fish and snapper, with a total production
material costs, transportation, and transaction cosf, 124.94 tons. Meanwhile, freshwater fish farming
Industrial clusters can be viewed as specific groups 6fmmodities include carp, tilapia, and catfish with a
industry, which is linked by a network of links, the procesgroduction volume of 49.80 tons. Meanwhile, from the
of creating added value through business and non-businasgect of fishery investment in Ambon city in 2019, there
relationships. [1] argues that industrial clusters (includingere 30 companies engaged in marine and fishery business
the fisheries sector) refer to a close and bindingith processing, frozen and fresh product types. Data on
relationship between companies and certain industriggocessed fish products in the city of Ambon was recorded
together in various aspects. These aspects can be vielWkdhe form of smoking and frozen with the production
from the geographical location, sources of innovatioryolume of processed smoked fish of 3,828.32 tons and
suppliers, and production factor. In other words, it can BEozen processing of 4,461.69 tons.
said that industrial clusters are interrelated industrial Regarding the potential of the fisheries sector, the same
groups that encourage the creation of an "industrial aredi€ture is also expressed by [5] which mentioned that the
in an area through the activities of exporting goods arptential of fishery resources in Moluccas reaches
services [2]. 1,640,160 tons per year. Nevertheless, the reality proves
The Moluccas region itself has many islands with afhat, until now, Ambon City and Ambon Island do not yet
ocean area larger than the mainland, which make Molucd2&ve a fishing industry that can be used as a strategic sector
arich area in fisheries and marine potential [3]. A data froffr regional economic growth through the contribution of
[4], shows that Moluccas Province has an area of 46,914 (#gome and employment. In this context, the author thinks
km2 which consist of 92.4 percent of the ocean area aft the existence of Ambon City, which is supported by
7.6 percent of the land area with reach to 1,392 islandge ownership of such large potential fishery resources,
Ambon as the capital of Moluccas province, which ighould have a fishing industry area that can be used as a
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strategic sector, however, this situation is the exact Infact, the existence of industrial clusters in an area has
opposite. a relationship with the potential of available natural
In other words, it should be with a large fisheryesources as a means of sustaining the development of
production potential as mentioned above and supportedibgustrial clusters starting with the support of natural
the presence of fish catching and landing centers scatteredources. This condition is quite reflected in the existence
in several locations on the island of Ambon, such as of the island of Ambon which has abundant natural
Laha, Hitu, Waai and Latuhalat [6], then the island afesources in the fisheries sector [5-6] but until now the
Ambon should have a fishing industry grouping or what isxistence of industrial clusters on the island of Ambon is
known as a cluster. [7] research, in South Korea, revealedt yet available. For this reason, this study tries to offer a
that the development of a fishing industry cluster mugotential map of smoked fish clusters through the
consider several aspects, for governance structure of lofmmation of industrial clusters. Thus, this study
government and delegation of authority to the governmecontributes to the development of industry in the
below them. This includes the management of fishing porégschipelago as well as small and medium-sized industrial
which have a strategic role in the fishing industry clustemterprises and increasing regional competitiveness.
[8]. Meanwhile, the study of [9], found that, in the
development of industrial clusters, the creation of marke® M ethodology
and financial support through government’'s role is This study uses a quantitative method with the
absolute and very important. Things that are different bapproach of Average Nearest Neighbour. The research
have a significant impact on the development of industriddcations on the island of Ambon include Nusaniwe
clusters are shown through research by [10] th&istrict, Sirimau District, Baguala District, Teluk Ambon
managerial problems, public partnerships, and even sodiktrict, Leihitu District and Tulehu Village, Salahutu
barriers are problems that are often faced in the proces<u$trict. This research was conducted for 9 months, starting
developing industrial clusters. Furthermore, [1] mentionefdlom October 2021 to June 2022. There are considerations
that clusters show a very close relationship that bindsr choosing the location of this research are as follows: a).
certain companies and industries together in severabst of the people who live in the area are on the coast and
general aspects such as geographic location, sourcesmatke a living as fishermen, b). There are quite a lot of
innovation, suppliers, production factor and others. smoked fish industrial centers in these areas, c). There is
Meanwhile, the study of [11] mentioned that the clustesupport for abundant fish raw materials.
approach in managing regional development is a new Then, the data collection process was carried out
management technology that allows the increasing tifrough in-depth interviews, observations and
competitiveness of the region or industry, as well as tlgestionnaires. The interview process was carried out by
country. This is supported by the research of [12] whicmeans of direct interviews with the business owners of the
mentioned that the formation and operation of fishingmoked fish industry spread throughout the island of
clusters will allow to achieve a synergistic effect through Ambon, as well as to the related of government agencies
single production, technology base, infrastructure, as weilat support the smoked fish production and marketing
as through the distribution of shared resources which wpkocess; Observations are made to directly see the process
produce the following economic effects for the regionadf producing and marketing smoked fish, both at the
economy, which is increase the competitiveness of fisbcation where the industry is located, as well as to the
products, increase the share of added value in products daldjet markets for product sales; The questionnaire is used
to external and domestic markets, stimulate innovatite determine the supporting institutions that support the
potential, increase staff, and increase economgroduction process and the survival of the smoked fish
employment in the region. small and medium industry. Furthermore, data has been
On the other hand, [13] in their research also mentionedllected was analysed by using Average Nearest
that if the state has the capacity to stimulate the formatidfeighbour analysis which using ArcGIS 10.5. The
of clusters that have the potential for economiéverage Nearest Neighbour analysis aims to determine the
development, which can become points of growth, it idistribution pattern of the smoked fish industry on the
advisable to use an appropriate public administratiasland of Ambon.
economic mechanism because the cluster objectively has
all the advantages that economic integration affords on tBe Result and discussion
basis of cooperative ties. 3.1 Potential of fishery industry on Ambon Island
Based on the trajectory of the studies related to the Fisheries activities on the island of Ambon are
cluster above, it shows the focus on managerial issue®minated by fishing activities at sea. This is caused by the
partnerships, and government support [9-10]; locgleographical condition of the island of Ambon which is
government governance [7-8]; regional economithdeed surrounded by the ocean so that at any time
development and increasing regional and industriishermen can carry out fishing activities taking into
competitiveness [11-13]. account the condition of the season (weather). Ambon
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Island experiences two seasons, namely the west and east

monsoons. This fishery processing industry consists of small-scale
When the west season arrives, fishermen have a greatustries (IKM) or individual industries to large-scale

opportunity to catch fish with fishing grounds up to théndustries and business entities whose products have been

Banda Sea. Meanwhile, during the east season, fishernexported. The detailed data on the fishery processing

will move to Ambon Bay. Data from [14] in 2022 showsindustry can be seen in the following table 2.

that Fishery Households (RTP) in Ambon City are 3,820

RTPs with fishing boats in various sizes as many as 2,478able 2 Grouping of fisheries industry in Ambon Island region

boats. Furthermore, BPS data in the same year also shows by type of business entity

that the ownership of fishing boats at the landing centery ; : Type of
Ambon City is 2,493 units. Meanwhile, fishing gear owned Type of Business Entity  Number Industry
consists of various types, for example beach trawl (1Z. Perseroan Terbatas (PT) 31 Frozen Fish
pieces), ring trawl (89 pieces), gill nets (630 pieces), lif2. Perseroan Komanditer (CV) 8 Frozen Fish
nets (515 pieces), huhate (541 pieces), tug fishing line (388 Usaha Dagang (UD) 2 Frozen Fish
pieces) as well as nets, traps, scoops (1,832 pieces). 4. Koperasi 1 Frozen Fish

The various conditions which described above, shows Perorangan dan Kelompok 99 Smoked Fish
that Ambon Island has a quite large industrial potential in  (IKM)
the fisheries sector to be developed. In fact, field finding3ata Source: Research Data, 2022
show that there are numbers of fishery processing
industries scattered throughout the island of Ambon. TI&2 | dentification of potential smoked fish industrial
fishery processing industry can be categorized as clusterson Ambon Island
traditional or modern. The traditional fishery processing Cluster has a literal meaning as a collection, group, set,
industry is generally still carried out by the communitysr combination of certain objects that have similarities or
using traditional methods or based on knowledge fromased on certain characteristics. Findings in the field
previous generations. Meanwhile, modern fisherdicate similarities in the production process as well as
processing has used production facilities with machineseveral other factors in the smoked fish industry on the
The fishery processing industry on the island of Ambogland of Ambon. In this study, the identification of
consists of the frozen fish industry and smoked fispotential industrial clusters for 99 smoked fish industries
industry as shown in table 1 below. was carried out in the Ambon Island region. Based on the
data on the location of the smoked fish industry on the
island of Ambon mentioned above, the position or location

Table 1 Potential of fishery industry in Ambon island region

Fishery Industry Quantity of the company can be mapped as shown in the picture
Frozen Fish Indust 42 below (Figure 1).
Smoked Fish Indust 9¢

Data source: Research Results, 2022
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Figure 1 Distribution Map of Smoked Fish Industry on Ambon Island
Source: Research Data, 2022
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Industry groupings or agglomerations can be identifiebund that the distribution of the smoked fish industry in
by mapping the distribution of the 99 smoked fislthe Ambon Island region has a ratio of 0.203416 with a Z-
industries in the Ambon Island Region and assessing tbeore of -15.008879 and a significance of 0.000. The ratio
ratio of their closest neighbours. The results of the Average within the parameters that indicate a spatial clustered
Nearest Neighbour analysis using ArcGIS 10.5, it wgzattern.
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Figure 2 Analysis results of average nearest neighbour
smoked fish industry in Ambon Island region
Data Source: Research Data, 2022

The next analysis is carried out by calculating tha. Embryonic: groups of companies in the same industry,
comparison of the number of points (industry) which tend or in related industries, can be considered a potential
to be clustered and random. The average distance betweergroup; limited to local/regional markets; companies
the (industrial) point and its closest point is 0.208 km. A that work as subcontractors for large companies.
total of 78.79% or 78 points (industry) has a distance to Consolidation: activate the innovation mechanism;
their nearest industry less than the average distance. Thesexpanding market; increasingly specialized companies
results indicate that the comparison of the number of and begin to acquire identity as a cluster.
industries that tend to cluster is bigger than the number @f Mature: achieve high endogenous innovation capacity;
industries that tend to be random. international market; focus on increasing product value

This view is supported by the Cluster Life Cycle theory and level of specialization.
according to [15], where industrial clusters at the
embryonic stage are characterized by a comparison of {i8] describe the cluster life cycle as follows:
number of industries that clustered together more than  Agglomeration: an area with several clustered
similar industries which are randomly distributed. Then, companies.
the embryo cluster can develop to strengthen the clustdy:sEmerging Cluster: As a cluster embryo, several actors in
focal point, which is indicated by the growth in the number the agglomeration are connected, cooperate with each
of business units exceeding the growth of business units in other, and realize common opportunities.
the same non-clustered sector. The emergence of @nDeveloping Cluster: New and related companies are
industrial cluster cannot be separated from the symptoms emerging near the location of the agglomeration.
of industrial agglomeration that can be formed due to the Institutions began to emerge.
concentration of production factors. [16] even realized thdt Mature Cluster: Cluster member has reached critical
clusters can undergo an evolutionary process from the mass. Clusters are also starting to build relationships
beginning of their emergence to its decline. with clusters in other areas. The dynamics of creating

Based on his study of industry in Italy, [17] identified new companies with start-ups, joint ventures, and spin-
that industrial clusters have evolved over time. There are offs.
three stages in the industrial cluster cycle, which are:  e. Transformation: Over time, markets and technologies

change, as do clusters. In order for the cluster to avoid
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stagnation and decline, the cluster must be able to in the form of transformation into new, more
innovate and adapt through change. Adaptation can be specialized clusters.
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Figure 3 Cluster Life Cycle [18]

[18] explain that clusters are formed from spatial Table 3 Assessment criteria
agglomerations of similar and related economic activities Aspect | ndicator Source
which form a basis of local environments that can facilitate
knowledge gathering and stimulate various forms ofSize of The more concentrated the [17]
learning and adaptation. This cluster is generally formedigglomeration number of business units, [19]
by SMIs and the core of their success is centered on the the more potential

strength of social capital and geographical proximity. [15]
divide the cycle stages into four, namely cluster embryoActors involved  Completeness of related [16]

growth stage, survival (adult cluster), and decline stage. actors (horizontally and [17]
According to [15], it is quite difficult to identify at the vertically) with industry [18]
embryonic stage, because the shape of the cluster does not agglomeration [15]
resemble an ideal cluster. * The more concentrated

Cluster embryos usually only contain a few business the actors, the more
units with a fairly small number of employees, but enough potential
to show the orientation of a particular product. Industrial
agglomeration can be the beginning of the formation ofForm of e Mechanism of [17]
clusters. According to [15,17,18] not all industrial relationship relationship between [18]
agglomerations can develop into clusters. There ardetween actorr actors [15]
different prospects or potentials in the industrial  Condition of vertical
agglomerations that are formed to evolve into clusters. The relationship (industry with
potential for agglomerations to develop into clusters can be its suppliers and
assessed based on the following criteria. distributors)

* Conditions of horizontal

The potential for agglomeration to be developd into a relations (industry with
cluster if it is associated with the Cluster Life Cycle theory, institutions)
can shows at which stage the agglomeration of the industry
is. The following map illustrates the strengthening of theMarketing The wider the marketing [17]
focal point of smoked fish industry cluster embryos in theReach reach of the product, the [18]
Ambon Island region. more potential it he [15]

Source: Research Data, 2022
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Figure 4 Center for grouping/agglomeration of smoked fish industry in the Ambon Island region
Source: The results of data processing using ArcGis 10.5

The above map shows that there is a strengtheningadf smoked fish

industry agglomerations in their

the focal point or the formation of a grouping center for thédevelopment into clusters, the following is a description of
smoked fish industry in the Ambon Island Region. Thereach smoked fish industry agglomeration in the Ambon
are 6 (six) centers for grouping or agglomeration dbland Region, based on the theoretical principles of
smoked fish industries in the Ambon Island Region, whicimdustrial clusters.

is 21 industries in Nusaniwe District, 13 industries iri.
Sirimau District, 8 industries in Baguala District, 15
industries in Teluk Ambon District, 16 industries in Leihitu
District. and 5 industries in Tulehu Village, Salahutu
District.

In its production process, the agglomerated smoked fish
industry establishes good relationships, vertically (witB.
suppliers and distributors) and horizontally with other
institutions which aim in improving business and
consulting mechanisms. The following institutions that are
horizontally related to the smoked fish industry in the
Ambon Island Region are the Regional Government
through the Marine and Fisheries Service and the Industry
and Trade Office, as well as the Cooperatives and MSMEs
(Provincial and City/Regency) Service in the form of
production facilities assistance, such as fumigation
equipment, fresh fish storage equipment, raw materials for

packaging, labour assistance, capital assistance, and others,

Banking in this case Bank Rakyat Indonesia, Universities
and other Institutions.

Regarding the relationship with the determination of
potential suppliers, the determination of industrial clusters
can not only rely on the intuitive nature of determining
potential suppliers but it also requires scientific steps
involving the mathematical principles of decision making
which involving multi criteria [20]. To assess the potential

Agglomeration size: the number of business units, each
in cluster | as many as 21 industries, in cluster Il as
many as 16 industries, in cluster Il as many as 15
industries, in cluster IV as many as 13 industries, in
cluster V as many as 8 industries and in cluster VI as
many as 5 industries.
Parties involved:
a. The Parties in the vertical relationship in the six
clusters formed are the same, including:
» Fishermen
» Fish processing industry
» Fish processing unit
 Fish collector
 Fish retailer collector
» Raw material suppliers
Supporting material suppliers
Production tools and machines suppliers
Exporter
Local distributors
b. Parties in a horizontal relationship include:
Fishing industry
» Department of Industry and Trade of Moluccas
Province
» Department of Maritime Affairs and Fisheries of
Moluccas Province
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» Department of Industry and Trade of Amborthrough the provision of fish smoking equipment. Each

City local government also provides technical assistance and
« Ambon City Maritime Affairs and Fisheries training for the fishery processing industry in their
Service respective administrative areas.
« Department of Industry and Trade of Central In addition, each IKM also exchanges information
Moluccas Regency informally regarding the production process and solves
« Department of Marine Affairs and Fisheries oforoblems together. This shows the close relationship
Central Moluccas Regency between industry players in this agglomeration. According
Bank Rakyat Indonesia to [18], this condition shows that this industrial

agglomeration is entering a developing phase which is
«  Other Institutions markgd by the active panicipation of related ins_titutions. If
3. Collaboration between parties: referring to the cluster I|fe.cycle thgpry z_acc_ordmg to [15],
a. Vertical relationship: production chain, inCIudingthe emergence of coIIecnvg activities indicates that the
supplier-industry-distributor/consumer cluster has c_antered a growing phase. On the ofnher hand,
relationship, which is related to distribution an here are still smoked fish industry agglomera_tlons that
marketing mechanisms. ave not been able to attract responses from various cluster

b.  Horizontal relationship: relationship betweenSUPporting. institutions, _for exa”.‘p'e in !ndustrial
businesspeople and institutions which includes: agglomerations V and VI. Meanwhile, the existence of

. The Department of Industry and Trade, as Welpstltutlons according to [16] is one of the important

as the Department of Marine Affairs andcOMPONeNts to stimulate innovation.
Fisheries at the Provincial and City and Regenc . C .
levels in terms of policies and regulation ,%’{'3 _ Potential of smoked fish indusiry cluster in
information on capital assistance, infrastructur&” Cipelago region

assistance, appropriate technology, product The industrial cluster is an approach which is
marketing, business assistance. considered appropriate for economic development in an

. Bank Rakyat Indonesia: partner in capital an@"€2 and in accordance with the current dynamics of the
infrastructure assistancé development of the business world. By strengthening
- Universities: project orieﬁted industrial clusters, an area (region or country) has more

« Other Institutions: Joint Venture Cooperativei)pportunities to develop its best potential and compete in
(KUB) and Cooperatives. he global industry. Clusters as an approach have proven to

c. Results of collaborations between parties: _be increasing_ly accepted in de_velopment a_pproaches that
. Vertically: involve grouping patterns, both mdu_stry anq mfrastructur_e,
) Mechénism' joint distribution and marketingso t_hat the nature of clusters will be mcreasmgly used. With
) ' regional autonomy, urban development will occupy a
* Horizontally: . entral place in regional development, the implication is
- Government: There are regulations anght the construction of business premises is an important
policies related to the business world component of urban economic life in the region. Therefore,
- There is a donation of production equipmente cluster approach will be part of the model development
for IKM . in each region. In line with this, optimal agglomeration
- There is a capital loan for SMEs must produce synergies for efficiency and sustainable
d. Marketing reach: on average 97% of products afg,qress for competitiveness, successful cluster brings

sold to meet local market demands and thgfficiency and sustain progress for better competitive
remaining 3% are sold as souvenirs to a”Oth%'Erength [21].

region.

« Universities

In line with the definition of an industrial cluster put

. forward by [22] as a group of companies that are
Based on the completeness of parties involved, allia.connected = because  of togetherness  and

industrial agglomerations have potential as indicated by t Bmplementarity and are geographically close to related

involvement of parties both vertically and horizontally;ngsitutions in a specific field, the existing smoked fish

Another potential is also shown by the emergence @y and Medium Industries (IKM) on the island of
attention from local governments to all industrialy

X mbon is considered to have a collaborative cooperative
agglomerations that are formed, even though they are Rafationship and create synergies which is to increase
evenly distributed in form and number. Industrialompetitiveness. This can also be seen from the active
agglomeration has also been able to attract highgricipation of all stakeholders, namely the core industry,

education institutions and the City-Regency Governmenib|ated industries, and supporting industries in the cluster.
through related agencies. The response from this institutigR it can be said that the synergy of all partner activities

influences the emergence of innovation in the producti ompanies, universities, governments and research
process and business management. Universities help S fters) in the cluster can determine the social and
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economic development of a region to be more stable a@d Organizational Concept
competitive, both at the regional, national and international This concept considers the behaviour of each company
levels [23]. based on the company's internal and environmental

By analysing the participation of stakeholders involved factors [34-35]. According to Scott, what underlies the
in the smoked fish industry and based on the Porter's emergence and growth of a cluster is the transaction
Diamond Model, a map or a design of a cluster model of cost approach. While Harrison's concept is based more
the smoked fish industry on the island of Ambon can be on social economic theory (Social Economic Theory).
made and can be used as a reference for other areas thad argtrategy Concept (Strategy Concept)
geographically similar to the island of Ambon as an The selection of a company's location is inseparable
archipelago. The creation of the "new industrial area" is from the company's strategy. The internal condition of
inseparable from the existence of globalization which has a companyl, territorial, and environmental conditions
enormous impacts and challenges for developing countries are considered at various levels. This concept is
in the world [21-22]. The emergence of new challenges in supported by [24] and [36]. Porter mentioned that
the form of new industrial areas is more aimed at increasing companies can increase their competitiveness through
competitiveness and as well as maintaining and developing the formation of clusters with the assumption that
economic activities sourced from local resources owned by competitiveness depends on the ability to innovate and
each region [26-28]. This makes the form of cluster upgrade. Storper stated that companies can compete if
management and development in each region different and they carry out a dynamic production system, which is
tends to develop at the regional level based on existing always adjusting production techniques without
economic realities [29-31]. increasing production costs.

In general, Michael Porter defines an industrial cluster
as a geographic concentration with related entities in4a  Conclusion

specific field that is the goal of clustering. With this  The results of this study conclude that there are 78
definition, an industrial cluster can include suppliers of ra@moked fish industries that make up 6 (six) groups of
materials and other inputs from upstream to downstreamdhoked fish industry agglomerations in the Ambon island
the form of marketing to potential markets. Clusters als@gion with the average distance between the point
include government agencies, business associatiofipdustry) and the closest point is 0.208 km. A total of
service/research providers, and other institutions thaB.79% or 78 points (industry) has a distance to their
support the "added value” of the specific field which igearest industry less than the average distance. These
being clustered [22]. results indicate that the comparison of the number of
[16] argue that the industry in a region/country excelgdustries that tend to cluster is bigger than the number of
not from its own success but is the success of the grogjustries that tend to be random. The results of the
with the interrelationships between companies anslverage Nearest Neighbour analysis using ArcGis 10.5,
supporting institutions. A group of companies angound that the distribution of the fishery processing
institutions in an industry in an area is called an industrigddustry in the Ambon Island region has a ratio of 0.203416
cluster. In the industrial cluster, the companies involved agth a z-score of -15.008879 and a significance of 0.000.
not only large and medium-sized companies, but also sm@fie ratio is within the parameters that indicate a spatial
companies. The existence of industrial clusters wiljystered pattern. This means that the distribution of
stimulate the occurrence of new businesses, new jobs, ngyoked fish industry on Ambon Island has been identified
entrepreneurs who are able to rotate new loans. Basedg@Mhaving the potential to develop into industrial clusters.
the description above, it can be believed that the clustekis potential is demonstrated through phases in the life
approach is an effective approach for industriagtycle of industrial clusters which are assessed based on
development. aspects of agglomeration size, completeness of parties
Clusters represent all added value from suppliers fgyolved, forms of collaboration between parties, and
final  products including supporting services angnarketing reach. The size of the agglomeration includes
infrastructure. The cluster concepts are based on three M@ number of Smoked Fish Small and Medium Industries

concepts, namely: _ (IKM) on the island of Ambon, each in cluster | as many
1. The Concept of Economic Geography (Economigs 21 industries, in cluster Il as many as 16 industries, in
Geography Concept) cluster Il as many as 15 industries, in cluster IV as many

This concept is based on the territorial characteristiegs 13 industries, in cluster V as many as 8 industries and in
and environmental functions of companies that focususter VI as many as 5 industries. The completeness of the
on identifying the characteristics or location factors thaictors involved is indicated by the large number of
influence the selection of industrial locations. As andustries and companies involved both vertically and
result, when viewed from a macro perspective, thgorizontally. The smoked fish Small and Medium
behaviour of each company is not explicitly modellegndustries (IKM) on the island of Ambon is considered to
but can be seen from the behaviour of the company lagve a collaborative cooperative relationship and create
a whole [32-33]. synergies which is to increase competitiveness. The
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marketing reach shows that 97% of smoked fish products 2019.

are sold to meet local market demands and the remainjdg] SMOLENTSEV, V.M., DEMIN, S.S.,
3% are sold as souvenirs to another region. By analysing MEZENTSEVA, L.V., LITVINENKO, I.L.,
the participation of stakeholders involved in the smoked TUPCHIENKO, V.A. Industrial clusters

fish industry and based on the Porter's Diamond Model, a development in the regional economic system,
map or a design of a cluster model of the smoked fish Revista Espaciod/ol. 39, No. 31, pp. 1-7, 2018.
industry on the island of Ambon can be made and can @] TERENTYEVA, T.V., MARINA, V.V., TITOVA,
used as a reference for other areas that are geographically N.Y.: Mecanismo organizativo y econdémico para el

similar to the island of Ambon as an archipelago. desarrollo sostenible de la industria pesquera del
territorio de Primorsky: enfoque de grug®evista
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Abstract: The application of smart technologies and applications is becoming increasingly common in the logistics
processes of companies and supply chains. However, standard logistics indicators are still used to evaluate their
performance, which contradicts the sustainable development strategy of many industrial enterprises and their supply
chains. Thus, the article aims to design a methodology for selecting sustainability key performance indicators (SKPIs)
suitable for assessing smart logistics and its technologies and applications. The research relies on cluster analysis of the
SKPIs recommended in the relevant literature, frequency analysis of indicators used in practice and their comparison. The
cluster analysis showed that the primary attention in the references is given to sustainability’s economic and
environmental dimensions. Most frequently, the authors highlighted the importance of the following indicators:
production-related costs and investments, planning performance and quality, customer satisfaction, energy efficiency,
waste intensity and treatment, emissions, and resource efficiency. On the contrary, the frequency analysis corroborated
that leading industrial enterprises paid more-or-less balanced attention to all areas of sustainability, but at the company
level. The article’s primary result constitutes a methodology comprising six steps, respecting the results of the analyses
carried out: (1) Sustainability objectives definition; (2) Establishing SKPIs cluster pool; (3) Definition of criteria for
selecting SKPIs clusters; (4) Selection of SKPIs clusters; (5) Definition of SKPIs and their parameters; and (6)
Development of SKPIs hierarchical structure.

1 Introduction processes’ productivity, economics, quality, and lead
One of the key trends in contemporary logistics is tHémes. However, that does not correspond to the current
introduction of new technologies to improve the logistickequirements for the sustainability of the business and,
process efficiency. These technologies have come to teis, logistics. Yet, sustainability is nowadays considered
known as smart technologies or technologies of the four@ie of the primary strategies for increasing the value of
industrial revolution (Industry 4.0). Thus, a new conceptusinesses, as well as entire supply chains [1].
known as smart logistics or Logistics 4.0 has emerged. Sustainability is a long-term approach to business [2].
However, in practice, the implementation and operation dfie sustainability strategy relies on balancing the three
smart logistics technologies and applications are evaluatedars of sustainability (triple bottom line approach):
only in terms of standard logistics performance indicatorgconomic, environmental, and social [3,4]. If smart
The given indicators focus on evaluating logisticéodistics technologies and applications are to deliver
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sustainable value, their performance must be measuredThe innovative elements of the proposed methodology
a system of sustainable key performance indicatonsclude in particular:
(SKPIs). Although the scientific and professional literature Comprehensive approach. The methodology can be
describes an extensive set of various SKPIs, their selection applied independently at different management levels:
for evaluating smart logistics, their technologies and supply chain, enterprise, logistics process and smart
applications still constitute a significant research gap. The logistics technology and application.
literature review (see Chapter 2.2) proved that there are Combination of standardised and tailor-made
very few studies on SKPs for smart logistics. Similarly, approaches. On the one hand, the methodology outlines
there are only some studies on the methodology used to a standardised set of SKPIs for assessing s company or
select the most suitable SKPIs, none addressing smartsupply chain. On the other hand, it allows comparing
logistics. the implementation of smart technologies and
Therefore, the article aims to propose a methodology applications within various logistics processes of a
for selecting SKPIs suitable for assessing the sustainability company or supply chain while respecting its specific
performance of smart logistics and its technologies and needs.
applications. To achieve the stated objective, the following Feedback-based SKPIs selection process. The
two research questions were defined: methodology has been developed as an iterative
1. Which SKPIs can be applied to assess the sustainability process enabling backtracking to previously adopted
performance of smart logistics and its technologies and gnd re-evaluated procedures.
applications? ) » Multi-source based SKPIs selection process. The
2. How can the appropriate SKPIs be selected to assessmethodology offers a combination of clearly defined
the sustainability performance of smart logistics and its  sources for establishing the SKPIs cluster pool.
technologies and applications?
. The study results are intended for managers requiring
The following approaches were used to address thgeasuring, evaluating and improving the sustainability
research questions and achieve the research objective: performance of smart logistics and its technologies and
1. (_Zluster analy5|s of SKPIs obtained from e_XF?'a”atorprIications at different levels of management: supply
literature review on SKIPs for smart logistics (se@hain, company, logistics department or processes.
Chapter 3.1). The aim was to identify the SKIPS The remaining parts are organised as follows. Chapter
recommended by the scientific community for reviews the literature on smart logistics and sustainability
evaluating smart logistics and its technologies angey performance indicators; Chapter 3 presents cluster
perform their classification and frequency analysis. analysis of SKPIs obtained from the relevant literature
2. Frequency analysis concerning the employment ofyiew, frequency analysis concerning the application of
SKPIs recommended by the United Nationgkp|s recommended by UNCTAD in practice and their
Conference on Trade and Development (UNCTAD) iBomparative analysis; Chapter 4 describes and discusses
practice (see Chapter 3.2). UNCTAD has proposedifie primary article result, i. e., the proposed methodology
set of SKPIs suitable for managing sustainability at ther selecting SKPIs for smart logistics sustainability

company level. This analysis aimed to identify the,ssessment; and, finally, Chapter 5 summarises the results.
groups of SKPIs that are most frequently used in

business practice, as the implementation of smagt Literaturereview

logistics technologies and applications  shoul Considering the article’s objective to be fulfilled, the

contribute to their improvement. : relevant literature on smart logistics and sustainability key
3. A comparison of the performed analysis results (sepee rformance indicators was reviewed

Chapter 3.3) aiming to determine similarities,
differences, and interrelationships between thﬁl Smart logistics

identified SKPIs clusters. In th lox logisti d v chai N
4. Synthesis of acquired knowledge and proposal of the N the compiex l0gIStics and supply chain managemen
vironment, the widespread application of information

methodology for selecting SKPIs suitable for assessi chnologies (IT) has been inevitable in recent decades.

the sustainability of smart logistics (see Chapter 4) @e boundary between the digital world and the physical

develop a procedure for evaluating the sustainab .
performance of smart logistics technologies anworld, often referred to as Operational Technology (OT),

applcations at_diferent managerial levels of 4 2PNS, TECEETY e aleaton nthe
company or supply chain. P 9

industry (i. e., “Industry 4.0") on the one side, and the

creasing costs of computing power on the other [5]. Non-

The article presents a new, previously undevelop%?d.t. I h h logisti ¢ load
methodology for assessing the sustainability performan gaitional approaches, such as logistics assets or loa
carriers, are becoming network-capable, shaping the

of smart logistics and its technologies and appllcatlonconcept of the Internet of Things (I0T) and the principle of
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interconnection. Augmenting these “things” with sensorallow measuring the general corporate sustainability
and actuators allows sensing and manipulating the physipa&rformance according to the triple bottom line approach
world and creating Cyber-Physical Systems that follow thie manufacturing companies. On the contrary, Hristov and
principles of autonomation and decentralised control [6].Chirico [23] recommended the 14 most appropriate SKPIs
Fulfilling these fundamental principles of Industry 4.0for the company level based on a literature review and a
[7] in Smart logistics applications ensures an impact on tiservey conducted among Italian managers. Similarly,
visibility, reliability, and agility of logistics processes, Swarnakar et al. [24] proposed a list of 18 SKPIs to assess
ultimately affecting the logistics objectives [8]. Numerouss manufacturing company’s sustainability performance.
potential positive effects are attributed to the application &ouchery et al. [25] designed a standard set of SKPIs for
these technologies and technological concepts in logistieBstribution processes based on 17 transportation and
for example, enhanced process stability [9], reducesdarehousing SKPIs. Torabizadeh et al. [26] put forward a
production delays [10], transportation costs [11], stockst of 33 SKPIs for a sustainable warehouse management
levels [12], and even reduction of environmental impactsystem. Kursini et al. [27] identified a list of 30 SKPIs for
such as Greenhouse Gas emissions [11]. In sum, thesustainable warehouse in the leather manufacturing
perceived potentials of digitalisation in logistics can bedustry.
expected to affect financial, environmental, and social The literature review has demonstrated that very few
indicators, which still need to be scientifically evaluatedtudies focused on SKPs for smart logistics [28-32]. Their

[13]. detailed analysis is included in Chapter 3.1. Similarly, only
some studies address the selection methodology of the
2.2 Sustainability key performance indicators most suitable SKPIs, none focusing on smart logistics.

There are many systems and models for assessifigndus and Fernando [33] developed a reference model for
logistics and supply chain performance. A review of thi#nplementing SKPIs at the supply chain level. Keeble et
available topic-related literature is provided, for example&l. [34] proposed models for determining SKPIs at the
by Oubrahim et al. [14]. Hierarchical- and dimensioncompany and project levels. Kibira et al. [35] designed a
based performance appraisal systems are suitable fgecedure for manufacturers to select KPIs for measuring,
assessing sustainable performance at different levels maénitoring, and improving the environmental aspects of
managerial decision-making. To link a company or supplyanufacturing processes.
chain strategy with actual performance, it is necessary to
develop objectives and define an applicable set of k& Data analysis
performance indicators (KPIs) describing the company &1  Cluster analysis of SKPIs obtained from the
supply chain performance [15]. KPIs represent a set of rlevant literature review
metrics focused on the types of company or supply chain A review of the relevant literature on SKIPs for smart
performance that are most relevant to the effectiveness)@fistics was conducted to generate a list of possible SKPIs
the current and future company or supply chain desigecommended by the scientific community. The review
[16]. KPIs provide quantitative or qualitative feedback thaholved using a combination of the keywords listed in the
shquld translate into the results of a company or SUpR'J)bper part of Table 1 to formulate a search query for the
chain strategy [17]. SKPIs measure progress towardgopys database. The search string was further extended
achieving a sustainable company or supply chain strategyensure high-quality results so that only journal articles
in terms of environmental, social and economic impactga) conference proceedings (“cp”) and book chapters
Gebhardt et al. [18] demonstrated that implementingpc») a5 well as in thematically relevant fields of
SKPIs in the company or supply chain in-housgesearch, were included. The search results were further
management system improves sustainability performanggyjewed, and articles focusing on sustainability and
According to Olabi et al. [19], indicators reflecting theyjgitalisation were selected; on the other hand, papers
sustainable development goals defined by the United|e|y focusing on applying the Global Reporting Initiative
Nations should be chosen to evaluate technologicalsndards were excluded.

Improvements. _ o _ SCOPUS constituted the only database source due to its
SKPIs should be defined at all decision-making levelggn relevance for scientific publications in industrial
such as supply chain, company, department or procg§gyineering and management sciences [36]. Moreover,
[20]. A considerable number of studies recommengiher research results have suggested that the information
suitable SKPIs for these decision-making levels that aggfers only minimally when extending the search to other

related to logistics processes. For example, Neri et al. [ZJ}tapases, such as the Web of Science [37].

proposed a balanced set of 33 SKPIs (Triple bottom liné) considering the high number of SKPIs identified

to measure the sustainability performance of industrig|ring the initial manual database screening, the syntactic
supply chains based on the balanced scorecard approagy semantic aggregation to clusters was necessary. The

Contini and Peruzzini [22] provided a comprehensivgyqregation was accomplished in several steps, including
overview of company SKPIs based on a systematic

literature review. They identified a set of 117 SKPIs that
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automated clustering, followed by several manual loops
and discussion rounds on the clusters.

Table 1 SCOPUS-based search string formulation

Search strin Keyword | ANP | Keyword Il ANP | Keyword I1l ANP | Keyword II|
Keyword sustainabilit indicatol Industr* 4.( logistic*
TITLE-ABS sustainabl reporting digitali*ation manufacturin
KEY Synonyms index digiti*ation productior
smart logistic
LIMIT SUBJAREA
LIMIT-TO | Options DOCTYPE, “ar | SUBJAREA , "ECON

DOCTYPE, “cp’ | SUBJAREA , “BUSI’
DOCTYPE, “ch’ | SUBJAREA , “ENGI’

Subsequently, the identified papers were analysed, aimdhe database. By doing so, the relevance of the SKPI was
all SKPIs were extracted and gathered in a standard Extaen into account. A summary of the literature analysed is
spreadsheet to be used as a database. If the article contapredented in Table 2.
multiple mentions, appropriate references were also made

Table 2 List of identified references

Reference M ethodology Focus
Kayikci, 2018 I_Delphl method (4 FMCG, 2 Transport)zMCG and Transport
literature review and expert opinic
Fel_sberger an dKPI selection: focus group interviews How to measure the 14.0 impact
Reiner, 202
Takhar and Research and literature review, literatBeistainability and circular economy data
Liyanage, 202 review on reporting requireme reporting using 14.0 technolog
Gunduz et al, | Literature review and QFD-methods (Qualifyssessing the maturity level for supply chain
2021 Function Deployment) smartness and sustainability
Nantee andExpert interviews, literature review ohogistics 4.0 impact on corpordte
Sureeyatanapas, inabilitv indi inabili ¢
2021 sustainability indicators sustainability performance

For the automatic syntactic clustering in the first step,
the SKPI list was migrated from Excel to the PostgreSQL This way, SKPIs with the same or similar wording, i.
database. KPIs similarity analysis was performed using teg  syntactically similar SKPIs, were clustered.
word_similarity(text, text)function, which returns “a Subsequently, manual clustering was performed for
number that indicates the greatest similarity between teemantic analysis, and new clusters were introduced to link
set of trigrams in the first string and any continuous extemtdividual SKPIs in a thematic context. After adapting the
of an ordered set of trigrams in the second string” [38]. Thdatabase to use only quantitatively measurable SKPIs, the
result is am X n matrix filled with similarity values;;  research team evaluated the clusters in several discussion
betweerSKPI; andSKPI; (0 < i,j < n) for all SKPIs. The rounds so that they could have been to one of the
highers; ; is, the higher the syntactic similarity of the twocommonly applied sustainability pillars — economic,
words on indices andj, defined by the trigram matching €nvironmental, and social. Table 3 displays the final
method. Consecutively, the matrix was uploaded infgusters. their distribution to the three pillars, and the
Python via a .csv file and used to cluster the SKPIs wiffeduency analysis. The clusters are ranked in descending
the AgglomerativeClustering class provided by the scikit?rder of frequency of their occurrence in sustainability
learn project [39]. The code applied for the clustering cdpl''ars
be found online [40].
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Table 3 Cluster analysis outputs

Sustainability Occurrencein literature sources
Area | SKPI cluster [28] [29] [30] [31] [32] pcs | %
Productiorrelated costs and investme 1 1 1 1 1 5 10C
Performance and quality of plann 1 1 1 1 1 5 10C
o | Customer satisfactic 1 1 0 1 1 4 80
g Profit and economic succt 0 1 0 1 1 3 60
S | Product qualit 0 1 0 0 1 2 40
§ | Sustainable costs and investm 0 0 1 0 0 1 20
Business ethi 0 0 0 1 0 1 20
Marketing 0 1 0 0 0 1 20
System reliabilit 0 1 0 0 0 1 20
= Energy efficienc 1 1 1 1 1 5 10C
£ Wasteintensity and treatme 1 1 1 1 1 5 10C
g |Emission 1 1 0 1 1 4 | 80
S | Resource efficienc 1 1 0 1 1 4 80
S |Watel 0 0 1 0 0 1 20
o | Green produs 0 0 1 0 0 1 [ 20
Land us 1 0 0 0 0 1 20
— | Occupational health and sat 1 1 0 1 0 3 60
-g Diversity and equal opportuniti 0 1 1 0 0 2 40
& | Local communitie 0 0 1 0 0 1 20
Employmen 0 1 0 0 0 1 20
3.2 Freguency analysis of the use of the The content analysis of sustainability reports of leading

UNCTAD-recommended SKPIsin practice European industrial companies was performed to assess the

This approach of identifying SKPIs suitable forPreferences of SKPI clusters in corporate practice. A list of
assessing the sustainability of smart logistics and it8e 20 largest European companies by 2020 revenues was
technologies and app"cations was based on the Gu|damd to select the |ndU-Str|a| entities. The list was dr-aWn
on Core Indicators for Entity Reporting on Contributiorffom Fortune 500 ranking database [42]. The following
towards Implementation of the Sustainability Developme¥iteria were applied to refine the list of companies:
Goals [41]. The Guidance was developed by United Industrial focus,
Nations Conference on Trade and Developmert EXxisting sustainability report,
(UNCTAD) and designed to assist business entities th EXxisting comprehensive SKPIs system.
providing baseline information on SKPIs consistently and
Comparab]y to meet the common needs of different The final research Sample included 11 industrial
stakeholders of the SDG agenda. companies (see Table 4). SKPIs differ in terminology and

The Guidance classifies SKPIs into four main areas: measures across industrial enterprises. Thus, the
1. Economic — four SKPIs clusters and eight specifigubstantive content of the reported SKPIs was essential for

SKPIs, their assignment to the UNCTAD classification. The
2. Environmental — five clusters and eleven SKPIs,  frequency analysis result is presented in Table 5, showing
3. Social — four clusters and seven SKPIs, the clusters in descending order according to their
4. Institutional — two clusters and seven SKPIs. occurrence frequency in the sustainability pillars. The

environmental pillar, a core component of all the

This classification has been transformed into thregustainability reports reviewed, displays the most
standard sustainability pillars. The transformation relies dgipnsistent results. The frequency analysis of economic

merging the economic and institutional clusters into tHéPIs is influenced by companies referring to standard
economic pillar. financial statements (not included in sustainability reports)

while reporting.
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Table 4 Research sample

No. | Company (Country) Re\r/neirl]ﬁ:rlg S%%O)(m Industry Source
1. Royal Dutch Shell (Netherlanc 352.1: Oil and ga [43]
2. Volkswagen (German 282.7¢ Automotive [44]
3. Glencore (Switzerlan 215.1: Natural resourct [45]
4. Daimler AG (Germany 193.3¢ Automotive [46]
5. Total (France 176.2¢ Oil and ga [47]
6. Gazprom (Russi 118.0: Oil and ga [48]
7. BMW Group (Germany 116.6¢ Automotive [49]
8. Lukoil (Russia 114.6: Oil and ga [50]
9. Siemens (German 97.9¢ Technolog [51]
10. | Nestle (Switzerlant 92.1] Food and bevera [52]
11. | Enel Groupe (ltaly 89.9] Energy [53]
Table 5 Frequency analysis of the UNCTAD-recommended SKPIs clusters
Sustainability Occurrencein sustainability reports >
S| 5 >3 2| o
8 T Q| E| S| & S| 2|13 |¢
— c [ = X c 0,
£ |KPI cluster 213 5|5 5 g = |2 5|8 a pcs| %
Revenue and/or (net) value ad 1101212121211 11090k«
E New investment/expenditul 111|112 ]021]1]21]1]0] 1] 9 |81¢
g | Corporate governandisclosur: 10121121121 ]1]0] 1] 9 |81¢
g | Payments to the governm 110110212 |1]21]0)]0] 1] 7 |63¢€
W | Local supplier/purchasing programr 1]1]0]1/0]0[212]0]0]0]0] 1] 436/
Anti-corruption practice 0O/0|1]0]0]1]0]0|]0]|]0] 0] 2|18z
o | Sustainable use of wa 1]1(1)]1 /1)1 )11 ]1]1]1] 11]1C
é | Waste manageme 11,1111 )11 ]1]1]1]11]10cC
2 { Greenhouse gas emissi 1)1 111211211 ]1)]1 ] 11]10cC
ué_j Ozonedepleting substanct 1)1 111211211 ]1)]1 ] 11]10cC
Energy consumptic 10,0002 ]0]0]1]1] 1] 65 |45¢F
_ | Gender equalil 1120212121211 ] 11090k«
-g Human capit: 11101112121 ]1] 1) 10]|90¢
& | Employee health and saf 11211211212 ]1]212/]0]0] 1] 9 |81¢
Coverage by collective agreeme 0/ 0]1]0]12]1]12]1]0]0] 0|5 |45k

3.3 Comparative analysis of theresultsobtained  results reveal a lack of focus in the generic SKPIs sets,

Having identified two sets of SKPIs clusters, the nexmainly the focus on the impact of digitalisation on
step involved examining the relationships (differences arsgistainability [54,55]. The key differences can be
similarities) in the obtained sets — the set of SKPIs clustesgmmarised in two topics, addressed in more detail in the
identified in the literature, hereinafter referred to akiterature set— production-related issues and the impact of
Literature set, and the set of SKPIs defined by UNCTAMigitisation. Thus, the newly defined set proposes SKPIs
(UNCTAD, 2019), referred to as UNCTAD set. relevant to operational processes in industrial companies,

The clusters identified in the Literature set wersuch as the introduction of “system reliability”, “process
matched with those defined in the UNCTAD set as part sfability”, “throughput”, as well as “resource efficiency”,
the comparison of the two sets. The matching was intend@dpwing a more accurate assessment of production
to identify the clusters missing in the newly define@rocesses and indicating possible effects of specific
Literature set compared to the generally acceptéghprovement measures. Furthermore, the literature review
UNCTAD set and vice versa. The final matching idas identified SKPIs with a high probability of being
presented in Figure 1. influenced by digitisation initiatives, such as “performance

The two sets reveal only a few differences, suggestingnd quality of planning” and “customer satisfaction”; they
on the one hand, a shared comprehension of the SKPIgimstitute crucial factors for adopting smart logistics
the literature and practice. However, on the other hand, tbencepts.
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Literature set UNCTAD set

Production-related costs and investments

Performance and quality of planning

Custormer satisfaction Reven‘wue and/or (net) val.ue added
") - - New investment/expenditures o
E Profit and econormic success Corporate governance disclosure £
2 | Product quality 2
E Sustainable costs and investments Payments t.o the goverlnment §

Business ethics Loc?l supplle'r/purcha_smg programmes

Marketing Anti-corruption practices

System reliability

Energy efficiency
T | Waste intensity and treatment Sustainable use of water g
S [ Emissions Waste management. : E
g Resource efficiency cG)reenhouse g.as emissions é
£ [Water zone-depleting substances s
S | Green product Energy consumption -

Land use

Occupational health and safety Gender equality
_75 Diversity and equal opportunities Human capital g
& | Local communities Employee health and safety 3

Employment Coverage by collective agreements

Figure 1 Matching the clusters from the literature to clusters from UNCTAD
4 Rewlt and discussion advantages. We propose developing a standardised set of

This chapter describes and discusses the main resul&fPIs specific to the company or supply chain being
the article, namely the new SKPIs selection methodolo%}/aluated- Although such an approach does not allow
for assessing the sustainability of smart logistics. enchmarking with other companies or supply chains, it

The professional community has not reached @hables comparisons be_twe_en the _|m_pleme_ntat|on of smart
consensus on whether to propose a global standardisedt@gfnologies and applications within various logistics
of SKPIs allowing comparisons between evaluated entitiocesses of a company or supply chain while respecting
or processes or a case-by-case set of SKPIs tailored thsaspecific needs. If certain standard indicators are not
specific entity or process [25]. The proposed methodolodglevant for particular smart technologies or applications,
attempts to combine both approaches and exploit théiley are not included in the assessment.

Sustainability objectives
definition

Company —

Establishing SKPIs cluster pool

Definition of criteria for selecting
SKPIs clusters

!

Selection of SKPIs clusters

!

Definition of SKPIs and their
paran 1eters

A 4
Development of SKPIs
hierarchical structure

[}

!

Logistic process

Smart logistics technology
and/or application

¥

Figure 2 Methodology of SKPIs selection for assessing the sustainability of smart logistics
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The methodology can be applied separately at differe
management levels (see Figure 2): supply chain, enterpri
logistics process and smart logistics technology ar
application. However, the sustainable performance
smart logistics should preferably be monitored an
assessed at all levels. The sustainable performance
implemented smart logistics technologies and applicatio
shall be assessed at lower management leve
Subsequently, this translates into overall sustainak
performance at higher management levels.

The methodology relies on six steps shown in Figure
and is described in detail in the next section of the chapt

4.1 Sustainability objectives definition

The SKPIs must be based on the sustainability strate
of the company and the supply chain, especially the
sustainability objectives. Thus, the first step of th
proposed methodology is the definition of sustainab
objectives; the implementation of smart logistic:
technologies and applications should support their Figure 3 Sources for SKPIs cluster pool and their overlap
achievement. These objectives can represent a normative
standard for a company or supply chain and apply to @l3 Definition of criteria for selecting SKPIs
stakeholders [35]. Thus, the final set of SKPIs shall be a clusters
balanced set reflecting the concerns of all stakeholders.  The next step in developing a functional and effective

SKPIs system is determining the criteria for selecting

4.2 Establishing SKPIscluster pool suitable SKPIs clusters. A company or supply chain’s main
Next, it is necessary to identify potentially suitableyriteria should include:

clusters for each sustainable goal, i. e., to create1a Relevance to sustainable objectives. The SKPIs

sufficiently large SKPIs cluster pool. The following  clusters should most closely reflect the achievement of

sources can be used: the defined sustainability objectives.

a) SKPIs clusters that have already been defined in the Relevance to smart logistics. The SKPIs clusters should
company or supply chain as a result of other business most closely mirror the change in sustainable

processes; performance associated with implementing smart
b) SKPIs clusters from the literature review. To do so, one |ogistics technologies and applications.

may apply the cluster analysis results from Chapter 3.1.

The frequency analysis also allows the scientifig 4 Sdection of SKPIsclusters

community to assess the relevance of individual This step involves applying the defined criteria for

clusters; ~ shortlisting the SKPIs clusters. As a rule, it shall include a
c) SKPIs clusters recommended by corporate practice. fjalitative assessment of whether or not the SKPIs clusters

this case, a respected source is the Guidance on CRn the pool meet the defined criteria. Appropriate multi-

Indicators for Entity Reporting on Contribution criteria decision-making methods can be used to increase
towards Implementation of the Sustainablgne assessment's objectivity.

Development Goals developed by UNCTAD. The

clusters contained in the Guidance are presented An5  Definition of SKPIs and their parameters

Chapter 3.2, including a frequency analysis of their ¢ yjitable SKPIs clusters have been selected, the next

application by European industry leaders; _ step is to define one or more SKPIs for each of them. In
d) Design of own SKPIs clusters not included in th@jefining them, one should remember that the final set of

resources mentioned above. SKPIs must be manageable [25]. Therefore, it is better to

choose a smaller number of SKPIs. To this end, it may be

The sources listed may overlap, see Figure 3, with dqigterapie first to define a broader set of possible SKPIs
representing SKPIs clusters. For example, a company o . subsequently, identify those critical to the SKPI

supply chain may already use SKPIs clustergsters.

recommended by the scientific community and/or business gkpis can be quantitative or qualitative. The best
practice. approach involves a combination of both methods [20]. In
terms of expression, absolute or relative SKPIs can be
used. Absolute SKPIs are more suitable for their gradual
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aggregation to higher management levels and in-hou4ss Development of SKPIshierarchical structure
benchmarking. The chosen SKPIs should be The procedure should result in a reasonably simple,
straightforward and specific to avoid misunderstandinganctional, and efficient SKPIs system. Figure 4 illustrates
and allow comparison over time. the recommended hierarchical structure of sustainable
A clearly defined benchmark must be assigned to eaplilars, clusters, SKPIs, measures and targets. Developing
SKPIs. When a new measure is necessary, the compang@th a system usually requires retracing the previous steps
supply chain should consider appropriate measuremenid reassessing their content (see feedback in Figure 2).
methods, costs, and time [35]. To improve the sustainalfer implementing the system designed in such a way,
performance of a business or supply chain, it is alsgpplying the methodology for aggregated sustainability
advisable to set a target value for each SKPIs. performance assessment of an industrial corporation
developed by Wicher et al. [56] is recommended.

Sustainability

J—

Economic

— — — >

Economic goal 1 Economic goal n

Economic Economic Economic
SKPI cluster 1.1 SKPI cluster 1.2 SKPI cluster 1.n

P Y

Economic Economic Economic
S5KP11.1.1 SKPI1.1.2 SKP11.1.n
Economic Economic Economic

SKPI metric 1.1.1.1

SKPI metric 1.1.1.2

SKPI metric 1.1.1.n

h 4

Y

Target value for Economic
SKPI metric 1.1.1.1

Target value for Economic
SKPI metric 1.1.1.2

Target value for Economic
SKPI metric 1.1.1.n

5 Conclusion

Figure 4 General hierarchical structure of SKPIs

answer to this question, a SKPIs selection methodology

This paper aimed to propose a methodology for for assessi.ng thg sustainability of_smqr_t Iogi;tic_s was
selecting SKPIs suitable for assessing the sustainability Proposed, involving defining sustainability objectives,
performance of smart logistics and its technologies and creating SKPIs cluster pool, defining selection criteria
applications. To accomplish the objective, two research applicable to SKPIs clusters, selecting SKPIs clusters,
questions have been addressed: defining SKPIs and their parameters, and creating a
1. Which SKPIs can be applied to assess the sustainability hierarchical structure of SKPIs. The methodology can

performance of smart logistics and its technologies and be applied separately at different management levels:

applications? To do so, decision-makers can draw on a Supply chain, enterprise, logistics process and smart
variety of sources. The proposal suggests combining logistics technology and application.

SKPIs already in place in the company or supply chain

with indicators recommended by the scientific While conducting research, we have revealed a distinct

community and business practice. Therefore, twigick of a clear definition of smart logistics technologies and

analyses were conducted: a cluster analysis of SKFBPlications at different levels of the process, enterprise
obtained through a review of the relevant literature argnd supply chain management, both in the relevant

a frequency analysis of the use of the UNCTADiterature and corporate practice. This ambiguity

recommended SKPIs in practice. Analyses hav@gnificantly complicates any assessment of sustainability

demonstrated that the primary focus should concentragrformance in deploying the technologies. Therefore, the
on investments and revenues in the field of Economfjtst objective of our further research is to propose an
emissions and waste management in the Environmefixplanatory model for defining smart logistics
and occupational health and safety in the Social areatechnologies and applications at all management levels.
2. How to select the appropriate SKPIs to assess tA&€ next step of any future research shall involve applying

sustainability performance of smart logistics and it1e established methodology and explanatory model as a

technologies and applications? While seeking apaseline for developing a conceptual model to assess the
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Abstract: At present, innovations have a significant impact on the success of the company on the market, and in the case
of their correct implementation, they represent a competitive advantage for the company, which significantly
differentiates it from the competition. At the same time, we can perceive them as an essential part of business, as the
market, consumers and their preferences change dynamically, and through innovations the company can respond more
flexibly to these changes and thus gain an advantage over its competition. The paper is dealing with the issue of innovation
and business logistics performance in the EU. To examine the relationship between innovation and business logistics
performance, we used data on the Innovation Index and the Logistics Performance Index in individual EU countries. The
correlation analysis was applied to assess the closeness of the statistical dependence among the investigated variables
and subsequently we applied cluster analysis to decompose the basic set of investigated objects into several relatively
homogeneous subsets - clusters. The results confirm the dependence between innovation and business logistics
performance in EU countries. Regarding the results of the analysis, we can state that countries with the greatest business
logistics and innovation performance tend to form geographically close clusters, and this decreases with increasing
geographical distance from more efficient countries.

1 Introduction fulfillment of customer requirements and on the flexibility

Nowadays, innovations are becoming an importa®f productio,rj. _ . o
success factor, the correct implementation of which can By Kova& [5] the main requirements for logistics
move the company ahead of the competition, increase if§lovations as stated by are:

competitiveness, respond more flexibly to constantly
changing customer requirements and strengthen its
position on the market. Innovations represent a means by
which it is possible to handle ever more demanding
customer requirements, increasing competitive pressure,
rapid technological development, and globalization of
business [1-3]. -
Innovations in technologies continue to drive massive
changes in logistics and supply chain management, making
today perhaps the most exciting time in logistics or supply
chain phenomena. Technological innovations lead to new
ways of doing business, as well as entirely new business
models. Nowadays, the number of technologies affecting
logistics and supply chain management is considerable [4].

Minimization of material flows. The material flow
does not add any value for the customer, so it must be
minimized.

Continuity of material flows. It is related to the
requirement of production cycle minimization and
shortening

Optimization in a global environment. New solutions
for the global market of component suppliers and
customers of final products.

Use of computer management and electronic
commerce technologies.

New organization of supplier relations based on
partnership and network organization.

Logistics ensures that the given objects, such as raw The expansion of trade and services liberalization has

materials, semi-finished products, parts, subcontracfgrced companies to consider global market demand in
products, etc., are transported in the specified tim#leir competitive strategic planning. Therefore, business
quantity, and quality to the specified place, while observirgocesses had to become continuous, and innovations for
the required conditions and minimum costs. Logisticdiem represent the promise of potential growth,
includes the processes of operational handling, transpdi€velopment, and competitive advantages in the market.
storage, and their management. Logistics is an area whBisiness logistics has been considered as the most
significant savings can be achieved, it has an impact on fgPortant area that needs to be innovated, because they
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represented an effective means of improving performance « Customs,
[6-10]. * Infrastructure,

As reported by Jaafar et al. [6], innovation as a term e« International shipments,
was ignored in logistics research for a long time and was ¢ Logistics quality and competence,
mainly associated with the general product and its  Tracking and tracing,
innovations or focused on high-tech innovation. By Flint et Timeliness.
al. [11,12], innovation represents an important factor for
the logistics services and increasing competitive The Global Innovation Index monitors global
advantage. Flint et al. [12] in accordance with theénovation trends in individual countries of the world,
innovation theory of Schumpeter [13], who definedvhich bring innovative effects of economic growth. The
innovation as the implementation of new combinations afata obtained from these two basic sources represent the
product, process and organizational innovations that wouddcondary inputs of this research and they can be
provide new access to supplier or consumer marketsjbsequently processed by the SPPSS Statistic software
emphasize that innovation is not limited only tdrom 27 countries of the European Union - EU 27.
technological breakthroughs or products themselves, but Based on the literature review, we established the
the concept of innovation can occur within serviced)ypothesis H1 “We assume a statistically significant
processes, or any social system. By their theorgiependence between innovations and the logistics
innovation also includes the conscious application gferformance in the EU.”
information, imagination, and initiative in exploiting  The correlation analysis was used to determine the
greater or different value from resources and includes adllationship between these two monitored factors. The
processes by which new ideas are generated acatrelation coefficient defines the strength of the
transformed into useful products but also services. Basgalationship between innovations and the performance of
on the above, Flint et al. [12] defined the term “logisticbusiness logistics as well as its individual elements. The
innovation” as any service related to logistics that istrength of the correlation coefficient relationship is
considered new and useful for customers so innovatiégmerpreted according to Hanak [20] as follows - correlation
represents any internal and external operations to increasefficient values of 0.8 to 1 (-0.8 to -1) are particularly
operational efficiency. strong, so there is a very strong interdependence among the

The evaluation of innovativeness is carried out in termariables. Values from 0.4 to 0.8 (-0.4 to -0.8) are
of the frequency of introduction of new processes relatedoderately strong, and from 0 to 0.4 (-0.4 to 0) are weak.
to logistics and the ability to make them more efficientThese values represent findings how the change in one
Panayides and Lun [14] in the evaluation of innovativenesariable affects another variable. Linear correlation
in logistics concluded that innovations increase théependence means that if one variable grows, then another
performance of supply chains. Innovations in logisticene also grows, which in our case represents that if the
represent the combined development of information arsthare of innovations grows, the performance of business
related technologies with new logistics and marketinpgistics grows linearly with them.
practices to increase logistics performance [15]. As stated We used cluster analysis to segment the EU countries
by Straka et al. [16] or Mansfield et al. [17], innovativenessom the point of view of the relationship between
and its impact on performance and economic growth hasiovations and business logistics performance and its
long been a subject of interest of economists. Based on tHlements. We divided the EU countries into groups with
above, the aim of this paper is to identify the relationshifhe greatest similarity within the group and with the
between innovation and business logistics performancegreatest possible difference among individual groups by

the EU. the cluster analysis [21].
Subsequently, based on the findings, we will create
2 Methodology conclusions about the solved issue through the inductive-

The paper's methodology is based on data from THeductive method.
WORLD Bank [18], which evaluates the Logistics
Performance Index, and The Global Economy [19], whicB  Result and discussion
provides data on the Global innovation index. Based on the obtained data of the Logistics
The Logistics Performance Index is an interactiv®erformance Index and its elements, as well as the Global
benchmarking tool created to identify business logistidanovation Index, we calculated the correlation coefficient
opportunities and challenges to increase its performaneoharacterizing the relationship of these variables, see Table
The logistics performance index is based on a global As the values of the correlation coefficients of individual
guantitative and qualitative survey, and it is evaluated wariables show, the relationship of logistics performance
160 countries of the world to share business experiencewith innovations shows medium to medium-strong
the global business-logistics environment. The logisticdependence among the investigated variables. A very
Performance Index captures the logistics elements stiong interdependence was shown only between Customs
individual countries from the point of view of: and innovations. This is probably because the Schengen
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area is among the EU countries. The members of tehipments (0.51), each in different intensity. Based on the
Schengen area are mainly the states of the European Unioentioned results, we can conclude that the dependence
Within it, persons and goods can freely cross borders at dmgtween innovations and the logistics performance in the
point of the contracting states without border control [22EU is statistically significant and hypothesis H1 is
This fact significantly affects logistics and its performanceaccepted.

The other investigated variables have a moderately strong The results confirm the theory of Flint et al. [11,12],
dependence with innovations, which also points to theho claim that innovation is an important factor for
dependence of logistics performance on innovations providing logistics services and increasing competitive
connection with infrastructure (0.78), with Logisticsadvantage. As Panayides and Lun [14] present, innovation
quality and competence (0.72), with Tracking and tracingcreases the performance of supply chains.

(0.70), with Timeliness (0.60) and with international

Table 1 Data and the relationship of innovation and the performance of logistics in the EU

L ogistics Per formance I ndex*
o = ] ° 7 Global
Country _ g 8 S £ Qg £ 8 o | 2 | innovation
] ] = = 2 = o c c . "
° & = = 228 £g = index
= = % o £ g c £ s 8 =
@) = =5 306 c =
< = o | E =
Germany 4.2C 4.08 4.37 3.8€ 4.31 4.24 | 4.3S 58.0C
Sweden 4.05 4.05 4.24 3.92 3.9¢8 3.88 | 4.2¢ 63.1C
Belgium 4.04 3.6€ 3.9¢ 3.9¢ 4.13 408 | 441 50.08
Austria 4.03 3.71 4.18 3.88 4.08 4.0¢ | 4.2t 51.3C
Netherlands 4.02 3.92 4.21 3.68 4.08 4.02 | 4.2 63.3C
Denmark 3.9¢ 3.92 3.9¢€ 3:58 4.01 4.18 | 441 58.4C
Finland 3.97 3.82 4.0C 3.5€ 3.8¢ 432 | 4.28 53.6C
France 3.84 3.5¢ 4.0C 3.5 3.84 4.0C | 4.1& 54.4C
Spain 3.83 3.62 3.84 3.83 3.8C 3.83 | 4.0¢€ 48.7C
Italy 3.74 3.47 3.85 3.51 3.6€ 3.85 | 4.13 46.3C
Czech Republic 3.68 3.2¢ 3.4¢€ 3.7 3.72 3.7C| 4.3 48.7C
Portugal 3.64 3.17 3.25 3.83 3.71 3.72 | 4.3 45.7C
L uxembourg 3.63 3.58 3.63 3.37 3.7€ 3.61| 3.9C 54.5C
Poland 3.54 3.25 3.21 3.68 3.58 351 | 3.9t 41.7C
Ireland 3.51 3.3€ 3.2¢ 342 3.6C 3.62 | 3.7€ 57.2C
Hungary 342 3.3 3.27 3.22 3.21 3.67 | 3.7 44.9C
Slovenia 3.31 342 3.2€ 3.18 3.0E 3.27 | 3.7C 46.9C
Estonia 3.31 3.32 3.1C 3.2€ 3.1t 3.21 | 3.8C 50.5C
Greece 3.2C 2.84 3.17 3.3C 3.0€ 3.18 | 3.6€ 38.9C
Romania 3.12 2.58 291 3.18 3.07 3.2€ | 3.68 37.6C
Croatia 3.1C 2.98 3.01 2.93 3.1C 3.01| 3.5¢ 40.7C
Bulgaria 3.03 2.94 2.7€ 3.23 2.88 3.0Z2| 331 37.6C
Slovak Republic 3.03 2.7S 3.0C 3.1C 3.14 2.9¢ | 3.14 42.9C
Lithuania 3.02 2.8E 2.73 2.7¢ 2.9€ 3.12 | 3.6t 41.2C
Malta 2.81 2.7C 2.9C 2.7C 2.8C 2.8C| 3.01 50.3C
Latvia 2.81 2.8C 2.98 2.74 2.6S 279 | 2.8€ 43.2C
Cyprus 3.1E 3.0E 2.8S 3.1E 3.0C 3.15 | 3.62 47.8C
Correlationindex | 0.73 0.823 0.78 0.51 0.72 0.7C | 0.6C 1

*Data are for the last recorded year of logistics performance - 2018

Subsequently, we processed a cluster analysis for thasiness logistics and innovations, and at the same time
division of EU countries into groups with the greateswith the greatest possible difference among the single
similarity from the point of view of the performance ofgroups, see Figure 1.
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Figure 1 Cluster analysis dfie relationship of innovation and the performance of logistics in the EU

We identified the greatest distance, which represents The second cluster - characterized by average logistics
the greatest difference between the studied groups and éimel innovation performance - Czech Republic, Portugal,
greatest similarity within the groups, at the Euclideahuxembourg, Poland, Ireland.
distance of 5, from which we subsequently identified three
clusters: The third cluster — characterized by low logistics and

innovation performance — Hungary, Slovenia, Estonia,

The first cluster - characterized by the greatestGreece, Romania, Croatia, Bulgaria, Slovakia, Lithuania,
performance of logistics and innovation - GermanyMalta, Latvia, Cyprus.

Sweden, Belgium, Austria, Netherlands, Denmark,
Finland, France, Spain, Italy.
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Finally, we illustrated the stated findings in Figure 2,
which represents a map of countries from the point of view
of logistics performance and innovation in the.EU

Legend:

& - top performing countries

s - countries with mixed performance
- lowest performing countries

L

Figure 2 Map of countries from the point of vievlogistics performance and innovation in the

Based on the performed analyses, we can conclude tlat Conclusions

the countries with the greatest performance in business |nnovations have become an important factor affecting
logistics and innovation tend to form geographically closgye success of the company on the market, and in the case
groups. Subsequently, as we can see from the grapBfCtheir correct implementation, they are an important
analysis, the performance of business logistics aRgctor for the company bringing success on the market in
innovation decreases with increasing geographical distangg competitive fight. At the same time, innovations are a
from more efficient countries in the researched area, i®ol| that enables managing not only growing competitive
countries with higher performance in business logistics apglessure, rapid technological ~development, and
innovation. This fact was confirmed by several studiegiobalization of business. Innovations in technology are
focusing on the relationship among innovations and othgfainly the driving force behind significant changes, which
factors such as ecological innovations or sustainablge subsequently also manifested in the field of logistics
development [23,24]. and supply chain management. For this reason, we can talk

~ 483 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 9 2022 Issue: 4 Pages: 479-485 [ISSN 1339-5629

THE RELATIONSHIP OF INNOVATION AND THE PERFORMANCE OF BUSINESS LOGISTICS IN THE EU
Erika Loucanova; Miriam Olsiakova; Hubert Palus

about a time when the field of logistics is experiencing STOFKOVA, Z., OLSIAKOVA, M.: Sustainability
significant changes bringing a lot of newdowever, and branding: An integrated perspective of eco-
innovation performance and logistics performance are not innovation and brandSustainability Vol. 13, No. 2,
at the same level in individual countries, and different pp. 1-10, 2021. https://doi.org/10.3390/su13020732
factors affect this performance. [4] GOLDSBY, T.J., ZINN, W.: Technology innovation
In the paper we examine the relationship between and new business models: can logistics and supply
innovation and logistics performance in the EU. We chain research accelerate the evolutido®@rnal of
investigated this relationship through correlation analysis, Business Logisti¢d/ol. 37, No. 2, pp. 80-81, 2016.
which confirmed a moderately strong dependence between https://doi.org/10.1111/jbl.12130
the investigated variables. From the point of view of this] KOVAC, M.: Inovéacie a technicka tvorivdsKogice,
individual performance parameters of logistics and Technical University of KoSice, 2002. (Original in
innovation, a great dependence was confirmed between Slovak)
innovation and customs. As stated in the paper, we assufeJAAFAR, H.S., ENDUT, I.R., FAISOL, N., OMAR,
that this high dependence among the investigated variablesE.N.: Innovation in logistics services—halal logistic,
was mainly caused by the fact related to the Schengen areaProceedings of the f6International Symposium on
which ensures the free movement of goods within most Logistics (ISL), 10-13 July, Berlin, pp. 844-851, 2011.
European countries. Other parameters of logisti¢g] DILK, C., GLEICH, R., WALD, A., MOTWANI, J.:
performance show moderate dependence on innovations.State and development of innovation networks:
As part of the cluster analysis, we examined groupings of evidence from the European vehicle
EU countries from the point of view of the investigated sectorManagement decision, Vol. 46, No. 5, pp. 691-
relationship between innovation and logistics performance. 701, 2008.
Based on the findings of the cluster analysis, we conclude https://doi.org/10.1108/00251740810873455
that the relationship between innovation and businef®] GRAWE, S.J., CHEN, H., DAUGHERTY, P.J. The
logistics performance has been confirmed. Countries with relationship between strategic orientation, service
the greatest logistics and innovation performance tend to innovation and firm performance nternational
form geographically close clusters. The performance of Journal of Physical Distribution and Logistics
business logistics and innovation decreases with increasing Management Vol. 39, pp. 232-300, 2009.

geographical distance from more efficient countries. https://doi.org/10.1108/09600030910962249
[9] KHAZANCHI, S., LEWIS, M.W., BOYER, K.K.:
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Abstract: Every type of business is closely related to the flow processes of various types of goods. The flow process
begins at the source of raw materials until it reaches the final customer. A corollary to the newly emerging challenges of
both social and environmental management of increasingly complex supply chains is the issue of sustainable supply chain
management. The meat industry, along with its entire supply chain, is subject to cyclical crises, with different foundations
and negative effects on individual links. One of the reasons for the crises in the meat industry is the management of supply
chains based primarily on economic objectives to the exclusion of social and environmental aspects. The purpose of the
article is to assess the level of sustainable supply chain management in the meat industry. The research problem is to
determine the involvement of meat industry companies in the various dimensions of sustainability: economic, social and
environmental. Therefore, a special online survey questionnaire was created, where potential respondents representing 93
meat companies were identified and purposely selected. After receiving and verifying the completed questionnaires, 85
completely completed questionnaires were qualified for further analysis and a coding process was carried out using Excel
software, then the data was imported into Statistica statistical software, where the main statistical analyses were carried
out.

1 Introduction In the 2% century, the awareness of the potential

In the rapid growth of the global economy is giving ris€onsumer is increasing, in addition, an upward trend of
to increasingly complex yet uncertain supply chains, boffterest in the eco-friendly sphere has been noted.
domestic and international. Until recently, companies dedkesearchers say that it is more and more common to
with this by introducing various supply chain managemen@nalyse various characteristics of a product before buying
risk management techniques to a more or less advanéedRelating this to the meat industry in Poland, the
degree. For several years now, companies have been fagHgtomer analyses a number of important issues before
the new challenge of sustainability. buying, such as: o

Over the years, the issue of sustainability has become a®  The origin of the product (opinion of the butcher
priority thus its essence has begun to play an increasinglyProcessing plant). _ .
important role in the agendas of international communities. *  The origin of the livestock from which the product
The starting point was the creation of the Brundtian@as made (domestic/imported) (organic farming/non-
Report in 1987 entitled, "Our Common Future," whichorganic farming).
among other things, defined sustainable development as®  The type of packaging the product comes in (eco-
one that meets the current needs of society while riéiendly or not).
compromising future generations to meet their needs. ) o o .

Subsequently, the issue of sustainable development wasCompanies wishing to fit into the highest standards
repeatedly analysed at many international conferences wihposed by consumers must manage their supply chain in
the final result being recommendations for thé& sustainable manner, which means affecting all three
development of national strategies that take into accoutPects equally. Important measures taken by companies
the economic social and environmental aspects HfClUde the selection of sustainable contractors, the
sustainable development. Since then, public interest in tiigplementation of environmentally friendly production
issue of sustainability has continued to grow. processes and greater focus on the needs of employees.

Companies previously focused solely on economic Companies in the meat industry face a tough challenge,
profit and ignoring environmental and social aspects had&§cause in addition to the many requirements imposed by
implement pro-social and pro-environmental measures §@nsumers on the quality of products, they are exposed as
become leaders in their industry. Companies involved &N industry to cyclical crises caused by threats of various
the supply chain decided to modernize it to satisfy all thré¥igins. Pointing out as examples from recent years will be
aspects of sustainability. However, in the case of the fodde swine flu pandemic year 2009-2010, the COVID-19

supply chain, things were a bit more complicated becauandemic from 2020, African swine fever (ASF)-the first
assumptions did not make it easy to achieve the goaL outbreaks in 2014, followed by the return of the disease in

2021, Avian Influenza outbreaks in 2021. Each of these
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phenomena causes a crisis, which affects supply chanalysis in every sector of the food economy for actual
management in the form of a reduction in the amount ahalysis for 2023.
livestock on the market, halting or reducing supplies,
processing, sales. 1.1 Sustainable supply chain management
To achieve a practical result, companies must combine (SSCM)
supply chain and sustainability knowledge along with The issue of sustainability is a rapidly growing area of
social responsibility. Taking responsibility for allresearch that represents the interests of business, science
processes in the transition of a product starting from thgq associations. It is defined and interpreted in various
raising of the slaughtered livestock to the delivery of thgays and contexts. The concept is increasingly pointing the
final prOdUCt to store shelves taklng into account the Wa%y forward for businessl and more Companies are
generated during production is the essence of sustainagigorporating social and environmental criteria into their
supply chain management in the meat industry. Recesferations. Sustainable supply chain management (SSCM)
years have shown that even the largest meat processia@ grown significantly and has become a subject of
plants or slaughterhouses can face a crisis caused by a lagfeased concern due to environmental resource
of awareness of social and environmental risks, despitgj@itations, a global population explosion, the corruption
mature approach to social responsibility. of logistics production and consumption activities, and
Therefore, the topic is extremely important in terms afjaste and pollution increases [2]. Sustainable supply chain
determining the theoretical basis for studying the level ghanagement (SSCM) has received much attention in the
sustainability of supply chain management in the megkcade ending in 2020 due to an increased awareness of
industry. And in practical terms, to formulate solutions t@|imate change and environmental and social issues across
stabilize the meat iﬂdustry on this level by implementing]e g|0be_ The current trend of disaggregating g|0ba|
sustainable supply chain management based mainly Qipply chains increases the need to expand sustainability
close cooperation. efforts beyond firm boundaries [3]. At the same time, this
The purpose of the article is to assess the level gfeates a significant regulatory problem. In recent years,
sustainable supply chain management in the meat indusfyessure has increased on private sectors to take
The research problem is to determine the involvement gdsponsibility for social and environmental issues. [4]
meat industry companies in the various dimensions &fSCM requires firms across a supply chain to report not
Sustainability: economic, social and environmental. 0n|y on proﬁts but also on environmental and social
The gist of the article rises as talk of responsiblgerformance [5]. To achieve the objectives of SSCM, firms
production and consumption is in The-Sustainableshould set long-term goals on sustainability, be transparent
Development-Goals-Report-2022 prepared by the Unitgq their reporting, develop a culture of sustainability and
Nations Department of Economic and Social Affairsnanage supply chain risks appropriately [6]. Sustainability
Statistics Division in 2022. The slogan promoting theefers to the integration of environmental, economic and
report was the words of Antonio Guterres (Secretargpcial goals to meet current needs without compromising
General, United Nations)We must rise higher to rescuethe needs of future generations [7,8]. Sustainable supply
the Sustainable Development Goals - and stay true to O¢fiain management can also be defined as optimizing a
promise of a world of peace, dignity and prosperity on gompany's processes and operations with low-impact
healthy planet More specifically, the 12th goal of this environmental protection and increasing social benefits
report is dedicated to production and consumptiofhrough their corporate social responsibility [9].
Delving deeper into the content, we find disturbingsystainable supply chain management (SSCM) integrates
information about the scale of the problem, which is brieﬂﬁconomici social and environmental Supp|y chain
described as: Unsustainable patterﬂs of Consumption an@bjectives to improve |Ong_term performance by assessing
production are root causes of the triple planetary crises @nd monitoring business performance against social,
climate change, biodiversity loss and pollution. Thesgnvironmental and economic dimensions [10]. Adoption
crises, and related environmental degradation, threategind implementation of SSCM provide many benefits to the
human well-being and achievement of the SDEH. firms this include reduction in cost of product, better
Information on how to deal with this problem is alsqustomer—supplier relationship, achieving circular
included: , Transforming our relationship with nature is economy etc. [11].
key to a sustainable future. As the world develops Social sustainability encompasses the concepts of
strategies for sustainable recovery from the pandemigquality, empowerment, accessibility, participation,
governments and all citizens should seize the opportunjientity culture and institutional stability. The concept
to work together to improve resource efficiency, reducgyggests that people matter because development is about
waste and pollution, and shape a new circular econdmy people. Essentially, sustainable social development means
[1]. The UN policy emphatically underscores they system of social organization that alleviates poverty.
magnitude of the problem facing the world in this time ofxamples of social sustainability include ensuring fair
crisis, and this article can be the basis for research ggglicies, ethical practices, equal opportunities, diversity
[12-14].
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The concept of environmental sustainability refers tglobal markets as it aims to optimize the consumption of
the natural environment and how it remains productive amesources by applying the principles and practices of the
resilient to support human life. Environmentalcircular economy, operating under moral principles that
sustainability involves the ecosystem integrity anduide the actors in the chain in what and how to sustain
carrying capacity of the natural environment. It requiregalue and reciprocity relations [23]. The integration of
natural capital used sustainably as a source of econoraisstainability practices at inter and intra level of an
inputs and as a sink for waste. When a supply chain asganization's supply chain is positively linked to its
environmentally sustainable, it is known as a green suppyvironmental and social performance [24]. A lack of
chain. Examples of an environmentally sustainable suppdystainability integration can affect the overall
chain include the treatment of waste, recyclingsustainability performance of the supply chain. Sustainable
environmental education and training, green purchasindggvelopment is now not only a necessity but also emerged
green manufacturing, and green design [15]. Reducing the a potential game-changer for organizations. Increasing
environmental impact of business activities taking intaumbers of companies are now committing to the cause of
account all links in the supply chain, taking into accourdustainability in their supply chain [25]. Global
the interconnections and interactions between them and ttmmpetition is putting more pressure on the government
natural environment, is becoming an increasinglguthorities, for the implementation of environmental
important challenge. Such a comprehensive approamgulations that stimulate greater sustainability in
enables effective environmental action, while increasinganufacturing companies through the best practices of
opportunities for eco-innovative solutions. [16,17] Issuesupply chains [26]. With such policies, producers must
related to green supply chain management in Poland axgtimize their systems and focus the efforts on fostering
considered within the framework of various directions anbio-economy, as well as ecofriendly goods and markets to
currents of organization and management theory [18,19]increase the environmental performance as demand for

Scientists say that due to population growth, humamnvironment low-impact products grows [27].
needs such as food, clothing, housing are increasing, lutichitaphong et al., [28] have conducted research that
the means and resources available in the world cannotdilows entrepreneurs to define strategies and goals to create
increased to meet the demands always. Economi@echanisms and actions to achieve customer needs, satisfy
sustainability therefore requires that decisions be madedastomers, build trust, accumulate loyalty, and lead to
the most equitable and financially viable and possible wagyistainable consumption in the end.
taking into account other aspects of sustainability.

Examples of economic sustainability include cosl.2 Characteristics of the supply chain in the
reduction, on-time delivery, reliability, and quality [20]. meat industry in Poland

Sustainability is a long-term focused approach to |n order to properly characterize the meat supply chain
business. It represents the creation of such systems @nd poland, general data on meat production and
processes that are able to endure into long time wogdgnsumption in Poland are presented and discussed at the
Given that businesses have their economic nature Rjjitset Table 1 and Table 2 . They are intended to illustrate
operate within certain environments and social systemfie scale of market demand for meat products and the
the study of sustainability is not limited to theproduction capacity of plants in recent years. Next, the
environmental issues [21]. The three key dimensions Hefinition of the food supply chain was refreshed, after

which sustainability needs to be studied are economighich the food supply chain in Poland was discussed and
ecological but also social [22]. illustrated in detail.

Sustainable supply chain management is a fundamental
aspect of the construction of competitive advantage in

Table 1 Slaughter livestock production in Poland for 2020-2021

SUPPLIES
DESCRIPTION MEASUREMENT 201 | 201¢ | 202¢ | 20211 DIFE
Meat tota thousands of tol 3652 | 4047 | 419< | 434¢ | 119.]
Raw meat from slaughter anim thousands of tol 2077 | 229¢€ | 241% | 2547 | 122.
Poultry thousands of tol 1578 | 1745 | 178z | 180% | 114.¢

Canned goods, cold cupoultry sausage produ | thousands of tol 17€¢ | 12¢ 13¢€ 108 | 59.7
Meat and offal preparations from slaughtered
animals (canned meat, cold cuts, sausage produbtausands of tons 897 86
and other preparatior

N

803 837 93.3

Source: CSO data source

Table 1 shows an overall significant increase in totdiscussing the tables in detail, an upward trend can be seen
meat in 2021 compared to 2015-a difference of 19.1%or raw meat from slaughter animals 22.4%, poultry 14.6%.
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In contrast to raw meat- processed meat and offal fronpward over these years. A factor that may have caused
slaughter animals recorded a decrease of 6.7%. In contréisis was the outbreak of Pandemic COVID-19 and its
shipments of canned meat, cured meats and poulaftermath across the country. The public, wanting to secure
sausage products recorded a huge decline of as muchinathe knowledge of how long this condition could last,
40.3% compared to 2015. increased their interest in products with longer shelf life
Analyzing the results of Table 1, it can be said that overhen shopping, which was anyway hampered during the
the years, canned goods, cold cuts, poultry sausdgekdown. Many local butcher shops were able to interrupt
products and Meat and offal preparations from slaughterdtkir operations, which further motivated consumers to
animals had an overall downward trend. However, themecrease their interest in ready-made products from store
appears some deviation of the downward trend ovehelves.
2019/2020/2021 even it can be said that it was at times

Table 2 Per capita consumption of meat consumer goods in Poland 2015-2021

DESCRIPTION MEASUREMENT | 2015 | 2019 | 2020 | 2021
Meat and offal (includinintended for processin kg 75.C | 75.¢ | 77.€¢ | 77t
including mee kg 70.¢ | 714 | 72.¢ | 73.¢
Edible animal fai kg 5.€ 6.C 6.C 6.¢

Source: CSO data source

The Table 2 indicates the meat consumption per capdacades [32]. The food supply chain (FSC) is a network of
for 2015-2021 in Poland . Considering the data in the tabkegtivities aimed at providing food for the public and
we see an overall upward trend in meat and offahaintaining food security [33]. As in other supply chain
consumption of 2.5kg. Specifically, meat consumptioscenarios, different actors interact with each other at
increases by 2.9kg per capita in Poland, while consumptidifferent stages of the FSC, such as production, processing,
of animal edible fats increases by 1.1kg relative to 2015 distribution and consumption. The actors in the food chain

Food products typically pose additional challenges timrm an ordered set of actor groups dealing with specific
logistics and transportation due to their perishabilityareas indicated in Figure 1. Here we can distinguish
limited storage capacity, security and traceabilitpetween, producers (farmers, growers), food processors,
requirements [29,30]. Modern food supply chains areansport and storage operators and retailers. In a broader
increasingly complex and contain multi-level stakeholdeaspect, the ordered groups can include the group of
relationships that compete to stay in the chain and sem@nsumers located just behind the traders. Organizations
customers [31]. Food supply chains around the worlgroducing equipment for other groups such as packaging,
involve a large number of stakeholders, and the averageaning products, ingredients and additives should not be
distance food travels from the producer to the enolverlooked either [34].
consumer has increased dramatically over the past two

woly m

FARMERS PROCESS0RS DISTRIBUTORS EETAILERS

Figure 1 Diagram of the food supply chain [35]

The Figure 2 below provides an overview of the meadt is intended to characterize the different groups of the
industry supply chain in Poland. It is referenced for eadathain in an orderly sequence.
type of slaughter livestock including: beef pork or poultry.
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Wholesale trade

| S

Livestock (" Intermediaries A ~
producers (Pork. (among others. Slaughterhouses
Beef. Poultrv etc. tl'z}(iers \\'11(: buy and Retail trade Consumer group
- livestock from meat enterprises
- \_small producers) p, L

ﬁ - ﬁl
{ Own stores J

Figure 2 Simplified Meat Supply Chain in Poland [36]

The first link in the supply chain of any type ofthe supply structure. As a result, processes that streamline
slaughter livestock is the producers. This is the mostpply and build up the raw material base for meat plants
numerous group of all in the meat industry supply chain imave become very important.

Poland. Livestock is purchased through purchasing points, The last group is a very demanding group and imposes
middlemen, not forgetting, of course, the import ofiew trends on the meat industry, which has existed in
livestock. The ways in which butchers and other me&oland for a long time. The change in consumer perception
processing plants are supplied depend on their econoroicthe very process of raising, producing, processing or
position in the market [37]. As can be deduced, the nesg¢lling meat dramatically affects their final choice of
link is middlemen, who, buying from individual producersproduct from the store shelf. Here we have an increased
usually small ones-give them the opportunity to selhterest in sustainability especially in environmental and
animals, buying at a discounted price while selling tsocial aspects by the consumer group. More and more
butcher plants at a profit. In the current era of shortagesdetails about the company offering the product - its supply
sales markets, meat plants are trying to use various sourchain, production or processing process, labour policy are
of domestic and foreign supplies. There is also the aspefinterest to consumers before making a choice. Therefore,
of contracting agreements here, the beneficiaries of whighs important for companies wishing to be competitive in
are farms with large production capacities that do not allotlie market to adhere to sustainable supply chain standards
themselves to interrupt the supply of livestock to butchén all three environmental, social and economic aspects.
plants. The next link is the butcheries and meat processithile increasingly more companies are disclosing
plants, which are involved in the slaughtering processirgystainability information, corporate reports may be overly
or production of meat products. After the production stageptimistic about companies' actual practices, especially
they distribute their products through their own stores avhen it comes to ensuring the sustainability of the entire
wholesale market from where the products reach the retsilpply chain, where unsustainable practices can be hidden
market and then directly to the consumer group. [39].

Unfortunately, pig producers are the weakest link in the
supply chain. This is due to the fact that the supply chagh  Methodology

for pork products is characterized by a high degree of The main objective of the conducted research was to
fragmentation and, in addition, there is a lack of permanelentify key areas related to the implementation of the
links (including capital links) between breeders angdoncept of sustainable supply chains in companies
slaughterhouses. A similar situation to that of pigs is alggherating in the meat industry. To achieve the adopted
observed in the cattle sector. A slow process of livestogfpal, a survey questionnaire was developed, consisting of
concentration is taking place, and this is mainly due to thne questions covering two parts of the survey:
specialization of farms in milk production. The number of . 3 survey metric containing an introduction, which
cattle farms is decreasing and, at the same time, the cagii§ludes the purpose of the survey being conducted, how
density per 100 hectares of farmland is increasing. Polajfk data obtained will be used, and assurances of the
is part of the global trends of intensification andinonymity of the feedback received. In addition, the part
industrialization of livestock production, globalization andncluded questions about the size of the company, the
liberalization of meat trade. There are many small argliration of its operations and the definition of its business
medium-sized farms engaged in livestock breeding apglofile,

rearing, although their number is slowly declining. - the research part of the questionnaire, which included
Industrial animal husbandry is contributing to theyuestions on: the importance of the determinants of LAC
liquidation of many small farms and the depopulation gf, the practical implementation of the concept, the use of
rural areas [38]. The organizational characteristic of thgusiness, environmental and social elements affecting the

market in Poland is the mUltIp'IClty of production entitiES|eve| of sustainable Supp|y chain management’ and the
i.e. breeders. This results in a consequent fragmentation of
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identification of the main impediments affecting the
introduction of the concept.

The research population consisted of enterprises of t
meat industry, which number about 1,250 in Poland, bas
on data from the Central Statistical Office and IERIG
PIB.

The research was carried out between February a
September 2022, it took the form of a survey prepart

online where potential respondents representing 93 m uup to 9 people ®From 10 to 49 people
industry enterprises were identified and purposively Figure 3 Number of employees working for the company
selected and asked by phone or email to complete the Source: Own compilation based on survey.

survey. The possibilities of collecting data for the purposes
of this study are limited which meant that the research In the survey, 65% of the enterprises were small
sample size could not be considered representative.  businesses, employing between 10 and 49 people, with the

After receiving and verifying the completedremaining group being micro-enterprises (Figure 3). The
questionnaires, 85 completely filled out questionnairesiirvey also had possible answers of 49 to 249 people and
were qualified for further analysis and the coding proce@50 or more people, but they were not selected even once.
was carried out, using Excel software, then the data was
imported into Statistica statistical software, where the ma
statistical analyses were carried out.

The responses obtained constituted the primary da
which were subjected to further analyses, both quantitati
and qualitative in nature. For quantitative analyses,
Excel spreadsheet was used. On the other hand, since
questions in the survey questionnaire took the form
qguestions using a 5-point Likert scale, approprial
statistical methods were used to conduct the analyses
this case analysis of the r-Pearson correlation coefficient, Figure 4 The period in which the company operates in the
which is used to test whether there are significant statistical domestic market
relationships between two variables. The r-Pearson score Source: Own compilation based on survey.
can take values between -1 and 1, where values of -1 or 1
indicate a perfect correlation between the variables under More than ¥ of the surveyed enterprises have been in
study, and a score of O indicates the absence oftte market for more than 15 years, while the remaining
correlation. In addition, it is assumed that values in tHE8% are young enterprises, operating in the market for no

mFrom 3 to 7 years mOver 15 years

ranges: more than 7 years (Figure 4). In this case, too, there was a
0 - 0.3 - indicate weak correlation, wider choice of answers: respondents could mark: less than
0.3 - 0.5 - denote moderate correlation, 3 years or 8 to 15 years, however, such respondents could
0.5 - 0.7 - denote strong correlation, not be reached.

0.7 - 1 - denote very strong correlation

The choice of this coefficient was dictated by the fac
that it is perceived as the strongest and stronge
coefficient, the results of which have the highest reliability

20; 23%

3 Result and discussion
Analyzing meat industry research subjects, th
following questions were asked and data was obtained
further consideration: m Pork processing
Beef processing
m Poultry meat processing

Figure 5 Type of meat industry of the company
Source: Own compilation based on survey.

Almost 60% of them represented pork processing, less
than ¥4 represented beef processing, and the remaining 17%
were poultry meat processing enterprises (Figure 5).

The next question analyzed the determinants of supply
chain management in meat companies.
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Table 3 Indicate the importance of the following determinants of SCM in terms of their impact on the application of the concept in

practice?

1 = Not important, 2 =Slighlty important, .

3= Neutrarl), 4= Importan%, Sy: Vgry Important. average | median  St. Dev.
a | Increasecompetitior 4.5¢ 5 0.4¢

b | The needs of the end custol 5.0C 5 0.0c

¢ | Process integration of supply chain proce 4.1¢ 4 0.7¢

d | Cooperation of supply chain memk 4.41 4 0.4¢

€ | Cost reductio 4.12 5 1.2¢

f | Improve processes and imprcproductivity 4.82 5 0.3¢

g | Internal inte-functional cooperatic 4.82 5 0.3¢

Source: Own compilation based on survey.

All of the companies that participated in the survey imell as internal inter-functional cooperation came in
the area of indicating the determinants of SCM indicatesbcond place. The lowest rated determinant was cost
the needs of the end customer. Determinants in the formrefluction and the process of integrating processes within
process improvement and productivity improvement, dke supply chain.

Table 4 How important are the following sustainability business elements used by you that influence the SCM?

1 = Not important, 2 =Slighlty important, .

3 = Neutral, 4 = Important, 5 = Very Important. average | median  St. Dev.

a | Collaboration in inventory and logistics manager 4.6 5 0.4¢

b | Use of information technology to increecommunication efficienc 3.9¢ 4 1.1¢€

¢ | Building lonc-term relationships based on established guide 4.6 5 0.4¢

d | Shared clear vision for supply chain manage! 4.6 5 0.4¢

€ | Use of the concept of "Just in Time"/as a tool to incrcompetitivenes 4.82 5 0.3¢
Exchange of production information on an ongoing basis, For exal npl%f,

f . : .00 4 0.91
through sales and operations planning mee

g | Joint introduction of benchmarking and performance indic 4.2¢ 4 0.7
Standardization of quality policies for both products and processes witH

h ; - .82 5 0.38
established guidelin

i Tailored product strategies, supply and distribution with supply chain st 4.8 5 0.3¢

j Providing information on customer requirements project plan 4.4 5 1.14

k | Using supply chain concepts in product, process and packaging 4.2¢ 4 0.7
Common procedures for obtaining feedback from customers who are iny olvrﬁd

I ; .65 5 0.48
in product developme

4 SCcompetitivenes 4.4 5 0.7¢

Source: Own compilation based on survey.

The most important business elements of sustainabiligjements were the ongoing exchange of production
used by the surveyed companies included those in the foimformation through sales and operations planning
of the use of the "JIT" concept as a tool to increaseeetings, the joint introduction of benchmarking and
competitiveness, the standardization of quality policieperformance indicators, and the use of supply chain
both for products and processes, and the alignment adncepts in product, process and packaging design.
product strategies. On the other hand, the lowest rated

Table 5 How important are the following environmental sustainability elements used by you affecting SCM?

1 = Not important, 2 =Slighlty important, .

3= Neutrarl), 4= Importan%, Sy: Vgry Important. average | median| St Dev.
a | Environmentally friendly manufacturing proces 4.12 4 0.32

b | Measures to reduce wa 4.65 5 0.4¢

¢ | Commitment to emissic-free manufacturing proces: 4.6 5 0.4¢

d | Use of renewablenergy sources in producti 4.8 5 0.3¢

€ | Sustainable waste process 4.8 5 0.3¢

f | Selection of supply chain partners based on environmental guit 4.1¢ 4 0.7¢

g | Employee involvement in environmental progr 3.9¢ 4 1.1¢€

h | Application ofreverse logistics solutions in 4.1¢ 4 0.7¢

Source: Own compilation based on survey.
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On the other hand, among the most importargustainable waste processing. In contrast, employee
environmental elements of sustainability, companigsvolvement in environmental programs was rated very
ranked the use of RES in production processes alav.

Table 6 How important are the following social sustainability elements used by you affecting SCM?

1 = Not important, 2 = Slighlty important, .
3= Neutrarl), 4= Importan?, 5)i Velzory Important. average | median  St. Dev.
a | Application of the code of ethical conduct to employees and conti 4.5¢ 5 0.4¢
b | Applying fair employment policies to the local commu 4.5¢ 5 0.4¢
¢ | Provision of equipment to ensure hygiene and safety al 4.82 5 0.3¢
d | Investments ipublic infrastructure facilitie 4.1¢ 4 0.7¢
€ | Timely and lawful payment of taxes and fees 4.82 5 0.3¢
f | Transparency of the income on which taxes are | 4.82 5 0.3¢
g | Application of ethical standards of business and comr 4.82 5 0.3¢
h | Investment in poverty reduction progre 4.1¢ 5 0.9¢
i Participation in charitable actions of the local commi 4.4 5 0.7¢
j Participation in regional and surregional development initiativ 4.0C 4 0.91]
K Participati_on_ of the company through the SC in environmental and/or publi£.41 4 0.49
space activitie

Source: Own compilation based on survey.

With regard to the social elements of sustainability, then which taxes are based, and the application of business
highest ratings were given to the provision of equipment tind trade ethical standards. The lowest rating was given to
ensure occupational health and safety, the timely and le¢faé company's participation in regional and supra-regional
payment of taxes and fees due, the transparency of incodevelopment initiatives.

Table 7 How important are the following impediments to the implementation of the SCM?

1 = Not important, 2 = Slighlty important, :

3= Neutrarl), 4= Importan?, 5)i Velzory Important. average | median St dev.
a | Lack of understanding of the goals and ideas of SCM among emg 4.41 4 0.4¢

b | Workers' resistance to timplementation of changes related to the ¢ 4.2¢ 4 0.7

¢ | Organizational structure that hinders information shi 4.4 5 0.7¢

d | Problems with the quality of operations caused by members of the suppl 4.4 5 0.7¢

€ | Communication problems aiconfidential dat 4.4 5 0.7¢

f | Laws and regulations hindering relationships within the . 4.2¢ 4 0.7

g | Some members of the supply chain do not support the concept ¢ 4.4 5 0.7¢

Source: Own compilation based on survey.

Analyzing, on the other hand, the impediments thampediment was considered to be the resistance of
enterprises face in the way of realizing GCC, the mosmployees to the implementation of changes related to
significant was considered to be the fact of having aBCC, and that current laws and regulations hinder GCC
organizational structure that makes it difficult to exchangelationships.
information, the existence of problems with the quality of Table 8 details the correlations between all the
activities caused by individual members of the supplyariables in the above tables and the number of employees,
chain, communication and confidentiality of data, and thgears of operation and type of enterprise. A detailed
fact that some members of the supply chain do not suppdsdscription has been created under the table, which
the concept of GCC. On the other hand, the least significanterprets the results obtained.
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Table 8 Correlations

Number of Years inType  of

employee | busines | enterpris
[Increased competitio 0.13241(] 0.55328:| -0.01822
[End customer neec
[Supply chain process integratir 0.16607!(| 0.10409!| 0.56008.
[Cooperation of supply chain members/lir 0.61791.| 0.38729i| 0.63794
[Cost reductior -0.22938I| 0.04423| 0.19674
[Process improvement and productivity improvem 0.62678:| 1.000001| -0.35296!
[Internal inte-functional cooperatiol 0.62678:| 1.000001| -0.35296!
[Collaboration ininventory and logistics manageme 1.000001] 0.62678: 0.39419
[Use of information technology to increase communication efficie -0.03739!| -0.02344(| 0.48649
[Building long-term relationships based on established guidel 1.000001] 0.62678: 0.39419
[Shared clear vision for supply chain managem 1.000001] 0.62678: 0.39419
[Use of "Just in Time"/as a tool to increase competitiver 0.62678.| -0.21428/| 0.84711
Sharing production information on an ongoing basis, such as through sal A
gnd Opgr;’tions Slanning meetin going 91 53986921 0.510102 0.336090
[Joint introduction of benchmarking and performance indica 0.74392!| 0.78334!| 0.24577.
[Stanqardlzathn (_)f quality policies for both products and proceow 5%26783 -0.214288 0.847117
established guideline
[Tal_lored product strategies, delivery and distribution in line with SUpp&)Y626782 1.00000d -0.35296¢
chain strategy
[Providing information on customer requirements and project g 0.62678:| 1.000001| -0.35296!
[Using supply chain concepts in product, process and packaging c 0.74392!| 0.78334!| 0.24577.
_[Commor_1 procedures for obtaining feedback from customers whp 2600000 0626783 0.394197
involved in product developmer
[S.C. competitivenes 0.92382:| 0.87732i| 0.06936!
[Environmentally friendly production process 0.26968!| 0.16903.| 0.27842.
[Waste reduction activitie 1.000001] 0.62678:| 0.39419
[Commitment to emissicfree production processe 1.000001] 0.62678:| 0.39419
[Use of renewable energy sources in product 0.62678:.| 1.00000!| -0.35296!
[Sustainable waste processil 0.62678:.| 1.00000!| -0.35296!
[Selection of supply chain partners based on environmental guide 0.16607!(| 0.10409!| 0.56008.
[Employee involvement in environmental progral -0.03739!| -0.02344(| 0.48649
[Application of reverse logistics solutions in S 0.16607!(] 0.10409!| 0.56008.
[Application of a code of ethical conduct to employeescontractors 0.13241(| 0.55328:| -0.01822
[Use of fair employment policies of the local commun 0.13241(| 0.55328:| -0.01822
[Providing equipment to ensure occupational health and si 0.62678:| 1.000001| -0.35296!
[Investment in publiinfrastructure facilities 0.16607(| 0.10409/| 0.56008.
[Timely and lawful payment of taxes and fees ¢ 0.62678:| 1.000001| -0.35296!
[Transparency of the revenue underlying the tax calcule 0.62678:| 1.000001| -0.35296!
[Application ofethical standards of business and comme 0.62678:| 1.000001| -0.35296!
[Investment in poverty reduction progral 0.13241(| 0.55328:| -0.01822
[Participation in charitable actions of the local commur 0.92382:| 0.87732i| 0.06936!
[Participation in regional and suj-regional development initiative 0.40692.| 0.51010:| 0.33609
Ea%(t)i\r;?t?:sr}ys participation through SC in environmental and/or public 5P3CE17914 0387298 0.637947
[Lack of understanding of the goals eideas of SCM among employet 0.61791.| 0.38729!| 0.63794
[Employee resistance to the implementation of changes related to 0.74392!| 0.78334!| 0.24577.
[Organizational structure that hinders information shai 0.92382:| 0.28074!| 0.65897.
[CF;]g)ig;ems with the quality of operations caused by members of the >u%[.)%3822 0280748 0658971
[Communication problems and confidential ds 0.92382:| 0.28074!| 0.65897.
[Laws and regulations hindering relationships under the £ 0.74392!| 0.14920!| 0.87249
[Some members of the supply chain do not support the concept of 0.92382:| 0.28074!| 0.65897.

Source: Own compilation based on survey.
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Interpreting the results of the correlation analysesfficiency (r=0.49), the use of the "Just in Time" concept
carried out, first of all, it can be pointed out that there aress a tool to increase competitiveness (r=0.85), the
number of statistically significant correlations between thetandardization of quality policies for both products and
size of the company, age, and business profile and thmcesses with established guidelines (r=0.85).
selected areas of SCM and SSCM. Analyzing the In the area of environmental elements of sustainability,
importance of the determinants of SCM in terms of thedorrelation analyses conducted confirmed the existence of
influence on the application of the concept in practice, significantly statistical relationships between:
can be concluded that there are statistically significant - company size and waste reduction efforts (r=1.00),
correlations between: commitment to emission-free production processes

- between the size of the enterprise and the cooperatignl.00), use of renewable energy sources in production
of supply chain members/cells (r=0.61), proces§=0.63), and sustainable waste processing (r=0.63).
improvement and productivity improvement (r=0.63), and - between company age and waste reduction efforts
internal inter-functional cooperation (r=0.63); (r=0.63), commitment to emission-free production

- between company age and increased competitipnocesses (r=0.63), use of renewable energy sources in
(r=0.55), process improvement and productivityproduction (r=1.00), and sustainable waste processing
improvement (r=1.00), and internal inter-functiona(r=1.00).
cooperation (r=1.00). With correlation values for the last - between business profile and the selection of supply
two elements indicating very strong relationships; chain partners based on environmental guidelines (r=0.56),

- between business profile and supply chain procesmployee involvement in environmental programs
integration (r=0.56) and collaboration of supply chairfr=0.49), and the use of reverse logistics solutions in SC
members/cells (r=0.64). (r=0.56).

In the area of business elements of sustainability, the In the area of social elements of sustainability,
correlation analyses conducted confirmed the existenceatfrrelation analyses conducted confirmed the existence of
significantly statistical relationships between: significantly statistical relationships between:

- company size and cooperation in inventory and - the size of the enterprise and the provision of
logistics management (r=1.00), building long-termequipment to ensure occupational health and safety
relationships based on established guidelines (r=1.0Q)+=0.63), the timely and legal payment of taxes and fees
sharing a clear vision for supply chain managemedue (r=0.63), the transparency of income on which taxes
(r=1.00), using the "Just in Time" concept as a tool tare based (r=0.63), the application of ethical standards of
increase competitiveness (r=0.63), jointly introducingpusiness and commerce (r=0.63), participation in
benchmarking and performance indicators (r=0.74gharitable actions of the local community (r=0.92), and the
standardizing quality policies for both products angarticipation of the enterprise through SC in activities for
processes with established guidelines (r=0.63), alignmethe environment and/or public space (r=0.62).
of product strategies, supply and distribution in line with - the age of the enterprise and the application of a code
supply chain strategy (r=0.63), sharing information oof ethical conduct towards employees and contractors
customer requirements and project plans (r=0.63), use (0£0.55)), the application of fair employment policies to
supply chain concepts in product, process and packagithg local community (r=0.55), the provision of equipment
design (r=0.74), joint procedures for obtaining feedbadlke ensure occupational health and safety (r=1.00), the
from customers who are involved in product developmetitmely and legal payment of taxes and fees due (r=1, 00),
(r=1.00), and competitiveness of SC (r=0.92). transparency of income on which taxes are based (r=1.00),

- age of the company vs. collaboration on inventory aretiherence to ethical standards of business and commerce
logistics management (r=0.63), building long-tern{r=1.00), investment in poverty reduction programs
relationships based on established guidelines (r=0.68).55)), participation in charitable actions of the local
sharing a clear vision of supply chain managemesbmmunity (r=0.88), and participation in regional and
(r=0.63), sharing production information on an ongoingupra-regional development initiatives (r=0.51).
basis, e.g. through sales and operations planning meetings- between the business profile and investment in public
(r=0.51), joint introduction of benchmarking andinfrastructure facilities (r=0.56), and the company's
performance indicators (r=0.78), alignment of produgbarticipation through SC in environmental and/or public
strategies, supply and distribution in line with supply chaispace activities (r=0.64).
strategy (r=1.00), sharing information on customer On the other hand, with regard to impediments, the
requirements and project plans (r=1.00), use of supplgllowing significantly statistical relationships were
chain concepts in product, process and packaging desidentified between:

(r=0.78), common procedures for obtaining feedback from - company size and employees' lack of understanding
customers who are involved in product developmemf the goals and ideas of SCM (r=0.62), employees'
(r=0.63), and competitiveness of S.C. (r=0.88). resistance to SCM-related changes (r=0.74), organizational

- between the business profile and the use afructure hindering information sharing (r=0.92), problems

information technology to increase communicationvith the quality of activities caused by supply chain
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members (r=0.92), communication problems and Thus, the most important business elements of
confidential data (r=0.92), laws and regulations hinderingustainable development were: use of the "JIT" concept,
SCM relationships (r=0.74), and that some supply chastandardization of quality policy and alignment of product

members do not support the concept of SCM (r=0.92). strategy. The lowest rated elements were the ongoing

- Between the age of the company and employeastchange of production information through planning,
resistance to implementing changes related to SCséles and operations meetings, and the use of information
(r=0.78), technology to increase communication efficiency.

- between the business profile and employees' lack of The environmental elements of sustainability with the
understanding of the goals and ideas of SCM (r=0.64)ighest average were: use of RES and waste treatment in
organizational structure hindering information sharingccordance with the principles of SD. The lowest rated
(r=0.66), problems with the quality of operations caused Blements were environmentally friendly production
supply chain members (r=0.66), communication problemmocesses, employee involvement in environmental
and confidential data (r=0.66), laws and regulationgrograms, and selection of supply chain partners based on
hindering SCM relationships (r=0.87), and that somenvironmental guidelines.
supply chain members do not support the SCM concept The surveyed group of meat companies declared that
(r=0.66). all the social SD elements indicated in the survey were

In conclusion, it can be said that there are significamnportant or very important. The highest rated elements
statistical relationships between almost all aspects of SGMere those related to the company's attitude to Polish law,
and size, years of operation and business profile. Orily particular the timely payment of taxes and fees due and
depending on the selected criterion (age, years atitk transparency of income on which taxes are based. Also
business profile) can the number of these correlations vahyghly rated were the application of ethical standards of
In addition, it should be noted that the prevailing value dfusiness and commerce and the provision of equipment to
the identified correlations exceeds values of 0.6, whiagnsure hygiene and occupational safety.
means that the correlations that occur are strong Undoubtedly, companies in the meat industry pay very
correlations. Therefore, it can be assumed that tletose attention to the satisfaction of the end customer. As
formation of the SCM of enterprises significantly dependsell as paying attention to the overall external image of the
on the size, years of operation in the market and profile cdmpany as perceived by third parties and individuals.
the enterprises. It is also worth mentioning that only in the Meat companies also indicate that process
case of environmentally friendly production processes amthiprovement and productivity improvements do not
end customer needs, no statistically significant correlatiosggnificantly affect the application of supply chain
were shown. On the other hand, the greatest numberménagement concepts in practice. Improved processes
statistically significant correlations were shown in the areallow the use of newer technology, which would make the
of impediments to the introduction of SCM - especiallflow of goods and information faster, more resilient in the
with regard to the size and business profile of enterprisesvent of disruptions and make supply chain management

easier and less exposed to potential undesirable risks or

4 Conclusions hazards.

Summarizing the research, it can be said that all the Sustainable  development  presupposes  such
companies surveyed declared that the greatest influencedgyelopment that, while meeting the needs of today's
the app"cation of Supp|y chain management Concepts $ﬁcieties, does not at the same time limit the development
practice is the needs of the end customer. Slightly le@Bportunities of future generations, so it is alarming that
influence, on the other hand, is attributed to internal intefhe€ meat companies surveyed do not want to develop
functional cooperation and process improvement ad@formation technology to increase the efficiency of
productivity improvement. In contrast, the least impact wegPmmunication. Fast and seamless communication
attributed to cost reduction and the process of integratif§tween members of the supply chain or the company's
supply chain processes. Thus, it can be acknowledged thiernal departments themselves allows for the
all of the meat companies surveyed place a very high valgéeamlining of many processes resulting in greater
on end-customer satisfaction through smart supply chaatisfaction of the final customer, thanks to the faster
management. arrival of meat products in his hands.

The objectives of the article were achieved by assessing Today's society pays a lot of attention to caring for the
the level of sustainable supply chain management in tR8vironment, so when choosing products from store
meat industry. The results of the study relating tghelves they are interested in the origin of meat products,
sustainable supply chain management allow us to concludie way they are processed and prepared. Therefore, when
that the surveyed companies indicated both very importdiaring that a meat company does not use environmentally
and important elements in each business, environmerfg@ndly production processes they will be more

and social aspect, while nowhere were there answersdigcouraged from buying their products. .
little or no importance. Based on the characteristics of the research population,

suggestions for further research can be made. One

~ 497 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume: 9 2022

Issue: 4 Pages: 487-499 ISSN 1339-5629

Michat Kot

SUSTAINABLE SUPPLY CHAIN MANAGEMENT IN THE MEAT INDUSTRY IN POLAND

fundamental suggestion is to increase the scope of the of reprocessed medical
research conducted, so that a larger group of enterprises hospital's supply chain,Journal of

will participate in the survey, and the resulting sample will

in a Phoenix
Cleaner
Production, Vol. 112, pp. 1995-2003, 2016.

devices

be representative which would provide an overview dfi2] MANI, V., GUNASEKARAN, A.: Four forces of

sustainable supply chain management in the meat industry supply chain social

nationwide.
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