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Abstract: Nowadays choosing the right packaging system i®rhetwy increasingly challenging, mainly due to the
pressure to meet dynamically changing customersdedrder to remain competitive, the types ot loads handled
by companies are changing more and more frequenitigh means that the choice of the ideal packagystem is also
becoming increasingly important. The packagingrofipcts influences the efficiency of logistics a@ns and the cost
of running the system, whose role is becoming exirggly important. As a result of the detailedrltere analysis
presented here, it is concluded that no framewaskbbeen developed to date that provides an adegosteer to the
choice of the optimal packaging system in differ@mtumstances. The methods used in practice foowsfew narrow
areas and ignore many relevant aspects. In therypap present the testing options for the packpgianagement system
we have developed, the building blocks of the sysaed their role in the testing process. In addjtibe basic process
of one type of testing, namely the selection ofdheémal packaging system for a new product typelescribed.

1 Introduction presentation provides the reader with an overviéthe

In industrial practice, the selection of appropriatdifferent views of a discipline, including its key
packaging and the improvement of existing packagirf@ethodol_ogms .and theoretlc_al traditions. Reports 0
Systems are becoming increasingly Cha"enging, Mainsystematlc reviews should !ﬂClUde a .SeCtlon on the
due to the significant expansion of product strreguthe Methodology used and a precise description of thegss
rise of e-commerce and the variety of seasonalggicg ©f the study. This is mainly necessary, in thegwi to
[1,2]. A detailed literature review was carried asing the €ensure that all decisions are taken in a transparenner
systematic literature search method, the main &iwhach  [3,5]-
was to determine the current state of the field smd  The literature analysis (Figure 1) was carriedauB
identify the scientific gaps. databases in order to capture the widest possibiger of

This literature analysis was carried out using$h® research. The first part of keyword search wasopexéd
(Systematic Literature Review) method. In practites  for a broader domain. These were the following keryls:

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

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

Figure 1 Previous literature reviews (own editing)
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Specific keywords within these areas were then « Digital technology AND packaging planning
identified and also searched on Scopus, Web ofn&eie AND logistics.
and ScienceDirect. The research was also made in 3
databases Scopus, Web of Science and Sciencelihect.  The timeline of publications is illustrated in FigL2,
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;
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Figure 2 ScienceDirect database’s publications tewn 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 (editing)
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It is clear from both figures that the number ofntelligence. Journal [20] deals with the applioatof the
publications on the subject has increased oveyehes. In  digital twin concept for proactive diagnosis ofttaology
the Web of Science database, the used keyworddesupackaging systems. An important issue in the
only two publications, published in 2015 and 2020. manufacturing of process equipment, especially @gicig
The number of publications shows an increasingifrenequipment, is the modernization of manufacturing
and after reviewing the abstracts of some pubbicatithe automation systems. It deals with the elimination o
articles can be grouped into 2 major categories. filst  failures in packaging equipment, applying Big Data
group is sustainability and the second group idtalig analysis methods, artificial intelligence princpl@nd
technology and industry 4.0. It can be seen trexetlare digital technologies to solve these problems. Thiela
significantly more publications related to sustaitiy in  Packaging 4.0 2022 examines the applicability disiry
the databases. The publication [6] describes timeiptes 4.0 in packaging science, including the lack otegsh in
of green packaging and the investments in its dgwaént.  this area. It discusses the potential benefitadtistry 4.0
Study [7] aims to identify the main environmentalpackaging in different sectors, including logis{2§]. The
sustainability initiatives of some logistics seevjgroviders paper [22] provides a solution to the shortcomings
and to identify future projects. The article mensichat the material handling systems in cloud-based manufexgur
interviewed companies have implemented severptesenting a new material handling paradigm. The
initiatives such as energy efficiency, CO2 emissiomdentification and analysis of recyclable packagimghe
reduction. The publication [8,9] deals with the gextion automotive industry is addressed in [23]. Curreniiya
of packaging waste and the growth of e-commercé Thproduct meets the requirements, it is labelled tosh
study considers several types of packaging maseriaplaced on steel pallets. Products are also seowrid
including disposable primary packaging, disposabladapters to prevent movement within the pallet.
protective packaging and returnable packaging. Based on the literature analysis, it can be cordubat
Sustainability and the circular economy are alstregsed no packaging management system has been developed s
in [10,11]. A critical issue for circular economydustries far, which ensures the optimal choice of packaging
is the development of reverse logistics for pacgkggnd materials for the products under investigation pglgng
transport of semi-finished products. The journ&l[deals mathematical methods and Industry 4.0 technologdres.
with the use of packaging in the automotive induystr the rest of the paper, the operational conceftisfslystem
where comparisons of different sustainable packgpgins presented.
systems are presented, but does not deal withalbigit
technologies and the benefits of their applicatibhe 2  Operational concept of the packaging
article [13], published in 2021, after the coromasi management system
pandemic, deals with soaps, hand sanitizers and the |
packaging. It has become essential to manage agdee

soap packaging waste to redyce its environmenprhdm and transport packaging systems, that is doesover the
The study [14] aiso deals W'th the C|rcu_lar econaany .choice of consumer packaging. The operational qarafe
presents a structured literature review. The strigf packaging management system is presenteddinglu

env!ronmenta:l rehgulatléms related_ Ito tfrf1e tra?]_spgrt the structure of the system, the tasks to be pegdr the
environmentally hazardous materials offer a higist co.,qeg 10 he examined and the operational process.
saving potential for an optimized transport andkpgeng

concept. This publication [15] is a case-orientedrijal
dealing with product-specific transportation of mg o
components, but digital technologies are not meetian _Sysiem I .

the paper. The second category includes publication Figure 4 shows the initial conceptual_ design Qf the
related to digital technologies and industry 4.iblRation _packaglng management frgmework. To build the_ system
[16] deals with e-commerce logistics business nmgydib is necessary to clearly qefme.the actors, the noai, the
Data analysis. It develops a hybrid content ansiysidel dgtabases and the relationships pe_twee_n them.otswsh

for in-depth analysis of the fundamental knowledfe- Figure 4, t_he; framework can be divided Into thrgﬂsp the
commerce logistics. Publication [17] addresses tudy participants, the main tools used in its apen and

operations management problems of returnable s‘r!jppit e databases to be used.
items. Publication [18] has already addressed & n - ) .
opportunities of the digital age, but has not inigeged Study participants: In order to define and
packaging. This paper presents views that may ggntmuously Improve the deve_lopmen_t of the systemi
representative for the context of future bus sesiand the [© €nsure the quality of the inspections, the foify

design of bus services. Research in [19] dealsauftficial par;i/lcipants negdl\tﬂo be involved(:j 6 he devel
intelligence and the development of informatiory” Management. Management defines the development

technology. It proposes an approach to design &ssin guidelines. They takes strategic and tactical imtss
models for supply chain applications of artificial

he presented packaging management system is
cally concerned with the optimal choice of edtion

2.1 Structure of the packaging management
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negotiates with new companies on the basis of éxper
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 yarbd
(collective and/or transport packaging), selecting
right packaging for an existing product, and testin
packaging because of quality reasons. They witl bés
responsible for data collection, data processing an
evaluation tasks according to the type of testcsede
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 neeided
carry out the investigation. In particular, theyvide
data and parameters of possible packaging systams f
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 iospe
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 confivol

the actual simulation [25]. Thus, the entire operat
can be tested and optimized. With the discreteteven
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 twit
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 genera
them. After collecting and examining the packaging
data, the software processes it to identify thdlera

and generate simulation plans [27]. The simulation
solution has several advantages over the realrsyste
as it is cheaper, faster and allows to test mangemo
possible cases, as well as to analyse designesirsyst
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 simulatiorais >
perfect tool to solve these problems [24]. A disere
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, whieh a
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 éditing)
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2.2 Tasksto be performed by the packaging
management system Type 2 (Figure 7): Unit load device changes in @pss
In this paper, the Conceptua| design of a packagirgjthout branching. In th.iS case, machining takas_plafter
management system is presented, which, in ternits of delivery to the production area, so the packagirsgesn
function, helps to select and improve the approgriaWill 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 manageme
system performs 3 main tasks, which are presemted i Figure 7 Type 2 (own editing)
Figure 5.
These are the followings: Type 3 (Figure 8): The unit load device will notacige

> 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.
» Testing the packaging to diminate 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 charvgeen
‘ I " several processes meet, e.g. picking or assembly.
OX
< . O—@—0

Figure 5 Packaging management system operatiagless Q
(own editing) Figure 9 Type 4 (own editing)

In practice, these tasks are becoming frequent ast@pe 5 (Figure 10): The unit load device will ndaoge

result of the drive to meet specific customer neaas o myltiple forks of a process. In this type, gt arrives
increasingly effective product innovation, and titee i the production area from one supplier.

types of tasks can occur within a short timeframoe &
single product. . — s

L . = N

2.3 Define the examine cases s N =
The designated logistics process can be extensine f ? /\._.( \}

\_7 b s

supplier to customer. Once the system has beéamedef
the cases and their complex cases from supplibuyer

can be formed. We distinguish 6 elementary typeistaa

complex cases that can be formed from them.

In order to understand the system to be analysdd
defined, the 6 types are first presented. The ppcga
system for these types may change (full circlejeonain
the same (empty circle).

The types defined for the purpose of the study are:

Figure 10 Type 5 (own eaiting)

Type 6 (Figure 11). The unit load device will changhen
everal processes meet. In this type, produastesrat the
production area from one supplier. For this type, a
disassembly process takes place, where the pagkagin
system will also change.

Type 1 (Figure 6): The type of packaging does hainge Q ‘ O
during the test process. For example, if it is reeabfrom

the same packaging during production and thenrretLito r O
the same packaging after processing.

: : : Figure 11 Type 6 (own editing)

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

consumer packaging. Regulators are moving forward,
and companies and retailers are proactively conmgitt
to improve the sustainability of their packaginglan

the operational process for model ,A” of the thtask
types is presented in this publication.

fundamentally rethinking their packaging systenw. F

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 conductirg t

study, on a scale of 1 to 10, where 1 is the wamdt10

is the best rating.

Due to the complexity of the operational conceptyo

Steps in the process under examination (Figure 12):

. Delimitation of the examined system:The selection

of the logistic subsystem to be developed should be
done in this step [29].

. Define the purpose of the studyThis initial step in o ) ,

the process involves defining exactly what we want _ Weighting method: there are several methods in the
achieve as a result of the study, including thesitec Ilteratu_re for determmmg the weighting of decnsrmte;qa
criteria for the choice of packaging, their weightl the ~according to the interests of the company. The higig

requirements for the packaging systems. The maR{0C€SS can be either a serial scale or an inteade.
decision criteria identified in the literature ass VWhen solving multicriteria decision tasks, one bt

follows [29]: essential elements is to determine as precisghpssible

Transit time The average time elapsed between twi!e order of importance of the evaluation critena,in
points in the delimited system. The duration oPther words, the weighting of the order of impocenin
logistical operations can vary considerably depagdi addlt_lon to t_he best decision alternative, a.rgynkm
on the type of packaging system and can be shmher{%?ss'b'e choices can aIs_o be_ developed, andhemﬂore
by choosing the right packaging system. Shorted leaMpPortant to perform weighting steps. The intersedle
times, faster response to customer needs and lovpC Provides information on the degree of prefeeein
losses increase the competitiveness of the compalfys respect, the Guilford method is recommendei ias
[30] the most widely us_ed Q_nd accepted in terms ofhiditia
Total operating cost: The choice of packaging syste@ccuracy and applicability. The method requiresutse of

is a major determinant of the design of materiafl an gnalytlcal team with a minimum number of .s_tt{ffthe
systems and their operating costs, as well asasieof  de€sign of the present system, this procedure rsedaout
purchasing and maintaining the packaging systers. 1tPY the expert group, with a minimum of 5 personsge
in the company’s clear interest to choose a pangagiSUQQQSted- The procedure requires a comparison wwvork
system that minimizes the overall operating costs. Pairs of factors to be compared, weights are ajread
Quality of the packaging system: the quality of th@utomaﬁucally added [34]. The Guilford welghtlngrpase
packaging system can be an important criterionifer Comparison method is used to determine the ordéneof
choice of the packaging system. Only packagin valuation factors, transformmg them to an intbscale.
systems that meet the essential requirements sheuld™rom @ set of evaluation factors, any 2 can becteto
included in the test. This factor is a componefinge  determine which is more preferred over the other, i
by the company, with a value ranging from 1 to 1@vhich characterl_s'glc or attante is more_lmpo_riﬂrran the
(1 being the worst to 10 being the best). Exampfes other. Each deC|S|on_ maker in Qach pair assigesie of
factors considered in relation to this factor ane t O OF 1 t0 express which evaluation factor is pref{35].
availability of the packaging system, its recydliai Setting requirements for the packaging systemeraait
its modernity, its integration into the currentteys Can be set for specific aspects of the possibléauicg
[31]. systems for the product types under c;on&deraanh
Usability within the process under test: this iadér is ~ Will influence the outcome of the selection prooesg. the
used to measure the expected number of times tRBerating cost _of the system under consideratiost mot
packaging system under test can be reused in tR¥éceed a certain value).

designated logistics process. The packaging sysaem
be divided into two main parts. One is plastic #mal 3.
other is wood based. Plastic devices have a litetim
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

Define the objects relevant for the choice of
packaging system(s):the operations and objects
relevant for the choice of packaging system(s)l el
identified for the logistics system defined. Foasple,
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 objetthan
material flow relationships between them, a malteria
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flow graph can be constructed from combinatiorthef
cases from Figure 6 to Figure 11.

. Material flow graph: Based on the relevant objects
and the material flow relationships between them, a
material flow graph can be constructed using tlsesa
from Figure 6 to Figure 11 to illustrate the optiation
task.

9.
. Uploading packaging scheme database with datas:

normalised objective function components, an
objective function can be formed for which the tagh
value packaging system chain variant gives thevati
value. If necessary, it is possible to select domas for
the attributes (e.g. lead time, operating cost).ele
case an attribute of a packaging chain does nisfysat

the condition(s), it cannot be selected.

Designing a simulation test modelthe basic principle
of simulation is based on a simplified represeatatf

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

tables, which are:

Ranks of packaging systems under study: a date tabl
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
responsibility of the information providers to fill the
data table.

Conformity data for packaging systems tested: This
data table shows which packaging systems can lae use
for which material flow object according to the
requirements defined by the company. The expeets ar
responsible for completing the data table.

. Uploading the logistics system database with datas:
the database containing the main data of the logist
system under study contains the following dataetsbl
Time factors for the packaging systems tested:ddia

is necessary to know the simulation technique éinero
areas of the company, such as the logistics of
production and service processes [28]. Simulagstst
have been designed by building a custom application
by using predefined simulation frameworks (e.gnPla
Simulation, Arena, Simul8, etc.). Development time
can be significantly reduced by using these
frameworks, as predefined objects can be used and
parameterized, while at the same time the specific
behaviour of the model can be managed by methods if
necessary. The design of the simulation model shoul
be done taking into account the defined systemtfaed
test objectives. The material flow model and the
information flow model shall be developed and the
method of operation shall be defined in order to
produce the objective function defined in the poesi
section.

table shows the unit load formation and/or disniagitl 10.Simulation model implementation: the simulation

and/or handling times of the packaging systemsdest
for the material flow objects. The data in thisl¢éadre
filled in by the experts.

Material
containing data on speed, size, operating cost,
maintenance cost, capacity of the material handling
equipment in the process under investigation. The
experts are responsible for completing the table.

test model designed in step 9 is integrated ine th
simulation framework in this step.

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

simulation model, the simulation model data tables
must be populated with the data defined in theiptesv
steps.

Technological operations data: a data table cantgin 12.Testing and validation of the simulation modelafter

the time factors and capacity data of the techncddg
operations in the material flow system under study,
be completed by the experts.

. Making possible test variants: in this step, the
variants of the packaging systems that can bersssig
to the objects defined in step 3 are trained, ab dH

the simulation model has been created, the model is
tested to eliminate possible data errors, prognaorse

and conceptual errors. For an existing system, the
validation of the simulation model is done by
comparing the model with reality, while for a fugur
system, it is done by checking the data and presess

possible packaging system chains to be testedédy th3.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 functior

applied to which object with respect to the defined
scheme.

. Determining the test conditions, the objective
function: the test criteria defined in step 2 are
converted into normalised objective function

each packaging system chain variant, so that thet mo
favourable variant can be selected. The number of
variants tested depends to a large extent on timeu

of packaging system variants that can be testethéor
objects, as well as on the number of objects.

components and weighted using the Guilford weightin14.Checking the appropriateness of the resultsn this

method. By determining the weighted sum of the

phase, the validity of the results obtained is kbdc
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and if it is feasible for the company, the test is

completed and

1. Delimitation of the
examined system

8. Determining the test
conditions, the objective
function

9. Designing a simulation

the company moves

2. Define the purpose of
the study

7. Making possible test
variants

10. Simulation model

to

implementation, otherwise further tests are caroet
by modifying the test model.

3. Define the objects
relevant for the choice of
packaging system(s)

6. Uploading the logistics
system database with
datas

4. Material flow graph

5. Uploading packaging
scheme database with
datas

11. Upload simulation test

12. Testing and validation
model data

test model of the simulation model

implementation

14. Checking the
appropriateness of the
NOK: Go back to any of steps results
1-9 depending on the need for
testing

13. Running the
simultaion model,
evaluating the results

Figure 12 Steps in the process under examintaiom @diting)
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