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Abstract: An effective enterprise means correctly implemémecesses. Today, logistics plays an importdatinthe
company, and it influences the processes carriethquoduction companies, ensuring the impleméoriatf its most
important function - production. The article analyshe processes of trading in returnable packadgimg optimisation
of these activities was carried out on the bas& pfogram for simulating logistics processes. Miaén purpose of the
article is to identify the impact of the processésnaterial delivery and packaging turnover on finectioning of a
production company. The article is based on astasly of a manufacturing company. In the discussesd, the FlexSim
program was used to simulate logistic processes.slthation presented in the article allows to thothe time and
reduce costs that were necessary for the acceptttiais to be made available for processing bgéhicing returnable
packaging, adapted to be transferred directly talyction. Suppliers providing them with materiaidl allow you to
bypass the unnecessary process. Such activitiesesglt in the circulation of returnable packaging

1 Introduction such a solution requires the implementation ofrrethle

Comprehensive cooperation with suppliers is a vefjackaging turnover. o
important aspect of management_ Thanks to such Companles want tO eliminate .SUCh Ur.]faVOUrable
cooperation, aimed at minimising costs and redutiiey Processes as repackaging. For their analysis, qrogr
time necessary to carry out the processes, |tss|bm to a||0W|ng for their mOde”lng and simulation are ds&his
achieve measurable benefits. To obtain such resuls allows for efficient decision making.
necessary to identify the sites where suboptimiities The main purpose of the article is to identify it@act
are taking place that have a negative impact. Tipplg Of the processes of material delivery and packaging
system, the element of which is the process oflgiqgp turnover on the functioning of a production compariye
materials, is a pillar that ensures the contingfythe article was based on an analysis of the literaturethe
production company. Depending on the charactesistfic Subject, a case study and the simulation methatjusie
the materials and the conditions agreed with tipplgers, FlexSim program. The case study was based on a
they are delivered in various packages. Howevessgh Manufacturing company operating in the automotive
processes are not always optimal. This introduveseed industry. _ _ _
to carry out an additional repackaging process,clwhi ~ Optimal supply chain management is very important t
generates additional costs and increases the tieend to - gain a competitive advantage. This is possiblekbiémthe
prepare materials for production. Their eliminatiand ~€ffective cooperation of all partners in the suppihain.
introduction of changes in this area require dethil Connecting all its participants leads to a phenanen
analyses and simulations. which the effective operation of the last link, asal to

The continuity of effective work of a production satisfy its needs, also has a positive effect erothers. All
company requires effective management of matddgaist ~ companies involved in the supply chain should stiwsv
The necessary raw materials, elements or semhédis dreatest commitment because, in the event of ictafte
products, most often purchased through trade, argt moperation of one of the links, this may disruptdjperation
often delivered in containers. They are designeshsure Of the entire system, leading to financial and imbxsses
safety in transport, but not always their physicand even loss of market position. The supply chakif
characteristics enable the most optimal storage. viay ~can be defined as "mining, production, trade anlice
need to repack them. Unfortunately, this is antamféhl COmMpanies cooperating in various areas and thieints|
process that slows down the flow of materialsPetween which stream of products, information and
Repackaging can be solved by carrying out sucloeggs ~financial resources flow" [1].
directly at the manufacturers. However, the intaiiun of
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The concept of supply chain management began tmquestionable. Commercial packaging, but alsectille
appear in the literature on the subject only in1880s. In packaging, including pallets and various types of
the literature on the subject, you can find a diédin that containers and containers, rotation packaging aset u
itis "the process of planning, implementing andtoaling  packaging (disposable or damaged as waste) fitthdo
the efficient and economically effective flow artdrage area of interest of ecology and green supply cHainDue
of raw materials, work-in-progress inventories,idired to the fact that their main task is to protectltea during
products and related services, and relevant infiloma transport and storage, they are not always optioal
from the place of origin to the place of consumptio making them available directly for production. Grii¢heir
(including transport to and from the organisatimside and characteristic types is returnable packaging, wrécfuires
outside the organisation) in order to satisfy co&rs' the packaging to be marketed. It is part of reviagistics,
requirements” [2]. Due to the close links betweba t which is described as "the application of a log&stioncept
entities in the chain, the relations between therome to residues to thereby result in an economicallg an
important. In order to achieve a competitive adaget it ecologically efficient residual flow, with simultaaus
is essential that all companies work together parently spatio-temporal transformation, including change in
to meet customer demand. Ewa iKeka notes that "supply quantity and species." [10]. One of the elemeratdan be
chain management is always burdened with some riglistinguished in reverse logistics is packagingawer
because in such a complex structure you can ofterec [11]. This is undoubtedly a reverse flow in the @yp
across events and phenomena bearing the hallmérkschain, where after delivering products to the symblain
randomness, which cannot be fully foreseen dueh¢o tpartners, returnable packaging circulates betweem t
unknown reasons for their occurrence.” [3]. Logistics tools give us many opportunities to im@o

The material delivery process is part of the supplipgistics processes [13-14]. One of them are sitimula of
logistics, which is part of the entire logistics®m of the logistics and production processes, which are bagpm
company. Its mission is to organise the flow ofenials, more and more popular nowadays [15]. The developmen
so it includes "activities related to the flow oftarials of technology gives the opportunity for the develemt of
from the warehouses where they were stored to thedustry 4.0. Itis in line with this idea that thatomation
production hall, and more specifically to the firstof production and logistics is created. This is giloe
production station where these materials will bedu[4].  thanks to new technological solutions, IT, knowledad
Effective planning is essential for the successfuhnovation, as well as the possibility of processugation.
management of delivery processes, which shoultd8sed The latter undoubtedly affect the success of thaiegh
primarily on enhancing cooperation. The cooperatiosolutions and the possibility of their prior chewakiand
reaches such a level that suppliers become teanbarem adaptation to the organisation's capabilities ptaotheir
providing professional assistance in the developmplease physical implementation in the enterprise [16-19].
of new products and models." [5] However, it should be noted that any developmerthis

"The process of supply connects participants in thedustry should be in line with sustainable deveiept
supply chain and ensures the desired quality aedaye [20-22]. This is one of the ideas that should baildew
suppliers in this chain. The quality of materialsda form of industry operation - Industry 4.0.
services' entering' the system affects the quatity
‘outgoing’, and therefore customer satisfaction tre 2 Management of returnable packaging in
company's income" [2]. It is worth noting that "whe K ICO-Polska sp. z 0. 0.
choosing the right procurement strategy, it is seagy to
analyse the position of the company and its freedemell
as the possibilities of operating on individual keds.

The process of accepting materials, discussed ilater
the article, was presented on the basis of KICGHoSp.

X . . : ) ..~z 0.0. Established in 2005, the company is located
t%';/megsgfggleer;ti':gsggz?ér:eii’r':ed'ﬁ?r[%?t behasgoin Swiebodzin. It is a company that specialises in the
Analysing thegliterature itgcan beggéncluded thadply Emdg Ction of arpcrlles (rat require asf?temr? Iy{( Sm}f& )
e ; ’ . o as been part of the KICO Kunststofftechnik Gmbblugr

logistics IS r_e_spon3|ble for enabllng produchonhu_umty. having foupr factories on two countries. Since tHemhas
IQSei\s/glrlsk}I(I)l:ytr?; tgsog]uagg(r)lr?lion?uer?cetg) rflor"%dednpi;s also specialised in the plastics processing seetonmany
flow of products in the economy is often .conditidrtny years, the company has been .respon(.jmg o growing
the use of appropriate packaging’ [7. Dependingtan CLciome” [eauirements and qualty fequirementscivi
. . L 9 allowe or establishing cooperation with many
fﬁ;tﬁzg\r’;:ﬂ:u&ﬂ'erzén%éﬂsegggs'i%alV‘;?%rfespoéfs commercial vehicle mar)ufacturers anc_i system supplie
Kaai S yth first ised by th tg > The company operates in the automotive sector, hwisic
ngp?gl?r?é chol?cceeof peaclgsgin(z;r%?;slszfn imgort:nisdtgneone of the most developing industries. Effectiveration
g ) o ' in its scope requires not only constant investmentbe
affecting among other things, on the profitabily/the | et technologies, but also the constant impléatien of

company's ac_:tivities." [8] "The role of packagin'gthe more and more optimised solutions in the fieldogfistics
flow of materials and products along the supplyirchs
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management. It is even more important when the eomp internal circulation. Later in the article they Wik called
effectively implements one-day production schedaled “returnable packages" due to their circulationhi@ thain
uses the 'Just in time' philosophy. This means thatipply.

production is only planned for the next day aheHue

efficient functioning of the supply system is tHere = -
crucial to maintaining the continuity of production Z 4
Enterprises shall take comprehensive measures ained L

effective management of supply processes. After the
production schedules are drawn up, KICO immediately
reports its need to the suppliers. It is worth pgyttention

to the importance of communication in these prozeds

the event of any communication disruptions, thevdey

of materials may not proceed properly. Deliveriesathe Figure 3 Container RL-KLT 3215 with dimensions of
supply warehouse. There, they are collected by the 297x198x147.5 mm

entrance logistics department. Each delivery isfigdr

with the attached and required documentation. These Methodology and results

processes include quantitative and qualitative robnt A repackaging area is a place that generates a
Pallets with materials are sent to a designated,ashere suboptimal repackaging process that slows dowifidiae
they will be waiting for further development in h-bay of materials. The solution introduced by the conypin
warehouse. Materials for the enterprise are usualigpackaging at one of the three main suppliersariyse
delivered in metal containers (Figure 1) and irdbaard the effectiveness of the new system, it is necgskar
boxes secured with GITTERBOX packages (Figure 2). perform simulations before and after the plannethges.

In the discussed case, the repackaging proceseeleid
after its change was presented using FlexSim. dluien

is new tools adapted to many areas of transpaitjding
those that reduce the negative impact on the emvient
[12].

3.1 Simulation of the current process of product
delivery and repackaging into appropriate
returnable packaging — before the changes

Determining the initial data is necessary to penftne
simulation. The repackaging zone works in a thief-s
system and leaves it daily on average from 1,5P(300
containers with repackaged materials. In orderésent
the maximum efficiency of the zone and for its geg,
the upper limit of this range was adopted. Theckaging
area has 3 workstations and a total of eight enggleyTwo
shifts work using all positions, while the thirdfshas two
employees. This means that the duty of eight enegleyo
obtain the baseline in the number of materials ckpged

to 2300 containers (returnable packaging) - thisgR87.5

per container. After rounding, the number 288 was

assumed. Taking into account the employees' bradk a

preparation of the position before taking actiahs hours

of permanent work at the workplace were assumet. Th

means that the worker needs, after rounding, amanri

of 93 seconds to produce one repackaged container.

Figure 2 GITTERBOX packaging securing large cardbloa
boxes with materials

The delivery of materials from the supply warehadse
the production hall, however, becomes problematithe
bulk containers in which they are delivered areapgimal
to be located directly in the production hall. Ttz large
and unwieldy, which makes it difficult for employe®®
further process materials. The KICO- Polska Sp.@ o @réa - 2300 repackaged returnable packages,
company therefore uses the processes of repackéwng expected efficiency of one employee - 288
delivered materials into smaller plastic containerdé&Packaged returnable packaging,

Currently, RL-KLT 3215 (Fig. 3) / RL-KLT 4315 / RL- _* the maximum time to obtain one repackaged
KLT 4329 / RL-KLT 6429 packages are used in th&eturnable packaging - 93 seconds.

Summary of the output data:
expected maximum efficiency of the repackaging
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PROCESS OF DELIVERY OF RAW MATERIALS ON THE

Having such data, it should be proceed to the To analyse the effects of a shift in which only two

preparation of an appropriate model in FlexSim chrhwill

allow you to visualise the current work of the refgging
zone, both during shifts of three and two people figure
below (Figure 4) shows a schematic of the process.

workstations are working, the same model shoulddesl,
excluding one of the paths for the process andciaduhe
number of multipacks generated by the source to(5¢6
Figure 6).

Source

Figure 4 A model analysing the work of the repaakggone
with the active participation of three workstations

It is important to avoid unnecessary complications

Figure 6 A model analysing the work of the repagkggone
with the active participation of two workstations

As in the case of the simulation with three worlietes,

the operation of the simulation. After the modelswawe expect their maximum effectiveness to be present

developed, all data necessary for the analysis weee.
The boxes are characterised by returnable packalyatg
must be filled at workstations. As planned, thercewvas
programmed to release 864 of them. The duratiothef

This will allow you to refer to and compare the Woads
of specific positions once changes are made. Thages
consisted in reducing the number of materials reguio
repackage and thus also the requirements for diorss

process at each station has been set at 93 sedbndgsee Figure 7).

includes both the preparation of the employee &ot st
repacking and its implementation (filling the pagicey
with materials). After a correctly configured maodgbu
should start analysing the obtained results. Theraption
was to present the maximum efficiency of the zon
Therefore the expected results will indicate theimam
use of human resources. This will make it possiblefer
to and compare loads of specific stations aftepchicing
changes consisting in reducing the number of nalteri
required for repackaging, and thus also the remergs
for the stations, as shown in the following datigFe 5).

[ oashboard

X

Throughput

Object  Input
Workplace 1| 288
Workplace 2| 288
Workplace 3| 288

Figure 5 Three-person shift capacity, number ofkaaes
repackaged

W

Throughput

Object
Workplace 1 288
Workplace 2 0
Workplace 3| 288

Input

Figure 7 Two-person shift capacity, number of pagsa
repackaged

The data obtained from the simulation system are
presented in the table below. The table will beduse
compare the performance of all workstations after t
changes have been made (Table 1).

Table 1 shows the effectiveness of workstationggur
shifts in the three-person and two-person compuusifi he
company works in a three-shift system, consistihtyo
shifts with three and one with two employees.

Table 1 Analysis of the effectiveness of repackgginducts — situation before the changes
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Work efficiency of athree-person shift
M aximum Number of . .
. possible repackaged Efficiency of Effef:tlve working Time of inactivity
Wor kstation . ) ) timeof the .
effectiveness containers the position osition of the station
of the position obtained P
Position 1 288 288 100% 7 hours 26 minutes 4 miute
Position 2 288 288 100% 7 hours 26 minutes 4 miute
Position 3 288 288 100% 7 hours 26 minutes 4 miute
TOTALITY 864 864 100% - -
Work efficiency of two-per son shifts
M aximum Number of . .
. possible repackaged Efficiency of Effef:tlve working Time of inactivity
Wor kstation . ) ) timeof the .
effectiveness containers the position osition of the station
of the position obtained P
Position 1 288 288 100% 7 hours 26 minutes 4 miute
Position 2 - - - - -
Position 3 288 288 100% 7 hours 26 minutes 4 miute
TOTALITY 576 576 100% - -

3.2 Simulation of a new process of product <+ the maximum time to obtain one repackaged
delivery and repackaging in the right returnable packaging - 93 seconds.
returnable packaging without unemployment ~ We use a previously created model to carry out the
reduction — after changes resegrch. Thapks to the_statlstlcs (Figure 8 agdrEi9)
The company cooperates with one of the three ma tained, it will be possible to create an analsgtble
suppliers to implement the project, which will cmof able 2).
the process of repackaging the materials at the
manufacturers. Delivers from this company aver&fes roseeEE ke
40 metal containers with materials per day. Eacthese | Throughput ‘
containers is 22 filled returnable packages. Tréans that
assuming an upper limit of 40 metal containers rgiluce Object | Input
the required daily capacity of the repackaging 2mn88o, \;2:’;2::2; -
which will now be 1420. Currently, eight employesre Workplace 3 178
working on repackaging, which means that the efficy
of one employee will be reduced to 177.5 full retlile
packagings. So the number of 178 packages penpeeso
assumed. The time needed to complete the procests mu
remain the same as the process itself remainsafe,s
allowing us to observe changes in the burden onahum m
resources. The model source will now generate 8B4 1
bags for a three-person shift and 356 for a twegeshift.

Figure 8 Efficiency of a three-person shift afteiplementing
the project, number of packages repackaged

Throughput

Object Input
Workplace 1, 178
Workplace 2 0
Workplace 3/ 178

Summary of the output data:

»  expected maximum efficiency of the repackagin
area — 1420 repackaged returnable packages,

» expected efficiency of one employee - 17¢

repackaged returnable packaging, Figure 9 Efficiency of a two-person shift after the

implementation of the project, number of packaggackaged

Table 2 Analysis of the effectiveness of repackggioducts — situation after the changes
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Work efficiency of athree-person shift
Maximum Number of - Effective : . .
. possible repackaged Efficiency of Lo Time of inactivity
Workstation : ) - wor king time of .
effectiveness of containers the position L of the station
L X the position
the position obtained
Position 1 288 178 62% 4 hours 36 2 hours 54
minute: minute:
Position 2 288 178 62% 4 hours 36 2 hours 54
minute: minute:
Position 3 288 178 62% 4 hours 36 2 hours 54
minute: minute:
TOTALITY 864 534 62% - -
Work efficiency of two-per son shifts
Maximum Number of - Effective : . -
. possible repackaged Efficiency of Lo Time of inactivity
Workstation : ) . wor king time of .
effectiveness of containers the position L of the station
L X the position
the position obtained
Position 1 288 178 62% 4 hours 36 2 hours 54
minute: minute:
Position 2 - - - - -
Position 3 288 178 62% 4 hours 36 2 hours 54
minute: minute:
TOTALITY 576 356 62% - -

After changing the data in the model, can be ofeskrvhuman resources (38%) by the number of all emplbyee
drastic changes in the efficiency of workstatioftien the  (8), the result is 3.04. Rounding this number deev8 we
project is implemented, the human resources of tlget the number of jobs to be reduced. Employeek wil
repackaging area will be only 62% effective. loatseans therefore be able to be transferred to other deasntis that
that assuming that employees maintain the maximaee p also require support and would need more staffhan t
of work, they will not be assigned any tasks fauhe40% future. Reducing three jobs can bring considerable
of working time. Therefore, immediate action slibbke financial savings in the long term. The companyncan
taken for the reduction of unnecessary workplaceafford to reduce the entire shift because the legming
Therefore, immediate action should be taken to geduprocesses must be ongoing and respond to production
redundant jobs. After making a simple calculatiomemand. This means that the reduction of emplogees
consisting in multiplying the number of inefficignused each shift must be even.

Table 3 Number of jobs before and after the chdafier project implementation)
Number of employees

Number of employees

Shift __ beforethe after theimplementation
implementation of the .
; of the project
proj ect
Shift 1 3 2
Shift 2 3 2
Shift 3 2 1

In order to confirm the expected effects after the
reduction of employees, the last analysis in thex&im
program should be carried out.
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3.3 Simulate the new process of delivering fossssa v X
products and repacking them into the correct| | ‘
returnable packaging with a reduction in
employment — after the changes with
reduction of jobs

The previously created model will be used to penfor
the simulation. This time, however, only solutiavith the

use of two or one workstations should be considereu

Currently, the entire repackaging area will havee fi

employees. This means that with a requirement @D14

repackaged returnable packaging, this equates4qés
person. The time needed to obtain one repackagdga
remains the same.

Throughput

Object Input
Workplace 1/ 284
Workplace 2 0
Workplace 3| 284

Figure 10 Efficiency of a two-person shift afteg th
reorganisation of work, number of packages repaeklag

o e
Throughput

Object Input
Workplace 1. 284
Workplace 2 0
Workplace 3 0

Summary of the output data:

» expected maximum efficiency of the repackagin
area - 1420 repackaged returnable packages,

» expected efficiency of one employee - 28¢ |
repackaged returnable packaging,

e the maximum time to obtain one repackaged
returnable packaging - 93 seconds.

Figure 11 Efficiency of a one-person shift aftex th
reorganisation of work, number of packages repaeklag

Then, for the last time, we prepare a table (Table
aimed at presenting the effectiveness of the use of
workstations.

Table 4 Analysis of the effectiveness of repackggioducts — situation after the changes with reiducof employees

Work efficiency of athree-person shift
Maximum Number of - Effective : . .
. possible repackaged Efficiency of Lo Time of inactivity
Workstation . ) - wor king time of .
effectiveness of containers the position L of the station
L X the position
the position obtained
Position 1 288 284 99% 7 hours 20 10 minutes
minute:
Position 2 288 284 99% 7 hours 20 10 minutes
minute:
Position 3 - - - - -
TOTALITY 576 568 99% - -
Work efficiency of two-per son shifts
Maximum Number of .
. possible repackaged Efficiency of Effective Time of inactivity
Workstation ! ) . wor king time of .
effectiveness of containers the position - of the station
o X the position
the position obtained
Position 1 288 284 99% 7 hours 20 10 minutes
minute:
Position 2 - - - - -
Position 3 - - - - -
TOTALITY 288 284 99% - -

The obtained results show that the reorganisatfon maximum efficiency positions. Repackaging nearl$640
changes in the repackaging area is necessary thfter of the metal containers for returnable packagingret of
implementation of the project. This will maintainthe main suppliers, and bypassing this sub-proegss
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TRADE OF RETURN PACKAGING IN THE PROCESS OF DELIVERY OF RAW MATERIALS ON THE

KICO- Polska Sp. z o.0., resulted in a reductiorihogée
jobs, which will bring financial savings in the pterm. It
is worth noting, however, that the implementatidrthe

- the ability to model across the enterprise, mst |
focusing on processes.
The last benefit of modelling the entire enterpresed

project also involves the implementation of retidtea not just focusing on selected processes, is pessibl

packaging marketing in supply chain management.

4 Discussion

although very labour-intensive and requiring large
investments. Hence, it is often worth considerihg t
possibilities and creating simulation variants $efected

A suboptimal process has been identified in thBrocesses and activities.

company that negatively affects the entire systknis
repackaging materials collected from suppliers frogetal
containers to returnable packaging. Implementatiba
project to carry out part of the repackaging at oféhe

5 Conclusions
The use of process simulation programs allowstfer t
analysis of their effectiveness, which can be uted

three main suppliers requires the introduction loé t optimise them. Visualisation of the operation afidual

returnable packaging. However, this introduces maaw
challenges to supply chain management. The solittielf

activities can be used as an aid in assessingtmges that
the company is planning to introduce.

allows to improve the whole system, but it is also When returnable packaging is introduced into the
demanding. Rotation of returnable packaging meamssipply chain, many new obligations and challenges a

putting them into permanent circulation. This metrat
they must also have the material manufactureriarstyme
variants, also the carrier. This is so importardt tthe
solution to the problem of repackaging is significikom

for logistics management. New flows related toftbe of
returnable packaging between cooperators may coateli
the operation of the entire system. Effective managnt
of the turnover of returnable packaging is crutda@void

the entire supply chain for only one company — KiCOfinancial losses and maximise the benefits thatlréom
Polska Sp. z o0.0. Neither the carrier nor the nmlter its use.

producer receives any direct benefits from theihiction
of such a system. It is therefore particularly imaot for
the receiving company. The returnable trade-in agitig
introduces additional requirements and tasks fodpeers,
and in some cases, also for carriers. The manuéacodf
materials uses universal packaging, and the cdodus

The article presents the packaging turnover process

based on the implementation of deliveries on trempte
of a manufacturing company operating in the autoraot
industry. The paper presents an analysis whiclitttes
the process of receiving products from the supyied
their use in the production of the examined eniseprA

the following agreement obliges him to make chariges change was proposed - materials at the main sugphe

his work organisation. The first important changeue to
the necessity to store returnable packaging. Thenmah
producer may therefore require the recipient toecdkie
operating costs associated with this activity. ddigion, it
is the recipient's responsibility to ensure theilakdity of

containers for all companies that participate i shpply
chain, which also involves additional costs reldtetheir

of the three) will be packed into returnable padkgg
provided by the manufacturing company. Thanksig) th

the analysed organisation, it is possible to reduycéo 3

jobs, which will translate into a reduction of t@mpany's
costs.
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