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Abstract: Nowadays, the effectiveness of the enterprise dépen all departments of enterprises, includingstags.
One of the strategic areas of logistics, althoufidnooverlooked, is the turnover of returnable peaygkg. Turnover of
packages is an additional process in the enterpivegecreates additional costs. With the optimahaggement of this
process throughout the entire supply chain, eris@pican minimize the costs associated with its $hudy presents the
process of managing returnable packaging. The diteo work is to identify and analyze the possibilof using
returnable packaging in the process of preparifgnsnt and transport of finished products in theoawtive industry.
The article uses a case study of one of the corapamperating in the automotive industry - Volkswadéotor Polska
sp. z 0.0. The article presents three possibldispkifor the transport of engines manufacturethbydescribed company.
One of the solutions is currently used by entegsti§ he other two are a proposal to apply. Whelyzing the costs of
these solutions, the best one was presented, st @owhich will be the most profitable in the ¢prun.

1 Introduction the automotive industry. The article uses a casaysbf

In the modern economy, the activity of almost evergne of the companies operating in the automotigtastry.
enterprise is based on cooperation with other @yaiprs For the purposes of the research, literature siudie
in an integrated structure implementing tasks cpest documentation analysis and a single case analysie w
with the common goals of its participants. An extenyf ~ carried out. This research seems to be very impifitam
such a structure is the supply chain defined by the pointof view of the theory of logistics managmt and
Witkowski [1] as "mining, production, trade anddee the practical aspects of the functioning of comeariThis
companies cooperating in various functional areas atopic is located in the manufa.ctunng, distribufioeverse
their clients, between which streams of productdogistics, but also sustainable development and
information and financial resources flow". The mgal ~ €nvironmental aspects. Currently, few companies use
of supply chain operations is to deliver produote final returnable packaging in supply chains, but this is
customer while maintaining the highest quality angindoubtedly the direction of further development an
minimizing flow costs [2]. The success of supphaich challenges faced by companies.
management depends not only on the integrationaif m
processes such as transport, storage or coordjnati Role and types of returnable packaging in
information flows, but also on many activities irelitty  supply chain management

related to the main ﬂOWS, among which packaging Packaging p|ays an important role in the Suppwmh
management can be distinguished. The use of apg®pr during almost all phases of its activity, i.e. nmize
packaging and effective management means thatnipt odelivery, storage, preparation for production and
ensure that the product reaches the customer in @@tribution [4]. Among the functions of packagican be
unchanged condition, but can also ensure long-terdistinguished, among others [5,6]:

sustainable development. This means that compemiss reaching the customer incomplete or defective by

adapt to new customer requirements and constantly e.g. additional securing the goods on the pallet

growing competiton 3. _ with foil, placing a set consisting of several
The aim of this study is to identification and lyss products in one package,

the possibility of using returnable packaging ie fiocess
of preparing shipment and transport of finishedlpats in
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« mechanical protection of products - reduction oéffectively and positively replace the methodsafsing
the risk of potential damage caused by externgroducts used by enterprises. An example of a real
factors (e.g. shocks, pressure, temperature, etc.ylternative to single-use packaging used to segallets

« providing information - placing information on are covers of companies such as Techcycle Techynolog
the packaging regarding the use of the produdfic. and Pallet Wrapz Inc. which can successffylace
storage methods or handling waste generated afg$fetch foil [10,11].
the use of the product or packaging, Additionally, the environmental criterion shoulake

« marketing function - using the packaging as afto account the economic aspect of using retuenabl
element to encourage customers to buy tHeackaging. Giving up disposable packaging can bring

product by designing the right combination ofong-term savings, but also turn out to be unpabfi, so
colours, shapes, graphics and size. the decision should be based on an analysis tked fato

account all the advantages and disadvantages. dsie c

The role of packaging also depends on theelated to the use of returnable packaging incltiieneed
characteristics of the product. Depending on tigestiof ~ t0 invest a large amount of money at one time tolpase
the flow, additional requirements must be met, fothe amount of reusable packaging necessary fayttem
example, food and drugs must be stored in sterite function, costs of packaging transport and thetated
containers to prevent biological and chemicalo the management of packaging flow within the camp
transformations, and metals need additional priotect and quality control. On the other hand, this solutrrings
against corrosion. benefits resulting from the lack of the need tolicaly

Packaging can be divided according to variousisit buy packaging and get rid of the used ones, as agell
Due to the function performed, one can distinguisit ~greater efficiency of logistics processes [12adiulition to
packaging (direct packaging of a Sing|e produmngport the above-mentioned factors, the specific naturghef
packaging (used for storage and transport opesatiefore  Supply chain has a significant impact on the pabfitty of
delivery to the final customer) and collective pagikg introducing returnable packaging. The first isstett
(intermediate between unit and transport packagifign should be distinguished is the effectiveness okaging
used in retail outlets). Another classification caa flow management, and more specifically ensuringttiey
proposed taking into account the material that ugsi to always go to the right place at the right time. Any
make the packaging. In this case, the most pomrar downtime of containers at customers or other chaks
paper and cardboard (eg paper bags’ Cartons):iemmn‘ means that the system does not use its full ptalemhlch
metal (boxes, pallets) and plastic (foil, contaieetc. May lead to the feeling that there is too littlelgeging and
From the point of view of environmental protectioiney ~force you to buy them. This is a significant issiseeach
can be divided into undergoing or not subject tmairal €xcess container in the system increases paybaek.tin
decomposition process. In enterprises, packagingt‘m addition, controlling the Shipment of products rsiaal.
their own, belonging to the supplier or leased [vjery The returnable packaging system is more effectore f
important issue in the marketing of packaging mshppw more frequent Shipments with a shorter Cycle timetlass
chain is whether it is disposable or reusable. #hesed effective for longer distances and in situationslasfe
only in one process do not require additional #tgly fluctuations in demand [13]. It depends on thejtency
related to the flow of returnable packaging, but ¢e Of shipments when the investment in reusable pacgag
disadvantageous from the point of view of costs andill pay for itself, and on their stability and relgrity,
environmental protection_ Mu|tip|e-use packagings hadetermining the demand for containers that WI|prma|
many advantages, but its use requires the cooiniinaf ~ for the functioning of the system.
chain-back processes. The returnable packaging system in the supplynchai

The use of returnable packaging is the key toeadg ~can be organized in various ways, depending omekeels
the princip]es of sustainable deve]opment and Immgi. and preferences of its links. One of the clasdifices
Savings_ Mu|tip|e use of pa”ets' boxes, Big Bam ather distinguished in the literature identifies the Mng
containers is an integral part of the activitiesnodny Systems [14]:
enterprises. This is a positive phenomenon, however ¢  system of removable pool,
concerns the main transport packaging, and does not * system with return logistics,
include auxiliary ones, such as stretch foil [8he » system without reverse logistics.
consumption of materials (mainly plastics and ppped In the system of removable pool, responsibility is
the increasing amount of packaging waste are bexpmidistributed - each participant has a specific numife
more and more important environmental problems. Tteontainers that he manages and maintains in the bes
scale of the problem is evidenced by the fact thatpndition and quality. The participants of the systmay
according to Eurostat data, in 2018 around 77.Tiamil only be the sender and the recipient, or additignal
tonnes of packaging waste was generated in thepEamo carrier who has its own pool of packages and pabeas
Union, which is approximately 174 kg per capitq fuch on to other participants when collecting full con&s. In
a situation requires the use of modern solutioas Will  the system with return logistics, the packages are owned
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by the central link in the supply chain, whichésponsible
for the return of empty containers. In this cake,ftow of
packages may take place on the sender - reciprenbt
with an intermediate link - the container warehoulise¢he
system without return logistics, there is also one
company that owns but only rents the containersingu
the temporary possession of the packages by tliesdre
is responsible for their technical condition, sggand all
processes related to return logistics.

The use of new solutions and tools to optimizéshigs
processes is valuable, but the costs of
implementations should always be reimbursed irtiozla
to the total costs incurred by the company [15].

3 Process of preparing products ready for
shipping and transport in Volkswagen Motor
Polska sp. z 0.0.

Volkswagen Motor Polska Sp. z 0.0. belongs to th

Volkswagen AG concern, which is one of the leadethe
automotive industry. The headquarters of the coypas

established in 1999 in a subzone of the LegnicaiSpe
Economic Zone in Polkowice in Lower Silesia. Th

company specializes in the production of dieselregin
Common Rail and MDB technologies. The factory
Polkowice is a very important link in the concestgply
chain providing key components for cars for thedseef

the assembly plant in Poland and around the worl
including in the Czech Republic, Germany and Spai
Ensuring the highest quality requires not only th

improvement of production processes, but also fingis
which include organizing and controlling the shipref
finished products.

The process of preparing engines for shipmentriseg
at the time of final production acceptance, whedre t

products are packed and prepared for storage amspiort.

The next processes related to the execution of thQ

customer's order take place after the engines

transported to the shipping warehouse. A simplifieaé

scheme for controlling the shipment of finisheddurcts is
shown in Figure 1.

End of assembly Shipping room

* Labelling
« Packaging
« Sorting

* Transport ordering

* Loading

« Cargo secruing

« Shipping documents
preparation

* Dispatching

Information flow (ERP system)

Figure 1 Controlling the shipment of finished puots

After exiting the final assembly line, the motone a
inspected for compliance and then labeled. If truelpct
meets the requirements, it is marked with a lab#i the
number of the material card (HU — handling unitheT
products prepared in this way are packed on MT@&el s
pallets for 6 motors. In addition, the products seeured
with adapters that prevent shifting within the eallA set
consisting of a pallet, 6 motors and 6 adaptersdsked
with a label containing, among others place ané ddt
production, purpose of shipment, gross and net hteif

theske set, identification number and barcodes engblin

communication with the ERP system. After the fieidh
engines are booked into the warehouse and the sudit
carried out, they are protected with corrosion getion
foil and stored.

The next stage of preparing products ready for
shipment and transport begins after the engines are
transported to the shipment warehouse and bookibéiie
By the forklift operator using a barcode scannée mext
steps depend on the engine shipment control worker
ordering the shipment in the system ERP and theoper
ordering the transport at the forwarder. Upon atrof the
ransport, it is checked for compliance with certai

. conditions. The truck must first of all be equippeith
r}inti-slip mats and load securing belts that minimtie risk

of damage to the engines during transport. If thigal is

roducts are taken from the warehouse, which mest b
onfirmed in the ERP system. After the productgérked

gonsistent with the order, the order is printed toeh the

'ﬁp, they are loaded on the truck and secured bgiritier.

In each transport, from 12 to 15 pallets are loaddtch
means from 72 to 90 engines. The last step bdfergruck

JIs cleared is to prepare the shipment documenthand

them over to the driver. For the shipment of engjiribe
necessary documents are the transportation workflosv
CMR international consignment note and the ERP
ﬁipment document. Handover of documents and truck

arance are activities that end the shipmentnishied
roducts in the company. The result of the prote#sen
assessed by the customer according to the graypsplier
quality assessment" procedure.

4 Proposal of new solutions in the process of
preparation and transport of finished
products in Volkswagen Motor Polska

Sp. 2 0.0. - resultsand disussion

The potential area of optimization of the preparati
and transport of finished products at Volkswagentdvlio
Polska Sp. z o.0. there is a change in the pacgagad.
Currently, two types of returnable packaging aredur
shipping - MTG pallets and adapters that prevesttrgo
from shifting. Additionally, in the period from Gatier to
March, due to the high risk of corrosion of engjnes
additional disposable packaging - VCI bags are .used
These packages are an important flow element as the
protect products against loss of quality and cdoros
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damage. In the VCI bag, in which the engine is pdck LCC [19]. These packages are made of high-density
volatile corrosion inhibitors evaporate and form golyethylene, which is characterized by high stterand
protective layer on the metal. An additional adegetof durability at a relatively low weight (approx. 2§)k The
this solution is that after unpacking, the produmds be containers can be stacked and are equipped wahnait
immediately used for subsequent processes withwat tstraps that provide additional protection for thieduct.
need to get rid of the agent from their surfacd.[T6ese Polyethylene alone is not enough to protect engigaist
packages are successfully used in practice, bue e corrosion, but the manufacturer offers the use tafiS
alternatives. The rest of this article will be pospd Intercept technology, which can successfully previd
alternative solutions to the use of returnable pgulg. Static Intercept consists in fusing plastic withpper
particles, which react with the elements causingosion
and prevent its formation [20]. The approximateceri
estimated on the basis of the manufacturer's irdoom is
185 euros. An appropriate number of this type otaimers
could replace not only the VCI foil, but also other
packaging used so far - pallets and adapters.

Pc_ N

Figure 2 Example of VCI bag
The first solution to replace the current one & tise
of a corrosion protection pouch that can be uspeatedly
in place of disposable VCI bags. An example of sach
package is reusable VCI cover made by Australian

producer Daywalk [18]. This product is made of Patti Figure 4 Engine Cases - made by Endural
contains volatile corrosion inhibitors. It is dulafresistant
to rain, dust and UV radiation, and for better tigiss it Deciding on the choice of packaging requires taking

can be closed with a zipper or Velcro. Dependinghen into account the financial factors and additiorealdfits for
dimensions and customer preferences, the pricabeof the company. For the purposes of the analysis,085,0
cover may vary, but they start from around 195 suroengines shipped monthly (average for 2020) were
Opting for this solution would completely excludegle- assumed, packaging prices estimated on the basis of
use packaging from the process of preparing predioct manufacturers' data (which may vary due to addition
shipment, but would require a significant initialrequirements, the scale of orders, negotiations) the
investment. need to have 24,000 returnable packaging uniteatize

the flow (which found based on the number of adapte
plant currently has at its disposal). An importal@ment
was also the fact that single-use VCI bags are only
purchased for 6 months a year when the productsiase
exposed to corrosion. The comparison of the exstin
solution with the proposed alternatives is pregkrite
Table 1.

For a reliable calculation of the use of returnable
packaging, the method of returning returnable pagicig
between delivery links should be analysed as anéahtor
for the calculation. In the case of the describehgany,
the costs of transport were not included, becéwestotries
go to Volkswagen Motor Polska sp. z 0.0. in Pollaentio
get the engines without any cargo or with palletsl a
adapters, so organizing additional processes wuntdhe
necessary.

Figure 3 Example of Daywalk Reusable VCI Cover

Another reusable packaging that could be useddan t
process are containers for transporting engineSriolural
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Table 1 Comparison of packages for transportingiress)
Reusable VCI Cover

Package type Engine Cases (Endural) (Daywalk VCI bags
Unit price €185 €195 €4
Demand in 1 year 24 000 24 000 330 080
Cogtsin 1year €4 440 000 €4 680 000 €1 320 000
Approximate

per centage of 5% for year 20% for year 100% for year
packaging

consumption

- preventing the formation of
packaging waste, packaging waste,

- replacement of previously | f ousl d i
used packaging (less. replacement of previously- no nee or
Additional benefits returnable packading in theused packaging (less returnableotation  between
chain) P ging packaging in the chain), the links in the
) Iowér gross weight of the-easier way of transportchain.
between the links of the supply

engines shipped, :
) g?eater du?ngilit\ chain (take up less space).

- preventing the formation of

Table 2 Calculation of the implementation costsabécted returnable packaging solutions

Engine Cases Reusable VCI
(Igndural) Cover VCI bags
(Daywalk)
Base materi
Number of engines shipped moni 55000 55000 55000
Number of direct packages in monthly turnc 2400( 2400( 5500(
330 000 (55 000x
The use of 1 ye 2400( 2400( 6 months
Approximate level of us 5% 20% 100%
Consumption for 1 year taking into account the llesfe
consumptio 2520( 2880( 33000(
The cost of 1 piec €18¢ €19¢ €4
The total cost of the basic material for 1 €466200! €561600! €132000!
Additional cost
Pallets- need for lyeal 0 400( 400(
Consumption level for 1 ye 0 0,05% 0,05%
Number of pallets for 1 year taking into accounisimptiot 0 400z 400z
Average cost of 1 transport pal- meta 0 €22( €22(
Total pallet costs for 1 ye 0 €88044! €88044
Theperiod of consumptic 0 15 year 15 year
Adapters- need for 1 ye: 0 2400( 2400(
Adapter- 1 year consumption lev 0 0,10% 0,10%
Number of adapters for 1 year taking into account
consumptio 0 2402« 2402«

155,000 packages are used for 6 months a yeant{ima and winter).
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Average cost of 1 adap 0 €28 €28
Total adapters costs for 1y 0 €60060! €60060!
The period of consumptis 0 15 year 15 year
Total cost of additional materials for 1y €1481041 €148104
Total product co: €466200! €709704 €280104
The period of consumptis 5 year S5year:  for only one us

The table 2 presents an analysis of the implementat adapters to prevent motors from moving. There
costs of three returnable packaging solutions for are 6 engines on the palette.
transporting engines for Volkswagen Motor Polskazsp Table 3 presents the costs of implementing the eltsv
0.0. in Polkowice. There are three solutions: solutions for the described enterprise. The pesfdilyears
» Engine Cases (Endural) - do not require any was adopted due to the longest wear of the matenigine
additional equipment. The engines are onlfases (Endural).The analysis covers the costs of
transported in the described containers. Can lwaplementation: purchase of packaging, its consianpt
stored in layers during transport. (damage, loss) and replenishment per year, purcbiase
« Reusable VCI Cover (Daywalk) - requires the additional materials (pallets and adapters). Thalyais
use of pallets and adapters to prevent motors frof@ok into account the consumption time suggestethey
moving. There are 6 engines on the palette. ~ packaging manufacturer.
* VCI bags- form only one useThey are disposed
of after use, requires the use of pallets and

Table 3 Analysis of the implementation costs optbposed solutions

Ellie Cumulative Reusable VCI Cumulative Cumulative
EUR Cases costs Cover costs VCI bags costs
(Endural) (Daywalk)

Costs
including 4662000 5616000 1320000

years

0 1481040 1481040

start 0 4662000 0 7097040 1320000 3021040
1t year 4662000 1040 7098080 1321040 4342080
2nd year 4662000 1040 7099120 1321040 5663120
3rd year 4662000 1040 7100160 1321040 6984160
4th year 4662000 1040 7101200 1321040 8305200
5th year 4662000 7101200 1320000 9405200

Considering the financial aspect, reusable packagimumulative cost analysis was used. This has bemmrsin
requires a significant initial investment, but lgsnlong- Figure 5.
term benefits. The analysis of the implementatibthe It should be noted that the first solution will psor
presented 3 solutions for the use of returnablé&gmging itself in the 15th month. The second solution waly off
shows that the most advantageous will be Engine@anly in the 38th month. Due to the fact that thenpany
(Endural), then Reusable VCI Cover (Daywalk), anel t operates a delivery system using VCI bags, it veasded
least currently used VCI bags solution. to analyse an additional variant. This analysisrdititake
Analysing the costs of implementation and appl@ati into account the purchase costs of pallets andtada@s
of these solutions should be checked at which poittiey are already purchased and used at Volkswéaigure
reimburse the cost of the proposed alternativetisolsiin 6 shows this solution.
relation to their current solutions. For this pwspp a
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EUR —Engine Cases (Endural)  —Reusable VCI Cover (Daywalk) —VCI bags
10000000
9000000
8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000
: months
NN TNVNON XA~ NN TNOXOANSD = ANNTVNOSOO NN TNOERRIANS—~ANNTVNO~RIS—~ANATN OO D
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Figure 5 Cumulative costs of implementing returegtdckaging solutions
EUR —Engine Cases (Endural)  —Reusable VCI Cover (Daywalk)  —VCI bags
9000000
8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000
. months
— NN TN ONOAS NN TNONXCAAOD ~AN 0T VO c N — AN TN ONOORAOS NN TN ATV OSSN0 D
—————————— LN o o o Y o B o IR X I o8 Y o B o8 IS B o s o WS o Mo I S B B B ST TR i s i R s S R R A 2 R e T e B e B o B o o WV o BV =]
Figure 6 Cumulative cost analysis without takingpiaccount the purchase costs of pallets and adspte

In the current situation where the pallets and stap alternatives become waste at the end of theiclifde, but

are in the company, the return on investment wlirbthe
34" and 38 months.

there are definitely fewer of them (engine cas&6,000,
VCI covers — 48,000 every 5 years). In relationthe

The financial criterion should not be the onlynumber of reusable packaging in the chain, cumyentl

determining factor in changing the packaging usethé
enterprise. Their functional characteristics, thenher of
returnable packaging in the chain and compliandk thie
principles of sustainable development are also tapa
In terms of environmental protection, disposabld Ways,

around 24,000 adapters and 4,000 pallets are eshfor
the flow. Managing the largest number of packageslev
be required when using Reusable VCI Cover (24,000
adapters, 24,000 covers and approx. 4,000 palsetd)the
smallest (24,000 units) with the introduction ofgire

generating approximately 330,000 pieces of packpgirCases, which would replace all previously used agitig.
waste per year, are the least favorable. Both mexbo Another feature that distinguishes the Endural @ioet is
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its low weight. Currently, cargo weight is one bé&tmain
characteristics limiting the number of engines sgrted
in a single trip. A maximum of 15 pallets corresgioig to
a weight of 22,065 kilograms are loaded per trigkch
pallet contains 6 motors and 6 protections - adapihe
weight of such a set is 1471 kg, of which 397 kghis
weight of the packaging itself. Using Engine Cagdhs,
engine with packaging would weight 204 kg, the §ires
1224 kg, and the 90 (maximum quantity currentlyppbil)
18,360 kg. A difference of 3705 kg to the presefhition
would allow 18 more engines to be loaded, whichls®
dimensionally feasible considering that the corgesrcan
be stacked.

After analysis, it can be concluded that Endurajie

Cases are the most cost-effective choice. Usingethe

packages instead of the current solution would tang-
term financial benefits, reduce packaging waste thed

argument for the use of returnable packaging, thaok

which we will save on disposable packaging and the

transport will be used effectively.
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