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Abstract: The main goal of this article is to identify thelationship between designing a layout and devetppin
efficient material flow for a new production fagjli The article begins with a brief overview of pess development and
optimization in industrial and logistical environnis. It then highlights the significant impact tleat effective layout
and material flow can have on overall productidiicefncy. The following sections offer a detailezl/iew of existing
literature and theoretical models that support t@nection between facility layout design and mateflow
effectiveness. The article stresses the importahteorporating modern technologies and methodsduhe planning
phase to boost productivity and minimize wastehénpractical section, the article thoroughly exaasithe development
of the layout solution and provides an in-depthysia of the material flow, focusing on a specffioduct. This includes
a detailed evaluation of various layout designstaed effects on material handling, storage, aaddportation within
the facility. The proposed layout and material flmare validated using TX Plant Simulation softwavhjch generated
statistical reports and outputs. This softwarevedid for the modeling and simulation of differenemsarios, offering
insights into potential bottlenecks and areasrfgogrovement. The simulation results are discusseetail, highlighting
key findings and their implications for the prodaatfacility.

1 Introduction integration of advanced technological equipment,
In today’s industrial and logistical environments@utomation, and data analysis is crucial for boéhdesign
optimizing and refining processes is increasingiyeatial  and management of these layouts [4,5].
for Organizations Seeking to gain a Competitivemﬂhge Furthermore, the incorporation of simulation toasl
and achieve |0ng-term success in th%@ntury_ A critical software, such as TX Plant Simulation, enableslétailed
aspect influencing the effectiveness of these psmeis Modeling and analysis of potential layout configioras
the strategic design of layouts and the flow ofariats. ~ and material flow scenarios before implementatibinis
The arrangement of equipment and workstations goBEedictive approach allows organizations to foreare
beyond mere spatial organization; it serves asategic Mitigate potential issues, ensuring a smootherstian
component that affects various dimensions of basineffom design to operational phases. By leveragirgseh
operations. By carefully designing and efficientlytechnologies, companies can create more resiliadt a
managing layouts and material flows, organizatioas flexible production systems capable of adapting to
achieve key objectives such as improving workethanging market demands and operational challd6yes
productivity, maximizing space and resource use,
minimizing waste and inefficiencies, shorteningiwkly Additionally, interdisciplinary collaboration among
times, and enhancing overall competitiveness [1-3].  industrial engineers, operations managers, and IT
Scientific research in layout and material flow isSpecialists is becoming increasingly important. sThi
increasingly focused on creating methodologies arf@llaborative approach ensures that all aspectayoiut
technologies that help organizations meet thesks gbae ~and material flow design are comprehensively ades

~1~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics

Volume: 12 2025 Issue: 1 Pages: 1-10 ISSN 1339-5629

Evaluating the efficiency of layout solutions through the utilization of simulation software
Peter Trebuna, Matus Matiscsak, Jozef Trojan, Marek Mizerak, Michal Sasiadek

combining technical expertise with practical insgyfrom
daily operations. The result is a more holistic affdctive
strategy for enhancing overall production efficigffig].

2 Literaturereview

In logistics, adaptability refers to the ability aef
material flow system to respond to changing cooddi
through flexibility. Both processes and systems tnigs
capable of evolving and adapting. Achieving thesalg
depends on the adoption of new technologies thatreet
these challenges. In the near future, verifyingdpod
functionality within a virtual environment will beme a
critical standard [8,9]. Growing global competitiamd
increasing customer expectations are driving tredre
enhance business processes. Recently, the corfictgatro

around value stream mapping, which is the mainesilof
the following case study [19,20].

3 Methodology
3.1  Workplace spatial arrangement

The layout, or spatial arrangement, of the workelac
plays a crucial role in determining the overali@éncy of
a company. It involves organizing production deperits,
workstations, tools, machines, and other essential
equipment, with a focus on optimizing the movemat
work [10]. The most critical aspect of this arramgst is
the strategic and effective placement of production
equipment to ensure that employees have the bssiiyimo
conditions for performing their tasks efficientlx. well-
designed layout impacts the entire production flow,

management” has gained significant attention. Thiafluencing production costs, particularly thoseasated
management approach, originating from the Japanesith material handling and transportation. Finditig

company Toyota, has spread worldwide due to itaciap
to respond quickly and flexibly to customer demaride
growing number of case studies highlights its exiiam
application across various sectors [10-12].

optimal workplace layout is complex and challengibgt
it is vital for enhancing production efficiency [24].

Poor allocation and arrangement of production
facilities lead to inefficient logistics, longer teaal flows,

Lean thinking embodies the philosophy and practicéfcreased transport times, and a greater need for

of the Toyota Production System (TPS). Within TBSy

intermediate storage (buffers) for materials, sénished

resource that does not add value from the custsmegoods, and finished products [23-25]. These issues

perspective is eliminated. The processes are debigm
operate using fewer materials, requiring less itmest,
reducing inventory, minimizing space usage, andliring
fewer employees [13-15].

collectively drive-up production costs. Efficiedtogation
and layout aim to integrate capacity, material,necaic,
safety, and technological factors while minimizing
subjective decision-making in the placement and
configuration of workspaces and production faeiti

When a_iming to improve processes, many compani@gidressing these challenges requires a projectierde
struggle with the absence of an individual who lkas approach grounded in key logistics principles sash

comprehensive understanding of the entire matarial
information flow, along with all related productygesses.

systems thinking, algorithmic planning, coordinatiand
global optimization [22].

A common method to address this gap, while also

identifying areas for improvement

and proposing.2

Layout of the new production hall

company-wide solutions, is value stream mappinge Th  The new production hall being developed in the
distinction between process innovation and proceggdustrial zone of the Kosice district Nad Jazeroit
improvement is often unclear. Innovations typicalljhave approximate dimensions of 90 meters by 60nsiete

involve more radical changes that significantlyeraithe
process [16-18]. On the other hand, improvemenides
on the ongoing efforts of individuals involved iropesses,
aiming to enhance their performance. Improvingethiére
process chain as an integrated system of activiéagers

Unlike the existing production facility on South éwe,
the entire production process in this new hall béicarried
out on a single floor, where all products will be
manufactured. The layout design of the new prodacti
hall is illustrated in Figure 1.
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Figure 1 Layout and material flow in the new protio facility

The picture (Figure 1) also shows the material ftdw
each production. Each color of the arrows reprasant
different material flow.

---> Frozen production ---> Smoked production ---> Production of fish products
Marinated production ---> Garbage ---> Containers
3.3 Material flow for a specific fish product and weighed. Meanwhile, sterilized vegetables ahdro

The material flow for producing a specific fish gzt necessary ingredients are prepared and weighedeThe
begins with the receipt of frozen fish raw mateiiathe ingredients are then combined with mayonnaise. The
warehouse, where it must first be removed from itixture, precisely weighed and prepared, is thengssed
transport packaging. The required amount for dailip a new fully automated line designed for fish carot
consumption is then moved to the intermediate gtora production. This line handles jar filling, packagin
The initial step in the process is thawing the.fiShce the cartoning, and stacking of the cartons onto palleith
appropriate time has passed, the thawed fishéntakt of conveyors aiding the process. Finally, the prepaetbt
its packaging, and its quality is checked duringagking. is wrapped in stretch film and made ready for disp#o
The inspected raw material is then transferredv¢oniext the logistics distribution warehouse.
production stage, which involves cooking. After king Figure 2 and Figure 3 illustrate the material fltow
for the designated time, the fish is ready to belemh producing this specific fish product, with red aveo
Following the cooking and cooling stages, the fish indicating the product flow and black arrows shayihe
marinated. Once marination is complete, the figiramind waste flow. Figure 2 specifically depicts the miateffow

for the preparation of the fish raw material.
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Figure 2 Material flow for producing a specific fiproduct — 1

Figure 3 illustrates the material flow for weighjng
product manufacturing, packaging, cartoning, aeditial
step of shipment.
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Figure 3 Material flow for producing a specific fiproduct — 2
The legend: 7. Cutting and weighing,
1. Intake of fish raw material, 8. Preparation of vegetables and ingredients,
2. Store of frozen raw materials, 9. Weighing,
3. Interim warehouse production, 10. Adding mayonnaise,
4. Defrosting, 11. Production of cod or fish salads (mixing, fit),
5. Preparation and processing of fish raw materials 12. Cartooning,
(dissection, cooking, cooling), 13. Shipping of packed pallets with the finished
6. Painting, product.
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3.4 Predictive production simulation intervals, as the entire production process spanghty
Using the Tecnomatix Plant Simulation software, wéhree days. However, a more precise estimate fer th
will simulate the predictive production of Treskmshk duration of the full production process for Treslkian
Cod in mayonnaise and Paris salad. Using the 3&tiam Cod in mayonnaise is about 48 hours.
in TX Plant Simulation, perimeter walls, and pastis will
be modeled according to the layout so that we edteb The simulation begins with the receipt of the fiakv
imagine how the newly emerging production plant RYB material and its unpacking from the transport pguoi@
Kosice will look like. The duration of the simulati will  but the processing time for this step is set t@ zerthe
be set to 8 hours, exactly as one work shift ait] Based simulation. Similarly, the time required for movirige
on this simulation, we will find out the estimatedmber material to the warehouse and then transferrindisheto
of pallets of Treslovakian cod in mayonnaise andsPathe daily intermediate storage is not considered.
salad that could be produced in 8 hours. Additionally, the time needed for thawing the frozesh
raw material is also excluded. Although the thawing
3.4.1 Predictive smulation of the production process ~ process is expected to take around 8 hours, ilisisder
of Treskoslovak Cod refinement, with the goal of reducing it to lesaril8 hours.
The simulation of the production process for
Treslovakian Cod in mayonnaise excludes certaire tim

Figure 4 3D model of the production process of Kostovak Cod

After thawing, the fish raw material is unpackedl anproducing Treslovakian Cod are prepared and weighed
subjected to a quality check, although the timetlfimse The weighed mixture is then transferred to a nelly fu
steps is not included in the simulation. Followitige automated line that handles bag folding, mixinging,
unpacking and inspection, the fish is cooked armlezty labeling, foreign object inspection, packing, caihg, and
but these durations are also set to zero in thelation.  palletizing. Once the pallet is full, it is wrappedstretch
The cooking process is expected to take up to andied  film, making it ready for shipment.

a half, and the cooling process the same. Oncésthés For a clearer understanding of the Treslovakian Cod
cooked and cooled, it proceeds to the marinategestThe production process and a visualization of the pectidn
marination process, which actually takes 12 hdaralso hall, a 3D model created using TX Plant Simulation
set to zero in the simulation. The next step inding the software is shown in Figure 4. If only Treslovakiaad in
fish, marking the first process where time is acted for mayonnaise is produced during a given shift,
in the simulation. While the fish is being grountle approximately 11 pallets can be completed.

necessary ingredients and additional raw mateffais
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3.4.2 Predictive smulation of the Paris salad time, the vegetables and other necessary ingradienthe
production process Paris salad are prepared.

The simulation of the Paris salad production preces When the salami is painted, all the ingredients are
does not account for the time spent receiving the r weighed. The mixture weighed in this way will beved
materials. These materials will be delivered to th®o the new fully automatic line. On this line, nrigji
warehouse and unpacked from the transport packagitignsfer of the mixed mixture to the containetinfg into
continuously, rather than on the day the saladadyred. jars, labeling, inspection of foreign objects, oamg and

Once the raw materials are received in the warahouginally storage on a pallet will take place. A jgalffilled in
with the time set to zero, the production procesgiis this way according to the required parameters & ju
with the preparation of salami, marking the firthge wrapped with stretch film and is ready for dispatch
where time is included in the simulation. The salamast For a better visualization of the Paris salad petidn
first be unwrapped, then sliced to the requirededisions. process, we can see a 3D model from the TX Plant
The sliced salami is then marinated for 2 hoursiriguthis ~ Simulation software in Figure 5.

"

Y \’ —e
\ CORRIL K
_—

/; S0r \

Figure 5 3D model of the Paris salad productiongass

Based on the predictive simulation of the productio  Another big advantage will be that the plant being
process of the Paris salad, which would be proddoeidg prepared for construction will be completely newe Will
the entire 8-hour work shift, approximately 5 palleould be able to implement new fully automatic lines,\wyors,

be produced and packed. and other new technological devices. Based on the
dimensions of the new technological equipment, and
4 Resultsand discussion predictive simulations, we can create a perfecoday

4.1 Evaluation of the current and emerging solution for the operation, where partitions arelltication
layout of machines will be designed exactly so that prtidnds

A key advantage of the layout design for the ne®S efficient as possible and no bottlenecks atsmgl the

RYBA Kosice production facility is that the entire Production process.
production process will be conducted on a singterfl ) o )
Currently, production is spread across two floorsating 4.2  Evaluation of predictive manufacturing

bottlenecks and inefficiencies as part of the medregins _ Initially, the results of the production process fo
on one floor and is Completed on the second floor. Treskoslovak Cod in mayonnaise will be assessellotim

scenarios, the simulation duration is set to 8 si0Atso,
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placing packed cartons with products on the padléhe
same as in the simulation, with which the resulil ve
compared.

Figure 6 shows the outcome of the predictive
production for Treskoslovak Cod in mayonnaise atrtéw
RYBA Kaosice production facility.

I .Models.Predictive_production

Simulation time:3:00:00.0000

Object
Finished_product

Value added
0.04%

Production Portion

47.94%

Name Mean Life Time| Throughput
Pallete_of_product 1:22:06.7918 11

Cumulated Statistics of the Parts which the Drain Deleted

Transport
52.06%

Storage
0.00%

Figure 6 The result of the predictive productiornTogéskoslovak Cod

Based on the results, it is apparent that the newne is spent on production processes, while 52.06%
production hall could produce 11 pallets of Treéhesk dedicated to transportation. These results sugbgasthe
Cod in mayonnaise, which is an increase of 5 malleproposed layout may not be optimal, prompting firth
compared to the current output. However, this sitmh  investigation to achieve the most efficient confagion.
result is merely predictive and may vary slighthprh Next, the results of the Paris salad productiorcgss
actual outcomes. The simulation used estimatedstiore will be analyzed. In this case as well, the simatat
some production tasks, and actual production might duration is set to 8 hours, and the storage ofguhchrtons
influenced by technical issues or other unforesaetors. on the pallet remains consistent.

The purpose of the simulation was to evaluate tiential Figure 7 displays the results of the predictive
production capacity of the new line, acknowledgithgt production of Paris salad at the new RYBA Kosice
multiple types of Cod will be produced in each shibt  production facility.

just one. Additionally, it is noted that 47.94%tbé total

I.Models.Predicti\'e_productio_of_Paris_salad

Simulation time:8:00:00.0000

: Object I Name IMean Life TimeIThroughputITPHIProductlonITransponIStorage[Value addedI Portion
|Expedition | Paris s2lad 2:59:17.9403 S| 1] 46.38%| 53.62%| 0.00%| 0.02% | — |
Cumulated Statistics of the Parts which the Drain Deleted

Figure 7 The result of the predictive productiortta# Paris salad

The simulation results indicate that roughly 5 gtsllof
Paris salad could be produced and packed in aesimglk
shift at the new production hall, which represeats
increase of 2 pallets compared to current prododéieels.
However, it is important to note that this simwatifor
Paris Salad production is only a predictive esttm8bme
of the times that were used in the simulation arergonly

century. Maximizing efficiency in new operationsgaly
depends on an effective layout design and streadhlin
material flow. These essential factors can be ey
achieved through the use of industrial engineering
techniques.

The analysis of statistical data from the Tecnomati
Plant Simulation software shows that the production

as an estimate, how long they will last in reaiyot yet
known exactly. Therefore, we can conclude thatréisalt
of the predictive simulation is not accurate antl iffer
from reality. It is also important to remind agaas with
the cod production process, that during one shift,only
Paris salad is produced, but also other typeslofadessen
salads. The simulation was conducted to assess
potential capacity of the new deli salad productioe.

5 Conclusions

process in the production hall will be more effitieto a
large extent the specific places that arose dymiaduction
will be eliminated. The simulation results providelear
indication of the potential improvements in workfi@and
productivity, demonstrating the tangible benefifs am
optimized layout and material flow.

theln conclusion, it is very important to rememberttita
is not yet possible to say exactly how much praduaaill
be more efficient, since the predictions were tadk due
to missing some data and times, which in the sitinla

The advancement and streamlining of processesnwithere given only as approximate estimates afteudison.
industrial and logistical contexts are increasinglyfhis inherent uncertainty highlights the need for

recognized as crucial factors for organizationsisy to
attain a competitive edge and long-term succefiwi2

continuous monitoring and adjustment as actual data
becomes available during real-world operations.
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Our forthcoming research endeavors will focus on
further enhancing both layout and material flow.l Al  https://doi.org/10.22306/al.v10i1.364
modifications will undergo systematic verificatitmough [6] GRZNAR, P., KRAJCOVIC, M., GOLA, A,
simulation experiments to ensure their efficacy and DULINA, L., FURMANNOVA, B., MOzZOL, S,
feasibility. We will persist in employing industria PLINTA, D., BURGANOVA, N., DANILCZUK, W.,
engineering methods throughout these adjustments, SVITEK, R.: The Use of a Genetic Algorithm for
continuously seeking to refine and improve our psses. Sorting Warehouse OptimisatioRrocessesVol. 9,
By doing so, we aim to develop a robust framewbek t No. 7, pp. 1-13, 2021.
can adapt to evolving production requirements and https://doi.org/10.3390/pr9071197
technological advancements, ultimately contributiog [7] POP-ANDONOV, G, MIRAKOVSKI, D.,
sustained operational excellence and competitive DESPODOV, Z.: Simulation Modeling and Analysing
advantage. in Underground Haulage Sistems with Arena

Moreover, future studies will consider integratingre Simulation Software, International Journal for
advanced predictive analytics and real-time daltectmn ScienceVol. 5, No. 1, pp. 48-50, 2012.
to refine simulation accuracy. This will allow fonore [8] STRAKA, M., SPIRKOVA, D., FILLA, M.: Improved
precise adjustments and provide deeper insightstive efficiency of manufacturing logistics by using
dynamic nature of production environments. Our computer simulation, International Journal of
commitment to leveraging cutting-edge technologied Simulation Modelling Vol. 20, No. 3, pp. 501-512.
methodologies will remain steadfast as we strive to 2021. https://doi.org/ 10.2507/IJSIMM20-3-567
optimize our production processes further. [9] MARASOVA, D., SADEROVA, J., AMBRISKO, L.

Simulation of the Use of the Material Handling
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