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Hloska, J. - Skopan M.: Planovani a fizeni provozu pivovaru s podporou pocitacové simulace. Kvasny Prum. 60, 2014, €. 6, s. 146150

Planovani a fizeni vyrobniho procesu pivovaru je z technologického i manazerského pohledu naro¢na uloha. Divodem je mnozstvi
procesnich fazi a jejich parametry (v zavislosti na druzich vzniklych produkt( a $ifi vyrobniho portfolia) a technicka omezeni technolo-
gickych zafizeni (kapacita sil, objem tank( a filtra¢nich nadrzi, rychlost jejich pInéni a vypousténi, ¢isténi filtrd atd.), stejné jako provozni
podminky (disponibilita vstupnich surovin, vyrobnich prostfedkl, sménovy rezim v ¢astech vyroby s podilem manualni prace, vyuzitel-
nost plnicich linek, logistika skladovani hotovych produktt a dal$i). Mnohé z téchto parametrd maji navic stochastickou povahu (prostoje
plnicich linek, fluktuace trzni poptavky apod.). Tento ¢lanek pojednava o zplsobu, jakym Ize cely proces vyroby a staceni piva planovat
a fidit s vyuzitim poéita¢ového modelu, a to od vstupu surovin az po sklad balenych produktd. V tvodu je pojednano obecné o souvisejici
problematice diskrétnich simulaci vyrobnich procesu s cilem jejich optimalizace. Hlavni ¢ast ¢lanku predstavuje nadstavbu softwarového
simulaéniho nastroje, pomoci kterého Ize na zakladé tabelarné zpracovanych provoznich Udaju vygenerovat simulaéni model pivovaru.
Prostfednictvim pripadové studie je dale demonstrovdna moznost provedeni simulaénich experimentl s cilem nalezeni a odstranéni
Uzkych mist vyroby a zvySeni vytizenosti vyrobnich prostfedkd a tim i produktivity celého pivovaru. V zavéru jsou shrnuty poznatky vzta-
hujici se k sou¢asné urovni technologie simulace s ohledem na jeji vyuZiti v potravinarském primyslu a pivovarstvi.

Hloska, J. — Skopan, M.: Planning and management of a brewery production with the support of computer simulation. Kvasny
Prum. 60, 2014, No. 6, pp. 146—150

Planning and management of the process of a beer production is a complex task, both from technological and managerial point of view.
The reason is high number of process stages and their parameters (in relation to the type of final product and to the production portfolio)
together with technical limitations of technological equipment (capacity of silos, volume of fermentation and filtration tanks, their filling
and emptying rate, cleaning of filters etc.), and also operating conditions (availability of raw material, production facilities, shift regime
in sectors of the production with manual labour, availability of filling lines, storage logistics of finished products, etc.). This paper deals
with a way in which the process of beer production and bottling can be planned and controlled with the support of a computer model
(from input of raw material to store of packaged products). In the introduction general information about the related issue of discrete-
event simulation of production processes with the aim of their optimization is discussed. The main part presents an add-on of simulation
software, which enables generating of a brewery simulation model based on operational data which are processed in a spreadsheet.
The example of a case study demonstrates the possibility to carry out simulation experiments in order to find and remove bottlenecks
in production and to enhance utilization of production facilities and thus productivity of the entire brewery. The conclusion summarizes
findings related to the current level of simulation technology.

Hloska, J. — Skopan, M.: Planung und Management des Brauereibetriebs mit Hilfe einer Computer Simulation. Kvasny Prum. 60,
2014, Nr. 6, S. 146-150

Die Planung und Verwaltung eines Brauherstellungsprozesses stellt vom technologischen und betriebswirtschaftlichen Gesichtspunkt
eine anspruchsvolle Aufgabe dar. Der Grund dafiir ist gro3e Anzahl der Prozessphasen und ihre Parameter (in Abhangigkeit von Sorten
der Endprodukte und Breite des Herstellungsportfolios) und auch die technischen Beschrankungen von technologischen Anlagen (Ka-
pazitat von Silos, Volumen von Tanks und Filteranlagen, Fullungs- und Entleerungsgeschwindigkeit, Reinigung der Filter, usw.), sowie
auch die Betriebsbedingungen (Disponibilitat der Rohstoffe, Produktionsmittel, Schichtregime in Betriebsbereichen mit einem Anteil an
Handarbeit, Verfugbarkeit der Abfillungslinien, Logistik der Lagerung von fertigen Produkten und Weiteres). Dariiber hinaus wei3en
viele von diesen Parametern stochastische Natur auf (Ausfallzeit der Abflllungslinien, Fluktuation der Marktnachfrage usw.). Dieser Ar-
tikel befasst sich mit dem Verfahren, wie der gesamte Bierherstellungs- und Abflllungsprozess als Ganzes vom Rohstoffeintritt bis zum
Lager fir verpackte Produkte mit Hilfe eines Computers geplant und gesteuert werden kann. In der Einleitung des Artikels wird allgemein
die Problematik der ereignisorientierter Simulation der Herstellungsprozesse mit dem Ziel ihrer Optimierung beschrieben. Der Hauptteil
des Artikels stellt eine Erweiterung eines Simulationsinstruments vor, mit der auf Grund von tabellarisch verarbeiteten Betriebsdaten ein
Simulationsmodell der Brauerei generiert werden kann. Durch eine Fallstudie ist weiter die Mdglichkeit demonstriert, Simulationsexperi-
mente durchzufiihren, um Engpasse in dem Bierproduktionsprozess zu finden und zu entfernen, womit die Auslastung der Produktions-
mittel und damit die Produktivitét der ganzen Brauerei steigen. Zum Schluss des Artikels werden Kenntnisse tber den aktuellen Stand
der Simulationstechnologie mit Riicksicht auf ihren Einsatz in der Lebensmittelindustrie und in den Brauereien zusammenfasst.

Klicova slova: pivo, vyroba piva, diskrétni simulace, simulacnf
model, simulacni experiment

1 UvVoD

Simulaci Ize definovat jako napodobeni dynamického procesu

v ramci zkoumaného systému pomoci modelu za u¢elem provadéni

experiment, kterymi Ize ziskat informace vyuzitelné v readlném sys-
tému (VDI 3633, Blatt 1, 2010). Vyuziti diskrétni simulace za u¢elem
ovéreni funkénosti planovanych vyrobnich systém i jejich operativ-
niho fizeni je dnes v podnicich zaméfenych na hromadnou vyrobu
denni praxi. V zavislosti na rdznych fazich projektd planovani ¢i fize-

Keywords: beer, beer production, discrete event simulation,
simulation model, simulation experiment

1 INTRODUCTION

Simulation can be defined as an imitation of a dynamic process
within the investigated system using a model in order to perform ex-
periments that can be used to obtain information applicable for the
real system (VDA 3633, Blatt 1, 2008). The use of discrete event
simulation in order to verify functionality of planned production sys-
tems and their operative control is a daily praxis in companies which
are focused on mass production. Depending on various stages of
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Koncept/ hrubé
projektovani

» Nenakladnostfeseni (Ospory).
» Kvalitnéjsi technické zadani.

Detailni projektovani

Sériova vyroba

» Prezkouseni kritérii fizeni, vwkonnosti, stavu zasob, doby prichodu.
> Identifikace .Uzkych mist".

> Dosazitelnost planovanych kapacit — prejimka.

» Podpora pfi vyvoji a integraci SW fizeni.

» Podpora pro operativni fizeni vyroby.
> Optimalizacni opatreni.

Prinosy uziti simulace v jednotlivych fazic

» Owerovani dosazitelnostivyrobniho programu.

Obr. 1 Ugely vyuziti diskrétni simulace v riiznych fazich projektu planovani vyroby / Fig. 1 Purposes of use of simulation in different stages

of production planning

ni vyroby jsou simulaéni nastroje vyuzivany pro ucely ovéfeni funk-
ceschopnosti konceptu, ovéfeni kvality fizeni, vykonnosti systému,
stavu zasob apod., nebo také za u€elem optimalizace operativniho
fizeni vyroby — obr. 1 (Hloska a Stodek, 2013).

Bez narokl na presnou definici Ize Fici, ze diskrétni simulace je
technika replikace urcitého procesu pomoci pocitace, pficemz po-
Catek az konec tohoto procesu jsou pferuseny sekvenci udalosti
fizenymi spravcem udalosti (,event manager”). Cas v ramci simu-
laéniho modelu tedy neplyne kontinualné, nybrz nabyva diskrétnich
hodnot podle toho, kdy se ma (na zakladé interni logiky simulaéni-
ho softwaru) ta kterd udalost odehrat. Problematika diskrétni simu-
lace je soucasti konceptu digitalni tovarny, ktery v sobé zahrnuje
digitalni (pocitatové) modely, metody a nastroje spravované ,pod
jednou stfechou” integrovanym databazovym systémem podniku.
Cilem konceptu digitalni tovarny je planovani, vyhodnoceni a pra-
bézné zlepSovani vSech podnikovych procesll v souvislosti s na-
bizenym produktem v celém prubéhu jeho Zzivotniho cyklu. (VDI
4499 Blatt 1, 2008). Vysledkem vyuziti nastroji digitalni tovarny je
lepsi planovani a v dusledku i krat$i uvedeni produktu na trh, resp.
(Kahn, 2006).

Predmétem zajmu diskrétni simulace jako souc¢dasti zminéného
konceptu digitaini tovarny je materidlovy tok. Pavodné byla vyuzi-
vana v automobilovém primyslu (zde vyvoj tohoto oboru pokrogil
tak daleko, ze vznikla potfeba standardizace tvorby a spravy simu-
laénich modelll a sjednoceni pravidel provadéni simulac¢nich expe-
rimentl — v Evropském méfitku je v tomto ohledu uréujici ¢innost
pracovni skupiny VDA Arbeitsgruppe Ablaufsimulation, ktera si klade
za cil standardizovat metody, rozhrani a softwarové nastroje pro dis-
krétni simulace (VDA, 2014). V poslednich letech je rozvijena také
oblast vyuziti diskrétni simulace pro ucely tzv. virtudlniho zprovoz-
néni, zejména v souvislosti s jeho ekonomickymi aspekty (Versteegt
a Verbraeck, 2002).

PocitaCové fizeni vyroby je samoziejmé& bézné také v potra-
vinarském pramyslu a pivovarnictvi. Stale ¢astéji jsou PLC pro
fizeni akénich ¢len(, které ovladaji vyrobni zafizeni, propojena se
(simulaénimi) modely daného vyrobniho systému nebo jeho ¢asti.
Toho Ize vyuzit nejen v praxi, ale také pro vyukové ucely. (Kminek
et. al., 2013). Pokud jde o technologické procesy probihajici v pi-
vovaru, (Glaper, 2011) navrhuje planovani kapacit technologic-
kych zafizeni jednotlivych procesu jako zpracovani pfimési, fer-
mentace ¢i filtrace pomoci diskrétni simulace. Kromé toho je pro
potravinarsky primysl typickou ulohou fizeni vyrobniho procesu
ve smyslu ¢asového a kvantitativniho planovani vyrobnich davek.
Také tento problém lze s vyhodou fesit pomoci pocitacovych &i
matematickych modeld — napf. s vyuzitim fuzzy logiky (Osofisan,
2007).

Pro potravinarstvi byla vyvinuta specialni knihovna prvkl (Fo-
od&Bewerage Library, resp. Brewing Library) rozSifujici zakladni

a planning project or operation control simulation tools are used for
the purpose of verification of performance of the particular concept,
quality of control, output of the system, inventory levels etc., and also
for the purpose of optimization of operational production (see Fig. 1
(Hloska and Stocek, 2013).

Without giving a precise definition, discrete event simulation can
be understood as a technique to replicate the production process on
a computer, while the beginning and the end of the process are inter-
rupted by events triggered by “event manager”. Therefore, time does
not run continuously within the simulation model but it takes discrete
values according to when (based on internal logic of the particular sim-
ulation software) the respective event should occur. The issue of dis-
crete event simulation is part of a concept called Digital Factory, which
includes digital (computer) models, methods and tools, which are man-
aged ,under one roof* via an integrated database system of the par-
ticular enterprise. The aim of the Digital Factory concept is planning,
evaluation and continuous improvement of all enterprise processes in
relation with the product throughout its whole life cycle (VDI 4499 Blatt
1, 2008). The use of tools of Digital Factory concept results in better
planning and thus shorter time to market, respectively a more flexible
and less costly reaction to changeable market conditions (Kihn, 2006).

The objective of discrete event simulation as a part of the before
mentioned concept of Digital Factory is material flow. Originally, dis-
crete event simulation was used in automotive industry (here its de-
velopment has progressed so far that a need for unified rules on how
to perform simulation experiments arose — in European context the
activities of the working group VDA Arbeitsgruppe Ablaufsimulaiton
is defining. This group aims to standardize methods, interfaces and
software tools for discrete event simulation (VDA, 2014). In recent
years the field of use of discrete event simulation for the purpose of
so called virtual commissioning has been developed, too, especially
with regard to its economic aspects (Versteegt and Verbraeck, 2002).

Computer aided production control is of course also common in
food and beverage industry. Increasingly, PLCs for controlling ac-
tuators that operate production facilities of a production system or its
sections are linked with a simulation model. This can be used not only
in praxis but also for educational purposes. (Kminek, et. al., 2013). As
for technologic processes in a brewery, (Glaper, 20011) suggests ca-
pacity planning for technologic facilities such as ingredients process-
ing, fermentation or filtration with the use of discrete event simulation.
Apart from that control of production process in the sense of time and
quantitative planning of production batches is a typical task. Also this
problem can be conveniently solved with computer or mathematical
models — e.g. using fuzzy logic (Osofisan, 2007).

A special library of elements (Food&Beverage Library, or Brewing
Library) has been developed for the food industry, which expands
possible ways of use of the software Plant Simulation also for the
needs of beer production. The following chapter deals with this Ii-
brary.
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moznosti vyuziti simula¢niho software Plant Simulation mimo jiné
pro potfeby pivovarnického pridmyslu. O této knihovné pojednava
nasledujici kapitola.

2 MATERIAL A METODY

Pro ucely simulace procesu vyroby piva byla vyvinuta knihovna
tfid prvkd s ndzvem Brewing Library pro software Plant Simulation.
Knihovna obsahuje nasledujici prvky pro simulaci materialového
toku (prvkem je dale rozumén z pohledu stavby simulaéniho modelu
nedélitelny element, ktery je jednoznacné definovan svymi atributy,
resp. jejich hodnotami, jez mohou byt — ¢aste€¢né — uréeny uzivate-
lem v ramci parametrizace modelu):

* Brewing, Speise — vystiraci, scezovaci a rmutovaci nadrze,

e Ferm — kvasné a lezackeé tanky,

o Filter —filtry,

e BBT — pretlaény tank,

e Filling — plnici linka,

e Warehouse — sklad balenych napoji (lahvi ¢i plechovek, barell,
cisteren...).

Pomoci téchto prvkll je tedy vytvofen simulaéni model vyrobni
¢asti pivovaru, ktery je vymezen oblasti pfijmu vstupnich surovin
(sladu a pfip. pfimési) — zde je disponibilita jednotlivych surovin
uréena v ramci parametrizace simulovaného scénare, tj. bez detail-
niho zohlednéni procesu, jako je napf. vazeni a mleti sladu ¢i sepa-
race hrubych kall.

Kromé téchto prvkd knihovna obsahuje rovnéz elementy pro si-
mulaci informaéniho toku tak, aby mohl byt v modelu zachycen cely
logisticky fetézec. Kromé toho jsou k dispozici prvky zprostfedkujici
rozhrani mezi simulaénim software (Plant Simulation) a dal§imi apli-
kacemi (XML, Oracle, MS Excel aj.). Pro vyhodnoceni sledovanych
kli¢ovych ukazatel( v rdmci simulaénich experimentd provadénych
s validnim modelem jsou k dispozici kromé standardnich prvkd do-
stupnych v zakladni verzi simulaéniho software jiz pfednastavené
grafické a tabelarni ukazatele vyuzitelnosti vyrobnich kapacit (nadr-
zi, plnicich linek), propustnosti v riznych fazich vyrobniho procesu
(mérfena v objemovych jednotkdch vztazenych na jednotku ¢asu),
¢asového pribéhu a statistik hladiny zasob hotovych vyrobk( (ba-
lenych napojl), trvani doby odstaveni vyrobnich prostfedk(i, zmény
vyrobni davky a ¢isténi filtrd.

Na rozdil od klasického pfistupu, podle kterého sestava simulac-
ni studie ze ¢tyr fazi (vytvofeni pojmového a nasledné simulaéni-
ho modelu s pfipustnou mirou abstrakce, provedeni simulaénich
experimentd, jejich interpretace a kone¢né implementace opatreni
v realném systému na zakladé vysledkt simulaénich experimentt)
(Banks, Carson et al., 2000), v pfipadé knihovny Brewing Library
je simulaéni model vytvofen automaticky. Déje se tak na zakladé
dat ulozenych v seSitu MS Excel, ktera popisuji potfebné atributy
a technické parametry jednotlivych fazi vyroby piva a pfisluSnych
technologickych zafizeni.

3 PRIPADOVA STUDIE

S vyuzitim vySe popsané knihovny prvk(l Brewing Library a na
zakladé vyrobnich dat typického provozu pivovaru byl vygenero-
van simulaéni model pfislusného provozu. Omezujici podminkou
byla disponibilita vyrobnich zdroju (zejména objem a celkovy pocet
fermentaénich nadrzi). To odpovida praktické uUloze operativniho
planovani vyrobniho programu, tedy pfidéleni zakazek do vyroby.
S ohledem na zadany vyrobni program (reflektujici predikovanou
poptavku po jednotlivych druzich vyrabéného piva) byly provedeny
simulacni experimenty. Jejich cilem bylo nalezeni takového pfidéleni
zakazek vyrobnim zdrojuim, které bude optimalni s ohledem na na-
sledujici stanovené kli¢ové ukazatele:

e Celkova produkce vSech druhd vyrabéného piva (za sledované
obdobi) (hl),

o VytiZzeni disponibilnich fermentaénich nadrzi (procentudlni podil
trvani doby technologického zpracovani, plnéni, vyprazdnovani,
¢isténi nadrzi, véetné zohlednéni moznych technickych prostoju,
doby necinnosti a ¢ekani na novou vyrobni davku) (%).

Jako podplirné ukazatele byly vyuZity vysledné hodnoty produkce
vSech uvazovanych druh piva v jednotlivych Usecich technologic-
kého procesu (vystiraci, scezovaci a rmutovaci nadrze, filtry, nadrze
pro mladé pivo a plnici linky). Pro navrh nového rozloZeni zakazek
ve vyrobé byly rovnéz vyuzity vystupy z Ganttova diagramu, které

2 MATERIAL AND METHODS

For the purposes of simulation of the brewing process a class li-
brary called Brewing Library for the simulation software Plant Simula-
tion has been developed. The library contains the following elements
for simulation of material flow (by an element we mean an entity,
which from the point of view of a model structure is indivisible and
which is unambiguously defined by its attributes and their values that
— partly — can be set by the user within the model parameterization):
e Brewing, Speise — mashing vessel, lauter tun and wort tank,

e Ferm — fermentation and lagering tanks,

o Filter —filter,

e BBT — beer tank (for beer maturation),

o Filling —filling line,

e Warehouse — storage of packaged beverages (bottles or cans,
barrels, tanks...).

Using these elements a simulation model of a brewery is created,
which is limited by a reception area of input raw material (malt and
possible additives) — here the availability of the raw material is deter-
mined within parameterization of the simulated scenario, i.e. without
detailed consideration of processes such as malt weighing, grinding
or separation of coarse sediments.

Apart from these elements the library also contains components
for simulation of information flow, so that a whole logistic chain can
be represented by the model. Furthermore, elements mediating inter-
face between the simulation software (Plant Simulation) and further
applications (XML, Oracle, MS Excel etc.) are available. In addition
to standard elements available in the basic version of the software
for evaluation of monitored KPIs (key performance indicators) within
simulation experiments performed with a valid model, default graphi-
cal and tabular indicators of utilization of production facilities (tanks,
filling lines), throughput in different stages of the production process
(measured in units of volume per unit of time relative), dynamics of
level of inventory of finished goods (packed / bottled drinks), idle
times of production facilities (duration of their idle time), changes of
production batches and cleaning of filters are also available.

Unlike the classical approach according to which a simulation
study consist of four subsequent stages (creating of a conceptual
and subsequently of a simulation model with permissible level of ab-
straction, performing of simulation experiments, their interpretation
and finally implementation of measures in a real system based on
results of the simulation experiments) (Banks, Carson et al., 2000),
in case of the Brewing Library the simulation model is created auto-
matically. This is done based on a data set saved in form of a MS
Excel spreadsheet. Those data describe necessary attributes and
technical parameters of individual stages of beer production and re-
lated technological equipment.

3 CASE STUDY

With the use of the above-mentioned elements from the Brew-
ing Library and on the basis of a set of production data describing
a typical beer production a simulation model of the corresponding
brewery was generated. The limiting condition was availability of
production facilities (mainly volume and the overall number of fer-
mentation tanks). This corresponds to a practical task of operational
planning of a production program, namely the allocation of orders in
the production. With respect to the given production program (reflect-
ing demand forecast for different kinds of produced beer) simulation
experiments were performed. Their aim was to allocate the orders
to the production resources in a way which is optimal with regard to
the following KPlIs:

o QOverall production of all kinds of beer (during the simulated period) (hl)

o Utilization of disposable fermentation tanks (percentage ratio of
the time duration of technological processing, filling, emptying,
cleaning of the tanks together with possible failures, idle times
and times during which waiting for a new production batch was
recorded).

As auxiliary performance indicators resulting values of production
of all kinds of beer in individual sections of the technological process
(wort tanks, filters, BBTs — bright beer tanks, and filling lines) were
used. For the proposal of another order allocation in the production
outputs of Gantt chart were used, too. These captured the times and
durations for which production orders exceeded current availability
of production resources and thus a bottle neck arose in the produc-
tion system.
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Obr. 2 Pfifazeni vyrobnich zakazek fermentaénim nadrzim — vyrob-
ni plan ,A“/ Fig. 2 Allocation of production orders to fermentation
tanks — production plan “A”
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Obr. 4 Ganttuv diagram zndzorfiujici asovy pribéh vytizeni vyrobnich kapacit — vyrobni plan ,A“/ Fig. 4 Gantt diagram illustrating the time

course of utilization of production capacities

zachytily zejména €asové vymezeni situaci, kdy vyrobni zakazky
prevysovaly aktudlni disponibilitu zdrojd, a projevilo se tedy uzké
misto vyrobniho systému.

4 VYSLEDKY A DISKUSE

Prvnim krokem bylo uréeni pocate¢niho vyrobniho planu (dale
oznacen jako plan ,A%). Na obr. 2 je znazornén jeden list seSitu MS
Excel se vstupnimi daty, kde jsou pfifazeny jednotlivé zakazky (Tan-
kGroup) fermenta¢nim nadrzim. Je vidét, ze nadrze maji stejné tech-
nické parametry. Jak bylo uvedeno, celkovy pocet nadrzi (45) je po-
vazovan za okrajovou podminku. ,Plan A“ byl podobné jako v praxi,
kde neni aplikovana simulace, stanoven na zakladé kvalifikovaného
odhadu. Z toho plynul pfedpoklad, Ze takto navrzeny vyrobni systém
neni optimalni a ze Ize tedy zménou organizaéniho, resp. €asového
pfifazeni zakazek jednotlivym vyrobnim kapacitam dosahnout vys-
8i produkce. Jde o problematiku navrhu simulaénich experimentt,
kterymi se podrobné zabyva ve své knize Klejnen (2008). V ramci
této pfipadové studie byl volen jednoduchy pfistup, kdy na zakladé
vysledkl simulaénich experimentt s modelem nastavenym dle planu
»A“ bylo vytipovano uzké misto.

Vyslednou produkci a vytizeni vyrobnich kapacit za pfedpokla-
du dodrzeni planu ,A* graficky zachycuje obr. 3. Je vidét produk-
ce vSech druhll piva v jednotlivych vyrobnich Usecich. Cervené je
v grafu produkce (vlevo) vyzna¢eno dosazené maximum 1 mil. hl.
V diagramu vytizeni vyrobnich prostfedk(l (vpravo) je napadny znac-
ny ¢asovy podil u mladinové nadrze, kdy je nutné ¢ekat, nez bude
mozné prepustit jiz hotovy polotovar do dalSi faze vyroby (fermentac-
nich nadrzi) — zluta barva stavu ,waiting“.

To je vidét také pomoci Ganttova diagramu (obr. 4), kdy na svislé
0se jsou vynesena vyrobni zafizeni sefazena podle technologické-
ho postupu (shora dol() a na vodorovné ose je ¢as. Barevné useky
odpovidaji jednotlivym staviim zafizeni. Zluta barva u nadrzi na mla-
dinu predstavuije situaci, kdy diky nedostate¢né kapacité fermentac-
nich nadrzi tyto nemohly pfijmout novou davku.

Pfirozenym zavérem tedy je, ze plvodni vyrobni plan ,A“ ma pro
pfislusnou skupinu druhl piva poddimenzovanu kapacitu fermentac-
nich nadrzi. Alternativni plan rozvrzeni vyrobnich kapacit (na zakladé
vytipovani Uzkého mista — fermentaénich nadrzi) je opét ve forme listu
sesSitu MS Excel se vstupnimi daty zachycen na obr. 5. Je vidét, ze cel-
kovy pocet fermentacnich nadrzi (jakozto okrajova podminka), ani je-
jich technické parametry, nebyly zménény. Z finanéniho hlediska tedy
prechod na vyrobni plan ,B“ nevyZaduje zadné investi¢ni naklady.

Pohled na celkovou produkci a vytizeni vyrobnich kapacit posky-
tuje obr. 6. Je z néj patrné, ze objem celkové vyprodukovaného piva
(za stejnou dobu sledovani) je téméf o 20 % vysSi nez v pfipadé
planu ,A“. Rovnéz uzké misto — fermentaéni nadrze — bylo jejich
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Obr. 3 Vysledna produkce a vytizeni vyrobm’ch kapacit — vyrobni

plan ,A“/ Fig. 3 Resulting production and utilization of production
capacities — production plan “A”
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4 RESULTS AND DISCUSSION

The first step was to determine an initial production plan (here-
inafter referred to as plan “A”). On Fig. 2 one list of the MS Excel
sheet with input data is shown, where the individual orders (Tank-
Group) are allocated to the fermentation tanks. It can be seen that
all tanks have the same technical parameters. As stated before, the
total number of tanks (45) is considered a boundary condition. Like
in praxis where no simulation is applied, the plan “A” was set accord-
ing to an expert estimate. Therefore, a presumption was made that
such a production system is not optimal and thus it is possible to
achieve higher production thanks to changes in organizational and
time allocation of the orders to the individual production capacities.
This issue is related to design of experiments which is described in
detail by Klejnen (2008). In this case study a simple approach was
chosen where the bottle neck was identified on the basis of results of
simulation experiments performed with the model setting according
to the plan “A”.

The overall production and utilization of production resources
when the production plan “A” was followed is shown on Fig. 3. Pro-
duction of all kinds of beer in individual production sections can be
observed. The maximal achieved throughput 1 million hl is marked
with a red line (left). In the utilization diagram (right) a noticeable
time portion in case of the brewing tank can be seen. The state “wait-
ing” is attributed to situation when it is necessary to wait until content
from brewing tanks can be pumped to further stages of the produc-
tion (fermentation tanks) — yellow color.

This can also be observed in Gantt diagram (see Fig. 4), where on
the vertical axis individual production equipment is plotted according
to the technological process (top to bottom) and the horizontal axes
represents time. Colored sections correspond to individual states of
the equipment. The yellow color in case of the brewing tanks repre-
sents situation where the fermentation tanks cannot accept another
batch because of their insufficient capacity.

Therefore, an intuitive conclusion is that the initial production plan
“A” has undersized capacity of fermentation tanks for the respective
group of beer types. An alternative plan for allocation of production
capacities (based on identification of the bottle neck — fermentation
tanks) is again shown in form of a MS Excel sheet with input data
on Fig. 5. It can be seen that the total number of fermentation tanks
(as the boundary condition) as well as their technical parameters
remained unchanged. Therefore, from a financial point of view, the
production plan “B” requires no investment costs.

Fig. 6 provides an overview of the overall production and utilization
of production resources. The figure shows that the overall beer pro-
duction (for the same simulated period) is higher by nearly 20% than
in case of the plan “A”. Also the bottle neck — fermentation tanks —
was removed thanks to a convenient allocation of the particular beer
types within the production program.
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Planovani a fizeni provozu pivovaru s podporou pocitacové simulace
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Obr. 5 Pfifazeni vyrobnich zakazek fermentaénim nadrzim — vyrobni
plan ,B“/ Fig. 5 Allocation of production orders to fermentation tanks
— production plan “B”

vhodnym pfidélenim typim piva zafazenym do vyrobniho programu
odstranéno.

Takto Ize tedy na zakladé nékolika malo vybranych klicovych uka-
zatel(l vzajemné porovnat rGizné vyrobni scénare (pfipadné uspora-
dani vyrobnich kapacit) a vybrat ten, ktery z hlediska zvolené cilové
funkce predstavuje optimalni feSeni. To lze nalézt automatickym
provedenim simulaénich experiment(, pfiéemz v pfislusné matici
experimentl je pfedem vydefinovana sada testovanych variant, lisi-
cich se z technického pohledu pouze (vyrobnimi) daty ve vstupnim
seSitu MS Excel.

5 ZAVER

Technologie diskrétni simulace je v sou¢asném primyslu dualezi-
tym podplrnym ndstrojem pro planovani a fizeni vyrobnich procesu.
V soucasnosti se jejich vyuZiti rozsifuje také do potravinarského pra-
myslu. V tomto ¢lanku byla pfedvedena nadstavba simula¢niho soft-
ware Plant Simulation pro modelovani vyrobniho procesu pivovaru.

Pomoci pfipadové studie bylo ukazano, jakym zplisobem lze de-
finovat vstupni parametry pro automatické vygenerovani modelu
procesu vyroby piva. Na zakladé zadanych okrajovych podminek
byl proveden navrh pfifazeni zakazek vyrobnim kapacitam a pomoci
modelu nalezeny hodnoty klicovych ukazatel(l takto definovaného
provozu. Analyzou ukazatell produkce a vytizeni vyrobnich kapacit
bylo odhaleno uUzké misto a navrzeny zmény v pfifazeni zakdzek
stejnym vyrobnim zdrojim. Pomoci simulaénich experimentl byly
ovéfeny pozitivni dopady navrzenych zmén vedouci ke zvySeni pro-
duktivity modelovaného pivovaru a odstranéni Uzkého mista.
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Obr. 6 Vysledna produkce a vytizeni vyrobnich kapacit — vyrobni
plan ,B“ / Fig. 6 Resulting production and utilization of production
capacities — production plan “B”

In this way it is possible to compare various production scenarios
(or organization of production) based on a few selected KPIs and to
pick the one which provides the optimal solution from the viewpoint
of chosen objective function. The optimal solution can be found by
automatic execution of simulation experiments while in the experi-
ment matrix a set of variants to be tested is predefined with differing
in (production) data saved in the input MS Excel sheet.

5 CONCLUSIONS

The technology of discrete event simulation is currently an impor-
tant supportive tool for planning and control of production processes.
Currently the application of simulation is expanding into the sector
of food and beverage industry. In this article an add-on library of
the simulation software Plant Simulation for modelling of production
processes of a brewery was presented.

Using a case study it was shown how to define input parameters
for automatic generation of the model of beer production. Based on
given boundary conditions allocation of orders to production capaci-
ties was proposed, and with the use of the model values of key in-
dicators of the production defined in this way were verified. Through
analysis of indicators of production and utilization of production ca-
pacities bottle neck was identified and changes in order allocation to
the same production resources were proposed. With the use of simu-
lation experiments positive effects of the proposed changes leading
to productivity enhancement of the modelled brewery and elimination
of the bottle neck were verified.
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