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Facts & Figures

With headquarters in 

Wenden (NRW)

Family
business

Managing Director 

Lena Munschek

2nd generation
Since 2019

2000
Founded in

by managing director 

Herbert Munschek

47Approx. employees

Mainly engineers & 

technical draftsmen

6
Fields of 

competence

Origin in factory 

planning for the

Plastics & 

Metal processing



Factory planning

Digital and sustainable factories, 

flexible and adaptable 

production, brownfield and 

greenfield planning

Process design

Technology assessment, 

operational excellence, shop floor 

management, process design

Industrial engineering

Decarbonization, energy audits, 

customized media supply and 

technical building installations,

resource efficiency

Logistics

Material flow planning and 

warehouse planning 

information logistics and supply 

chain management

Project management

Project management in all planning 

and implementation phases, relocation 

management, individual workshops

Cleanroom

Layout planning, implementation of 

operational processes (cleaning, 

clothing, training, work instructions, 

etc.) in accordance with qualification 

regulations

With know-how and 
experience at your side
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Recreate

dynamic system

with the help of 

an experimental 

model

Transferable

insights

to reality

Definition according to VDI guideline 3633

What is a simulation?
Why simulation? Foundations and potentials

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Insights

• hidden influencing factors

• better process understanding

• reveal connections

1Source: University of Siegen

Risk minimization 

• detect planning errors

• reduce follow-up costs

• secure investments

Digital twin 

• further utilization of the model

• quick follow-up analyses

• use as digital twin

Process performance 

• Bottleneck analysis

• identify maximum performance

• optimize process parameters

Costs

• cheap field of experimentation

• ~ 1% of the investment sum

• ≲ 10% of planning costs1

When 

• many influencing factors

• simultaneity in the system

• complex connections

Why & when is simulation useful?
Why simulation? Foundations and potentials

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Within simulation softwareProblem definition
• target description

• task definition

→ Task specification

Concept development 
• system analysis

• concept model

→ Process understanding

Data basis
• data acquisition

• data processing

→ Input variables for simulation

Eingangsgröße AnyLogic Parameter Wert Einheit Beschreibung

Bereitstellungszeit Kathode Substratfolie par_Bereitstellungszeit_Kathode_Substratfolie 90 [sec/Pal] Bereitstellungszeit Kathode Substratfolie an Schleuse Coating A

Bereitstellungszeit Anode Substratfolie par_Bereitstellungszeit_Anode_Substratfolie 90 [sec/Pal] Bereitstellungszeit Anode Substratfolie an Schleuse Coating B

Bereitstellungszeit Seperator par_Bereitstellungszeit_Seperator 90 [sec/Pal] Bereitstellungszeit Seperator an Schleuse Stacking

Bereitstellungszeit Tape 1 par_Bereitstellungszeit_Tape_1 90 [sec/Pal] Bereitstellungszeit Tape 1 an Schleuse Stacking

Bereitstellungszeit Tape 2 par_Bereitstellungszeit_Tape_2 90 [sec/Pal] Bereitstellungszeit Tape 2 an Schleuse Assembly

Bereitstellungszeit Tab Kathode par_Bereitstellungszeit_Tab_Kathode 90 [sec/Pal] Bereitstellungszeit Tab Kathode an Schleuse Assembly

Bereitstellungszeit Tab Anode par_Bereitstellungszeit_Tab_Anode 90 [sec/Pal] Bereitstellungszeit Tab Anode an Schleuse Assembly

Bereitstellungszeit Tape 3 par_Bereitstellungszeit_Tape_3 90 [sec/Pal] Bereitstellungszeit Tape 3 an Schleuse Assembly

Bereitstellungszeit ZSB Einführhilfe par_Bereitstellungszeit_ZSB_Einführhilfe 90 [sec/Pal] Bereitstellungszeit ZSB Einführhilfe an Schleuse Assembly

Bereitstellungszeit Tape 4 par_Bereitstellungszeit_Tape_4 90 [sec/Pal] Bereitstellungszeit Tape 4 an Schleuse Assembly

Bereitstellungszeit Can par_Bereitstellungszeit_Can 90 [sec/Pal] Bereitstellungszeit Can an Schleuse Assembly

Bereitstellungszeit Lid Kathode par_Bereitstellungszeit_Lid_Kathode 90 [sec/Pal] Bereitstellungszeit Lid Kathode an Schleuse Assembly

Bereitstellungszeit Lid Anode par_Bereitstellungszeit_Lid_Anode 90 [sec/Pal] Bereitstellungszeit Lid Anode an Schleuse Assembly

Bereitstellungszeit Tape 5 par_Bereitstellungszeit_Tape_5 90 [sec/Pal] Bereitstellungszeit Tape 5 an Schleuse Assembly

Bereitstellungszeit Sealing Nail par_Bereitstellungszeit_Sealing_Nail 90 [sec/Pal] Bereitstellungszeit Sealing Nail  an Schleuse Assembly

Einschleusezeit Coating A par_Einschleusezeit_Coating_A 2 [min/Pal] Einschleusezeit Coating A [min]

Einschleusezeit Coating B par_Einschleusezeit_Coating_B 2 [min/Pal] Einschleusezeit Coating B [min]

Einschleusezeit Stacking A par_Einschleusezeit_Stacking_A 2 [min/Pal] Einschleusezeit Stacking A [min]

Einschleusezeit Stacking B par_Einschleusezeit_Stacking_B 2 [min/Pal] Einschleusezeit Stacking B [min]

Einschleusezeit Assembly A par_Einschleusezeit_Assembly_A 2 [min/Pal] Einschleusezeit Assembly A [min]

Einschleusezeit Assembly B par_Einschleusezeit_Assembly_B 2 [min/Pal] Einschleusezeit Assembly B [min]

Anzahl Transporter par_Anzahl_Transporter 8 [#] Anzahl Transporter Halle (Gesamt)

Beladungszeit Vollpalette (Bahnhof) par_Beladungszeit 90 [sec/Pal] Beladungszeit im Bahnhof je Ladungsträger (Voll)

Entladezeit Leerpalette (Bahnhof) par_Entladezeit_Leerbehälter 60 [sec/Pal] Entladezeit im Bahnhof je Leerbehälter

Aufnahmezeit Leerpalette (Schleuse) par_Aufnahme_Leerbehälter 60 [sec/Pal] Aufnahmezeit je Leerbehälter an Schleuse

Kapazität Transporter par_Kapazität_Transporter 1 [#] Kapazität Transporter (FTS = 1)

Geschwindigkeit Transporter par_Geradeausgeschwindigkeit_Transporter 1,6 [m/s] Geradeausgeschwindigkeit Transporter (FTS = 1.6; Routenzug = 2.2)

Anzahl Akkuladestationen par_Anzahl_Akkuladestationen 2 [#] Anzahl Akkuladestationen

Ladezeit Batterie/Akku Tranporter par_Akku_Loading 1 [%/min] Aufladezeit der Batterie des Transportfahrzeugs

Reichweite Batterie/Akku Transporter [min] Reichweite der Batterie des Transportfahrzeugs

Batterieverbrauch Fahrt par_Akku_Verbrauch_Driving 0,5 [%/min] Akku-Verbrauch während der Fahrt

Batterieverbrauch Stillstand/Standby par_Akku_Verbrauch_Idling 0,05 [%/min] Akku-Verbrauch während des Standbys

Batterieverbrauch Aktivität par_Akku_Verbrauch_Working 1 [%/min] Akku-Verbrauch während Aktivität, bspw. Anheben Ladungsträger

Schleuse Produkt Mengenverbrauch Produktion [Stk./d]Mengenverbrauch Produktion [Stk./h]Mengenverbrauch Produktion [Stk./min]Zeitverbrauch Produktion [min/Stk.]AnyLogic Parameter Anliefermenge [Stk./Pal]

Coating A Kathode Substratfolie 1.033.450,00 43.060,42 717,67 0,00139 par_Verbrauch_Anode_Substratfolie 48.000

Coating B Anode Substratfolie 1.082.636,00 45.109,83 751,83 0,00133 par_Verbrauch_Kathode_Substratfolie 48.000

Stacking Seperator 1.834.500,00 76.437,50 1.273,96 0,00078 par_Verbrauch_Seperator 30.000

Stacking Tape 1 33.941,00 1.414,21 23,57 0,04243 par_Verbrauch_Tape_1 118.800

Assembly Tape 2 65.166,00 2.715,25 45,25 0,02210 par_Verbrauch_Tape_2 118.800

Assembly Tab Kathode 90.508,00 3.771,17 62,85 0,01591 par_Verbrauch_Tab_Anode 32.000

Assembly Tab Anode 90.508,00 3.771,17 62,85 0,01591 par_Verbrauch_Tab_Kathode 32.000

Assembly Tape 3 5.430,00 226,25 3,77 0,26519 par_Verbrauch_Tape_3 118.800

Assembly ZSB Einführhilfe 22.627,00 942,79 15,71 0,06364 par_Verbrauch_ZSB_Einführhilfe 600

Assembly Tape 4 32.583,00 1.357,63 22,63 0,04419 par_Verbrauch_Tape_4 118.800

Assembly Can 22.627,00 942,79 15,71 0,06364 par_Verbrauch_Can 260

Assembly Lid Kathode 22.627,00 942,79 15,71 0,06364 par_Verbrauch_Lid_Anode 8.400

Assembly Lid Anode 22.627,00 942,79 15,71 0,06364 par_Verbrauch_Lid_Kathode 8.400

Assembly Tape 5 10.000,00 416,67 6,94 0,14400 par_Verbrauch_Tape_5 118.800

Assembly Sealing Nail 90.508,00 3.771,17 62,85 0,01591 par_Verbrauch_Sealing_Nail 100.000

AnyLogic Parameter Meldebestand (Stk./1h)AnyLogic Parameter

par_Materialmenge_LT_Anode_Substratfolie 43.061 par_Meldebestand_Anode_Substratfolie

par_Materialmenge_LT_Kathode_Substratfolie 45.110 par_Meldebestand_Kathode_Substratfolie

par_Materialmenge_LT_Seperator 76.438 par_Meldebestand_Seperator

par_Materialmenge_LT_Tape_1 1.415 par_Meldebestand_Tape_1

par_Materialmenge_LT_Tape_2 2.716 par_Meldebestand_Tape_2

par_Materialmenge_LT_Tab_Anode 3.772 par_Meldebestand_Tab_Anode

par_Materialmenge_LT_Kathode 3.772 par_Meldebestand_Kathode

par_Materialmenge_LT_Tape_3 227 par_Meldebestand_Tape_3

par_Materialmenge_LT_ZSB_Einführhilfe 943 par_Meldebestand_ZSB_Einführhilfe

par_Materialmenge_LT_Tape_4 1.358 par_Meldebestand_Tape_4

par_Materialmenge_LT_Can 943 par_Meldebestand_Can

par_Materialmenge_LT_Lid_Anode 943 par_Meldebestand_Lid_Anode

par_Materialmenge_LT_Lid_Kathode 943 par_Meldebestand_Lid_Kathode

par_Materialmenge_LT_Tape_5 417 par_Meldebestand_Tape_5

par_Materialmenge_LT_Sealing_Nail 3.772 par_Meldebestand_Sealing_Nail

Start
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Nein

Ja

50% Gasse A
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Fahrt zur 
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Schleuse 
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Ja

NeinNein

Abgabe 

Vollpaletten

Aufnahme 

Leerpaletten

Leertransport

Ja

Nein

Rückfahrt zum 

Materialbahnhof

Ja

Warten

Auftrag 

vorhanden

Warten Warten

Auftrag 

vorhanden
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Freier Be-/

Entladeplatz

Warten
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ausreichend

Nein Nein

Laden des Akkus
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Warten

Nein

Anfahrt einer 

Akkuladestation

Ja

Schleuse 

bereit
Leertransport

Auftrag 

vorhanden

Fahrt zur 

Schleuse

Aufnahme 

Leerpaletten

Abgabe 

Vollpaletten

Ja

Ja

Auftrag 

vorhanden

WartenWarten

NeinNein

Ja

Rückfahrt zum 

Materialbahnhof

Nein

Ja Nein

Abgabe 

Leerpaletten

Ja

Ja

Fahrt in die 

Produktion

Modeling
• implementation

• verification & validation

→ Simulation model

Simulation
• experiments & analysis

• interpretation & processing 

→ Task specification fulfilled

How does a simulation project work?
Why simulation? Foundations and potentials

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Problem definition
Practical Example: Medical Technology Production

Industry: Medical Technology

Cleanroom Class: ISO 8

Objective: Material Flow Simulation

Problem definition

• How many transport orders will occur inside the 

cleanroom?

• How many automated guided vehicles (AGVs) are 

required for a fully automated transport system?

• How many buffer locations are needed between 

process steps?

• How many airlock (black/white) cycles occur in the 

material transfer area?

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Material flow Overview 
Practical Example: Medical Technology Production

Incoming Goods 

Warehouse

Intermediates, Purchased Parts

Raw Materials

Storage Zones

ISO 8 Production Cleanroom

Black Area

Hygiene Zones

Semi-finished Goods

Finished Goods

Final Assembly Packaging with Packaging 

Material Storage

Outgoing Goods Warehouse

Extrusion & Injection Molding 

including Pre-assembly

Material Airlock

From raw material to finished end product

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Production System Overview

29 finished products27 raw materials 98 assemblies

1,180 components

88 machines

4 transport systems
14 buffer and 

storage areas

Practical Example: Medical Technology Production

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Concept Phase – Production Logic
Practical Example: Medical Technology Production

1. Check reorder level

Product buffer storage

2. Create production order

Reorder level

Production orders

PROD-0514

PROD-0513

PROD-0512

PROD-0511

PROD-0510

3. Check material availability

Component buffer storage

Order is routed to the next available machine for the respective product

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Transport orders

TA-0515

Concept Phase – Transport Logic

Production generates 

a transport order

TA-0514

1

Order enters the 

transport queue

2

Processing in 

priority/sequence

3

Transport 

execution

4

TA-0513

TA-0512

TA-0511

Assignment of the transport order to the next available vehicle

Practical Example: Medical Technology Production

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Data Foundation

Production Layout

• Defined transport routes: → distance matrix

• Machine & storage positions → source-sink mapping

Transport System

• Transfer times based on real-world benchmarks

• Driving speeds follow workplace safety guidelines

Production Data

• ERP data extracts

• Bill of materials (BOM) and routing information

Production Volumes

• Forecast volumes as basis for simulation input

Practical Example: Medical Technology Production

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Transport system – Dimensioning
Practical Example: Medical Technology Production

Histogram of vehicles in 

operation

Histogram of transports per 

day
Transport vehicle fleet 

utilization
5
0
 A

G
V

*
3
0
 A

G
V

*

Reduction in transport vehicles (AGVs*) Ensuring production supply

Output: 

4,7 Pal/h

Output: 

4,7 Pal/h

avg: 50 %

avg: 76 %

avg: 3,600

avg: 3,600

avg: 22

avg: 20

max: 50

max: 30

*AGV=automated transport vehicles

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Transport system - heatmap
Practical Example: Medical Technology Production

Incoming Goods 

Warehouse

Final Assembly Packaging with Packaging 

Material Storage

Outgoing Goods Warehouse

Extrusion & Injection Molding 

including Pre-assembly

Material Airlock

Transportation density

niedrig hochIdentification of critical areas with high transport activity in the cleanroom

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Buffer Storage Dimensioning
Practical Example: Medical Technology Production
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• Buffer storage between final 

assembly and packaging

• Block storage of containers

Inbound and outbound storage 

movements

• individual assemblies

• cumulative

• Frequency in min, max & avg

avg: 63

min: 52

max: 87

avg: 86

Buffer Storage Stock level trend Stock movements per hour

Inventory of finished assemblies

• individual assemblies

• cumulative

• Inventory in min, max & avg

Basis for the design of storage technology and space validation

min: 20

max: 125

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Material Airlock – Analysis
Practical Example: Medical Technology Production

Material Airlock Distribution of airlock cycles

Avg. 24 airlock cycles per hour Max. 24 airlock cycles per hour

• Material airlock between goods-receiving warehouse and 

cleanroom production

• Material airlock cycles per hour

avg: 10

min: 1

max: 24

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Cleanroom for

Production

ISO 8

Industry: Medical technology

Clean zone: ISO 8

Goal: Personnel flow simulation

Problem definition

• How much time does the personnel need to move from A to B ?

• What is the average time per employee to go from A to B ?

• What is the average waiting time? 

Concept development

• Changing & airlock processes

• Layout

• Changing facilities: Private Corporate Clothing

• Airlock: Black area Clean area

• Airlock: Clean area Cleanroom

3

Black area

1

A

B

Packaging

clean area

2

3

Foundations – Problem definition and concept development 

2

1

Practical Example: personnel flow and airlock process

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Packaging

clean area

Airlock control

Number of disinfectant dispensers

Number of hairnet dispensers

Number of people in the process

Max. number of people in locks

Number of mirrors (visual check)

Times of all process steps

Distribution of personnel arrival time

Cleanroom for

Production

ISO 8

3

Black area

1

A

B

2

Data basis
Practical Example: personnel flow and airlock process

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Packaging

clean area

Cleanroom for

Production

ISO 8

3

Black area

1

A

B

2

Simulation
Practical Example: personnel flow and airlock process

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Packaging

clean area

0
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6

8
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 %

Minutes

Total airlock time

Cleanroom for

Production

ISO 8

3

Black area

1

A

B

2

Result

• Total time from A to B: 22min 41s

• Ø-time from A to B: per employee: 17min 31s

• Ø-waiting time per employee: 3min 43s

Benefit

• Layout optimization

• Saving airlock time

Simulation
Practical Example: personnel flow and airlock process

Chapter 1 Chapter 2 Chapter 3 Chapter 4
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Material flow simulation
Summary

Chapter 1 Chapter 2 Chapter 3 Chapter 4

Definition

Reasons

Procedure

✓ Area verification

✓ Hedging a high 

investment

Personnel flow & 

airlock process

Simulation

✓ Saving airlock time

✓ Layout 

optimization

Virtuelle Planung Virtual planning, real success

Supply of materials in  

production

✓ Optimized 

requirements

✓ Planning security

Heatmap Transports Material Airlock

Buffer Storage 

Analysis
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Any questions?

Phone  + 49  2762  983 590

Mail info@munschek.com

www.munschek.com

Thank you for your attention!

MPC Stand / 

Booth F2.5

Material flow simulation: Virtual planning, real success 

Speaker: Felix Waffenschmidt

Munschek Process Consulting GmbH has the sole right of use for the contents. Publications and use for business purposes -

even in extracts - require the prior consent of Munschek Process Consulting GmbH.

http://www.munschek.com/
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