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2 Examples

• Consumer goods plant expansion

• Pharmaceutical supply chain 
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Consumer Goods Plant Expansion

• Consumer cold remedies

• ~95 Liquids products – in bottles

• Subject to FDA validation regulations
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SC Issues: Capacity Management 
Plant Capacity – varied numbers of products

Volumes

Campaign Length

Put-Ups (sizes)

Actual Data from
SAP & Access DB

Statistical patterns

Master Data Matrix
- Process Times
- Assignments

Key Inputs

Analyze process behavior
•Numbers of resources
•Validation rules
•Routing decisions
•Campaign & mix options

MixingMixing Hold Tanks
Or Bins

Hold Tanks
Or Bins PackagingPackaging

Utilization 
of each resource

Times waiting 
for each resource

Process times
Mix thru Packaging

Key Outputs

Cleaning
systems

Cleaning
systems

Weekday/weekend Crew Shifts
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SC Issues: Capacity Management
Manufacturing Campaign Patterns

Patterns from the 18month sample of production history (1290 batches) were 
used to segment the inputs, as follows:

• Single batches - ~ 45 products
• Truck shipments out of plant - 3 products
• Campaigns in 3 categories:

– Long & infrequent campaigns - 6 products ( ~ 40 campaigns )
– High runners - 6 products ( ~ 140 campaigns ) 
– Medium & low volume - ~ 30  products ( ~ 80 campaigns )

• Each of the 5 categories use empirical statistical distributions based on 
product & campaign length history

• Inputs can be changed across the board, or individually by category to 
simulate changes in volume / mix
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Consumer Goods Plant Expansion 
Project Objectives

• Confirm capability of:
– New mixing manufacturing area, &
– Additional packaging lines

• Specifically address Clean-In-Place System & 
Hold Tank capacity concerns with FDA product 
validation plan
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Simulation Methodology - Modeling Approach

• Created Master Data 
Matrix
– planning times, 

changeover standards, 
equipment assignments

• Used Access DB to get
variability

• Used SAP history for batch 
detail & campaigns

• Validated logic by running 
actual production 

• Modified Master Data Matrix 
for new manufacturing 
environment with resource 
validation plan 

• Added 5th packaging line with 
incremental large size volume

• Ramped up volume based on 
statistical patterns in SAP 
history

Current Configuration New Configuration
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Model Overview

Volume

Statistical
Intervals

Between Each
Batch

Line /
Campaign

Mix

Campaign Length

Bottle size

Statistics of
Campaigns

Med/Low
Volume

Bypass Packaging

Mixing Hold 
Tanks Packaging

Feed Statistical Input

A buildup
before Mixing

indicates a 
bottleneck
somewhere

Measure & Report Utilization 
of each resource

Measure & Report times each
resource is unavailable

Examine individual Resource 
backlogs

Measure & Report 
Hold thru Packaging times

CIP
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Conclusions

• Clean-In-Place systems – varying the 
number of systems did not affect the results 

• Hold Tank & Packaging Line assignments 
can have a significant effect depending on 
the bottle size mix and sequence
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Demonstration
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Monte Carlo Simulation in High Volume Operations 
Customized Input / Output Screen
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Monte Carlo Simulation in High Volume Operations
Liquids Products

6 Mix tanks

CIP
systems

CIP
systems

CIP
systems

Wait times recorded 
for all batches

Utilizations of all resources 
computed vs. scheduled time

0 1460 2920 4380 5840 7300 8760
0

0.125
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0.5
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0.875

1

Time

Value
Monthly Average Line1 Utiization

Util By Month Cum Utilization   
0 1460 2920 4380 5840 7300 8760

0

18.75

37.5

56.25

75

93.75

112.5

131.25

150

Time

Hours
Time Waiting for Packaging

Pkg Line 1 Pkg Line 2 Pkg Line 3 Pkg Line 4

Mixing Hold Tanks Packaging

12 Hold tanks
10 Lines
Bottles

(125 FG SKUs)

Demand Seasonality 
Bottle Size Mix
Production Campaign 

History

Granulation

Solids Products

0 5 10 15 20
0
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Number of Batches

Occurrences
Avg Batches in WIP

AvgBatchesInWIP    

0 2190 4380 6570 8760
0

50
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Time

Hours
Cycle TIme

Cycle Time Mean   

Granulation Compression Coating Gel Dipping Printing Packaging

Bins between 
Granulation & Compression Totes across remaining steps

Compression Coating Gel Dipping Printing Packaging

Bins between 
Granulation & Compression Totes across remaining steps

WIP measured 
across entire process

Cycle time of every 
batch recorded

7 Gran units

(6 Forms)

11 Comp units

(16 Forms)
11 Coating Pans 19 Total 8 Total

11 Lines

(95 FG SKUs)

Shared Resources
Utilization & Backlogs

0 1460 2920 4380 5840 7300 8760
0

0.25
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0.75
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1.25

1.5
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2

Time

Value
CIP System Backlog

Batches Waiting    

Re sou rce Type Num b er Util iza tio n (95% co nfiden ce  in t)
Clean ingUn its Resourc e Pool 2 0 .2431±0.04727
TotalCrewsA vail Labor 5 0 .4347±0.02713

HorizonPlanning

CasesInInv[12201] 3000
CasesInInv[18630] 3000
CasesInInv[50315] 4000
CasesInInv[82915] 6500
CasesInInv[12215] 6500
CasesInInv[12218] 500
CasesInInv[18615] 6500
CasesInInv[12240] 0

INITIALIZE - FG Inventories

xa Batch Size Chem[18615] 500
xb BottlesPerBatch[18615] 107000
xc BottlesPerCase[18615] 36
xd MTS MTO Ind[18615] 1
xe MaxNbrBatchesPerRun[18615] 8
xf MeanCasesPerDay[18615] 277
xg DOS Target[18615] 22
xh DOS Trigger[18615] 15
xi PackagingTimeMean[18615] 1
xj PackagingTimeVar[18615] 0.1

Cherry Cough Drops1/2 oz.

Shipments[12201]

Shipments[18630]

Shipments[50315]

Shipments[82915]

Shipments[12215]

Shipments[12218]

Shipments[18615]

Shipments[12240]

Order Supplies Chemical Process Package & Ship

Consumer Healthcare Manufacturing Simulation

Target Planning

Initial Product Settings 
- Starting Inventories, Capacities 
- Process  Times in hours
                            

Initial Planning Settings 
- All times in hours
                            

Actual 2000 Product Shipments
                            

To Run Panel

Quit

HorizonPlanning

CasesInInv[12201] 3000
CasesInInv[18630] 3000
CasesInInv[50315] 4000
CasesInInv[82915] 6500
CasesInInv[12215] 6500
CasesInInv[12218] 500
CasesInInv[18615] 6500
CasesInInv[12240] 0

INITIALIZE - FG Inventories

xa Batch Size Chem[18615] 500
xb BottlesPerBatch[18615] 107000
xc BottlesPerCase[18615] 36
xd MTS MTO Ind[18615] 1
xe MaxNbrBatchesPerRun[18615] 8
xf MeanCasesPerDay[18615] 277
xg DOS Target[18615] 22
xh DOS Trigger[18615] 15
xi PackagingTimeMean[18615] 1
xj PackagingTimeVar[18615] 0.1

Cherry Cough Drops1/2 oz.

Shipments[12201]

Shipments[18630]

Shipments[50315]

Shipments[82915]

Shipments[12215]

Shipments[12218]

Shipments[18615]

Shipments[12240]

Order Supplies Chemical Process Package & Ship

Consumer Healthcare Manufacturing Simulation

Target Planning

Initial Product Settings 
- Starting Inventories, Capacities 
- Process  Times in hours
                            

Initial Planning Settings 
- All times in hours
                            

Actual 2000 Product Shipments
                            

To Run Panel

Quit

Inventory Balancing
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Monte Carlo Simulation in High Volume Operations 
Customized Probability Distributions
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Example of Master Matrix
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New Configuration
2001 volume + New Line large size volume

• 5 runs completed all batches successfully without buildup

Mean Results of 5 Runs
Ann. Volume 1,467 Batches 100 mil. Pkgs Tot. Loading

Mean Utilizations w/Inc. PF's

Mix Tanks % Hold Tanks % Pkg Lines Total %
Incl. 

Chngover %
2000 (2) 46% 1000 (2) 35% 1 57% 10% 67%
1000 (1) 6% 2000 (4) 31% 2 55% 5% 65%
500 (1) 7% 4000 (2) 56% 3 80% 9% 90%

4 34% 5% 44%
% New Line 23% 2% 33%

CIP Systems (2) 23%  
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Monte Carlo Simulations with Increasing Volumes

8% Increase 
Batches Backup*
1595 0
1552 7
1514 8
1537 5
1551 11

10% Increase
Batches Backup
1562 8
1596 61
1585 75
1581 56
1582 88

* There can be in process batches in process at the end of a run
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Learnings on Key Drivers

• Bottle size mix / campaign pattern is a key driver
– Product is secondary to bottle size

• Hold Tank – Packaging Line linkages are complex, 
and are also key drivers
– Balance flexibility vs. repetitive process
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Conclusions: some dynamics in the process

MixingMixing Hold TanksHold Tanks PackagingPackaging

1. Line 3 
maxes out at 
~50 batches 

/month

2. Overflow of 
4 oz from 

Line 3 goes to 
Line 1

3. Line 1 shared 
by 4  2 & 1 oz; 
wait in Hold 

Tanks

4. Package 
batches waiting 

for Line 1, to 
clear Hold Tanks

6. High level of  
changeovers & 
competition for 

Hold Tanks start a 
buildup back to 

Mixing

5. Breaking into 
campaigns 

creates 24 hr 
changeovers
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Example of Hold Tank Assignment Impact

• Hold tanks – 2  4000gal. &  4  2000gal.
– 26 products can use either 4000 or 2000 gal. 
– 6 products can use only 4000 gal.; they account for 

~10% of volume

• In the example that follows:
– Product 60404 can only use tanks 9 & 10, and has a 

campaign is running on Packaging #1

– Product 12301 starts up in different tanks, but also 
scheduled for  Packaging #1 when 60404 completes
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Example of Hold Tank Assignment Impact
Hold Tanks

Pkg Line 1

99

1010

33

44

4000 gal

2000 gal

12301 Campaign
Alternate
tanks

60404 Campaign
In use for Pkg Line 3 with 
another productX

60404 processing
takes longer time

Changeovers
when 12301 

starts
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Model Runs for 10% Increase 
Flexibility of 2000 gal. Tanks Eliminates the Bottleneck

Mean Results of Runs @10% Vol. Increase - 4000 gal. Hold Tanks only
Ann. Volume 1,535 Batches 115 mil. Pkgs Backup - 40 batches Tot. Loading

Mean Utilizations w/Inc. PF's

Mix Tanks % Hold Tanks % Pkg Lines Total %
Incl. 

Chngover %
2000 (2) 49% 1000 (2) 65% 1 68% 13% 78%
1000 (1) 18% 2000 (4) 41% 2 73% 6% 83%
500 (1) 26% 4000 (2) 60% 2 86% 9% 96%

3 45% 3% 55%
% New Line 20% 2% 30%

CIP Systems (2) 24%

Mean Results of Runs @10% Vol. Increase - 4000 & 2000 gal. Hold Tanks 
Ann. Volume 1,608 Batches 118 mil. Pkgs Backup - 11 batches Tot. Loading

Mean Utilizations w/Inc. PF's

Mix Tanks % Hold Tanks % Pkg Lines Total %
Incl. 

Chngover %
2000 (2) 44% 1000 (2) 61% 1 66% 10% 76%
1000 (1) 6% 2000 (4) 41% 2 73% 6% 83%
500 (1) 28% 4000 (2) 53% 2 88% 9% 98%

3 45% 3% 55%
% New Line 23% 2% 33%

CIP Systems (2) 25%
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Service Channel™ Segmentation

Pharmaceutical example
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Statistical Patterns 

Time

Supply Variability

Time between
Receipts
- lognormal distribution

Amount of
supply
- normal distribution

DemandVariability
Time between shipments
-exponential distributions

Amount of
demand
-lognormal
-distributon

Time

Separate distributions for  
each presentation

Plant 
or DC

SC Issues – planning across locations
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• Overall Product Demand & Inventory
– Demand at the country label presentation level was categorized by average 

weekly volume levels

Service Channel™ Segmentation

– The categories 
were classified 
as a % of both 
demand volume 
and inventory 
cost

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

Demand Category
Vials per Week

Distribution of Country Presentations

% of Demand 66.1% 20.1% 7.0% 3.7% 1.8% 0.9% 0.4%
% of Inventory 26.2% 42.4% 11.2% 6.7% 5.9% 2.8% 4.9%

> 
1,000

200 - 
1,000

100 - 
200

48 - 
100

26 - 
48

11 - 
26 < 11

Number of 
Presentations

14 28 28 28 28 28 44
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• Overall Product Demand & Variability
– A good comparative index of variability is the standard deviation of  weekly 

demand divided by the average; it is called the Coefficient of Variation (CofV) 

Service Channel™ Segmentation

– CofV is a key 
driver of the 
amount of 
inventory required 
to meet demand

– A CofV  >  ~.5 
indicates demand 
that is difficult to 
predict

Demand Variability by Demand Category
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% of Demand 66.1% 20.1% 7.0% 3.7% 1.8% 0.9% 0.4%

Demand Variability 0.57 1.14 1.20 1.45 1.80 1.76 2.83

> 
1,000

200 - 
1,000

100 - 
200

48 - 
100

26 - 48 11 - 26 < 11

Number of 
Presentations

14 28 28 28 28 28 44
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• Overall Product Demand and Variability
– Combining the variability vs. the weekly demand for all presentations shows the high 

degree of demand variability (week to week)

Service Channel™ Segmentation

70 country presentations
~93.2% of demand

Weekly 
variation 
< 100%

This group accounts for 66% 
of the total demand (shown 
here on a logarithmic scale)

70 country presentations
~93.2% of demand

128 country presentations
~6.8% of demand

This group accounts for 66% 
of the total demand (shown 
here on a logarithmic scale)
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• Overall Product Supply
– The number of re-supply shipments for the same demand categories over the 6 

months were compared, showing wide variation in the number of shipments.

Service Channel™ Segmentation

Number of Supply Shipments by Demand Category
6 month period

0
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Demand Category 
Vials per Week
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Max Shipments 17 18 10 5 4 13 4
Min Shipments 2 1 1 1 0 0 0
Avg Shipments 8 6 3 2 2 1 1

> 1,000 200 -
1,000

100 -
200

48 -
100 26 - 48 11 - 26 < 11
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- In addition to demand and supply patterns, high unit cost is also a 
driver of overall inventory cost, with unit costs have a wide range

Service Channel™ Segmentation

0%

20%

40%

60%

80%

Possible Service Channel Breakout

% of Demand 66% 18% 16%

% of Inventory 26% 63% 11%

High Volume High Cost Other

Candidate
Presentations

14
(11 Generic)

23
Generic

36
Generic
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High Volume High Cost Other
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Presentations
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23
Generic

36
Generic

14
(11 Generic)

23
Generic

36
Generic
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• Supply & Postponement Strategy
– The simulation demonstrates benefits of postponing country labeling.  However, there is 

still significant demand variability even at the generic Europe-wide level.

Service Channel™ Segmentation

Volume / Variability Comparison for "white label" Presentations

0.00

1.00

2.00

3.00

4.00

5.00

6.00

1 10 100 1,000 10,000 100,000

Average Demand Vials per Week

20 presentations
~90% of demand

38 presentations
~10%% of demand

17 presentations 
with variability 
< 50%
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Service Channel™ Segmentation

• Replenishment/production design
– High volume channel with level frequent supply:

• Produce on a biweekly level cycle

– High cost channel with postponement:
• Produce generic product every 4 weeks
• Kanbans for country labeled stock

– Low volume/low cost channel with level supply:
• Produce twice per year on a regular schedule
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Service Channel™ Segmentation

• Simulation results
– High volume channel with level frequent supply:

• 99.9+% service level
• 60% reduction in inventory

– High cost channel with postponement:
• 97+% service level
• 30% reduction in inventory

– Low volume/low cost channel with level supply:
• Improved service levels with same inventory level



©2003 LogiSys. All Rights Reserved.

• Simulation for level 2week  replenishment w/ 99.9% service
– Total average inventory - $7.5mil.

Service Channel™ Implementation – Europe
High Volume (flow) channel candidates:

Computed statistical SS 
based on 2 week cycle 
& demand variability

Computed statistical SS 
based on 2 week cycle 
& demand variability

Simulated over 6 monthsSimulated over 6 months Computed additional buffer 
for selected presentations

Computed additional buffer 
for selected presentations

Note: each additional week of SS for this group ~$1.5mil. in inventory cost

Presentation Country
Level Load 
Weeks SS

Extra Buffer 
Weeks

Total Weeks 
SS

Albumin 20% 50ml DE 2.7 0 2.7
Albumin 20% 50ml ES 5.0 0 5.0
Albumin 20% 50ml IT 3.1 2 5.1
Beriate 1000 DE 2.4 1 3.4
Beriglobin 5ml DE 3.7 3 6.7
Beriplex 500 IE DE 2.5 2 4.5
Kybernin 1000 IT 2.5 2 4.5
Kybernin 500 DE 2.3 2 4.3
Kybernin 500 IT 3.9 0 3.9
Rhesogam 1_5ml DE 2.8 0 2.8
Rhesogam 1_5ml ES 2.5 1 3.5
TETAGAM  2ML/500IE IT 3.1 0 3.1
Tetagam 1 ml 250 IE DE 3.4 0 3.4
Tetagam 1 ml 250 IE IT 6.5 0 6.5
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Safety Stock Required: 
Effect of Demand Variability & Lead-Time

Weeks of Safety Stock Required 
for 98% Service Level

0

5

10

15

20

25

0 5 10 15 20 25 30

Lead Time: Weeks

W
ee

ks
 o

f S
S 

R
eq

ui
re

d

CofV = 0.5 CofV = 1 CofV = 2

This example demonstrates 
the additional safety stock 
requirement as weekly 
demand variability and 
supply lead times increase.

Supply variability adds to 
the safety stock required.

This example uses 98% 
service level; increasing or 
decreasing the service level 
changes the safety stock 
exponentially.

Coefficient of Variation (CofV) for weekly demand, equal to
Standard deviation / mean demand is an indicator of 
comparative variability
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Current Process

Plant  / DCPlant  / DC

GermanyGermany

SpainSpain

ItalyItaly

FranceFrance

SwedenSweden

Great BritainGreat Britain

CofV

NetherlandsNetherlands

Weekly 
Demand

102

29

27

24

13

13

66

1.03 1,037

.95 826

1.98 535

2.85 444

2.28 466

1.20 384

2.11 2,287

Est Lead-time*

6 mos.

> 6 mos.

3 mos.

2 mos.

> 6 mos.

6 mos.

> 6 mos.

SS
Needed

Total 5,978
* - Based on nbr of supply shipments in 6 mon. period
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Postponement: Reduced demand variability

Plant / DCPlant / DC

GermanyGermany

SpainSpain

ItalyItaly

FranceFrance

SwedenSweden

Great BritainGreat Britain

NetherlandsNetherlands

Est Lead-time
“white label”

SS
Needed

Postponement
Site

Postponement
Site6 Weeks

Est Lead-time
labeled stock

1 Week

CofVWeekly  Demand
273 .65

SS Needed
Postponement Site 

1,880

Combined Volume
232

61

115

148

63

35

304

Lot Size
1,800

Countries
958

Total 
2,838
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Postponement: Reduced inventory 

Shortened & 
Consistent Lead times 

+

Reduced CofV of 
aggregate demand

Safety Stock

Total Average 
Inventory

=

@ $330 / vial = $1.43M  reduction

3,140 vials

4,358  vials
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Wrap Up
• Experimenting with the inventory  / service level 

analysis available at:

www.OpStat.com
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www.OpStat.com screen


