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ABSTRACT

TCG is a multinational pharmaceutical company. As part of its drive to stay lean
and competitive, TCG hopes to effectively maximize its capital assets by reducing
warchouse inventory. This thesis aims to reduce the inventory of intermediate
products through the use of fixed demand rate production planning and inventory
controls. The production planning model attempts to derive the optimal
production cycle time based on demand rates, production rates and setup times to
prevent stock outs. The optimal cycle time should provide the optimal inventory
levels for the intermediate products. The production planning model stabilizes the
fluctuations in inventory levels and outperforms TCG’s production plan in 2008
by 115 pallet spaces. With an order-up-to policy, the inventory level is capped at a
maximum level, preventing uncontrolled accumulation of inventory of the
intermediate products. This will prevent stock outs and stabilize inventory levels.
Using an order-up-to policy to minimize the inventory, a reduction of up to 1.8%
can be achieved.

Thesis Supervisor: Stephen C. Graves
Title: Professor of Mechanical Engineering and Engineering Systems



ACKNOWLEDGEMENTS

I would like to express my heartfelt gratitude to my supervisor, Professor Stephen
C. Graves for his invaluable guidance and timely counsel throughout the
development of this thesis. His encouragement and words of wisdom were
instrumentals towards the completion of this thesis.

I would also like to extend my gratitude and thanks to my fellow theme project
mates Mr. Khor Si Ming, Thomas, Mr. Sumit Gupta for the wonderful discussions
and insightful analysis which contributed greatly to the thesis’s advancement.

I would like to express my heartfelt thanks to Mr. Charles Shanks for sponsoring
the project, Mr. Nicolas Almeida and Ms Jane Tan for the excellent administrative
support, Mr. Teo Tiak Leng, Ms Irene Harli, my company supervisors from TCG
for their valuable support and guidance.

My gratitude goes to all employees in TCG for their patience and willingness to
share information and provide input to my thesis. I would especially like to thank
Ms Lim Wei Yong and Mr. Chua Wei Jiea from product planning for their efforts
and help.

Last but not least, I would like to thank all SMA staff, MST classmates, my
family and friends, who have in one way or another, encourage and assisted me

during this period.



CONTENTS

CONTENTS ...ttt e sna bbb e e e et e nea b e 4
LIST OF FIGURES ..ot seneaeaes 6
LIST OF TABLES ...ttt sttt st st e e se e s st 8
Chapter 1 : INtroduction ..............ccocoeveeeiiiiriiieeeercecee ettt 10
L1 INtroduCtion........cceviiiiiiice ettt 10
1.1.1 The COMPANY .....o.vieiiirieieriiee ettt st et 10
1.1.2 TCG’s Manufacturing Facilities ............cc.ccouvveiininnieeenneecee 10
1.1.3TCG s WarehOusSe..........c.oocvieieeiiiececee et 10
1.1.4 Products Of TCG ......c.oooomiieiiciieciiice et 11
1.1.5 Planning and Scheduling Infrastructure ................cocooveiivnevieivennnennnnen. 12

1.2 Motivation for TRESIS..........cccoveriirinirircriii e e 12
L3 OBJECHIVES ...ttt ettt s e 13
1.4 PrOJECE SCOPE .....veeeeieiiiriieieercte ettt et es e e st ee s ee et ee et eeen e 13
1.5 Organization 0f TReSIS...........oooieiiieiciieee e 14
Chapter 2 : Operations in TCG ...........coooiiiini e 15
2.1 Manufacturing Facilities ............c..ocooiiiiiiiii e 15
2.1.1 Active Pharmaceutical Ingredient (API) Facility............c.ccooeveerennene. 15
2.1.2 Pharmaceutical Facility L..........ccoooiiiiiincecce e 23
2.1.3 Pharmaceutical Facility 2.............ccoooveneveiinnneciene e 23

2.2 Product Classification .............cccoueueeniireiiieincenreie e siencansins 24
2.3 Good Manufacturing PractiCes ............cccouerenerrinerieneneniie s 24
2.4 Customer Service Level.........ooooeiiiinciicciccccccinncccccenas 25
2.5 Current Warehouse Inventory Level............cc.cocoooiiiiiiniinns 26
Chapter 3 : Intermediate Products at TCG...........cccooiiiinniiiiiccns 27
3.1 Intermediate Product Inventory Level ... 27
3.2 API Facility Production and Ordering Methods ............c.ccooovviiiiiinnninn 28
3.3 Inventory and Production for products of Product A and ProductB........... 30

3.3.1 Inventory and Production Campaigns for Intermediate Product Al and
Intermediate Product Bl ..o 30



3.3.2 Inventory and Production for Intermediate Product A2....................... 34

3.3.3 Inventory and Production for Product A ...............c.cocoeviveiieiecnee. 35

3.4 Demand of Product A products and Intermediate Product Bl ................. 37
3.4.1 Characterization of Demand of Product A products...............ccccu.e.... 37
3.4.2 Characterization of Demand of Intermediate Product B1.................... 39
Chapter 4 : Improvement models.............occvreninirniicniice e 41
4.1 Fixed Time Period Production Cycle Campaigning Model......................... 41
4.1.1 SIMUIALION ...t ettt e et 43

4.1 2 LIMItAtONS .......oovvveeieeieieteece e e s et v s 55

4.2 Order-up-to Policy for Product A .............ccccoooiiriiiciceeee e 56
4.2.1 SIMUIALION ..ottt eb bbb ss et 57
4.2.2 LIMIALONS ..ottt csnee vt s sttt st 63
Chapter 5 : Recommendations and Conclusion ..............cceevvivieeciecensiecesrereenennes 64
5.1 Recommendations.................. Setb LSSt AR AR bt e e 64
5.2 CoNCIUSION ... et 64
REFEIENCES .......oeietiie ettt 66
APPENAIX.......ovimiiiiiiiiiite ettt ettt ekttt 67
APPENAIX A-L...oiiiiiii ettt et b et e 67
APPENAIX A2ttt sttt sttt e sttt r bt an s b 69



LIST OF FIGURES

Figure 2-1: Product Flow in API Facility .........c.ccccoooecininiiiiniiccce 15
Figure 2-2: Shared Equipment for Train 1..........ccoocconniiniinieceiee 16
Figure 2-3: Processes in Train 2 and Milling Train .............c..ccoocovvnicncnncnnen. 17
Figure 2-4: Batch Flow of Products in API facility ...........ccccooveeeiiiiiiininninn, 18
Figure 2-5: Processing Times for Product A ............ccooiviniiiicinniccciccninns 20
Figure 2-6: Processing Times for Intermediate Product BI ..., 22
Figure 3-1: Average Distribution of Inventory ............c.c.ccooceeevveinninininnn 27

Figure 3-2: Inventory of Product A and Intermediate Product B1 Products .........28
Figure 3-3: Customer Order and Production Timeline ..., 29
Figure 3-4: Demand, Production and Inventory of Intermediate Product B1........ 30
Figure 3-5: Demand, Production and Inventory of Intermediate Product Al ....... 31
Figure 3-6: Intermediate Product Bl Cumulative Demand and Production Graph

........................................................................................................................ 32
Figure 3-7: Intermediate Product A1 Cumulative Demand and Production Graph

........................................................................................................................ 33
Figure 3-8: Demand, Production and Inventory of Intermediate Product A2 ....... 34
Figure 3-9: Demand, Production and Inventory of Product A............................... 35
Figure 3-10: Demand for Product A .............ccooviniii s 37
Figure 3-11: Demand for Intermediate Product Bl ...................ccoooi 39
Figure 4-1: Fixed Production Time Campaigning Model for Two Products......... 42

Figure 4-2: Proposed MPS using Current Parameters and Campaigning Model ..47
Figure 4-3: Graphical Representation of Inventory Level using the Campaigning

Model with the Current Production Scenario .............cococovviiinineniinninccennns 48
Figure 4-4: Current and Predicted Inventory Level in 2007 and 2008 .................. 49
Figure 4-5: Graphical Representation of Inventory Level using TCG's Production

Figure 4-6: Proposed MPS using Future Parameters and Campaigning Model ....54
Figure 4-7: Graphical Representation of Inventory Level using the Campaigning
Model with the Future Production Scenario ............ccocviviiiininiinieceninncns 55



Figure 4-8: Inventory of Product A ..........
Figure 4-9: Excel Simulation Spreadsheet



Table 1-1:
Table 2-1:
Table 2-2:
Table 4-1:
Table 4-2:
Table 4-3:
Table 4-4:
Table 4-5:
Table 4-6:
Table 4-7:
Table 4-8:
Table 4-9:

LIST OF TABLES

Projected Warehouse Space Distribution ............ccccceevvciinnciccnnen. 11
Production Capacity of API ...........cccooveiiniicencnereceeee 19
Standardized Production Capacity of Product A products................... 19
2007 Current Production Scenario and Predicted Inventory ................ 44
2008 Current Production Scenario and Predicted Inventory ................ 45
2007 Production Scenario and Predicted Inventory ...........cccccoeeennnne. 51
2008 Production Scenario and Predicted Inventory ............................. 52
Monthly Demand and Production for Product A .............ccccoonieennne. 56
2007 Model Parameters and Results ... 59
Target Inventory and No Stock Out Probability with 2007 Demand...60
2008 Model Parameters and Results ..o 61

Target Inventory and No Stock Out Probability with 2008 Demand ...62



API

vV

PF2

PF1

List of Symbols and Abbreviations

Active Pharmaceutical Ingredient
Master Production Schedule
Materials Requirements Planning
Joint Venture

Pharmaceutical Facility 2

Pharmaceutical Facility 1



Chapter 1: Introduction

1.1 Introduction

1.1.1 The Company

TCG is a large pharmaceutical company that develops and manufactures a wide
range of drugs for its patients. TCG was incorporated in the year 1999 and
produced its first batch of products in early 2001.

1.1.2 TCG’s Manufacturing Facilities

The plant has 3 separate manufacturing facilities, each located in different
buildings. The Active Pharmaceutical Ingredient (API) facility produces both
Product A and Product B; the active ingredients that are needed to produce certain
finished goods. In Pharmaceutical Facility 1 (PF1), Product C is produced using
about 60% of the Product A manufactured in the API facility. Product D will be
produced in its Pharmaceutical Facility 2 (PF2) by 2008; this product will also use

Product A as one of its active ingredients.

1.1.3 TCG’s Warehouse

The sole warehouse in the plant serves the 3 manufacturing facilities. It currently
has a total of 3500 pallet spaces. TCG has been setting aside 2000 pallet spaces to
keep raw materials, intermediate products and finished goods from the 2 current
active manufacturing facilities. The other 1500 pallets spaces are planned to be

reserved to support the manufacturing of the upcoming product, Product D.

Current Warehouse Pallet Spaces
API (Raw materials, intermediate products, packaging 1000
components)

PF1 (Raw materials, packaging components) 1000
TOTAL 2000
PRODUCT D Requirements Pallet Spaces
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Raw materials, packaging components 0

Active Ingredient 300
Finished Goods 1200
TOTAL 1500

Table 1-1: Projected Warehouse Space Distribution

TCG’s Global Supply Chain & Logistics team obtained the figures in Table 1-1
for Product D based on a study conducted in early 2005. TCG used the simulation
software, Arena to simulate a dynamic model for the material flow across Product
D’s formulation process. The focus of the analysis was to evaluate the storage
space required to handle the raw materials, intermediate products and finished
products for Product D.

The study concluded that at least 1480 total pallet spaces are recommended to
support its operations. This includes 300 pallet spaces for incoming active
ingredient, 1120 pallet spaces for bulk tablets in 35 kg drums and at least 60 pallet
spaces for materials waiting for quality inspection results. In addition, TCG
recommended at least 300 pallet spaces for the active ingredient at the Contract
Manufacturer to act as strategic inventory. This amount is equivalent to about 15
days of additional inventory and may be called for during ramp-up production
stage. They also assumed that lean manufacturing methods will be adopted in the
production of Product D and therefore they should not need any more pallet
spaces to store the raw materials and packaging components than they have

reserved for the other facilities.

1.1.4 Products of TCG

Product C is jointly produced by TCG and a partner company. The partner
company supplies some of the raw materials to TCG to produce the finished
goods. The Joint Venture (JV) is a company that bridges communication between
the 2 large pharmaceutical companies. Every month, JV will forecast the monthly
demand for each product that is jointly produced for the next 2 years.

11



TCG produces Product A and Product B for sister plants that requires these active
ingredients as raw materials for other TCG products. TCG receives the monthly
forecast for Product A and Product B from its own Global Chemical Planning
(GCP) group. TCG has 6 main customers for Product C and they are all sister
plants that package Product C into pills that can be sold to end users, the patients.
The planners in TCG make use of the latest demand forecast for each product
from JV and GCP to plan the production schedules for the coming months and to

make sure that customers can receive the right amount of products on time.

1.1.5 Planning and Scheduling Infrastructure

The demand forecasts are uploaded into an information system known as Data3
that can be accessed by all employees in TCG. Besides showing the current
inventory level for each material in the plant, the system also has planning and
scheduling capabilities which include Master Production Schedule (MPS) and
Material Requirements Planning (MRP).

Based on the MPS and MRP from the system, the planners will order about 3
months’ worth of raw materials and keep about one month’s worth of finished
goods. There are possibilities that equipment may break down, materials may not
pass the stringent quality test required by pharmaceutical plants or customers may
increase their demand for the products before shipment. Therefore, TCG keeps
these high levels of safety stocks to assure that production in the plant will not be

starved and that customer demands can be satisfied without delay.

1.2 Motivation for Thesis

Based on TCG’s long range operating plan, product demand for the current
products will increase steadily. Therefore, if TCG continues its current way of
operation, it may need an addition of 1500 pallet spaces for the API facility and
Pharmaceutical Facility 1 (PF1), and another 4100 pallet spaces for the
Pharmaceutical Facility 2 (PF2) at the start of year 2009. With the projected 8600
— 9100 pallet spaces needed in the next two years, the current warehouse space is

definitely not able to support the whole plant’s operation.
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However, the management wants to adopt lean manufacturing methodology in the
plant and has plans to capitalize the use of land for the profit-making activity of
making finished goods. Therefore, instead of adding more warehouse space, TCG
has decided to downsize the warehouse from its current size of 3500 pallet spaces

to only 1500 pallet spaces.

1.3 Objectives

The purpose of the project with TCG is to determine a phased and cost effective
way to reduce the warehouse space to 1500 pallet spaces. In order to meet the
increasing customer demands and only make use of 1500 pallet spaces in the
warehouse, any wastages of space must be reduced inside the warehouse. TCG
should only order the amount of raw materials they need for the near future and
keep the amount of finished goods they want to ship out soon. The intermediate
products that is kept in the warehouse should also be reduced.

TCG would also like to explore the benefits of air versus sea shipments for the
finished goods. Currently, all finished goods are shipped by air freight, but sea
shipment may be more cost effective. On the other hand, although finished goods
are now shipped only after quality tests are passed, the possibility of shipping
finished goods while waiting for the quality tests results to be concluded can be

explored.

Given that the reduction in warehouse space is rather drastic, the use of 3" party
warehouse facilities to store part of the inventories may be considered. However,

having a new warehouse is not an option to the management.

1.4 Project Scope

The project is split into three separate areas and is tackled by three graduate
students from Massachusetts Institute of Technology working as interns in TCG
from the period of May 2007 to August 2007.
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The first area of the project deals with raw materials inventories and ordering
methods. The second area covers the intermediate products inventories and
campaigning activities when one of the production lines switch from one product
to another. The last area covers the handling of finished goods inventories and

shipment.

This thesis focuses only on the second area of the project. I study and analyze the
management of the intermediate products inventory and the campaigning
activities in the Active Pharmaceutical Ingredient (API) Facility. I investigate
methods on improving production planning and inventory control. The results will

be compared with the current situation and recommendations will be proposed.

1.5 Organization of Thesis

Chapter 2 will describe the operational conditions in TCG, an overview of the
manufacturing facilities in TCG and its production capacities, the products
produced, good manufacturing practices, customer service level, and current
inventory level. Chapter 3 will attempt to provide an overview of the inventory,
demand and production of the intermediate products made in the API facility.
Chapter 4 proposes two models to improve the inventory levels of three
intermediate products. Chapter 5 will summarize the results and highlight some of

the possible recommendations.
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Chapter 2: Operations in TCG

2.1 Manufacturing Facilities
2.1.1 Active Pharmaceutical Ingredient (API) Facility

2.1.1.1 Product Flow

Product Flow in API Facility

Intermediate Intermediate
Product Al Product A2

Intermediate
Product B2

Figure 2-1: Product Flow in API Facility

Work In
Progress

The API facility produces 3 finished products for its customers, Product A,
Intermediate Product Bl and Product B. In the pharmaceutical industry,
production lines are referred to as Trains. Within the API facility, TCG has two
production lines called Train 1 and Train 2. As seen from the diagram above,
there is also a Milling Train, which separates into Train 1 (Milling) and Train 2
(Milling).

Train 1 produces the intermediate products: Intermediate Product Al and
Intermediate Product B2 from Raw Material A and Raw Material B respectively.
Intermediate Product Bl is also produced in Train 1 from Raw Material B.
Although Intermediate Product Bl is chemically equivalent to Intermediate
Product B2, it is referenced by a different name and part number to distinguish
between its final usage and its packaging methods. Intermediate Product B2 is
milled to produce the finished product called Product B. Product B is produced to
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be reused as a seed to stimulate future production of Intermediate Product BI.
Collectively, Intermediate Product Al, Intermediate Product A2 and Product A
can be referred to as products of Product A and Intermediate Product Bl,
Intermediate Product B2 and Product B can be referred to as products of Product
B.

In Figure 2-2, I show the process steps for producing Intermediate Product A1 and
Intermediate Product B1. In the figure, we indicate the steps for which there is

shared equipment between the processes.

RawMaterial A RawMaterial B
Slurry |

___Reactor

l Reaction |
= =

I Extraction I
= =
Carbon Treatment
e

Distillation |
= _=
Crystallization l
_<.7_
Centrifuge

Feed Tapk
= =

Filtration
—

Intermediate Product Al Intermediate ProductB1

Processes with Shared Equipment

Figure 2-2: Shared Equipment for Train 1

Due to the heavy cross utilization of equipment, production of Intermediate
Product Al and Intermediate Product B1 are mutually exclusive. That is, Train 1
alternates between producing a campaign of Intermediate Product Al and
producing a campaign of Intermediate Product B1. In the pharmaceutical industry,
a campaign is the term used to describe the period of production when a Train is
producing one particular product. Production planning of the above products has
to take into account the fact that switching between Intermediate Product Al and

Intermediate Product Bl requires two weeks of downtime for cleaning. After
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production, samples of both products are sent for quality testing as part of the
good manufacturing practices in TCG. Quality testing for Intermediate Product
A1l takes about 7 days and 14 days is required for Intermediate Product Bl.

During this period, both products are stored in the warehouse.

In Train 2, the Intermediate Product Al from Train 1 is converted into
Intermediate Product A2. Intermediate Product A2 is a concentrated and purer
form of Intermediate Product A1. Due to good manufacturing practices, samples
of Intermediate Product A2 need to undergo quality testing before it can be
processed into Product A. Train 2 produces up to a certain fixed level of inventory
of Intermediate Product A2; this inventory is stored in the API facility to reduce
material handling times and warehouse pallet spaces. There is no competition for
the resources in Train 2 since only one product is being produced on this
equipment. The process steps to produce Intermediate Product A2 are shown

below on the left. The figure on the right shows the process steps in the Milling

Train.

Infsimediate Praduct Al Intermediate Product Intermediate Product

B2 A2

Charging Charging

Milling Milling
Blending ; Blending
Intermediate Product A2 Product B Product A
Processes in Train 2 Milling Train 1 Milling Train 2

Figure 2-3: Processes in Train 2 and Milling Train

17



The back end process in the API facility is the Milling Train. This train is
separated into 2 sections, one for Product A and the other for Product B; thus the
two products can be processed separately without conflict. Both products undergo
similar processes of charging, milling and blending.

The coordination of the production schedule for Intermediate Product A1 with the
production schedule for Intermediate Product A2 has to be carefully managed
such that the downstream processes are not starved. There is the same need for
coordination of schedules between Intermediate Product B2 and Product B;
however, the demand for Product B is small, so we are not concerned with this in
this study.

2.1.1.2 Process Capability
The batch flow of products through the API facility is shown below in Figure 2-4.

Batch Flow of Products in API Facility

Intermediate Product
A2

Intermediate Product h
A2 '

Intermediate Product
A2

[memad::‘ e

£ Intermediate Product
RawMaterialB B1/B2

Figure 2-4: Batch Flow of Products in API facility

In Figure 2-4, one batch of Raw Material A is processed in Train 1 to produce one
batch of Intermediate Product Al. This one batch of Intermediate Product Al is
later separated into two smaller quantities. The smaller quantity of Intermediate
Product A1 is then processed in Train 2 to yield one batch of Intermediate Product
A2. Three batches of Intermediate Product A2 are then used as input to Train 2
(Milling) to produce one batch of Product A. Thus, a one and one half batch of

18



Intermediate Product A1 is approximately required for each batch of Product A. A

similar production scenario occurs in the API facility for Product B.

In Table 2-1 we show the production capacity for each product when only one
product is produced at one time. For Train 1, producing 6 batches of Intermediate
Product Al per week implies that zero batches of Intermediate Product Bl are
produced. Product B utilizes Train 1 (Milling) and is not affected by the
equipment constraints of Train 1. For Train 2, 9 batches of Intermediate Product
A2 and 3.5 batches of Product A can be produced concurrently.

Production Line Product Production Capacity (batches per week)
Train1 Intermediate Product B1 10

Train 1 (Milling) Product B 5+
Train1 Intermediate Product A1
Train 2 Intermediate Product A2 9

Train 2 (Milling) Product A 35

Table 2-1: Production Capacity of API

Given that one and one half batches of Intermediate Product Al is required to
produce one batch of Product A, a production capacity for Intermediate Product
A1 of 6 batches a week would translate to 4 batches of Product A per week. By
adjusting the batch sizes in terms of Product A and taking into account their
respective production capacity shown in Figure 2-4, the standardized production
capacity for Product A products is shown below in Table 2-2.

Adjusted Production Capacity (batches per
Production Line Product week of Product A)
Train1 Intermediate Product A1 4
Train 2 Intermediate Product A2 3
Train 2 (Milling) Product A 3.5

Table 2-2: Standardized Production Capacity of Product A products
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The process capacity of the API facility indicates that the production of
Intermediate Product A2 from Intermediate Product Al is the bottleneck if
production was coordinated so that no step is ever blocked or starved. To improve

the overall efficiency, buffer space should be allocated to decouple the processes.

2.1.1.3 Processing Times

Processing Times from Raw Material Ato Product A

Figure 2-5: Processing Times for Product A

The above processing time diagram for Product A assumes that all production in
the API facility is coordinated so that no process step is ever starved or blocked
from operating. Figure 2-5 shows that it takes an average of 5 days to produce one
batch of Intermediate Product A1 from start to finish, 2 days to produce one batch
of Intermediate Product A2 and 4 days to produce one batch of Product A. Each
production step is followed by an accompanying quality testing step. Quality
testing takes an average of 3 days to process one batch of Intermediate Product A1
or Intermediate Product A2. However, as Product A is a finished good to the API
facility, the quality department applies more stringent quality tests. It takes TCG
on average 9 days before one batch of Product A is released for further use. In the
event that the batch of Product A fails a quality test, the batch is declared as an
Atypical. TCG will then conduct an investigation to determine if the Atypical
Product A is fit to be used or has to be discarded. This investigation takes an
average time of 11 days and up to a maximum of 19 days. Every batch of Product
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A for its external customers, regardless of quality deviations requires 5 days to
package for shipment. Each batch of Product A which is used internally in

Pharmaceutical Facility 1 does not require any time for packaging and shipment.

By adding up all the average start to finish run times shown in Figure 2-5, TCG
will take about 30 days to convert Raw Material A to Product A when there are no
quality deviations. TCG requires up to an additional 19 days to process an
Atypical Product A batch. The total processing time for an Atypical Product A
batch is less than the 3 months lead time which TCG uses for planning the
production in the API facility and for confirming orders from customers for
Product A.

The processing time diagram in Figure 2-5 shows that producing Product A from
Intermediate Product Al can use a make to-order system. However, due to the
sharing of equipment in Train 1, it alternates between production campaigns for
Intermediate Product B1 and for Intermediate Product A l; consequently, the API
facility has to pre-build a certain quantity of Intermediate Product Al based on

forecasted customer demand.
If the API facility were to use a coordinated production line, it would be able to

operate under a make to order system as it will only produce when customers

place their orders.
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Processing Times from Raw Material B to Product B

Figure 2-6: Processing Times for Intermediate Product B1

The above processing time diagram for Intermediate Product Bl is similar to
Figure 2-5 and assumes that all production in the API facility is coordinated and
not starved. It takes TCG on average 5 days to produce one batch of Intermediate
Product B1, and quality testing requires an average of 20 days before one batch of
Intermediate Product Bl with no quality deviations is released for packaging.
Every batch of Intermediate Product B1, regardless of quality deviations requires
5 days to package for shipment.

By adding up all the average start to finish run times shown in Figure 2-6, TCG
will take 30 days to convert Raw Material B to Intermediate Product Bl when
there are no quality deviations. TCG requires up to an additional 75 days to
process an Atypical Intermediate Product B1. The total processing time for an
Atypical Intermediate Product Bl batch would exceed the 3 months lead time,
which TCG uses for planning the production in the API facility and for

confirming orders from customers for Intermediate Product B1, by five days.

The processing time diagram in Figure 2-6 shows that producing Intermediate
Product B1 from Raw Material B can use a make to-order system. However, due
to the sharing of equipment in Train 1, the API facility has to build a certain
quantity of Intermediate Product B1 based on forecasted customer demand to

prevent stock outs.
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If the API facility were to reduce quality testing time and use a coordinated
production line, it would be able to operate under a make to order system as it will

only produce when customers place their orders.

2.1.1.4 Preventive Maintenance

The API facility does preventive maintenance on all its equipment during its
annual shutdown. Each Train in the API facility has a different shutdown period
and duration. Train 1 shuts down for one week during December. Train 2 shuts
down for two consecutive weeks during November and the Milling Train shuts
down for one week during January and one week during December. These
preventive maintenance periods are usually decided in advance between the
manufacturing staff and the planners to prevent the loss of production during

critical periods.

2.1.2 Pharmaceutical Facility 1
The production of Product C in Pharmaceutical Facility 1 (PF1) is a serial process

where the main ingredient is Product A. From the warchouse perspective, there

are no intermediate products in this process.

Finished goods from PF1 consist of Product C in 4 different tablet forms, Tablet
W, Tablet X, Tablet Y and Tablet Z. Tablet W is the weakest and Tablet Z is the
strongest in terms of strength. The difference in the 4 strengths of tablet lies in the

amount of Product A each tablet carries.

2.1.3 Pharmaceutical Facility 2

Pharmaceutical Facility 2 (PF2) will produce Product D. There are 2 variants of
Product D: Product D1 and Product D2. Product D1 and Product D2 will begin
production in 2008. The Bill of Materials (BOM), packaging methods and actual
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production capacity for Product D is not known to us at the point in time when

this report is written.

2.2 Product Classification

Besides classifying Product C based on the tablet's strength, all finished goods are
classified in terms of the markets they serve. Basically, the market each product
serves is dictated by the active ingredient's raw materials approved by that market.
The raw materials of concern are Raw Material A and Raw Material B. They are
obtained from four locations; Production Site 1 (P1), Production Site 2 (P2),
Production Site 3 (P3) and Production Site 4 (P4). This means that each customer
will order a finished good with specific demand on the source of Raw Material A
or Raw Material B contained in the product. In order to differentiate the products,
affixes are added to their names to indicate the origin of the active ingredient.

The specific market where each finished product with a different supplier of the
raw material serves is not a concem in this project. This is because the customers
of TCG are their sister plants and they will only demand for a certain proportions
of the different types of finished products.

2.3 Good Manufacturing Practices

Good manufacturing practices (GMP) in the pharmaceutical industry involve the
quality testing of all batches of raw materials, intermediate products and finished
goods to ensure the end products are safe to be consumed by patients. When an
order of raw material arrives in the warehouse, a part of the maternial will be
extracted from each batch to be sampled. Similarly, intermediate products will be
sampled for testing before moving to the next step in the manufacturing process,
while finished goods are tested before shipment. The sampled materials will sit in
the warchouse while waiting for the test results.

In cases where a test reveals a deviation in the quality of a material, the material
will undergo further testing to confirm the results. TCG imposes a maximum
number of days a material that experiences a deviation can sit in the warehouse

while waiting for the results. For example, Product A is allowed to sit in the
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warchouse for a maximum of 20 days for further testing before being disposed of.
On the other hand, Intermediate Product Bl is given as much as 75 days.

2.4 Customer Service Level

The manufacturing network of TCG consists of many manufacturing facilities and
packaging plants distributed worldwide. TCG is in the middle of this global
supply chain where finished products from one facility are transferred to another
facility until they are ready to be packaged and sold to the end customers, the
patients.

In order not to starve the production in the downstream part of the supply chain,
TCG always tries to meet the customer demand. It is very important not to let
production stop because patients need a constant supply of the pills and failure to

do so may lead to undesirable outcomes that involve human lives.

In order to meet customer demand and not starve productions downstream, TCG
keeps a certain level of safety stocks for most of the raw materials and finished
products.

Customers (i.€., TCG’s sister plants) have to send their order for Product C three
months in advance so that the PF1 can have enough time to meet these orders. The
maximum cycle time for producing Product A from the raw material of Raw
Material A is 50 days. It takes a maximum of 105 days to convert Raw Material B
to Intermediate Product B1. Therefore, the three months of lead time is practical
for TCG to plan the production schedule.

These orders will be updated in the monthly forecast data given by GCP and JV.
Although the customers are allowed to change their order quantities within the 3
months lead time, the planners observe that the customer orders are pretty fixed
with less than 10% of the orders having their quantities increased; for the orders

that are changed, the changes are usually small.
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2.5 Current Warehouse Inventory Level

The start-of-the-month inventory level for each raw material, intermediate
products and finished good is compiled from June 2006 to May 2007. Only
materials kept in the warehouse are included in the data, some intermediate
products and solvents are ignored since they are kept in a separate facility. The
inventory level is then converted into the amount of pallet spaces the material

occupies.
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Chapter 3: Intermediate Products at TCG

3.1 Intermediate Product Inventory Level

Average Distribution of Inventory (Pallet Spaces)

Total Average Pallet Spaces = 1705 Pallets

Figure 3-1: Average Distribution of Inventory

In Figure 3-1 we show the average inventory distribution for TCG, which was
computed from January 2006 to May 2007. In this study, I consider all products
produced by the API facility as intermediate products. The intermediate products
are Intermediate Product A1, Intermediate Product A2, Product A, Intermediate
Product B1 and Product B. Intermediate Product A2 is not stored in the warehouse
but in the API facility and we are not concemed about its impact on the overall
warehouse pallet space. Intermediate products accounts for 23% of the total
average inventory found in the warchouse, this translates to about 393 pallet
spaces. Product A represents 13% of the total average inventory; this translates to
about 222 pallet spaces or 22 batches. We expect that TCG can achieve
substantial inventory reduction if we can determine safety and cycle stock levels
analytically and we can plan campaign activities taking into account the demand

variability.
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Figure 3-2: Inventory of Product A and Intermediate Product B1 Products

In Figure 3-2, we present the actual inventory levels of all intermediate and
finished products for Product A and Intermediate Product B1 from January 2006
to May 2007. The inventory level for Intermediate Product B1 shown in Figure
3-2 is that of Intermediate Product B1 and Product B combined for easy analysis.
From the Figure 3-2, Intermediate Product A1 has highly variable inventory levels
due to the production campaigns. The inventory level of Intermediate Product A2
seems to vary around about 25 batches, where its demand is affected by the
production scheduling of Product A. The inventory level for Product A is
increasing from around 10 batches to 30 batches, as of May 2007. The inventory

levels for Product B are highly dependent on its campaign scheduling.

3.2 API Facility Production and Ordering Methods

TCG receives forecasted monthly demand data for the next 24 months from the
Global Chemical Planning group for Product A and Intermediate Product B1. The
planners input the forecast into the Materials Requirement Planning (MRP)
software in the Data3 system. The Data3 system will generate a Master
Production Schedule (MPS) based on the lead time and capacity of the API

facility. Based on the production schedule for Product A, the planners will time
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lag the production schedule of Intermediate Product A2 and Intermediate Product
Al based on the production lead times. Since the production of Intermediate
Product A2 is the bottleneck for the API facility, as long as the production
capability of Intermediate Product A2 is not exceeded, the production capability
of Intermediate Product Al and Product A will be feasible. The planners try to
keep a minimum amount of safety stock for both products such that stock outs do
not occur. Confirmed customers orders are known only for the month when the
products are required and production begins one month before the customer order.
Typically the customer order and forecasted demand do not differ by much, on the
order of one to two batches each month.

A typical customer ordering scenario is shown in Figure 3-3.

Customer Order and Production Timeline

August September
J
May 1st Junem 234 uly 1st 21% 25t 1st 1st
July July July
Final Start of Productmust  Shipping date
forecasted production for beready for  Dependenton
order given by ProductA release customer required
customer delivery date
Start of Latest
production for customer
Intermediate confirmed
ProductA2 order for July

received
Figure 3-3: Customer Order and Production Timeline

If the customer wants Product A delivered in August, the customer will place a
confirmed order at the latest by the 21* of July. TCG would have produced the
order in the beginning of July based on the forecasted order given by the customer
in May, three months before the actual delivery date. Should the confirmed order
be larger than the forecasted order, it is up to the planner’s discretion as to
whether to accept the order. If the confirmed order is smaller than the forecasted
order, the excess stock is absorbed by TCG into its inventory.
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3.3 Inventory and Production for products of Product A and
Product B

3.3.1 Inventory and Production Campaigns for Intermediate Product

Al and Intermediate Product Bl

Demand, Production and Inventory of Intermediate Product
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Figure 3-4: Demand, Production and Inventory of Intermediate Product B1

In Figure 3-4, we present the actual demand, production and inventory levels for
Intermediate Product B1 from January 2006 to May 2007 and the latest forecasted
demand and planned production values from June 2007 to December 2007 that
was obtained in May 2007. Based on the weekly production capacity shown in
Table 2-1, and assuming that there are 4 weeks in a month, the production
capacity of Intermediate Product B1 is indicated by the black line in the above

figure.

Train 1 of the API facility needs to schedule production between Intermediate
Product A1 and Intermediate Product B1. In a pharmaceutical company, the time
spent in producing only one product (i.c. Intermediate Product Al or Intermediate

Product B1) is called a campaign.
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From the Figure 3-4, the inventory for Intermediate Product B1 rises sharply after
each campaign as inventory is built up to satisfy demand until the next campaign.
The average monthly inventory from Jan 2006 to May 2007 is 30.5 batches, while
the average monthly demand is 5 batches. From Figure 3-4, the inventory level of
Intermediate Product B1 never drops below 10 batches. The maximum monthly
production capacity for Intermediate Product Bl is 40 batches, this is 8 times

greater than demand. Thus, inventory can be built up over a short period of time.
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Figure 3-5: Demand, Production and Inventory of Intermediate Product A1

In Figure 3-5, we present the actual demand, production and inventory levels for
Intermediate Product A1 from January 2006 to May 2007 and the latest forecasted
demand and planned production values from June 2007 to December 2007 that
was obtained in May 2007. Based on the weekly production capacity shown in
Table 2-1, and assuming that there are 4 weeks in a month, the production
capacity of Intermediate Product Al is indicated by the black line in the above
figure.

From the Figure 3-5, the inventory level of Intermediate Product A1 drops sharply
during the Intermediate Product B1 campaign as only 1 to 1.5 months of demand
is kept. The average monthly demand is 13.3 batches, while the maximum

monthly production capacity for Intermediate Product A1 is 24, which is 2 times
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greater than demand. As compared to Intermediate Product Bl, inventory for

Intermediate Product A1 has to be built up over a longer time period.

Currently, the planners choose to produce Intermediate Product Bl for two
months before switching over to Intermediate Product Al. The production of
Intermediate Product B1 will resume for another two months when its inventory
level reaches zero. This method of planning gives rise to variable production time
periods. Sometimes the campaign for Intermediate Product A1 goes for 7 months,
while at other times it only goes for 2.5 or 4 months. The scheduling of
production between Intermediate Product Al and Intermediate Product B1 could
be better managed by a fixed time period production cycle based on the demand
and production capacity. From Figure 3-4 and Figure 3-5, the cumulative demand
and production graphs for Intermediate Product Bl and Intermediate Product A1l

are plotted to illustrate the variable production cycle time periods.
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Figure 3-6: Intermediate Product B1 Cumulative Demand and Production Graph

From Figure 3-6, Intermediate Product B1’s production rate is much larger than
its demand. This is due to the longer production time period allocated to
Intermediate Product Al. Thus there is the need to build up stock quickly when

production begins.
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Figure 3-7: Intermediate Product A1 Cumulative Demand and Production Graph

From Figure 3-7, Intermediate Product Al production lasted for 7 months from
mid-August 2006 to mid-March 2007, while Intermediate Product B1 production
lasted for 2-3 months from April to May 2007. Typically, a Intermediate Product
Al campaign is expected to last 2-3 months, however when Intermediate Product
B1 demand is less than forecast, this allowed the last campaign of Intermediate
Product Al to continue for 7 months. From Figure 3-5, the inventory of
Intermediate Product A1 starts to build up immediately after the Intermediate
Product B1 campaign. In April 2007, TCG had 39 batches of Intermediate Product
Al inventory, about three times the average monthly demand. In light of the
knowledge that the Intermediate Product A1 campaign would continue for 7
months, the planners could have matched the demand rate with the production rate
for Intermediate Product A1, and only built up stock about three to four months
before the campaign changes over to Intermediate Product B1. This method of
scheduling would allow the planners to keep low Intermediate Product Al
mventory during the first three months of its available production time. In the last
quarter of 2007, TCG’s plan is to import Intermediate Product A1 from TCG's

sister plants, and thus to not produce Intermediate Product A1 is produced in the
API facility.
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3.3.2 Inventory and Production for Intermediate Product A2
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Figure 3-8: Demand, Production and Inventory of Intermediate Product A2

In Figure 3-8, we present the actual demand, production and inventory levels for
Intermediate Product A2 from January 2006 to May 2007 and the latest forecasted
demand and planned production values from June 2007 to December 2007 that
was obtained in May 2007. Based on the weekly production capacity shown in
Table 2-1, and assuming that therc are 4 weeks in a month, the production
capacity of Intermediate Product A2 is indicated by the black line in the above
figure.

The monthly production capacity of Intermediate Product A2 is 36 batches when
there is sufficient manpower available. This figure takes into consideration the
individual machine downtimes in the production line. The average monthly
demand is 29.6 batches. Although the production of Intermediate Product A2 is
the bottleneck of the API facility, the production capacity is sufficient to

accommodate the demand.
The past inventory fluctuations for Intermediate Product A2 can be attributed to

two reasons, 1) production was based on demand and its variability, 2) the

difference in batch sizes between Intermediate Product A2 and Product A.
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As of June 2007, the inventory for Intermediate Product A2 is not stored in the
warchouse but in the API facility. In addition, TCG has switched over from
producing Intermediate Product A2 based on a forecast of future demand to
production controlled by kanban cards available. Thus, now the production of
Intermediate Product A2 will be based on replenishing its inventory level as it is
used to meet downstream demand. TCG has set the maximum number of
Intermediate Product A2 kanban cards to be kept at 12 batches. This is primarily
due to space considerations in the API facility as it is unable to hold more than 12
batches. In the subsequent months, the inventory should stabilize around 12
batches of Intermediate Product A2, which translates to 1 weeks worth of supply
for Product A production.

3.3.3 Inventory and Production for Product A
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Figure 3-9: Demand, Production and Inventory of Product A

In Figure 3-9, we present the actual demand, production and inventory levels for
Product A from January 2006 to May 2007 and the latest forecasted demand and
planned production values from June 2007 to December 2007 that was obtained in
May 2007. Based on the weekly production capacity shown in Table 2-1, and
assuming that there are 4 weeks in a month, the production capacity of Product A

is indicated by the black line in the above figure.



The maximum monthly production capacity of Product A is 13.5 batches when
there is sufficient manpower available; the average monthly demand is 10.5
batches. Even if the API facility produced at the rate of the bottleneck, its
production capacity is still 12 batches per month; this capacity is sufficient to
accommodate the average monthly Product A demand.

The inventory level fluctuates between 10 and 30 batches. The MRP system has
set the safety stock level for Product A to be 5 batches. The past data indicates
that a minimum of 10 batches or one month’s average demand is kept from
January 2006 to May 2007.

Figure 3-9 clearly shows that the inventory level might be decreased as demand
variability has been minimal and production capacity is not fully utilized. The
planners rationalize the buildup of Product A inventory as necessary due to the
following reasons:

1) Pre-scheduled train cleaning and campaign turnaround downtime require more
manpower than available at the API facility. Manpower is diverted from other
trains and this reduces the overall production capacity in affected trains.

2) Due to manpower constraints, all trains cannot run at maximum capacity
simultaneously. Building up Product A inventory will allow production capacity
in all trains to be level loaded. Product A is preferred over other intermediate
products because it is closest to the customer, thus reducing lead time.

3) Economic/production performance measures. TCG conducts annual profit
planning, which attempts to set production and performance targefs to be achieved
in the following year. These targets are based on a variety of factors such as
demand, capacity, manpower, current performance, strategic decisions, etc. Any
deviation from the profit plan will be thoroughly investigated and could impact
the overall site performance. In the event of reduced product demand, planners are
reluctant to produce less than the profit plan as it could have negative implications
on site performance. This results in stocking up of certain products despite poor

demand.
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The planners at TCG try to match the monthly demand to the monthly production
when generating their master production schedule as long as the capacity limit is
not reached. In the event that demand is greater than capacity, the planners will
build up stock in the previous months to meet the excess demand. Due to the lack
of manpower and reduced production capacity during an annual plant shutdown or
campaign turnaround in other Trains, the planners will build up stock of Product
A beforehand.

3.4 Demand of Product A products and Intermediate Product Bl

3.4.1 Characterization of Demand of Product A products

The demand for Product A drives the demand and production for its intermediate
products such as Intermediate Product Al and Intermediate Product A2.
Characterizing the demand of Product A would allow me to characterize the

demand of its intermediate products.

Demand Product A

Batches

«=Demand Product A

Figure 3-10: Demand for Product A

In Figure 3-10, we present the actual demand for Product A from January 2006 to
May 2007 and the latest forecasted demand from June 2007 to December 2008
that was obtained in May 2007. The red and black line represents an initial
estimate of the mean demand through observation. From this initial observation,

the demand for Product A does not appear to be stationary. To determine if the



demand of Product A over 36 months is stationary about a mean value, I applied a
single factor ANOVA to determine if there is any mean shift in demand.
Characterizing the mean demand for Product A is important to determine if the
average demand rate is constant or linearly increasing over time as the proposed

campaign planning model in Chapter 4.1 assumes a constant demand rate.

A single factor ANOVA with the following hypotheses was tested at a 95%

confidence level.

H , : Mean Demand from 2006 to 2008 is equal
H, : Mean Demand from 2006 to 2008 is not equal

The following ANOVA table summarizes the results of the test.

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
2006 Demand 12 97 8.083333 10.08333
2007 Demand 12 125 10.41667 11.53788
2008 Demand - 12 129 10.75 3.477273
ANOVA
Source of Variation SS df MS F P-value Fcrit
Between Groups 50.66667 2 25.33333 3.028071 0.062031 3.284918
Within Groups 276.0833 33 8.366162
Total 326.75 35

From the ANOVA table at a 95% confidence level, there is no mean shift in the
demand. However, as the F test statistic from the ANOVA table is close to the
crtical F value, I chose to select another period which can be better characterized
by a constant demand rate. The campaign planning model is sensitive to the
demand rate, having an average demand rate which is lower than the actual
demand rate will result in stock outs when it is implemented. The monthly
averages in 2007 and 2008 are quite close and another single factor ANOVA was
applied to this period. A second single factor ANOVA with the following
hypotheses was tested at a 95% confidence level.

H, : Mean Demand from 2007 to 2008 is equal
H, : Mean Demand from 2007 to 2008 is not equal

38



The following ANOVA table summarizes the results of the test.

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
2007 Demand 12 125 10.41667 11.53788
2008 Demand 12 129 10.75 3.477273
ANOVA
Source of Variation SS df MS F P-value Fcrit
Between Groups 0.666667 1 0.666667 0.088799 0.768505 4.300949
Within Groups 165.1667 22 7.507576
Total 165.8333 23

From the ANOVA table, the F statistic indicates that the 2007 and 2008 monthly

demand can be better characterized as stationary. The average monthly demand

for Product A during this period is 10.58 batches with a standard deviation of 2.68

batches.

3.4.2 Characterization of Demand of Intermediate Product Bl
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Figure 3-11: Demand for Intermediate Product B1

In Figure 3-11, we present the actual demand for Intermediate Product B1 from

January 2006 to May 2007 and the latest forecasted demand from June 2007 to
December 2008 that was obtained in May 2007. The red and black lines represent

an initial estimate of the mean demand through observation. From this initial

observation, the demand for Intermediate Product B1 does not appear to be
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stationary. To determine if the demand of Intermediate Product Bl over 24
months; from 2007 to 2008, is stationary about a mean value, I applied a single
factor ANOVA to determine if there is any mean shift in demand. Characterizing
the mean demand for Intermediate Product Bl is important to determine if the
average demand rate is constant or linearly increasing over time as the proposed
campaign planning model in Chapter 4.1 assumes a constant demand rate.

A single factor ANOVA with the following hypotheses was tested at a 95%
confidence level.

H , : Mean Demand from 2007 to 2008 is equal

H, : Mean Demand from 2007 to 2008 is not equal

The following ANOVA table summarizes the results of the test.

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
2007 Demand 12 97 8.083333 10.44697
2008 Demand 12 127 10.58333 11.17424
ANOVA
Source of Variation Ss df MS F P-value F crit
Between Groups 375 1 37.5 3.468816 0.075945 4.300949
Within Groups 237.8333 22 10.81061
Total 275.3333 23

From the ANOVA table, the F statistic indicates that the 2007 and 2008 monthly
demand can be characterized as stationary. The average monthly demand for
Intermediate Product Bl during this period is 9.33 batches with a standard
deviation of 3.45 batches.
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Chapter 4: Improvement models

In Chapter 3, we presented the intermediate products produced by the API facility.
Of the five intermediate products, the inventory of Intermediate Product A2 does
not have any impact on warchouse space while the inventory of Product B is
insignificant occupying about 1% of the total warehouse inventory. I will describe
two models to control the inventory of the three remaining intermediate products.
I propose a fixed time period production cycle to better plan and control the
inventory of Intermediate Product Al and Intermediate Product B1l. I propose
using an order-up-to policy to manage the increasing inventory trend of Product
A.

4.1 Fixed Time Period Production Cycle Campaigning Model

Using the model, we can determine the shortest feasible production cycle for
Intermediate Product Al and Intermediate Product B1. The shortest production
cycle will result in the least amount of inventory to be kept for both products and
prevent stock outs. The current production planning method depends on the
demand of Product A; fluctuations in that demand are magnified in the demand
for Intermediate Product Al as one and one half batches of Intermediate Product
Al is required for one batch of Product A. To prevent stock outs in the current
planning method, there is a tendency by the planners to produce more than
required.

We can model Train 1 of the API facility as a single-stage two part type system.
In this model, a cycle T refers to the sum of time taken to setup and produce one
campaign of Intermediate Product Al and one campaign of Intermediate Product
B1 sequentially. A cycle takes into account the setup times, product demand rates,
unit production times and preventive maintenance times for both products. The
system will produce a product at its maximum rate such that the inventory is
sufficient to last until the next production campaign for the product in the next
cycle.

The model takes into account Train 1°s one week preventive maintenance period

during December. The model takes the demand for Intermediate Product B1 and
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Intermediate Product A1 during that particular week and redistributes the demand
across the remaining fifty-one weeks of a year.

The model aims to simplify the production planning process and determine the
shortest production cycle time which would yield the least amount of inventory to
be held.

Figure 4-1 illustrates a typical production cycle for two products using the
campaigning model. The production for product 1 and product 2 begins when
their cumulative production line hits their respective cumulative demand line and
the setup for a particular product begins immediately after the production of the
previous product ends. For the scenario when product 1 is in production,
production will stop when the time between the start of production for product 2
and end of production for product 1 is equal to the setup time for product 2. The

above scenario also applies when product 2 is in production.

1 Quantity Cycle Time Product 2
Setup 2
Production 2
Cumuilative Production 2
for Product 2 ,
’/’/ Cumulative Demand
e for Product 2
Product 1
ICumulative Production ot i
for Product 1 o
2, // \
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P A T >
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Production 1
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Figure 4-1: Fixed Production Time Campaigning Model for Two Products

The cycle time T can be modeled as

S +0,0,+8,+7,0,=T Q,=dT

where

d,  is the demand rate for product i
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o is the quantity produced for product i during a campaign

7, is the production time to produce one unit of product i

I

S,  isthe setup times for product i

Assumptions

1. Demand is constant. Demand for Intermediate Product Al and
Intermediate Product Bl can be modeled as a constant as shown in the
previous chapter.

2. Deterministic setup times. Any variability in the setup times is smaller
than one time unit of one week.

3. Deterministic production times. The production times used for Train 1
takes into account the individual machine down times and can be achieved
if there is sufficient manpower available.

4. Production rate of product i is greater than the demand rate.

4.1.1 Simulation

Using the proposed campaigning model described above, I used the projected
future demand and current production capacity to calculate the minimal cycle time
that will reduce the inventory holdings due to the production campaigns. In
addition, by changing the setup times and production capacity, I explore its effects
on cycle time and the overall inventory.

The following table shows the recommended cycle time T based on the current

demand, setup times and production capacity.

4.1.1.1 Current Production Scenario

In Chapter 3.4, we showed that both Intermediate Product Al and Intermediate
Product B1 can be modeled as having a constant average demand rate over the
2007 and 2008 period. However, the average demand rate for both Intermediate
Product A1 and Intermediate Product B1 is higher in 2008 than in 2007. When an

average demand rate is used, the campaigning model will predict higher average
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inventory in 2007 as it is building up stock to accommodate the higher demand in
2008. Thus, a separate demand rate is used for Intermediate Product Al and
Product B for 2007 and 2008 to lower the predicted inventory level.

Intermediate | Intermediate Product
Product B1 Al

Demand Rate (Batches/Week) d{i) 191 271

Unit Production Time (Batches/Week) (i) 0.10 0.17

Setup Time (Weeks) S(i) 2.00 2.00

Production Size {Batches) Qfi) 21.38 30.34

Campaign Production Time (Weeks) <{i)afi) 2.14 5.06

Inventory during No Production(Batches) | Q(i)-d(i)z{i)Q(i) 17.30 16.63

Inventory during No Production(Pallets) Q(i)-d(i)x(iali) 32.69 71.08
Cycle Time (Weeks) T 11.19

Table 4-1: 2007 Current Production Scenario and Predicted Inventory

In Table 4-1, we present the current production parameters for Intermediate
Product A1 and Intermediate Product B1 to be used to model production in 2007.
The weekly demand rate for both Product A and Intermediate Product Bl is
obtained by taking the total demand from 2007 and dividing by the total number
of weeks available for useful production. The formula used is:

Sum of 2007 Monthly Demand
51 Weeks

Train 1 undergoes preventive maintenance for one week every year. Thus, in a 52

Weekly Demand =

week year, only 51 weeks are available for useful production.
The inventory level when a product is not in production is shown in the table to

provide a rough estimate on the minimum number of pallet spaces required.
Using the production capacity found in Table 2-1, the API facility can produce up

to 10 batches of Intermediate Product B1 per week and 6 batches of Intermediate
Product A1 per week. Thus, the corresponding unit production time for one batch
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is 0.1 weeks for Intermediate Product Bl and 0.17 weeks for Intermediate Product
Al.

The model proposes a cycle time of about 11 weeks. In this model, TCG would
produce Intermediate Product Al for 5.06 weeks, then switch over to producing
Intermediate Product B1 for 2.14 weeks. The changeover time from Product A to
Intermediate Product Bl is 2 weeks and vice versa. Thus, the total cycle time is
5.06 weeks for Product A, followed by 2 weeks for setup, followed by 2.14 weeks
for Intermediate Product B1, and followed by 2 weeks for setup, for a total of
11.19 weeks.

Intermediate | Intermediate Product
Product B1 Al

Demand Rate (Batches/Week) dii) 2.70 3.00

Unit Production Time (Batches/Week) (i) 0.10 0.17

Setup Time (Weeks) S(i) 2.00 2.00

Production Size {Batches) Qfi) 41.21 43.00

Campaign Production Time (Weeks) (i)Qfi) 412 717

Inventory during No Production(Batches) | Q(i)-d{i)z(i)Q{i) 30.10 22.84

Inventory during No Production{Pallets) Q(i)-d(i)e(ia(i) 56.89 97.62
Cycle Time (Weeks) T 15.29

Table 4-2: 2008 Current Production Scenario and Predicted Inventory

In Table 4-2, we present production parameters for Intermediate Product Al and
Intermediate Product Bl to be used to model production in 2008. The weekly
demand rate for both Product A and Intermediate Product Bl is obtained by
taking the total demand from 2008 and dividing by the total number of weeks
available for useful production. The formula used is:

Sum of 2008 Monthly Demand

Weekly Demand =
51 Weeks
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There is only 51 weeks available for useful production as Train 1 undergoes
preventive maintenance for one week every year. The rest of the parameters such
as setup times, unit production times remain unchanged from the model used for
2007.

The model proposes a cycle time of about 15 weeks for 2008. In this model, TCG
would produce Intermediate Product Al for 7.17 weeks, then switch over to
producing Intermediate Product B1 for 4.12 weeks. The changeover time from
Product A to Intermediate Product Bl is 2 week and vice versa. Thus, the total
cycle time is 7.17 weeks for Product A, followed by 2 week for setup, followed by
4.12 weeks for Intermediate Product B1, and followed by 2 week for setup, for a
total of 15.29 weeks.

The subsequent figure shows the possible monthly master production schedule
from 2007 to 2008 based on the proposed campaigning model using the
parameters in Table 4-1 for 2007 and Table 4-2 for 2008. A detailed weekly

master production schedule is available in the Appendix A-1.
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Current Production for 2007-2008
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Figure 4-2: Proposed MPS using Current Parameters and Campaigning Model

In Figure 4-2, the starting inventory level for January 2007 was obtained from

TCG and is highlighted in red. The inventory. level for 2007 fluctuates between

136 to 215 pallet spaces and in 2008, the inventory level fluctuates between 126

to 192 pallet spaces. Figure 4-3 is a graphical representation of the pallet space

requirement for Intermediate Product Al and Intermediate Product B1 based on

the MPS shown in Figure 4-2. In Figure 4-3, the total pallet space appears to

fluctuate between 150 to 200 pallet spaces. However, the peak periods of high

total pallet space appears to coincide with the periods where Intermediate Product

A1 requires high volumes of pallet spaces. As compared to Intermediate Product

Al, Intermediate Product B1 appears to have a more stable inventory level.
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Figure 4-3: Graphical Representation of Inventory Level using the Campaigning

Model with the Current Production Scenario

The following figure shows the actual inventory values for Intermediate Product

Al and Intermediate Product Bl over the first 5 months of 2007 (highlight in

blue) and the predicted inventory level (highlight in pink) based on the forecasted

demand and TCG's production plan.
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Actual and Predicted Inventory for 2007
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Figure 4-4: Current and Predicted Inventory Level in 2007 and 2008

In Figure 4-4, the inventory level in 2007 fluctuates between 134 to 217 pallet
spaces and between 140 to 307 pallet spaces in 2008. There is no production in
December 2007 as TCG plans to order Intermediate Product Al from its sister
sites until March 2008 to cover the demand requirements. Figure 4-5 is a
graphical representation of the pallet space consumption for Intermediate Product
Al and Intermediate Product B1 based on the MPS shown in Figure 4-4. In Figure
4-5, the peak periods of high total pallet space consumption appear to coincide
with the period where Intermediate Product A1 consumes high volumes of pallet
spaces. Both Intermediate Product Al and Intermediate Product B1 have highly

variable inventory level fluctuations.
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MSD's Current and Predicted Inventory 2007-2008
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Figure 4-5: Graphical Representation of Inventory Level using TCG's Production
Plan

By comparing Figure 4-2 and Figure 4-4, the maximum and minimum pallet
space occupied by the warchouse in 2007 is approximately equal for both the
campaigning model and TCG’s production plan. However, in 2008, the
campaigning model predicts a lower level for both the maximum and minimum
pallet space than for TCG’s production plan. By comparing the maximum pallet
spaces consumed in 2008 between both production plans, the campaigning model
reduces the pallet space consumption by 115 pallet spaces. By comparing the
graphical representation of inventory levels in Figure 4-3 and Figure 4-5, the
campaigning model stabilizes the inventory fluctuations over a smaller number of

pallet spaces.

4.1.1.2 Future Production Scenario

The following table shows the recommended cycle time T based on the demand,
future setup times and production capacity. Production capacity is unlikely to
change over the next two years because this would usually involve additional
capital spending. TCG has recently completed the Pharmaceutical Facility 2, and
there is no indication that more capital will be spent on new equipment. Any

increase in machine efficiency using the current capacity would result in minor
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capacity increments, for example, the increase of 0.5 batches a month for
Intermediate Product Al.

For the future production scenario, we assume that TCG can reduce its setup times
by half, from the current 14 days to 7 days.

Intermediate | Intermediate Product
Product B1 Al

Demand Rate (Batches/Week) d(i) 1.91 271

Unit Production Time (Batches/Week) (i) 0.10 0.17
Setup Time (Weeks) S(i) 1.00 1.00
Production Size (Batches) afi) 10.69 15.17
Campaign Production Time (Weeks) i)Qfi) 1.07 2.53
Inventory during No Production(Batches) | Q(i)-d(i)z{i)Q(i) 8.65 8.32
Inventory during No Production{Pallets) Q(i)-d(i)eti)adi) 16.35 35.54

Cycle Time (Weeks) T 5.60

Table 4-3: 2007 Production Scenario and Predicted Inventory

In Table 4-3, we present the future production parameters for Intermediate
Product Al and Intermediate Product Bl to be used to model production in 2007.
The weekly demand rate for both Product A and Intermediate Product Bl is
obtained by taking the total demand from 2007 and dividing by the total number
of weeks available for useful production. The formula used is:

Sum of 2007 Monthly Demand
51 Weeks

Train 1 undergoes preventive maintenance for one week every year. Thus, in a 52

Weekly Demand =

week year, only 51 weeks are available for useful production.

Using the production capacity found in Table 2-1, the API facility can produce up
to 10 batches of Intermediate Product B1 per week and 6 batches of Intermediate
Product A1 per week. Thus, the corresponding unit production time for one batch

is 0.1 weeks for Intermediate Product Bl and 0.17 weeks for Intermediate Product
Al.
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The model proposes a cycle time of about 5 weeks for 2007. In this model, TCG
would produce Intermediate Product Al for 2.53 weeks, then switch over to
producing Intermediate Product B1 for 1.07 weeks. The changeover time from
Product A to Intermediate Product B1 is 1 week and vice versa. Thus, the total
cycle time is 2.53 weeks for Product A, followed by 1 week for setup, followed by
1.07 weeks for Intermediate Product B1, and followed by 1 week for setup, for a
total of 5.6 weeks.

Intermediate Intermediate Product
Product B1 Al

Demand Rate (Batches/Week) d(i) 2.70 3.00

Unit Production Time (Batches/Week) (i) 0.10 017

Setup Time (Weeks) S(i) 1.00 1.00

Production Size (Batches) Qfi) 20.61 21.50

Campaign Production Time (Weeks) <{i)Qfi) 2.06 3.58

Inventory during No Production{Batches) Q(i)-d(iye(i)ali) 15.05 11.42

Inventory during No Production(Pallets) Q(i)-d{iyc(i)afi) 28.45 48.81
Cycle Time (Weeks) T 7.64

Table 4-4: 2008 Production Scenario and Predicted Inventory

In Table 4-4, we present production parameters for Intermediate Product Al and
Intermediate Product Bl to be used to model production in 2008. The weekly
demand rate for both Product A and Intermediate Product Bl is obtained by
taking the total demand from 2008 and dividing by the total number of weeks
available for useful production. The formula used is:

Sum of 2008 Monthly Demand

Wecekly Demand =
51 Weeks

There is only 51 weeks available for useful production as Train 1 undergoes

preventive maintenance for one week every year. The rest of the parameters such



as setup times, unit production times remain unchanged from the model used for
2007.

The model proposes a cycle time of about 7 weeks for 2008. In this model, TCG
would produce Intermediate Product Al for 3.58 weeks, then switch over to
producing Intermediate Product B1 for 2.06 weeks. The changeover time from
Product A to Intermediate Product Bl is 1 week and vice versa. Thus, the total
cycle time is 3.58 weeks for Product A, followed by 1 week for setup, followed by
2.06 weeks for Intermediate Product B1, and followed by 1 week for setup, for a
total of 7.64 weeks.

The subsequent figure shows the possible monthly master production schedule
from 2007 to 2008 based on the proposed campaigning model using the
parameters in Table 4-3 for 2007 and Table 4-4 for 2008. A detailed weekly
master production schedule is available in the Appendix A-2.
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Future Production for 2007-2008
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Figure 4-6: Proposed MPS using Future Parameters and Campaigning Model

In Figure 4-6, the starting inventory level for January 2007 was obtained from
TCG and is highlighted in red. The inventory level for 2007 fluctuates between
136 to 186 pallet spaces and in 2008, the inventory level fluctuates between 121
to 175 pallet spaces. Figure 4-7 is a graphical representation of the pallet space
consumption for Intermediate Product Al and Intermediate Product B1 based on
the MPS shown in Figure 4-6. In Figure 4-7, the total pallet space consumption
appears to be relatively stable, and fluctuates between 150 to 180 pallet spaces.
The pallet space consumption for Intermediate Product B1 appears to be relatively
flat from 2007 to 2008.

Thus, the fluctuations in total pallet space consumption appear to be dominated

largely by fluctuations in Intermediate Product A1’s pallet space consumption.
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Future Production Scenario for 2007 - 2008
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Figure 4-7: Graphical Representation of Inventory Level using the Campaigning
Model with the Future Production Scenario

By comparing Figure 4-4 and Figure 4-6 for 2007, the maximum pallet space
consumption is reduced by 31 pallet spaces when the campaigning model is used
over TCG’s production plan. In 2008, the campaigning model predicts a lower
maximum and minimum pallet space consumption than TCG’s production plan.
By comparing the maximum pallet spaces required in 2008 between both
production plans, the campaigning model reduces the pallet space requirements by
130 pallet spaces. By comparing the graphical representation of inventory levels
in Figure 4-5 and Figure 4-7, the campaigning model stabilizes the inventory

fluctuations over a smaller number of pallet spaces.

4.1.2 Limitations

The campaigning model assumes that every batch of Intermediate Product A1l or
Intermediate Product Bl does not have quality deviations, so every batch
produced can be used to satisfy the demand for a particular week. A batch with
quality deviation takes a longer than average time to be released from the quality
testing department and additional inventory must be available to satisfy the
demand for that particular week. Thus, a safety stock level could be kept to guard
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against quality deviations in the production of Intermediate Product Al and

Intermediate Product B1.

4.2 Order-up-to Policy for Product A

Product A inventory acts as a buffer between the API facility and PF1 facility to

prevent starvation at the PF1 facility.

Demand Production
{Batches/Month) {Batches/Month)
Year Average | Std Dev | Average | Std Dev
2006 8.08 3.18 9.17 3.71
2007 10.42 3.43 10.08 3.70
2008 10.75 1.86

Table 4-5: Monthly Demand and Production for Product A

In Table 4-5, we present the average and the standard deviation of the demand and
production of Product A from 2006 to 2008. The values in Table 4-5 are derived
by using a combination of actual data from January 2006 to May 2007 and the

forecasted data from June 2007 to December 2008. From Table 4-3, the average

values and standard deviations for both demand and production in 2006 and 2007

appear to be closely matched. However, the average production quantity is still

higher than the average demand quantity. This difference in average quantity over

time is shown in Figure 4-8 as an increasing inventory trend for Product A from

January 2006 to May 2007. Despite the planners’ decision to produce according to

demand, the inventory follows an increasing trend. Thus, there is reason to believe

that there is no inventory policy managing Product A.
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Figure 4-8: Inventory of Product A

We will assume that production of Product A is never starved of its raw material
Intermediate Product Al and Intermediate Product A2. We then suggest and
examine an order-up-to policy to determine the target inventory level required to
prevent a stock out at PF1. With the order-up-to policy, TCG will produce
Product A in each week as long as the inventory level is below a set target
inventory level. When the target level is reached, TCG will only produce Product
A at that week’s demand to maintain the inventory at the target inventory level. In
the event that the demand for Product A is greater than the production capacity,
the excess demand is satisfied by inventory. The objective of the order-up-to
policy is to stabilize the inventory at a target inventory level such that there is a
limited probability of stock out at the PF1.

4.2.1 Simulation

I will use an Excel simulation to simulate the weekly demand and production
capacity of Product A at the API facility in order to determine the target inventory
level for an order-up-to policy.

To develop the simulation, we will make use of the following notation:
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D, = Demandfor week i

I, = Inventoryfor weeki

I,,q, = Target Inventory

P, =Production for weeki

Mp = Mean weekly demand

o, = Weeklystandard deviation of demand

Rand, = Random number for weeki from a Normal Distribution, X~N(0,1)
MaxCap = Maximum weekly production capacity

We generate random demand in week 7 as

D, = i tRand *,

The production for the week 7 is given by

MaxCap if D, >MaxCap
D, if D, <MaxCap & 1., =1,
bl D+~ 1) if D, <MaxCap & D, +(1,,p —1, ) <MaxCap
’ & L, #1 .,
MaxCap if D, <MaxCap & D, +(I .. —1; ;) > MaxCap
& 1, #1 ..

The change in inventory between week i-/ and week i is given by
,=I,+P-D,

Due to TCG’s policy of meeting all of its customer demand, I set the probability
of not stocking out with a particular target inventory level at a minimum of 99%
up to a maximum of 100%. I generate over 1000 random numbers to simulate the
random demand over 1000 periods. Using the above formulas, I simulate the
change in inventory levels and search through a range of target inventory levels

for Product A to determine the appropriate target inventory level.

Based on TCG’s past demand and production schedule as well as planning

behavior, I made the following assumptions.
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1. The maximum production capacity for Product A is 3 batches per week
and there is no uncertainty in production. This assumption will hold if the
API facility has sufficient manpower |

2. The quality department takes a fixed time to release a batch of Product A
for use in the PF1 facility. This assumption will hold if the quality
department does not detect any Atypical Product A batch.

In Table 4-6, we present the parameters used to model the order-up-to policy for
Product A using the actual and forecasted demand for 2007.

Average Std Dev

Demand (Batches/Week) 2.50 1.68
Target Inventory (Batches) 17.00
Max Production (Batches/Week) 3.00

Table 4-6: 2007 Model Parameters and Results

The actual weekly demand data is unavailable because the demand received by
the API facility is the monthly demand. The weekly demand shown in Table 4-6
can be determined from the monthly demand by:

Sum of 2007 Monthly Demand
50 Weeks

The weekly demand is obtained by taking the total Product A demand in 2007 and
dividing over the number of weeks of useful production. The Milling Train of the

Weekly Demand =

API facility shuts down for two wecks for preventive maintenance. The demand

during these two weeks is redistributed over the remaining fifty weeks of the year.

The standard deviation shown in Table 4-6 is obtained by:

12 Months
50 Weeks

To obtain the weekly standard deviation, I assume that the each week’s demand is
mutually independent of the next week’s demand. Thus, the monthly standard

Weekly Std. Dev. =\/ *(Monthly Std. Dev)*

deviation is the sum of the weekly standard deviation.
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In

Adjusted Production Capacity (batches per
Production Line Product week of Product A)
Train 1 Intermediate Product A1 4
Train 2 Intermediate Product A2 3
Train 2 (Milling) Product A 35

Table 2-2, the maximum weekly production capacity for Product A is 3.5 batches.
However, the planners at the API facility usually use 3 batches as the production

capacity of Product A per week.

Using the Excel spreadsheet, when the target inventory level is set at 18 batches,

the probability of stocking out over the 1000 random numbers generated is 0.

Target Inventory  |Probability of No
(Batches) Stock Out

1

2

3

4

5

6

7 92.44%
8 94.30%
9 96.06%
10 97.46%
11 98.46%
12

13

14

15

16

17

18

Table 4-7: Target Inventory and No Stock Out Probability with 2007 Demand

In Table 4-7, I use the Excel spreadsheet to tabulate the probability of not
stocking out against the target inventory level. By setting the target inventory
level between 12 to 18 batches, the probability of not stocking out is between the
accepted range of 99% and 100%.
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The following figure shows the first 10 values and last 10 values of the Excel

spreadsheet used in this simulation as well as the parameters seen in Table 4-6.

Demand Mean 2.5 Target Inventory 18
Demand Std Dev 1.68 Max. Production 3
#of
Change in Max Positive / |# of Positive |Negative
Trial Rand Demand | Production Inventory Inventory Negative |inventory |Inventory
0 0 0 0 18 1 1000 0
1| 0.427819 3 3 0 18 1 1 0
2| 0.044192 3 3 0 18 1
3| -0.19426 2 2 0 18 1
4 -1.67717 0 0 0 18 1
5| -0.04174 2 2 0 18 1
6{ 0.728575 4 3 -1 17 1
7| -1.37068 0 1 1 18 1
8| -0.59191 2 2 0 18 1
9( 0.841119 4 3 -1 17 1
10 0.92132 4 3 -1 16 1
990{ -0.81035 1 1 0 18 1
991 0.89429 4 3 -1 17 1
992 0.27313 3 3 0 17 1
993| -0.83135 1 2 1 18 1
994| 0.201358 3 3 1] 18 1
995| -0.84658 1 1 18 1
996] 1.175604 4 3 -1 17 1
997 -0.35333 2 3 1 18 1
998| -0.20901 2 2 0 18 1
999| -2.31803 -1 -1 1] 18 1
1000 0.442199 3 3 0 18 1

Figure 4-9: Excel Simulation Spreadsheet

In Table 4-8, we present the parameters used to model the order-up-to policy for
Product A using the forecasted demand for 2008.

Average | Std Dev

Demand (Batches/Week) 2.58 1.68
Target Inventory {Batches) 16.00
Max Production (Batches/Week) 3.00

Table 4-8: 2008 Model Parameters and Results

The monthly demand has increased from 10.42 batches per month in 2007 to
10.75 batches per month in 2008. Using the equation to determine the weekly
demand, the weekly demand for 2008 is 2.58 batches. As a simplifying estimate, I
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assume that the standard deviation in demand for 2008 will be the same as in
2007, thus the standard deviation for 2008 remains at 1.68 batches. I assume that
there will be no increase in the production capacity of Product A as TCG does not

plan to buy new equipment to increase its production capacity.

Using the Excel spreadsheet, when the target inventory level is set at 19 batches,

the probability of stocking out over the 1000 random numbers generated is 0.

Target Inventory Probability of No
(Batches) Stock Out

1

2

3

4

5

6

7

8 91.70%
9 93.58%
10 95.54%
11 96.96%
12 97.76%
13 98.50%
14

15

16

17

18

19

Table 4-9: Target Inventory and No Stock Out Probability with 2008 Demand

In Table 4-9, I use the Excel spreadsheet to tabulate the probability of not
stocking out against the target inventory level. By setting the target inventory
level between 14 to 19 batches, the probability of not stocking out is between the
accepted range of 99% and 100%.

As seen previously in Chapter 3.1 , Figure 3-1 shows that the inventory level of

Product A is 13% of the total average inventory from January 2006 to May 2007;
this translates to an average of 22 batches of Product A. By implementing the
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order-up-to policy using Table 4-9 and the demand for 2008, I suggest a target
inventory level of 14 to 19 batches in order for the no stock out probability to be
between 99% to 100%. This will result in a reduction of 3 to 8 batches or 31 to 82
pallets of Product A.

4.2 2Limitations

I assume that the API facility is able to produce 3 batches per week in this model
as the uncertainty in production is ignored. The API facility currently faces a
manpower shortage when either Train 1 or Train 2 undergoes preventive
maintenance or campaign turnaround cleaning. The production capacity during

these periods can drop to as low as 1 batch per week.

In addition, this model has ignored the occurrence of Atypical Product A batches.
An Atypical Product A batch is usually caused by an error in production. This
affects the model by adding uncertainty into the time taken by the quality
department to release a normal batch of Product A for use in the PF1 facility. A
safety factor which considers the probability of an Atypical Product A batch
occurring could be added to the target inventory level. TCG is currently unable to
quantify the frequency of quality deviations for Product A.
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Chapter 5: Recommendations and Conclusion

5.1 Recommendations

The campaigning model in Chapter 4.1 using the current production parameters
performs as well as TCG’s current campaigning plan in 2007. In 2008, the
proposed campaigning model outperforms TCG’s current campaigning plan by
stabilizing the inventory level fluctuations; this leads to a reduction of 115 pallet
space. In addition, TCG should reduce the setup time from 14 days to 7 days to
further stabilize the inventory fluctuations. The reduction in setup time reduces
the cycle time and reduces the inventory by 31 pallets in 2007 and by 130 pallets
in 2008. TCG should adopt the proposed campaigning model in 2008. In addition,
TCG should reduce the setup time from 14 days to 7 days to stabilize the

inventory fluctuations.

An order-up-to policy should be used to control the inventory of Product A. The
policy can stabilize the inventory at a fixed level and prevent stock outs. By
setting the target Product A inventory at 19 batches for 2008, TCG can achieve a
reduction of 4 batches (31 pallets). This is a 1.8% reduction in TCG’s total

average inventory levels

5.2 Conclusion

I explore a model to schedule the campaigning activities of Intermediate Product
Al and Intermediate Product Bl. The model determines the minimal campaign
cycle time to reduce the inventory levels. For 2008, a minimum reduction of 115
pallet spaces is achieved when the campaigning model is used over TCG’s current

campaigning plan.

Product A has a growing inventory trend, accounting for 13% of the total average
warehouse inventory, and there is no obvious inventory control policy. Using an
order-up-to policy, TCG can stabilize the inventory level of Product A at a fixed
level of 19 batches without compromising the probability of stock out. TCG can
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achieve a reduction to 1.8% of the total average warchouse inventory by keeping
the target inventory level at 19 batches. The order-up-to policy is similar to TCG’s
kanban policy used for Intermediate Product A2 as both policies attempt to

maintain the inventory at a fixed level.
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Appendix

Appendix A-1

Current production scenario for 2007 to 2008

Production Initial January February March April
Capacity | Inventory 1 8 [ 15 [ 22 | 2 s | 12 ] 1 [ % s | n 19 | 2 2 | o [ 16 [ = 30
Demand Rate Batches Intermediate Product B1 140 140 140 140 140 225 2i25 225 225 0.50 0.50 050 0.50 2.20 2.20 2.20 220 220
Batches Intermediate Product A1 2.73 2.73 2.73 2.73 2.73 3.42 3.42 3.42 3.42 2.85 2.85 2.85 2.85 3.65 3.65 3.65 3.65 3.65
Prodiction Batches Intermediate Product B1 10 9.40 10.00 2,00 : ;
Batches Intermediate Product A1 6 6.00 6.00 6.00 6.00 6.00 0.36 4.80 6.00 6.00 6.00 6.00 156
Inventory Batches Intermediate Product B1 29 27.60 26.20 24.80 2340 22,00 19.75 17.50 24.65 3240 33.90 33.40 3290 3240 3020 28.00 25.80 23.60 2140
Batches Intermediate Product A1 19 22.27 25.53 28.80 32.06 35.33 3227 28.86 25.44 22.02 19.17 16.33 18.28 21.43 23.79 26.14 28.50 2641 22.77
Total Pallets 147.32 158.63 169.94 181.25 192.56 175.25 156.39 15530  155.35 146.01 132.90 140.29  152.82 158.73 164.63 170.54 157.47 137.74
Current production scenario for 2007 to 2008
Production Initial May June July August
Capacity | Inventory 7 | 14 ] 2 [ 28 4 | 1 | 28 [ 25 2 | 9 [ 1 [ 22T 2 6 | 13 | 2 [ 27
Dednand Rate Batches Intermediate Product B1 225 225 225 225 3.75 375 375 375 1.00 1.00 1.00 1.00 1.00 175 175 175 175
Batches Intermediate Product A1 2.28 2.28 228 2.28 . 0.57 0.57
5 Batches Intermediate Product B1 10 7.40 10.00 4.00 : 1 5 . .
Production
Batches Intermediate Product A1 6 3.6 i St i
Inventory Batches Intermediate Product B1 29 26.55 34.30 36.05 33.80 30.05 . 16.80 15.80 20.20 3170 2995
Batches Intermediate Product A1 19 2049 1821 15.93 13.65 15:55 19.84 24.13 28.42 31.46 31.26 28.30 25.33 2237 21.80 21.23 23.06 28.49
Total Pallets 13773 142,65 136.22 122.23 | 12323 134.48 14573  156.98 168.07 16532  150.78 146.44  150.79 | 156.39 150.65  155.16 175.06

Current production scenario for 2007 to 2008

Production Initial September October November December
Capacity | Inventory 3 | 10 T 17T 2 1 | 8 [ s T 2T s | 12 T 1o T 26 3 | 100 [ 17 [ 24 T 3
Derrand Rate Batches iate Product B1 2.00 2.00 2.00 2.00 1.60 160 160 1.60 1.60 250 250 250 2.50 1.20 120 120 120 120
Batches Intermediate Product Al 2.28 2.28 2.28 2.28 3.19 3.19 3.19 3.19 3.19 2.56 2.56 2.56 2.56 2.51 2.51 2.51 2.51 2.51
o Batches diate Product B1 10 Plant 140 10.00
B Batches Intermediate Product A1 6 1.20 6.00 6.00 6.00 Shutdown 5.16
Inventory Batches Intermediate Product B1 29 26.20 2420 2220 20.20 18.60 2040 28.80 3520 33.60 3110 28.60 26.10 23.60 2.40 2120 20.00 2020 29.00
Batches Intermediate Product A1 19 32.22 35.94 39.66 41.34 38.15 34.96 31.77 28.58 25.39 24.03 2747 30.91 34.34 31.84 34.49 31.98 29.48 26.97
Total Pallets 187.19 19931 21144  214.84 | 19819  187.96 190.21 188.68 172.02 | 16147 171.44 181.40 191.36 178.38 18746 174.48 164.15 170.07
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Current production scenario for 2007 to 2008

Production Initial January Feoruary March April
Capacty | tventory [ 7 [ 14 2 | 28 e | u [ 18 [ 2 3 | w0 | 17 [ 24 | 3 7 [ 1 | n 28
Demand Rate Batches Intermediate Product B1 3.50 3.50 3.50 350 225 225 225 225 2.80 2.80 280 2.80 280 215 2.75 275 2.75
Batches Intermediate Product Al 2.85 2.85 2.85 2.85 2.85 2.85 2.85 2.85 2.96 2.96 2.96 2.96 2.96 2.85 2.85 2.85 2.85
Production Batches Intermediate Product B1 10 1000 8.30 10.00 10.00 10.00 2.90
Batches Intermediate Product Al 6 6.00 6.00 6.00 6.00 6.00 6.00 6.00 1.02
invenion Batches Intermediate Product B1 29 3550 32,00 28.50 25.00 22.75 20.50 18.25 16.00 1320 10.40 7.60 4.80 10.30 17.55 24.80 32.05 3220
Batches Intermediate Product Al 19 24.13 21.28 18.43 21.58 2473 27.89 31.04 34.19 37.23 40.27 38.33 35.37 32.40 29.56 26.71 23.86 21.01
Total Pallets 170.19 151.41 132.62 139.48 148.70 157.92 167.13 176.35 184.04 191.74 178.15 160.20 157.94 159.47 161.01 162.54 150.65
Current production scenario for 2007 to 2008
Production Initial May June July August
Capacity | Inventory s | 1w 19 [ 2 2 9 | 16 23 30 [ 14 [ 22 | 28 4 [ 1 | 18 25
Diviand Rte Batches Intermediate Product B1 3.50
Batches Intermediate Product A1 2.56
BroRtaH Batches Intermediate Product B1 10
Batches Intermediate Product A1 6 o -
S Batches Intermediate Product B1 29 28.70 2520 21.70 18.20 i 7.10 15.35 23.60 32.90 29.65
Batches Intermediate Product A1 19 18.45 20.15 23.58 27.02 29.83 32.64 35.45 38.26 37.83 35.27 32.71 30.15 27.58 23.88 20.18 16.48 15.30
Total Pallets 13309 13372 14180  149.87 | 156.97 164.06 17116 17826 17151 157.25  153.19  157.83 162.48 | 159.41 14841 12645 11526
Current production scenario for 2007 to 2008
Production Initial September October November December
Capacity l inventory 1 | 8 | 15 2 | 29 6 | 13 | 20 | 27 3 | 10 | 17 | 2 1 | 8 | 15 22 29
pemand Rate Batches Intermediate Product B1 200 200 2.00 200 200 2.50 250 2.50 250 225 225 225 225 0.60 060 0.60 0.60 0.60
Batches Intermediate Product Al 2,73 2.73 2.73 273 2.85 2.85 2.85 2.85 313 3.13 3.13 3.13 1.82 1.82 1.82 1.82 1.82
Froducion Batches Intermediate Product B1 10
Batches Intermediate Product Al 6 0.78 6.00 6.00 6.00
Inventory Batches Intermediate Product B1 29 24.40 2240 2040 18.40 16.40 13.90 1140 8.90 8.90 16.65 24.40 3215 38.60 38.00 37.40 36.80 36.20 35.60
Batches Intermediate Product Al 19 18.56 21.83 25.09 28.36 25.63 28.78 3043 27.58 24.74 21.60 18.47 15.34 12.21 10.38 9.34 13.52 17.70 2187
Total Pallets 125.43 135.61 14579  155.97 140.51 149.25 151.59 13468 12252 123.79 125.05 12631 125.11 116.19 11060 12732 144.04 160.76
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Appendix A-2

Future production scenario for 2007 to 2008

Production Initial January February April
Capacty [mvetoy | 1 | 8 | 15 ] 22 ]| 29 s | 1 19 2% | | 2 | o T 16 [ 23 [ 30
Demand Rate _|B2tches | Intermediate Product B1 140 140 140 1.40 14 225 225 225 225 050 220 2.20 220
Batches |  Intermediate Product Al 273 273 2.73 273 273376 | 3412 34172 3m172 34172 | 285 3.65 3.65 3.65
Production Batches | Intermediate Product B1 10 4.70 6.00 8.70 .
Batches Intermediate Product A1 6 6.00 6.00 3.18 240 6.00 6.00 0.78
— Batches | Intermediate Proguct B1 29 2760 2620 2480 2810 3270 | 3045 2820 2595 2370 | 3190 3330 3280 3230 | 3010 3070 3640 3420  32.00
Batches | Intermediate Product A1 19 2227 2553 2598 2324 2051 | 1949 2208 2466 2202 | 1917 1633 1834 2149 | 2217 1852 1488 1249 1485
Total Pallets 147.32 | 15863 | 157.89 [ 15244 | 14945 | 14085 | 14764 | 15442 | 13890 | 14223 | 13271 | 14036 | 15289 | 15161 | 13707 | 13237 | 11802 | 12392
Future production scenario for 2007 to 2008
Production Initial May June July August
Capacty [Iventory | 7 T 14 [ 21 | 28 a | u [ 28 [ 25 2 [ o [ 16 | 22 [ 3 6 | 13 [ 20 [ 27
Demand Rate | B2tches | Intermediate Product B1 2.25 2.5 225 225 3.75 375 375 375 100 1.00 1.00 100 1.00 175 175 175 175
Batches | Intermediate Product A1 2.28 228 228 2.28 171 171 171 171 296 2.96 296 296 2.96 057 057 0.57 057
prodiction Batches Intermediate Product B1 10 0.80 9.90 4.90 510
Batches Intermediate Product A1 6 3.66 6.00 5.52 0.06 6.00 6.00 3.06 {
— Batches | Intermediate Product 81 29 2975 2750 3205 3370 | 2995 2620 2245 1950 | 2840 2740 2640 2540 2440 | 2755 3090 2915  27.40
Batches | Intermediate Product Al 19 1857 1821 1593 1365 | 1561 1990 2371 2200 | 1904 1614 1918 2221 2231 | 2174 2117 2312 2855
Total Pallets 13558 | 129.79 | 12866 | 122.04 | 12329 | 13454 | 14374 | 130.87 | 13503 | 12074 | 13184 | 14293 | 14146 | 14498 | 14888 | 15391 | 17381
Future production scenario for 2007 to 2008
Production Initial September October November December
Capacty | iventory | 3 | 10 [ 17 | 2 1 [ & [ s [ 2 = s | n 19 | 2 3 | w0 ] v 2 T =
DemandRate | -B2hes Product B1 2.00 2.00 200 2.00 1.60 160 160 1.60 160 2.50 250 250 2.50 120 120 120 120 120
Batches |  Intermediate Product A1 3.19 3.19 3.19 3.19 2.56 2.56 2.56 2.56 251 2.5 251 251 251
. Batches Intermediate Product B1 10 7.00 3.70 Plant
) Batches |  intermediate Product AL 6 132 6.00 6.00 1.80 378  Shutdown  6.00
— Batches Product B 2540 2340 3030 3010 | 2850 2690 2530 2660  32.80 | 3030  27.80 2530 2280 28.60 3110 29.90 28.70 27.50
Batches | intermediate Product AL 19 3228 3066 2838 2610 | 27.83 3064 3171 2852 2533 | 2409 2753 3097 3020 27.70 2519 2646 2396 27.45
Total Pallets 185.93 | 17524 | 17854 | 16843 | 17280 | 18179 | 183.34 | 17217 | 17025 | 16022 | 170.18 | 180.14 | 172.16 17241 | 16643 | 169.60 | 15663 | 169.29
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Future production scenario for 2007 to 2008

Production Initial January February March April
Capacity | Inventory | 7 14 2 | 28 4 | n 18 [ 2 3 | 10 | 17 [ 24 | 3 7 | 14 [ n |
bemand Rate | 22t0eS Intermediate Product B1 350 3.50 3.50 350 225 225 225 225 2.80 2.80 2.80 2.80 280 275 275 275 275
Batches | Intermediate Product Al 285 2.85 2.85 285 285 2.85 285 285 2.96 2.96 2.9 2.96 296 285 285 285 2.85
i Batches | _Intermediate Product B1 10 0.40 1000 1000 | 020 400 1000 660
Batches Intermediate Product Al 6 5.76 5.88 6.00 6.00 3.60
S—— Batches | _ Intermediate Product B1 29 2000 2090 2740 3390 | 3185 2960 2735 2510 | 2230 2350 3070 3450 3170 | 2895 2620 2345 2070
Batches | Intermediate Product Al 19 3037 2752 2467 2182 | 1897 2201 2516 2831 | 2895 2599 2303 2007 1914 | 2230 2545 2860 _ 2725
Total Pallets 17512 | 157.09 | 15721 | 15732 | 14128 | 14999 | 15921 [ 16842 16586 | 15547 | 15642 | 150.95 | 14172 | 149.99 | 158.27 | 16654 | 155.58
Future production scenario for 2007 to 2008
Production Initial May June July August
Capacity | mventoy | 5 [ 12 19 [ 2 2 | 9 | 16 | 23 | 30 7 | 14 [ u [ 2 4 [ u [ 18 | 2
Demand Rate _|-2tEhes Intermedate Product B1 3.50 350 350 3.50 2.60 260 2.60 260 260 175 175 175 175 325 325 3.25 325
Batches | Intermediate Product AL 2.56 3.19 319 3.19 319 319 256 256 256 2.56 370 370 3.70 370
Frodiction Batches Intermediate Product B1 10 110 10.00 9.50 4.70 10.00
Batches | Intermediate Product Al 6 4.14 6.00 6.00 534 0.30 6.00 6.00 6.00 318
P Batches | _Intermediate Product B1 2470 3120 3080 2730 | 2470 2210 1950 1800 2540 | 3315 3140 2965 2790 | 2465 2140 2285  29.60
Batches | Intermediate Product Al 2469 2213 1956 2114 | 2395 2676 2891 2572 2253 | 1997 1771 2115 2458 | 2688 2636 2266 _ 1896
Total Pallets 15219 | 15353 | 14182 | 14194 | 149.04 | 15613 | 16041 | 143.95 | 14430 | 148.00 [ 13502 | 14640 | 157.78 | 16146 | 153.09 | 14001 [ 13695
Future production scenario for 2007 to 2008
Production Initial September Octover November December
Capacity | Inventory 1 [ 8 | 15 2 | 29 6 | 13 20 | 27 3 [ 10 | 17 2 1 8 15 | 22 29
Deman Rate |E2ES Intermediate Product B1 200 2.00 200 2.00 2.00 250 250 2.50 250 225 225 225 225 060 060 060 0.60 0.60
Batches Intermediate Product Al 2.73 2.73 2.3 2173 273 285 2.85 2.85 2.85 313 1.82 1.82 1.82 1.82
production Batches Intermediate Product B1 10 590 s Plant vﬂ it < ;
Batches Intermediate Product Al 6 2 5 Shutdown | g 3 e 0.72 6.00
— Batches | _Intermediate Product B 29 3350 3150 2950  27.50 2550 2300 2870 3620 3610 | 3385 3160 2035 2710 | 2830 37.70 4580 4530 4470
Batches | _ Intermediate Product Al 19 1622 1595 1921 2248 1975 1798 1513 1228 944 | 1086 1373 1660 1839 | 1656 1474 1292 1182 1599
Total Pallets 13263 | 12768 | 137.86 | 14804 | 13258 12030 | 11890 | 12091 | 10855 | 11040 | 11840 | 12640 | 12079 | 12427 | 13425 | 1419 | 13611 | 15283
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