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Batch and campaign sizing problem in the Chemica! Departments of API BIOTECH from Schering Plough 

!.ABSTRACT 

This report describes the development of a model in which the optimal batch and campaign sizes can be 
determined. The model is used in the production environment with a divergent production structure, within 
the API Biotech chemica! department of Schering Plough (S-P). The model is based on a rolling horizon 
optimization. Also attention is paid to the (organizational) implementation. 
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111. MANAGEMENT SUMMARY 

This research project has been carried out within API Biotech of Schering Plough (S-P). S-P creates, 
develops, manufactures, and markets prescription and over the counter medicines, aimed at improving the 
health and quality of human and animal life. 

The logistics department initiated a project that aims to determine the optimal batch and campaign sizes in 
API chemica! manufacturing. Two developments contributed to the need tor an improved calculation of 
optimal batch sizes (see Appendix 1 tor definitions and abbreviations) within the Chemica! Department: the 
implementation of Advanced Planning and the conclusion of a quick scan executed by an external 
consultancy agency. These developments made it necessary to set up this project to determine the optima! 
batch and campaign sizes within chemica! API manufacturing. 
Currently, batch and campaign sizes are calculated without taking set-up and cleaning times into account. 
There is lack of insight in how batch and campaign size decisions affect total costs (accounting cost). This 
lack makes API Biotech chemica! department think that current batch and campaign size decisions are not 
optima!. 

The following problem assignment was initiated tor this research project: 
Design a method for calculating the (cost) optimal batch and campaign sizes for all processes in a 
supply chain taking into account the demand, set-up and cleaning times and capacity restrictions. 
The method should be implementable in the current OP planning model of AP (Advanced Planning 
which uses a MIP solver). 

The scope of this research project was limited in order to make the project feasible within the available 
timetrame. The scope of this research project is the medium term (trom 6 weeks to one year) planning 
process. The short term and long term are not included. In this research project the products of the 
Chemica! department of API Biotech with a divergent production structure are taken into account. This 
means that only the Peptides product group of the chemica! department is not included. Further, the stock 
points, safety stock points, customer order decoupling point, safety stock targets, product allocation, make 
or buy decisions and the planning methodology are taken as given. 

To gain more support tor this research project within the company first a simulation study has been 
executed. This simulation study has three objectives: 
a) Show that the current planning model can be improved. A better balance between inventory, required 

hours and delivery performance can be found. 
b) Bridge the gap between planning and production. With this simulation both departments will get more 

understanding of the problems they both encounter. 
c) For the student to gain more insight in the behavior of the planning model. This means the interaction 

between inventory level, required hours and delivery performance within the planning model. 

The simulation study is executed tor two models: 
1. For the current planning model, here 80% - 100% deviation trom standard batch size is allowed 

(simulation 1). 
2. For the adjusted planning model , here 50% - 100% deviation trom standard batch size is allowed 

(simulation 2). 

The following conclusions can be drawn trom this simulation study: 
• The simulations show that total inventory can be lowered by lowering the lower bound of the standard 

batch size, like in simulation 2. 
• The unsatisfied demand stayed the same in both simulations , but the shorts improved. This will result in 

a better delivery performance in simulation 2. 
• The simulations show that the required hours in simulation 2 are higher than in simulation 1. This can be 

explained, because producing less than standard batch size does not mean that fewer production hours 
are required. The processing time stays the same even when more or less is produced. Because the 
allowed deviation trom the standard batch size in simulation 2 is much larger, the deviation trom batch 

5 



Batch and campaign sizing problem in the Chemica! Departments of API BIOTECH trom Schering Plough 

size will also be higher in simulation 2. This can result in more batches, which results in more required 
hours. 

Next the current situation is analyzed regarding the following topics: 
A. Standard batch size. The findings are: 

• There is no standard approach or formula tor determining the standard batch size of a new process. 
Several aspects like demand volume, volume, vessels available, specific technica! and chemica! 
aspects are taken into account. 

• There is a minimum (lower bound) and a maximum (upper bound) level tor the actual batch size 
available in the production prescription documents. For each process it is described what the 
minimum and maximum level is tor a certain vessel regarding actual batch size used. There can 
also be regulatory restrictions on the minimum and maximum actual batch size used. 

B. Set-up and cleaning times. The findings are: 
• The order in executing set-up, cleaning and actual processing time as follows: 

Preparation -+ Processing time -+ Dedicated cleaning -+ Monitoring 
• This preparation and cleaning times can be extracted trom two sources: 

1 . The MAN-forms 
2. The actual production data which can be found in the batch records. 

• Total set-up and cleaning times are affected by the number of production orders produced in 
campaign, in other words the campaign size. After 1 O batches dedicated cleaning and monitoring 
have to be executed again. 

C. Campaign sizes. The findings are: 
• In the current planning model the campaign sizes are fixed tor products normally produced in 

campaign. This means that tor each product produced il is decided whether or not this product is 
produced in campaigns. For the products indicated as campaign products the campaign size is fixed 
in the model. For the other products the model is free to calculate a campaign size, which lead to an 
optimal solution . 

Now the final model is discussed in more detail. Three adjustments, which are a result of the analysis 
phase, are made to the current model, which are the following: 
1. In the final planning model the actual lower bounds and the upper bounds tor standard batch sizes per 

process are used as lower and upper bounds. 
2. The required hours (in the current planning model) which are a sum of all hours needed tor preparation, 

processing, dedicated cleaning and monitoring, called X1, is split up in Y1 (=processing) , Y2 

(=preparation + dedicated cleaning + monitoring) in the final planning model. When a process is 
produced in campaign only one set-up is required, at least when the campaign size is equal or smaller 
to 1 o. When the campaign size is larger then 1 O dedicated cleaning and monitoring have to be executed 
again. 

3. In the final planning model il now can be calculated how many hours can be saved by producing in 
campaign. The idea is to let the final model decide on how large the campaign size should be. Only tor 
those products where a fixed campaign size is needed the old concept will be used. There were three 
processes which had a fixed campaign size. Because !here are no practical or technica! reasons tor this 
fixed campaign size on these processes, il is decided to let the model itself calculate the campaign size 
needed. 

A simulation (simulation 3) is executed with the final model. The tollowing conclusions can be drawn trom 
this simulation study: 
• Simulation 3 shows that total inventory is lowered only slightly in relation to simulation 1 and has gatten 

worse in relation to simulation 2. 
• The unsatisfied demand and the shorts improved much in relation to simulation 1 and 2. 
• The total required hours are much lower in simulation 3 compared to simulation 1 and 2. 

From the above il can be concluded that a better balance between inventory, delivery performance and total 
required hours is reached in the final model. All three requirements improved. The requirement was that at 
least one of three would improve and the others should stay the same. Based on the above it can be said 
that the requirements tor the problem assignment are met in this research project. 
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1. INTRODUCTION 

Planning in organizations is both the organizational process of creating, maintaining, realizing plans; and the 
psychological process of thinking about the activities required to create a desired goal on some scale . As 
such , it is a fundamental property of intelligent behavior. This thought process is essential to the creation 
and refinement of a plan, or integration of it with ether plans, that is, it combines forecasting of 
developments with the preparation of scenarios of how to react to them. (WikipediA, the free Encyclopedia). 

In this report, the focus is on optimal (regarding the cost in the model) batch and campaign sizes tor 
production, within planning, taking the complete supply chain into account. The total costs in the model need 
to be minimized. This means that a balance needs to be found between on the one hand inventory levels 
and delivery reliability and on the ether hand the number of set-up/ cleaning times and campaign sizes. 

The logistics department and management initiated this project. The aim is to adjust the current 
planning model in such a way that optimal batch and campaign sizes are calculated, taking set-up 
and cleaning times into account. Further, the adjusted planning model needs to be implemented in 
the current planning models of the chemica! department. This report concerns a part of this project, 
namely, the development of an improved planning model. The implementation is not in the scope of 
this project. A separate project will be started for this after completion of this project. 

This report has the following structure. Chapter 2 introduces Schering Plough, the company in which the 
assignment has been performed. The scope of the project will be the planning of the production of chemica! 
products. In chapter 3, the chemica! manufacturing process and product structure is explained in more 
detail. The focus is on the structure of the supply chain, the production structure, the production process and 
the current planning models and the interrelationships. 

Chapter 4 states the aim of the research in detail and it discusses the methodology on which the research is 
based. The chapter discusses the project background, the research assignment, the project scope and the 
research approach. The latter is the guideline tor the rest of the project, since it explains the aim and the 
strategy of this project in more detail. 

Chapter 5 presents the results of the simulation executed. The lessons learned are explained and 
conclusions are drawn tor the final model 

In chapter 6, 7 and 8 the current situation regarding standard batch size, set-up and cleaning times in 
relation to processing times and the current situation regarding campaign size are discussed. On each topic, 
propositions are made tor the final model. 

In chapter 9, the final model is discussed. The simulation executed with the final planning model is explained 
in more detail and final conclusions are drawn. 

This report ends with Chapter 10 which provides concluding remarks about the research project and 
recommendations. 
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2. COMPANYINTRODUCTION 

This chapter describes in short the environment in which the project has been carried out. First, a short 
description of Schering Plough is given in section 2. 1. Next, the structure of API Biotech is explained in more 
detail in section 2.2. 

2.1. Schering-Plough 

Schering-Plough is a global science-based health care company with leading prescription , consumer and 
animal health products. Through internal research and collaborations with partners, Schering-Plough 
discovers, develops, manufactures and markets advanced drug therapies to meet important medical needs. 
Schering-Plough's vision is to earn the trust of doctors, patients and customers every day. 
Following the acquisition in November 2007 of Organen BioSciences (OBS), a Dutch human health 
(Organen) and animal health (lntervet) company, Schering-Plough now has approximately 55,000 
colleagues around the world . Our products reach patients and caregivers in more than 140 countries. For 
2007, Schering-Plough reported adjusted net sales of $15.2 billion . Schering-Plough operates 
manufacturing sites in 24 countries around the world . See figure 1 . 

•• • • • 

• Human Health site 

• Animal Health site 

Fig. I : Manufacturing Sites Schering-Plough 

• 
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2.2. API Biotech 

The entire supply chain of Schering Plough starts with a raw material which after several processes results 
in an Active Pharmaceutical lngredient (API). This API is used in the production of the final product. API 
Biotech only accounts tor a part of this total supply chain (trom raw material until API) of Schering Plough. 
As an example the entire supply chain of NuvaRing is given (a flexible vaginal ring approved tor the 
prevention of pregnancy in women) . See Appendix 2Appendix 2: Example of a complete supply chain within 
Schering Plough. In Appendix 2 it is shown tor which part of the supply chain API Biotech accounts tor. 

API Biotech is a department within the Global Supply Chain section of Schering-Plough. API Biotech 
supplies Active Pharmaceutical lngredients (API) to Pharmaceutical Operations (Department within 
Schering-Plough) and third parties. 
API Biotech has the following production departments: 

CA (chemische afdeling, the translation is Chemica! Department) 
BA (bio-chemische afdeling, the translation is Biochemica! Department) 
BT (biotechnology department) . 

The project described in this report takes place in the Logistics department of API Biotech. For the 
positioning of the Logistics department and the Chemica! Department (also called Manufacturing Chemistry 
Department) within Schering Plough see Appendix 3. 

For 2007, API Biotech reported x million Euro Cost of Goods Sold (COGS). The Chemica! Department 
accounts tor 54% of the total COGS, which is x million Euro and 75% of the total sales of API Biotech in 
2007. For more details on the division of COGS see Appendix 4. 

This assignment will take place in the logistics department of API Biotech. The project will be on the 
Chemica! Department (CA) also called "Manufacturing Chemistry''. Because the scope is on the Chemica! 
Department, the description below will only describe the manufacturing and planning environment in the 
Chemica! Department (CA). 
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3. THE CURRENT MANUFACTURING AND PLANNING 
ENVIRONMENT OF THE CHEMICAL DEPARTMENT 

This chapter describes the current manufacturing and planning environment. First, the production 
departments available in the chemica/ department are explained in section 3. 1 and the structure of the 
supply chain is explained in section 3.2. Next, the production structures, the divergent production structure 
and the chemica/ production process are explained in section 3.3, 3.4 and 3.5. In section 3.6 the planning 
structure and system that controls the supply chain is explained. More attention is paid to the medium term 
planning structure and system, because this is the focus of the research project. Section 3. 7 describes the 
different stock points available in an internal supply chain. Finally, in section 3.8 the market and demand 
pattern are described. 

3.1. The production departments of the chemica] department 

The chemica! department has several production buildings. These buildings are called production 
departments. The chemica! department has the following production departments: 

o CA1 
o CA2 
o CA4 
o CA5 
o CAA 
o Mema 

All the departments above are located in Oss, except for CAA which is located in Apeldoorn. The chemica! 
processes (see figure 2 below) take place in the CA 1, CA2, CA4, CA5 and CAA and the final chemica! 
processes (see figure 2 below) takes place in the Mema. The MeMa is different then the ether departments 
in the calculation of the number of batches. In the MeMa the capacity needed is not related to the number of 
batches. The capacity needed is related to the equipment used. 

3.2. The structure of the Supply chain 

Below you can see the chemica! department general supply chain within API Biotech: 

R a w 
Materlal 

lnterme
dlates 

Fig. 2: Chemica! department supply chain 
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Exto rna l 
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Exte rnal 
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The processes in the Chemica! Department can exist of 5 to 28 processes. The processes start with a raw 
material which is processed via a chemica! process into an intermediate. This chemica! process can take 
place several times , see loop in figure 2 above. In between processes there are stock points. The final 
chemica! process (see figure 2 above) only takes place once. APl 's are sold to both internal and external 
customers. 
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3.3. The production structure of the chemica] department 

There are two standard production structures: 
Divergent production structure: a single raw material can be transformed into several APl 's ( e.g. 
steroid productions), this is the most common structure tor API BT. 
Convergent production structure: several raw materials can be transformed to a single API (e.g. 
peptide productions). 

90-95% of the products produced in the chemica! department have a divergent production structure. Only 
one product group has a convergent production structure. These products are named Peptides. This is a 
very small product group and there is minimal capacity overlap with other product groups. This assignment 
will only take into account the divergent production structure. The divergent production structures contain 
Coby's. For more details on the divergent and convergent production structures see Appendix 6Appendix 5: 
Divergent and convergent production structures. 

A Coby is an exception which can not be placed into the standard production structure. Coby stands tor Co 
and By products. A Coby is a secondary output trom a process. The intermediate or API is the primary 
output trom a process. A Coby can be used as an input tor a certain percentage in another process or in the 
process that created the Coby. In figure 3 two examples are given. 

lnterme d la tes 

o h e m loal 
___,.. proc:e s s 

Fig. 3: Two coby production structures for divergent products 

lntermedlatn 
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ohem loa l 
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The relation of figure 2 with figure 3 is that the right figure in figure 3 can be placed on the chemica! process 
box in figure 2 and that the left figure in figure 3 can be placed on the final chemica! process box in figure 2. 

3.4. Divergent production structures in the Chemica] Department 

For an example of a divergent internal supply chain see Appendix 6. The chemica! department is a Job 
Shop environment. A job shop is a type of manufacturing process structure where small lots with a high 
variety of routings are produced. Jobs often travel in a jumbled routing . (Hopp et al. 2001) Job shops are 
further characterized by deviations in demand tor capacity per work center (in this case group of vessels}. 
This results in continuously changing bottlenecks within production. (Bertrand et al. 1998) Jobs may return 
to the same machine tor processing several times. Not all jobs will use every machine in the plant. (Silver et 
al. 1998) 
At API Biotech, production tor one internal supply chain can take place in several production departments 
(see paragraph 3.1 fora list of the production departments) . The production departments have several work 
centers. A work center within API Biotech exists of one ore more identical vessels. 
Vessels are not dedicated to one product or process. Several products (processes) can be produced in the 
same vessel. Even several intermediates (see figure 2) of the same finished product can be produced in the 
same vessel. These characteristics make the Chemica! Department a Job Shop. 

3.5. The CA production process 

Within the production-site, chemica! and physical operations are performed. A process describes a number 
of unit operations which results in the conversion of product A into product B. Roughly two types of steps 
can be identified: 

o Chemica! conversions; a chemica! conversion takes place. 
o Purifications; the chemica! characteristics stay the same, impurities are removed . 
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The production process is explained in Appendix 7. 

3.5.1 Chemical conversion 

The chemica! conversion can be summarized as follows: The starting material , mostly a solid , is brought into 
an appropriate vessel. Solvent(s) and reagent(s) are added. The solvent(s) and reagent(s) stay in the vessel 
tor a fixed period. Du ring th is period the process is monitored by in-process analysis. After completion of the 
conversion, the conversion is terminated by adding an anti-reactant. After this, the product is separated trom 
the reaction mixture. Several techniques are available tor the latter; most common are extraction and 
distillation. Finally, the product is crystallized and isolated by filtration. After drying in a drying cabinet or filter 
dryer the product is packed and tested. 

3.5.2 Purification 

The purification can be summarized as follows: The starting material , mostly a solid, is brought into a 
appropriate vessel. Solvent(s) are added. After filtration , in order to remove unsolvable material, the volume 
is decreased by distillation. After crystallization the product is isolated by filtration. After drying in a drying 
cabinet or filter dryer the product is packed and tested. 

3.5.3 Rejects and Yield 
On average 5% (based on historica! data, this 5% is standard used) of the production batches are rejected 
after production . lt is highly uncertain which products will be rejected . For these rejects rework orders and / 
or new production orders have to be produced. This leads to timing issues in the production . Almost all of 
the rejected production batches can be reprocessed. In order to have capacity tor reprocessing, 5% of the 
capacity (5% of the total available production hours in a year) is reserved tor these reprocessing orders. The 
hours are not used as available production hours in the planning model. 

The yields of the different processes are not stable. So the exact output of a process can not be predicted. 
This results in practice also in production order deviation trom standard batch size (in this report by standard 
batch size, the batch size used tor cost price calculations is meant. lnternally within Schering Plough this is 
also called the norm input) quantity, because more or less input material is available. Currently there are no 
guidelines tor how much (the exact batch size, more, or less) to produce. These decisions are made on a 
personal level. An analysis is made of the production orders of 2006 and 2007. The actual production order 
quantities are compared with the standard batch sizes. As the analysis in Appendix 8 shows, in practice a lot 
of the production orders deviate trom the standard batch size of the specific part. This is done tor practical 
reasons e.g. not enough input material , more input material, efficiency, etc. In these decisions only one 
process is taken into account and not the effect on the rest of the supply chain. 

3.6. A dvanced Planning 

With Advanced Planning (AP) only the critica! products / components are planned. The base chemicals are 
not planned by AP. They have relative short lead times and can be bought trom several sources. The critica! 
components are: 

Raw Material (e.g. sitolacton , ADD) ; 
API lntermediates; 
Coby's; (Co and By products) 
and APl 's. 

Also the alternate BoMs (18% of the BoMs have an alternate input quantity, based on data currently 
available in ERP) and the alternate routings (5,2% of the processes have one alternate route and 1,5% have 
two alternate routes, based on data currently available in ERP) are taken into account. The Production 
Orders trom Advanced Planning are interfaced to the ERP system (PBS) tor the complete horizon (one 
year) . In the ERP system an MRP run is executed. This MRP run will provide the requirements tor chemicals 
on the short to medium term (see figure 4 and 5 tor more details on short and medium term) . The ERP 
system will feed the Advanced Scheduling system tor the short term. 
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The current planning and scheduling process can be divided into three sub processes: 
• The short term; horizon of 6 weeks, scheduling (Advanced Scheduling) on vessel level. Here scheduling 

decisions are made. Because of changes in demand which result in changes in the production plan in 
the short term and production batch rejections only a horizon of 6 weeks is chosen. 

• The medium term; horizon of one year, planning (Advanced Planning OP model) on work center level. 
Here operational decisions (what to produce, on which routing, etc.) are made tor the medium term. 

• Long term; horizon of 5 years, planning (Advanced Planning LRP model) on work center level. Here 
strategie decisions are made like buying or building a new factory or reallocating products to another 
production department. A scope of five years is needed tor those decisions. 

The scope of this assignment will be the medium term planning process. Currently Advanced Planning of 
lnfor (Supplier of the Advanced Scheduling and Advanced Planning software) is used tor the planning of the 
medium and long term. At this moment, Advanced Scheduling (AS) is used in the production departments 
tor scheduling the short term (the first 6 weeks) . The short and long terms are not part of this assignment. 

Short Term I Medium Term I Long Term I 

Master Thesis 

Fig. 4: Scope research project 

3.6.1 Horizons and buckets 

In this sub section the horizons and buckets will be discussed. 

fix 

, 12 13 14 s l 6 
LRP (AP is used) 

~ 1 Qtr 

fix fo llow 

1 ,1 21 1 1 1 1 1 1 Wk

MRP purchase components 
Vendor 
leadtlme 

Advanced Scheduling (AS) 

Collor red = not fixed, to be planned 
Collor green = quantities which are fixed 
Collor yellow = to be followed up with suppliers 
Fig. 5: Planning horizons and buckets 

Frequencv Buckets 

Quarterly Quarters 
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The long range planning (LRP) model uses buckets of a quarter with a horizon of 5 years. The reason tor 
the scope of 5 years is that strategie decisions (like make or buy, allocation decisions, buying or building 
new capacity, etc.) need to be made based on the LRP. 
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The operational planning (OP) model uses buckets of a week with a horizon of one year. The planned lead
time of a production process is 2 weeks and consists of a set of activities. For purchasing materials and 
capacity planning a horizon of one year is used. However, the throughput time trom raw / starting material to 
API can take about 18 months. This means that at least a horizon of 18 months is needed in the OP model. 
The horizon is however only one year. The reason that the OP horizon is not extended, to tor example two 
years, is that this would result in a much longer solver time. Currently the solver time is already between 3 to 
4 hours. Extending the model trom 52 week buckets to 104 week buckets would result in exponential solver 
time, because all algorithms tor NP-hard (Non-deterministic polynomial-time hard) problems; require time 
that is exponential in the total size of the input. In this case the input is doubled trom 52 to 104 buckets. In 
other words; As the size of the problem increases linearly, the time to solve the problem to optimality 
increases exponentially.(WikipediA, the free Encyclopedia). For this reason during the implementation of AP 
in 2005 it is chosen to have a horizon of one year. 
Each month a planning cycle is executed. For more details on the planning cycle see Appendix 9. Currently 
the planners have, during this planning cycle, one week to solve their planning issues. During this week 
several solve sessions have to be executed in order to see the bottlenecks in the planning and to solve 
them. When the solver time is becoming too long (more than 3 to 4 hours) the planners don't have enough 
time to deliver a solved (MIP solver comes with optimal solution, minimum costs) planning within one week. 
During that week also other operational tasks have to be executed. This means that longer solver times are 
not possible. 

The OP interfaces the production plan to the ERP (Enterprise Resourse Planning) system tor the complete 
horizon (one year) . In the ERP system a MRP (Material Requirements Planning) run will be executed. This 
MRP run will provide the requirements tor chemicals on the short to medium term. The ERP system will feed 
the Advanced Scheduling system tor the short term (6 weeks). 
The LRP plans all safety stock points and communicates the demand towards the OP. In this way the OP is 
capable to perform the plan although the throughput time of the supply chain (maximum 18 months) is much 
longer than the planning horizon (one year) of OP. (See section 3.6.2) 

3.6.2 Inter relationships between the current LRP and OP models 

The OP receives two types of demand. 

1. The demand trom the customers on finished products (demand on the farthest position in the supply 
chain upstream in the supply chain) 

2. The demand trom the LRP on the safety stock points (stock points more down stream in the supply 
chain) . 

The figure below explains this visually. 
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Fig. 6: Planning of the several Stock Points 
Explanation of figure : 
The OP plans the CODP's (large red triangle) and non-safety stock points (small black triangles) more 
downstream of the supply chain until the first LRP item. The LRP will plan the demand and the safety stock 
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levels of the LRP items (large blue triangles). In the OP the independent demand on LRP item is calculated 
back to dependent demand on the Non-Safety stock points more upstream until the next LRP item. This 
goes on until the last LRP item, the raw material. 
The LRP also plans the safety stock targets of both the LRP items and the Customer Order Decoupling 
points. 

3.6.3 The Current OP model 

Because the OP model is the model that needs to be optimized according to batch and campaign sizes 
(taking set-up and cleaning times into account) . In this section the current OP model is explained in more 
detail. 

The OP model will : 
1. satisfy demand (forecast + customer orders) 
2. respect capacity constraints 
3. minimize inventories to target (safety-) stock levels as much as possible 
4. take production efficiency into account in the choice of the batch size 
5. apply current allocation (where which product is produced) (for the assignment these are taken as 

given) 
6. balance priorities based on cost prices 
7. apply various escapes to deviate from the planning rules, because the planning rules can not 

always be met. 

In the OP the total costs are minimized. A lot of different costs are taken into account. For more details on 
these costs see Appendix 10. 

In the current OP model set-up and cleaning are not taken into account in the planning model. So batch and 
campaign decisions are made without taking set-up and cleaning times into account. 
The current OP model is primarily based on linear programming (LP} . Only some of the variables are 
integers. When this is the case then the problem is called a mixed integer programming (MIP) problem. 
These are generally NP-hard. 

3.7. Stock Points 

The Chemica! department controls multiple internal supply chains (about 25 internal supply chains) each 
starting with one raw material and resulting in multiple APl's (in between 1 to 30 APl's per internal supply 
chain). An internal supply chain consists of a network of stock points and processes. For an example of an 
internal supply chain see Appendix 6. A process is a set of production activities. This set of production 
activities results in a transformation of input materials(s) into output material(s) . The process at the start of 
the internal supply chain is a procurement activity to acquire the first input material (raw material}. Each 
process results in a stock point. Two types of stock points are distinguished, each with a different meaning: 

1. Non-safety stock points 
2. Safety stock points (can also be a Customer Order Decoupling Point (CODP)) 

Ad 1) The non-safety stock point is an ordinary stock point where goods are stored when a process is 
completed. lt does not aim to buffer against demand/supply uncertainty; therefore the stock target is zero. In 
reality there can be stock on this stock point due to: 

o Capacity balancing; 
o Batch size differences per process; 
o Volume differences between supply and demand, because of fluctuations in demand or fluctuations 

in production output. 
Ad 2) The safety stock point aims to buffer against demand/supply uncertainty. A special case of a safety 
stock point is the customer order decoupling point (CODP). The CODP is the farthest position upstream the 
supply chain that customer orders penetrate and it separates the part of the supply chain geared to directly 
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satisfy customer orders from the part based on planning. Currently these are all on API. This means that the 
complete production of the Chemica! department is Make to Stock (MTS}. 
For the assignment the stock points, safety stock points and customer order decoupling points are taken as 
given. Also the safety stock targets are given and no part of the assignment. 

3.8. The market and dem and 

API Biotech operates in an Oligopolistic Market. In oligopolistic markets, only a few firms account for most of 
the production . Products may or may not be differentiated. Firms can earn substantial profits. However, 
these profits can be eliminated through competition among existing firms in the industry. (van Woensel et al 
2008) 
Further the demand is intermittent. This means that there are periods (months) where the demand is zero 
for the different APl 's. The demand is statie (sales orders) for the first three months. After this period the 
demand is dynamic (forecast) . The dynamic demand after three months and the intermittent character of the 
demand make that the demand per bucket after the first three months is changing al lot. 
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4. PROJECT DEFINITION 

This chapter deals with the definition of the research project. Section 4. 1 discusses the project background 
and the developments that contributed to the need tor this project. Next, in section 4.2, the problem 
assignment is defined which is the basis of the research that wil/ be conducted. The scope of this research 
should be limited so that it can be executed within the available timeframe. Therefore, some limitations in 
the project scope wil/ be discussed in section 4.3. Finally, section 4.4 discusses the approach that wil/ be 
applied in this research project. 

4.1. Background 

This project has been initiated by management and the Logistics department of API Biotech and aims to 
improve the current planning model to determine production batch sizes and campaigns. In the adjusted 
model set-up and cleaning times need to be taken into account. A couple of developments contributed to the 
need for an adjusted and improved planning model. 

The first development was the initiative to implement Advanced Planning. With the implementation of 
Advanced Planning it became clear that planning with fixed batch sizes would result in an overall very high 
inventory. This happens because the batch sizes (inputs) and yields (outputs) of the different processes do 
not fit (input different from previous output) . This misfit in differences in output and input quantities, results, 
when planning with exactly standard batch sizes quantities, in large inventories in between processes 
(intermediate products). With the implementation of AP in 2005 three tests were executed. For the results of 
these tests see Appendix 11 . lt was decided that calculating with a variable batch size of 80-100 % of the 
standard batch size would be a good starting point. However it was not tested if this was the best solution. 
This decision was made with the knowledge that further research on the subject was needed. 
The product structure is divergent, which means that there is a 1 on N relation. This makes the need for 
aligning the inputs and outputs of the several processes even more important, because the demand on one 
intermediate stock point is dependent of the demand of several APl's. In most case the actual demand on 
API is only hard for the first three months and after this only forecasts are available. This means that 
demand on API is already unreliable. The demand on the intermediate stock points is derived from the 
demand of several APl 's. 

Secondly a quick scan by an external consultancy agency was executed . Bench marking was used during 
this quick scan. Besides some other important conclusions the following two conclusions were made: 

• lnventory in between processes is high; 
• Production should be more flow based. 

Management believes that adjusting the current planning models, in order to calculate optimal batch and 
campaign sizes, will improve both inventory in between processes and the production flow. On august first 
2008 there was x million euros stock (API Biotech) . This stock quantity is quite stable over the last period 
and will not differ more than x million. The base chemicals are excluded from these figures. From this there 
is x million euros stock available on safety stock points and x million euros on non-safety stock points. 
Currently the safety stock targets on the safety stock points are not met. The total stock on safety stock 
points should be x million euros. This means that there is only 58% of the needed safety stock available . 
The inventory at these safety stock points is too low. The stock on non-safety stock points is far too high , for 
a lot of the products safety stock targets are not met. Whit this research project the aim is to reduce the total 
costs, which indirectly means reducing the inventory on non-safety stock points (x million). For the details on 
how much (available) stock we currently have on safety stock and non-safety points see Appendix 12. 

Thirdly in the current planning model the set-up and cleaning times are not taken into account in the batch 
and campaign decisions. This is crucial because the set-up and cleaning times form a substantial part of the 
total production times. Currently the set-up times are part of the production times in the current ERP system . 
This means that the real or standard set-up times are not known. By interviewing some special ists (manager 
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planning, planners, production manager and assistant production managers) it can be said that set-up 
(preparation) times take about 2 hour for regular processes. The cleaning times are reported separately 
trom the production times. An analysis is made on which part of the total production time is used tor 
cleaning, tor the details on this analysis see Appendix 13. As you can see in this analysis dedicated cleaning 
and monitoring already account tor 12% of the total production time. 

The issues above made this research project necessary. 

4.2. The research project assignment: 

There is a lack of insight into how batch sizing and campaign decisions influence total costs. That is why it is 
unlikely that current batch sizing and campaign decisions are optimal. API Biotech expects that there are 
better ways for determining the optimal production batch and campaign sizes. This expectation is based on 
current inventory levels of non-safety stock points and on how currently the campaign and batch sizes are 
calculated. Adjusting the current planning model will give better results, i.e. a better balance between set-up 
/ cleaning times, campaign sizes and inventory levels, which result in lower stock investments and higher 
service levels (which means satisfied, unsatisfied demand and shorts tor this assignment). 

The current production batch size calculation takes the entire supply chain into account. That means that 
currently already production batch sizes are determined for a specific stock point in a certain stage in the 
supply chain considering the rest of the supply chain. 
In the current planning model the production batch sizes are calculated according to the fixed standard 
batch size where the calculated batch size can be in between 80% - 100% of he fixed standard batch size. 
The fixed standard batch size differs tor all parts. However the range of 80% - 100% is taken integrally tor all 
parts and processes. 

Combining the believe (see previous paragraph) that current production batch sizes are not optima! with the 
tact that the range of 80% - 100% is taken integrally tor all parts and that set-up and cleaning times are not 
included in the current planning model, we state that the current determination of the production batch and 
campaign sizes may not be optima!. 
From an inventory perspective, it would be nice to produce batches and not campaigns. However trom a 
set-up, cleaning and efficiency perspective, il is better to produce in campaigns. A balance between these 
two needs to be found. 

Based on the previous discussion, the following problem assignment is defined tor this research: 

Design a method tor ca/cu/ating the (cost optima/ campaign and batch sizes tor all processes in a supply 
chain taking the demand, set-up and cleaning times and capacity restrictions info account. The method 
shou/d be implementable in the current OP planning model. 

The model should balance the cost of extra set-up/cleaning time versus the cost of extra inventory, taking 
the capacity constraints and the demand into account. The current model will be compared to the adjusted 
model. The final model needs to perform as fellows in relation to the current model: 

• Total inventory cost has to drop or stay the same; 
• Total required hours need to stay the same or drop; (no extra hours are available) 
• The total of satisfied demand and shorts need to stay the same or when possible be improved. 

The final model should at least improve one or more of the above, and the ethers need at least stay the 
same. 

4.3. Project scope 

The supply chain that will be considered in this project is the internal supply chain of the chemica! 
department. This includes the purchase of raw materials, several intermediate production processes ending 
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in an API. Next to the above limitation, the re are some other limitations in the scope of the assignment. Most 
of the limitations are necessary to make the project feasible within the available timetrame. 
Master Data 
All Master Data is taken as given, as presented in the current ERP system. These are data like Bill of 
Materials, Routes, alternate routes, parts, standard batch sizes, cost prices, work centers etc. 

Medium term planning 
The scope is on the medium term planning (trom 6 weeks to 1 year) . For the short term, scheduling is used. 
The long term planning models (LRP models) are out of scope. These models are used tor strategie 
decisions, like make or by decisions, allocations decisions, building or buying extra capacity, etc. Optimal 
batch sizing decisions are not an issue in the LRP models. 

Product structure 
This research project considers only chemica! supply chains with a divergent production structure. The 
convergent products have another set-up of the planning model. In order to keep the project feasible within 
the timeframe the focus will be only on the divergent supply chains (one raw material resulting in several 
APl's). See tor more details Appendix 6. This means that the convergent supply chains of the chemica! 
departments are out of scope. These account tor only 5% of the total sales ($) of the chemica! department. 

Stock points 
The safety stock points, customer order decoupling points and safety stock targets are taken as given. In the 
past a project was executed to determine the safety stock points, customer order decoupling points and 
safety stock targets. A model tor calculating the safety stock targets was built. These data are calculated 
and coming trom the LRP and are taken as given in this research project. 

Make or buy decisions and allocation decisions 
The make or buy decisions and allocation decisions are taken as given. Make or buy decisions deal with the 
decision if an intermediate is produced internally or purchased externally. For some intermediates it is 
possible to buy them externally. The make or buy decisions are taken as given tor testing and simulation. 
Allocation decisions are decisions about where, in what production department, a certain product is 
produced. When there are capacity bottlenecks new allocation decisions can be made. This means that a 
product is allocated to a new routing. The current routings and thus the current allocations are taken as 
given. 

Planning Methodology 
The current interrelation between the LRP and OP as described in section 3.6.2 is taken as given. 

4.4. Research approach 

The problem assignment tor the research has been discussed in section 4.2. In this section, the approach 
that will be applied to perform the assignment will be discussed. 

The research model presented in this section is based on Verschuren and Doorewaard (2007). Verschuren 
and Doorewaard (2007) differentiate in the research design the "conceptual design" and the "research 
technica! design". Roughly, the conceptual design deals with what you want to achieve with the 
investigation. The technica! design shows how you are going to do this. 
The Conceptual Design exists of an Objective, lnvestigation Model, Phrasing and Definition. The first three 
topics will be discussed in this section . For the definitions and abbreviations I would like to refer to Appendix 
1. In section 4.4.1 4.4.1.4the report structure is discussed. The second part, the Research Technica! Design, 
of the Research Design exists of the lnvestigation Material, lnvestigation Strategy and lnvestigation 
Planning. In the figure below a graphical representation is given of the research design. 
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Fig. 7: Research design 

4.4.1 Conceptual Design 

4.4. 1.1 Objective 

The objective of the Research Project is defined as follows: 

Design a method tor calculating the optima/ (regarding casts) batch and campaign sizes. The 
method shou/d be implementable in the current OP planning model. Set-up and cleaning times 
need to be taken info account in the adjusted model. 

4.4.1.2 Investigation Model 

The lnvestigation Model gives a schematic representation of the investigation and the global steps that need 
to be made in order to achieve the objective. In the figure below the lnvestigation Model is presented. 
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Fig. 8: lnvestigation Model 
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The lnvestigation Model starts with a literature research. Then a simulation is executed. The goal of the 
simulation is to gain more support tor the research project and to show that the current planning model 
which has an 80-100% window tor calculating the batch sizes in relation to the standard batch sizes, can be 
improved. The results will be presented to management and some specialists trom planning and production. 
This will result in more support tor the investigation. Further the investigator will get more insight into the 
current planning model. This will help during the next phases of the project. In parallel to the simulation the 
current situation will be analyzed. lt will be investigated which parameters affect the current calculation of 
the standard batch size. For one or more internal supply chains it will be investigated what the current set-up 
and cleaning times are. What are the definitions of set-up and cleaning times and how are these times 
affected? 
All the findings will be used to adjust and rebuild the planning model. During testing again changes can be 
made to the model. The deliverable is a final model that can be implemented tor all the internal supply 
chains of the Chemica! Department. 

4.4. 1.3 Phrasing 

Now the objective and the investigation model is clear the next step is the phrasing. 

Central Phrasing 
Develop a method tor calculating the optimal batch and campaign sizes. The method should be 
implementable in the current OP planning model. Set-up and cleaning times need to be taken into account 
in the adjusted model. 

The central phrase above is split up in sub phrases and the sub phrases are spilt up in sub-sub phrases. 

Sub phrase A 
The first step is to investigate whether the current planning model can be improved in calculating the optimal 
batch sizes. 

► Sub phrase A 1 
Is this simulation step needed? 

► Sub phrase A2 
How do we test whether the current planning model is optimal or not? 

► Sub phrase A3 
How many planning cycles (n=?) need to be executed in one simulation? 

► Sub phrase A4 
How will the interrelation ship between the OP and LRP be taken into account in the simulation? 

► Sub phrase A5 
What are the most appropriate internal supply chains to be selected tor simulation? 

► Sub phrase A6 
Will the simulation be capacitated? 

► Sub phrase A7 
How do we create intermittent demand sets which reflect current demands? 

► Sub phrase AB 
Which performance indicators are needed and how will they be analyzed? 

► Sub phrase A9 
What is the outcome of the simulation? 

Sub phrase B 
In the current planning model the standard batch size is used as an upper bound tor calculating the optimal 
batch sizes. However it is not clear if there are better options tor calculating the optimal batch size. 

► Sub phrase B1 
How is the standard batch size currently determined? 

► Sub phrase B2 
Is there a maximum and / or minimum level tor the actual batch size produced? 

► Sub phrase B3 
Which conclusions can be drawn tor the final planning model? 
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Sub phrase C 
Currently the set-up and cleaning times are not known . So, tor the internal supply chains selected the set-up 
and cleaning times need to be recorded. 

► Sub phrase C1 
When executing a production order: what are the sequences in execution in relation to set-up , 
cleaning and actual processing time? 

► Sub phrase C2 
How can the set-up and cleaning times be registered tor the internal supply chains selected? 

► Sub phrase C3 
What things / situations affect the total set-up and cleaning times needed? 

► Sub phrase C4 
Which conclusions can be drawn tor the final model? 

Sub phrase D 
In the current planning model the campaign sizes are a hard input into the model. Are there better ways to 
let the model calculate the optima! campaign size? 

► Sub phrase D1 
How are campaign sizes currently taken into account in the planning model? 

► Sub phrase D2 
How can campaign size be taken into account in the final planning model? 

Sub phrase E 
Now the planning model is adjusted according to the findings above. How do we test the new planning 
model? 

► Sub phrase E1 
Which or what internal supply chains will be selected tor testing (simulation)? 

► Sub phrase E2 
Which performance indicators are needed tor the analyses? 

► Sub phrase E3 
How many tests (simulations) and what test will be executed? 

► Sub phrase E4 
What are the outcomes of the tests (simulations) performed? 

► Sub phrase E5 
What is the conclusion of the tests (simulations) performed? 

Sub phrase F 
What are the overall conclusions and recommendations regarding the research project? 

► Sub phrase F1 
What is the overall conclusion regarding the problem assignment? 

► Sub phrase F2 
What is the overall conclusion regarding the research assignment? 

► Sub phrase F3 
What is the overall conclusion regarding the research approach? 

► Sub phrase F4 
What is the overall conclusion regarding the final model (simulation 3)? 

► Sub phrase F5 
What are the overall conclusions about the communication during the research project? 

► Sub phrase F6 
What are the recommendations tor implementation? 

4.4. 1.4 &port strudure 
The structure of the report is built up on the basis of the sub phrases. Answers to the sub phrases are 
worked out in the coming chapters. 

In Chapter Error! Reference source not found. the answer is given to sub phrase A. lt is explained why 
this simulation was executed and how the simulation is built up. Which internal supply chains are selected 
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for the simulation and the results of the simulation are presented. In chapter 6, 7 and 8 answer is given to 
sub phases B, C and D. The current situation is analyzed and explained. Further conclusions are drawn for 
the final model. 
In chapter 9 the answer is given to sub phrase E. The final model is discussed here and the test executed. 
Sub phrase F is discussed in chapter 10. Here the overall conclusions regarding the complete research 
project are given. Further some recommendations for implementation are given. 

4.4.2 Research Technical Design 

The research Technica! Design explains which sources are used during the investigation. Which research 
strategy is used and what the research planning looks like. 

4.4.2.1 Investigation Material 

For this investigation scientific literature is used, internal experts on batch sizes, cleaning and set-up times, 
other internal experts and the available software. 
Within the chemica! department information is gained from internal experts who work in the following 
departments: CA-production, Planning, Manufacturing Support and logistics. 

4.4.2.2 Investigation Strategy 

The requirement is that the model is useable for all Chemica! internal supply chains. However simulation 
and testing is executed for at least one internal supply chain . Management requested to do final testing for 
one plant. The reason for this request is that the data coming from the tests are then comparable to the 
current situation and much easier to understand. lt needs to be investigated if this is feasible . There are two 
important factors that will affect feasibility of this question: 

1. First of all, the set-up and cleaning times are not all available yet. lt needs to be investigated if it is 
feasib le to get all these data for all the products produced in one plant. 

2. Second il needs to be investigated if it is feasible to do final testing for one plant in relation to solver 
time. Solver time needs to controlled (circa less than half an hour) in order to execute testing. To 
long solver times will result in a long period of testing. In the timeframe of this research project the 
testing period can only take about one and a half months. This includes preparation of testing. 

4.4.2.3 Investigation Planning 

In the figure below the planning of the research project is displayed. lt shows that the project will be 
executed in phases. Parallel to the execution of the project the reporting will take place. In order to control 
the progress of the project some milestones are identified. 

Literature 
research 

Buikl simulation 
model 

Oescribe current 
situation 

. _____ T ____ _ 
September Oktobe r 

Perform simulation 

Analyze current situation Test and simutate 
Conclusion/ 
reconvnend 

Completion 

: : : : : : 

-------------~------------·------------~------~------~ i i i In between i i i ~ Final report i 
! ! • ! presentation : ! : ! i· 
! ! ! i i i i .pre•~::lon 
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Fig. 9: Planning research project 
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5. THE SIMULATION 

In this chapter questions regarding the simulation are discussed. This means that sub phrase A (see 
paragraph 4.4.1.3) with his sub-sub phrases is discussed here. First, in section 5.1, it is explained why a 
simulation is needed. In section 5.2 it is explained how it can be shown that the current model can be 
improved. Next the number of planning cycles needed is discussed in section 5.3 In section 5.4 it is 
explained what is done, in the simulation, with the interrelationship between the OP and LAP. The internal 
supply chain selection tor the simulation and the decision on capacitated or uncapacitated simulation is 
discussed in section 5.5 and 5. 6. In section 5. 7 the creation of the intermittent demand sets is explained. 
The performance indicators needed tor the analysis and the analysis itself is discussed in section 5.8. 
Finally in section 5.9 the conc/usion is given. 

5.1. Isa simulation needed? 

When the lower bounds of all the batch sizes will be below the 80% (as currently modeled) , the solution 
space tor finding an optimal solution becomes larger. More solutions are possible. This will probably result 
in a better solution, or at least not a worse solution . So trom a scientific perspective this simulation does not 
add real value. 
However a simulation will help to gain more support tor this research project trom the stakeholders inside 
the company. API Biotech (API/BT) is still in the transition phase trom "maximize the utilization of 
equipment" towards a "customer focused demand driven" organization . Next to this change of concept, 
API/BT also faces: 

Mixed-mode manufacturing, where elements of build to order, engineer to order, and assemble to 
order are applied. 
Different product lead-times 
Fluctuating demand 
Rationalization of the portfolio 
lntegration in the extended supply chain of S-P. 

With this transformation in mind, S-P API/BT started with a logistics department reporting to site 
management and functionally to SCO (Supply Chain Operations) of S-P. lt is due to this change that there is 
still a gap between production primarily concerned with managing their own affairs (trying to maximize 
utilization) versus Logistics (balancing demand and supply) operating as part of the total S-P supply chain. 

Only co-operation and understanding each others opportunities and threats can improve the overall 
performance of the company. The simulation is used to explain and understand the different points of view, 
and to explain the demand driven supply chain without underestimating the importance of efficient 
manufacturing. 

Currently manufacturing is judged on the number of hours output. The hours output in the manufacturing 
result are calculated as a ratio of real output in kg versus norm output in kg multiplied by the norm hours. 
Regardless quality, the actual hours produced, nor needed demand. This means that linearity is assumed. 
However this is not the case. lt doesn't matter if the actual quantity produced is higher or lower as the norm 
quantity, the hours production needed by production stay the same. 

Example: 
Norm: 
Standard Batch size 100 kg Input -+ 100 hours production -+ Output quantity 80 kg 

Actual : 
Actual batch size 90 kg input -+ actual hours production are not recorded bul will be around 100 hours 
-+ Output quantity 75 kg 

Cover in manufacturing result: 
In the manufacturing result the production department only gets cover (in Dutch "dekking") tor: 

(75/80 * 100) hours = 93, 75 hours 
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In reality when less is produced still the total production hours are needed. This means that producing less 
than norm will have a negative effect on the manufacturing result of the production departments. The 
opposite is true tor producing more than according to the norm. 

Producing more or less than standard batch size also has an effect on the actual cost price. The cost price 
is calculated using the following: 

• Amount of input material (chemicals and active ingredients); 
• Hourly rate , this is a hourly rate that is specific tor a certain year; 
• Standard batch size in KG 

This means that deviation trom standard batch size will have and effect on actual cost prices, see example 
below. 

Example: 
Norm 
5000 Euro input tor 100 kg 
Hourly rate 800 Euro per hour 
Standard Batch size 100 kg to be produced in 20 hours 

Cost price/kg = 5000/100+(20*800)/100= 50 + 160 = 21 0 Euro/kg 

Actual cost price deviation below batch size: 
For example actual batch size 80 kg input. Hours production stay the same: 

Actual cost price/kg = (5000/100)*80/100+(20*800)/80= 50 + 200= 250 Euro/ kg 

Actual cost price deviation above batch size: 
For example actual batch size 11 0 kg input. Hours production stay the same: 

Actual cost price/kg = (5000/100)*110/100+(20*800)/110= 55 + 145.45 = 200,45 Euro/ kg 

The example above shows that the actual cost price per kg will go up when a batch size is chosen which is 
below the standard batch size. Vice versa the actual cost price per kg will go down when the actual batch 
size chosen is larger than the standard batch size. 

Within Schering Plough (S-P) the cost prices are calculated yearly based on norm data and frozen tor one 
year. The frozen cost price is used as the basis tor all reporting. Also inventory is reported based on the 
frozen cost price. For this reason the cost price used in the AP model is also the frozen cost price. This cost 
price is fixed during the horizon of model. Within S-P no actual production hours or actual cost prices are 
calculated . All figttres are based on norm data. For this reason only the manufacturing result (hours needed) 
is used as check during simulation and final testing and cost price fluctuations are not taken into account. 

The simulation helps to generale more understanding tor the different problems of logistics and production 
and il also gains more support tor this research project trom the stakeholders within the company. The 
objective of this simulation is to show that the current planning model can be improved. In the final model a 
balance between inventory, required hours and delivery performance needs to be found. With this simulation 
more insight is gained in the interaction between inventory level, required hours and delivery performance. 
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5.2. How do we test wh ether the current planning m odel is optima/ or not? 

First some specialist form logistics (manager planning, business engineers, manager logistics) have been 
interviewed individually. Next a group discussion took place with these specialists. The outcome of the 
interviews and the group discussion is that two simulations will be executed. 

• The first simulation is executed with the current planning model, which uses an 80-100% window on 
the standard batch sizes tor all products. 

• The second simulation is executed with a changed planning model; the window of 80-100% is 
changed to 50-100% tor all products. In the high level production prescription documents it is 
allowed (regulatory) to produce at a minimum of 50% of the standard batch size. This lower bound 
of 50% of the standard batch size might even be lower tor a particular process. When this is the 
case, it is described in the Master Batch Record of that process. Producing at 50% of the standard 
batch size might have practical consequences (on vessel(s) used, vessel with small stirrer) on the 
equipment used. But these consequences can be resolved . 

5.3. Number of planning cy cles in one simulation 

A planning cycle is a cycle in which a complete planning of one year is made trom the beginning of a month 
until one year later. The planning is discussed with the stakeholders and when needed adjusted. At the end 
of the month a final planning is delivered. Then in the next month the same cycle starts all over again . In the 
simulations a rolling horizon is used, because this reflects the reality. How many cycles do we need? This 
answer is given in the section below: 

• The selected supply chains have trom beginning (raw material) to final product (API) 4 and 5 
production steps. The lead time of a production step is about 2 weeks. Only the final production step 
takes about 5-6 weeks. When inventory levels would be zero the throughput time would be about 14 
weeks tor a product with 5 production steps. Currently there is a lot of inventory in between 
processes. Because of this large inventory in between processes the throughput time of a product 
with about 5 production steps will be about 6 months. In order to make it possible in the simulation 
to reduce inventories at least several periods of 6 months long (about 10) should be available within 
the simulation . This in order to have several complete productions trom raw material until API. A 
simulation of 60 planning cycles (5 years) includes 10 times a period of 6 months. So the choice is 
made to have 60 planning cycles within each simulation. This means that trom the starting point of 
the simulation we will end 5 years later (60 cycles, with a rolling horizon of one month) . 

5.4. Interrelationship OP and LRP 

In section 3.6.2 the interrelationship between the OP and the LRP was explained. The LRP plans all safety 
stock points and communicates the demand towards the OP. In this way the OP is capable to perform the 
plan although the total throughput time of the supply chain is much longer than the planning horizon. 

The interrelationship with the LRP is only needed when the supply chains selected tor simulation have a 
throughput time of more than one year. So, in order to keep the simulation simple, the selected supply 
chains should have a throughput time of less then one year. This point will be taken into account when 
selecting the internal supply chains. See section 5.5. 

5.5. Internal supply chains selection for simulation 

As mentioned earlier, management would prefer final testing of the model tor one complete plant. However, 
il is not sure yet if this is feasible. The first important factor tor selection of a plant is that the products 
produced are high volume products. Low volume products only have production once a year (or less) . For 
this reason only high volume products will be selected. With high volume products it is meant products 
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which have a regular demand (several times a year). With high volume products there will be enough data 
tor analysis. There are two plants where several high volume products are produced, these are: 

• CA 1 -+ located location Moleneind in Oss 
• CA5 -+ located location de Geer in Oss 

For management the choice between two plants is not important. So because of logistics, the location of 
CA 1 on location Moleneind in Oss has been chosen. The location of the student is also on location 
Moleneind in Oss. CA 1 is selected as the plant tor simulation and testing. 

The next step is to decide which internal supply chains which are produced partly or completely within this 
plant will be used tor simulation. A few factors are important, these are: 

• Keep the simulation simple; take only those aspects into account that are needed tor the objective 
of the simulation. The objectives can already be reached with the selection of one internal supply 
chain. Other factors, mentioned below, need to be taken into account trom a research perspective. 

• The final APl('s) need(s) to have a high demand volume. This means that in most of the months of a 
year there is demand in high volume (several kilograms) . Simulation with low demand products is 
hard because tor these products there is few demand and thus only few data tor simulation and 
analysis. This will make it hard to draw conclusions. 

• The divergent production structure needs to be taken into account; This because the divergent 
production structure ensure a lot of interdependencies between the demand of one product and the 
production quantities produced tor process of another product. When tor example the demand on 
API "Testosterone USA" changes this can have an effect on the quantities produced in the 
preceding processes, TE-F-ZEV, Z-TER-F and INTERMEDIATE 2. When the quantities produced 
changes tor the process INTERMEDIATE 2 this again can have an affect on the quantities produced 
in the coming processes, 8-TEDECA, Z-TEDECA and TEDEC-MAL, tor API "Testosterone 
Decanoate". This because INTERMEDIATE 2 is a preceding process tor both APl's mentioned 
earlier. See Appendix 14. 
This means that at least two internal supply chains are needed tor which the API results trom the 
same raw material. 

• The internal supply chains selected need to include several processes trom raw material to API (at 
least more than three); this in order to account tor the multi echelon factor. 

• The internal supply chains selected need to have a throughput time of less than one year; this in 
order to make il possible to not take the interrelationship between the OP and LRP into account in 
the simulation. See section 5.4 tor more details on this subject. 

• Further il would be nice if also a coby structure is included in the supply chain(s) selected . This 
because coby's are common in the chemica! department and in the divergent production structure. 

Taking the above factors into account the following two internal supply chains have been selected tor the 
simulations: 

• Testosterone USA (part number 43045400) 
• Testosterone Decanoate (part number 43065105) 

For the internal supply chain of "Testosterone USA" and "Testosterone Decanoate" see Appendix 14. 

5.6. Capacitated simulation? 

The question that needs to be answered here is whether the simulation truly is capacitated. 

Currently all the production departments are overloaded. There is more work than available capacity. This 
means that currently we have to sell no to certain customers. So capacity restrictions within planning are 
very important. 
The capacities needed tor producing the demand tor the two supply chains will only absorb a small part of 
the actual capacities of the work centers needed. Further the capacity requirements trom work centers will 
deviate trom period to period (trom week to week). The demand can differ a lot trom period to period . There 
can be periods with no demand because of changes in demand and the intermittent character of the 
demand. This will also result in changing capacity requirements on processes more upstream in the supply 
chain. So il is very hard to say which part of the capacity of the work centers needed tor the supply chains 
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selected are available for these supply chains. Because only two supply chains are selected it will be very 
unlikely that the re will be around 100% load on one of the work centers du ring testing. But the actual 
capacity restrictions on the work centers will be taken into account during simulation . This means that the 
simulation executed is capacitated. 

5. 7. How to create intennittent demand sets? 

In order to make a good comparison the starting point regarding data and all the demand sets used in both 
simulations need to be the same. 

Demand at API Biotech is intermittent, which means that there are periods where the demand can be zero. 
In order to create good demand sets the demand of 2006, 2007 and part of 2008 (until june 2008) is 
analyzed tor both products selected above. The reason tor taking this data is that in 2006 demand planning 
was implemented and trom that date on this information is available. lt is expected that the demand trom 
2006, 2007 and 2008 is a good representative tor the future. For both APl 's the following figures are 
calculated: 

• The probability of a demand occurring in a period (months, the demand planning system has a 
bucket size of months) 

• The average demand per month 
• The standard deviation 

The probability, average demand and the standard deviation of the demand are used for creating 60 
demand sets using a rolling horizon of 12 months. See example below: 

Example: 
Average demand 
Standard deviation 
Probability = 

Bucket 

Month 1 

Month 2 

Month 3 

Month 4 

Month 5 

Month 6 

Month 7 

Month 8 

Etc 

Drawing 
Normal 

distribution 
(average=10 

and std 
dev=4) 

8 

Etc 

14 

10 

10 

10 

10 

9 

6 

10 
4 
60% 

Random generator 
(=I F(RAND()<0,60, 1,0)) 

0 

0 

0 

0 

Etc 

Demand 
set 

0 

14 

0 

10 

0 

10 

0 

6 

Etc 

A drawing trom a normal distribution (truncated, in order to skip negative numbers) is done using 
average =10 and standard deviation =4 (see column 2) . Next a random generation is done with 
function if then else (IF (rand()<0,60, 1,0). (see column 3) . Then column 2 and 3 are multiplied which 
results in a final demand set (see column 4) . In this way 60 demand sets are created. 

Each month a planning cycle is executed. Next month the planning shifts one month forward and than the 
process starts all over again (rolling horizon) . Excel is used for doing these calculations. For more details on 
the creation of the demand sets see Appendix 15. 
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5.8. Perfonnance Indicators and analysis 

In one simulation 60 planning cycles are executed. After each planning cycle the values tor several 
performance indicators are written to an Access database. Group discussion with a few specialists, trom 
logislics (planners, business engineers and manager logistics) and production (plant manager, production 
manager and assistant production managers) resulted in the following performance indicators: 

• Total end inventory in Euro (qty multiplied by cost price) per week, this result in 52 data per planning 
cycle, in total 3120 records (52 data per planning cycle in total 60 planning cycles 52*60=3120). 

• Total end inventory below Safety stock (qty multiplied by cost price) per week, this result in 52 data 
per planning cycle, in total 3120 records. 

• Total end inventory above batch size ((qty multiplied by cost price) per week, this result in 52 data 
per planning cycle, in total 3120 records. 

• Total unsatisfied demand in Euro (qty multiplied by cost price) per week, this result in 52 data per 
planning cycle, in total 3120 records. 

• The total short in Euro (qty multiplied by cost price) only tor these weeks where the required shorts 
are greater than zero. This in order to minimize the number of data written to the Access database. 

o In the first 6 weeks in a planning the production program is fixed. The solver is not allowed 
to do any changes to the production quantities available in the plan. Because changes in 
demand outside the 6 weeks can have an impact on the needed dependent demand within 
the 6 weeks, it is possible that there are shorts on materials. These shorts will lead to lost 
sales. In order to fix this problem in the first six week the property short is added to make 
the plan solvable. In practice the planner needs to resolve these issues. 

• The required hours per work center only tor these weeks where the required hours are greater than 
zero. This in order to minimize the number of data written to the Access database. 

• The absolute deviation per batch tor the production orders produced only tor these where the 
absolute deviation is greater than zero. This in order to minimize the number of data written to the 
Access database. 

Per performance indicator it look some time to find a good balance between too much and too little detail. 
On the one hand !here was the problem of too much data because of the number of buckets (in this case 52 
weeks) and on the ether hand the data shouldn 't be too aggregated because otherwise no conclusions can 
be drawn. When all the details on the performance indicators would be downloaded this would mean tor the 
part numbers that in total 12 (number of part number) x 52 (number of buckets) x 60 (number of planning 
cycles = 37,440 records need to be downloaded. For the work centers this would mean 21 (number of work 
centers) x 52 (number of buckets) x 60 (number of planning cycles = 65,520. Thai is why in most instances 
the performance indicators are total quantities per part number (product) or work centers which are 
multiplied by the cost prices and !hen the total is summarized tor one bucket (week). This results in a total 
cost per bucket, which leads to 52 records per planning cycle. So in total 52*60= 3120 records per 
performance indicator tor the complete simulation are downloaded. 

An analysis is carried out on these performance indicators. The following analysis is made: 
• On total end inventory per week tor both simulations a two sample comparison is executed. 
• On total end inventory per week tor both simulations a two sample hypothesis test is executed. 
• On end inventory below safety stock per week tor both simulations a two sample comparison is 

executed. 
• On end inventory below safety stock per week tor both simulations a two sample hypothesis test is 

executed. 
• On end inventory above batch size per week tor both simulations a two sample comparison is 

executed. 
• On end inventory above batch size per week tor both simulations a two sample hypothesis test is 

executed. 
• On unsatisfied demand per week tor both simulalions a two sample comparison is executed. 
• On short only the total required shorts in Euros are calculated tor the complete simulation . 
• On required only the total required hours are calculated tor the complete simulation. 
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• On absolute deviation from standard batch size tor both simulations a two sample comparison is 
executed. 

• On absolute deviation from standard batch size tor both simulations a two sample hypothesis test is 
executed. 

For the details on the analysis above see Appendix 16. 

5.9. The outcome of the simulation 

The simulation with in between 80% - 100% deviation from standard batch size , as modeled in the current 
modf)I, is called simulation 1. The simulation with in between 50%-100% deviation trom standard batch size 
is further called simulation 2. 

Based on the analysis as mentioned above, the following conclusions can be drawn: 
• The simulation shows that total inventory can be lowered by lowering the lower bound of the 

standard batch size. This however has a negative effect on the inventory level of safety stock point. 
• Delivery performance 

o Unsatisfied demand is the same in both simulations. The penalty costs tor unsatisfied 
demand are very high in relation to ether penalty costs in the model. The objective is to 
minimize costs. This means that there only will be unsatisfied demand when no alternatives 
are possible . This explains why there are no differences found. 

o The shorts are lower in simulation 2. 
• These shorts are needed in the first 6 weeks in order to make the model solvable. 

The demand on API in the first six weeks is fixed. The planning, production 
quantities, can not be changed in this fixed period . Changes in demand outside the 
6 weeks can have an effect on the dependent demand in the first 6 weeks. Because 
the production quantities are fixed in this period , shorts are there to solve the 
differences between dependent demand and fixed production quantities in the first 6 
weeks in order to make the plan solvable. In practice a meeting will take place to 
solve these shorts. For example a customer order can be delayed or canceled. 
During simulation this is not possible. 

o Fewer short means that the changes in demand outside the 6 weeks are better handled in 
simulation 2. lf the property short was not available this would have resulted in unsatisfied 
demand {lost sales) . Soit can be concluded that the delivery performance in simulation 2 is 
better than in simulation 1, because less shorts are needed. 

• Required hours 
o The simulations show that the required hours in simulation 2 are higher than in simulation 1 . 

This can be explained very easily. Producing less than standard batch size does not mean 
that fewer production hours are required . The processing time stays the same even when 
more or less is produced. Because the allowed deviation from the standard batch size in 
simulation 2 is much larger than in simulation 1, the deviation trom batch size will be higher 
in simulation 2 than in simulation 1. This can result in more batches, with less quantity, 
produced at the end. 

• As discussed earlier producing less than standard batch size has a negative effect 
on the manufacturing result of the production department and producing more will 
have a positive effect. In the second simulation the upper bound is 1 00%. In 
practice in most of the cases more than 100% can be produced. In the final model 
the upper bound will be changed to this actual upper level. This means that this will 
have al ready a positive effect on the total required hours. Further a better balance 
between less inventory and required hours need to be find . lt seems that in this 
simulation this balance is not found. The inventory is much lower, bul the required 
hours are much more. Because the load in the production departments is extremely 
high il is not possible to have so much more production hours. 

• The analysis shows that the absolute deviation trom batch is higher in simulation 2. This is also 
expected, because the lower bound is lower in simulation 2 compared to simulation 1. 
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The two most important conclusions that can be drawn for the final model tested are: 
1. The inventory can be lowered by lowering the lower bound of the standard batch size. This however 

has an effect on the total production hours required, more hours are needed because the relation 
between production quantity and hours production is not linear. The hours production needed stay 
the same regardless the production quantity in a batch . In practice each plant is fully loaded, so 
there is no room for extra production hours. This problem can be solved partially by also changing 
the upper bound to above 100% of the standard batch size. See example below: 

Example: 
Norm: 
Standard Batch size 100 kg Input -+ 100 hours production -+ Output quantity 80 kg 

Actual : 
Actual batch size 110 kg input -+ actual hours product ion are not recorded but will be around 100 
hours -+ Output quantity 90 kg 

Actual hours in AP model : 
In the model the relation between output quantity and hours needed is not linear. The hours 
production needed stay the same regardless the production quantity in a batch. 
Production quantity 11 O kg input -+ hours production required 100 hours -+ output quantity 88 KG 
This means that with the same hours more is oroduced. 

Further in the final model a better balance between less inventory and more required production 
hours needs to be found. 

2. Lowering the lower bound of the standard batch size has an overall positive effect on total inventory. 
The inventory level is much lower. However the inventory on safety stock points is also lower as in 
the previous simulation. These lower safety stock quantities do not result in worse delivery 
performance (unsatisfied demand}. The delivery performance (unsatisfied demand} is a bit improved 
in simulation 2. Because the safety stock targets are taken as given in the final model the safety 
stock levels will be monitored in relation to the delivery performance (unsatisfied demand) . 
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6. ANALYSIS CURRENT SITUATION STANDARD BATCH SIZE 

In this chapter the current situation regarding the standard batch size is discussed, which means that sub 
phrase B (see paragraph 4.4.1.3) with his sub-sub phrases is discussed here. First, in section 6. 1 it is 
explained how the standard batch size is currently determined. In section 6.2 it is discussed whether there is 
a maximum and / or minimum level to the batch size actually produced. Finally in section 6.3 the 
conclusions that can be drawn tor the final planning model are explained. 

6.1. How is the standard batch size currently determined? 

To get insight in this topic first the plant manager, the production manager, the assistant production 
managers and the manager planner are interviewed on this topic. From these interviews it became clear that 
there was no standard practice in allocating a product to a certain set of vessel and determining the 
standard batch size. A number of considerations are made to identify the vessels to be used. Other 
considerations determine the batch size. No model , like tor example an EOQ-model, or other financial 
consideration are used in the determination of the vessel used and thus the standard batch size . To get 
however an idea of how this is done also production managers and assistant production managers trom 
other production departments are interviewed. With all the people involved the genera! approach is put on 
paper. The final version is approved by the people involved. This approved genera! approach is described 
below. 

There are several situations which can lead to the determination of an adjusted or new standard batch size 
of a process. The most important situations are the following: 

A. A complete new product within production coming trom product development; 
8 . Reallocation of a process to another plant (production department) ; 
C. Scale up (trom small vessels to larger vessels) or scale down (trom large vessels to small vessels) a 

process. 

Ad A) There is no standard approach tor this within Schering Plough. 8ut trom the interviews with several 
specialists trom production (plant manager, production managers and assistant production managers trom 
several plants and the manager of planning) generally the tollowing approach is taken : 

• First it is decided in which plant (production department) the process is going to be produced. The 
choice of the plant depends on the following; 

o The (long term) load of the plant (production department); 
o The available type and size of equipment; 
o Specific technica! and chemica! aspects of the process; 
o The expected demand volume; 

• When the choice of the plant is made the tollowing issues decide which set of vessels or 
configuration will be used 

o The load on specific vessels, vessels which are already fully loaded will not be chosen 
o The need tor specific equipment, e.g. glass-lined vessels, reduction vessels, need tor 

special stirrer etcetera. 
o The expected demand volume in relation to the available vessel size; 

Depending on the findings above certain vessels are chosen as vessel used in the norm data. 
Ad 8) When a process is reallocated to another plant the tollowing issues decide which set of vessels or 
configuration will be used 

• The load on specific vessels, vessels which are already fully loaded will not be picked 
• The demand tor the specific process, large volume larger vessel , small volume smaller vessels; 
• The need tor specific equipment, e.g. glass-lined vessels, reduction vessels, need tor special stirrer 

etcetera. 
• The expected demand volume; 

Depending on the findings above certain vessels are chosen as vessels used in the norm data. 
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Ad C) For sealing a process up or down the following issues decide which set of vessels or configuration will 
be used. 

• The load on specific larger or smaller vessels, vessels which are already fully loaded will not be 
picked. 

• The need tor specific equipment, e.g. glass-lined, reduction vessels, need tor special stirrer 
etcetera. 

• The expected demand volume; 
Depending on the findings above certain vessels are chosen as vessel used in the norm data. 

Now the vessel or set of vessels used are known the standard batch size needs to be determined. The 
following items together determine the standard batch size: 

• The volume of the vessels used; 
• The technica! and chemica! restrictions of the process and the equipment; 
• The volume needed during the execution of the process (solvent ratio); 
• The cost price of the product (risk factor <= 106 Euro); 
• Drive of the production manager to use full vessels (production efficiency). 

6.2. Is there a m aximum and / or minimum level for the actual batch size produced? 

There are practical minimum and maximum levels on the batch size tor production . This data is available in 
the production prescription documents of a process. Here the minimum and maximum level of the 
production orders, tor the set of vessels (configuration) needed, is given. The upper en lower bounds found 
in the production prescription document are displayed per process code in Appendix 17. 
Further there can also be regulatory restrictions on the minimum and maximum levels on batch size. For the 
processes used during testing this is not the case. During implementation these regulatory restrictions tor 
other processes need to be taken into account. 

6.3. Which conclusions can be drawn for the .inal planning model? 

In the final planning model the lower bounds and the upper bounds tor standard batch sizes found will be 
used as lower and upper bound in the model as well. So instead of taking the same percentage as upper 
and lower bound tor all processes, now per process (or product) a lower and upper level is defined. The 
lower bounds and upper bounds used during testing are displayed in Appendix 17. The reasons tor this 
choice are the following: 

• The production orders executed in the past are often deviating (higher or lower) trom standard batch 
size. See Appendix 8. This analysis shows that both deviation below or above standard batch size is 
day to day practice. The main reason tor this deviation is that the yield of the processes is not 
stable . Deviation on yield lead to deviation in output. Deviations on output again have an effect on 
the input of the subsequent process. 

• The two simulations show that that even though the model has an allowed lower bound of 50% on 
batch size, this 50% is only used when needed. By giving the model the real technica! maximum 
and minimum batch size as lower and upper bound, the model can use these bounds when needed. 
lt is up to the solver of Advanced Planning where in between the minimum and maximum the actual 
production quantity needs to be as long as total casts are minimized. 

There are two aspects that one needs to be aware of, these are: 
• Producing more or less than the standard batch size has no effect on the number of production 

hours used. The number of production hours needed stays the same. In the manufacturing resu lt 
the hours production where the production departments get coverage tor are adjusted to the actual 
output quantity. This means producing less than the standard batch size will result in a negative 
manufacturing result and producing more will result in a positive manufacturing result. lt needs to be 
tested in the model whether producing less than standard needs to be penalized. This means that 
casts are incurred when deviating below the standard batch size. Because the model wants to 
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minimize cost, it will choose tor a balance between fewer inventories and producing below batch 
size. When a penalty is needed, the size of the penalty must be determined during testing . 

• Another aspect that needs to be taken in to account is that the current planning is on work center 
level. Production prescription documents are on configuration level, set of vessel level. One work 
centers exist of several vessels (il can be the same or even different vessels in size) . The vessels 
are grouped on two different characteristics: 

o Size of the vessel , large or small ; 
o Characteristics of the vessel, glass-lined vessel, reduction vessel , etc. 

The work center vessel relation of CA 1 is displayed in Appendix 18. The work centers are taken as given as 
discussed in section 4.3. This means that also the work center vessel relation is taken as given . To be sure 
that no assumptions are made which are incorrect the work center vessel relation of CA 1 is checked. The 
grouping seems logical, the same vessels with (almost) the same size and the same type (enamel or 
stainless steel vessels) are put in the same work centers. Further the work center vessel relationship is 
checked with several specialists trom both production (plant manager, production manager and assistant 
production manager) and planning (LRP planner and manger planning) . The current work center vessel 
relation is last updated two years ago. From this moment onward no problems occurred that are a 
consequence of the vessel work center relationship. To make sure that the planning is logica! and that no 
wrong conclusions are drawn, the planning resulting trom the final model will be checked with both 
specialists trom production and planning. Il will be checked whether !here are specific problems occurring 
that are a result of a planning executed on work center level. No adjustments will be made to the work 
center vessel relation , bul when needed, recommendations can be made. 
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7. SET-UP AND CLEANING 

In this chapter the current situation regarding set-up and cleaning are discussed, which means that sub 
phrase C (see paragraph 4.4.1.3) with his sub-sub phrases is discussed here. First, in section 7.1 the 
sequence of set-up, cleaning and actual processing time is explained. In section 7.2 it is discussed how set
up and c/eaning times can be registered. Next it is explained what affects the total set-up and cleaning 
times, in section 7.3. Finally in section 7.4 the conclusions that can be drawn for the final planning model are 
explained. 

7.1. Sequences in execution of set-up, cleaning and actual processing time 

Several specialists {plant manager, production manager, assistant production manager and manager 
planning) have been interviewed. For these interviews a structured questionnaire is used and when needed 
questions were added during these interviews dependent on the answers given. For the details on the 
questionnaire see Appendix 19. This questionnaire is made with several specialists (trom planning and 
business engineering) in the area and discussed several time, until a final questionnaire was approved by 
the specialist. 
Further the graduate student worked a few days within production in order to get insight in the sequences in 
execution of set-up, cleaning and actual processing times. Both helped a lot in understanding the actual 
production process. 

The sequence in execution of a production process in relation to set-up, cleaning and actual processing time 
is as fellows. First a set-up (called preparation within Schering Plough) takes place. Next, the actual 
processing or execution of the production order takes place. Then the cleaning starts. There are two types 
of cleaning, namely: 

• Dedicated cleaning ; 
• Monitoring; {also called standard cleaning internally) 

First the dedicated cleaning is executed followed by monitoring. 

The above is displayed visually in the figure below. 

Preparation Processing time Dedicated cleaning Monitoring 
x hours x hours x hours x hours 

Figure 10: Order of execution of set-up, cleaning and actual processing time 

This sequence is the same tor all processes executed except tor the final chemica! process executed at the 
end in the MeMa (department) . In the MeMa department the monitoring step is not executed. For the rest 
the order is exactly the same. 

For each step a definition is made in order to be sure that there are no misunderstandings about what is 
meant. These definitions are discussed and agreed upon with the persons interviewed. These definitions 
are: 

Preparation = 

Processing time 

Dedicated cleaning = 

The linking of a set of vessels (preparing the 
configuration) , needed tor a specific process, until the complete set is 
available tor production . 

The real processing time. Starts at the end of the preparation 
and ends at the beginning of the Dedicated Cleaning. 

The process dependent cleaning . A process specific solvent or 
combination of solvents is used, dependent on the type of reaction or 
process executed. 
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The (equipment dependent) cleaning executed in order to monitor 
cross contamination. The cleaning is executed with a standard solvent 
(often acetone) . The equipment is brought back toa standard state. 

7.2. How can the set-up and cleaning times be registered? 

There are two ways for registering set-up and cleaning times, these are: 
• From the standards, tor these standard data the MAN-forms can be used. 

o A MAN-form is an internal form filled in by production tor new, improved or changed 
processes. MAN stands tor "Mutation form Actual Norm data". (See example MAN-form in 
the description below. 

• From the actual times registered , tor these actual data the batch records can be used. 
o A batch record is a record that accompanies a product as it is made. The batch record 

directs the operators in how to make the product. The operators must follow the batch 
record instructions just as it is written . Each time a product is to be made, the operators are 
issued a fresh copy of the current version of the Master batch record . The batch record also 
provides blanks that are filled in as the operator performs each task to document that they 
have done it. For critica! steps, a second operator watches the operator and signs as well. 
By filling in the blanks properly, the operators demonstrate that they have done each task 
properly. 

In the current OP model the required production hours used are the required hours that are coming trom the 
ERP system. The data in the ERP system is entered on the basis of the MAN-form. This is the main reason 
that it is decided that tor the preparation and cleaning times the MAN-forms will be used. Another reason is 
that when using Batch Records several Batch records of the process included in testing need to be gone 
through in order to calculate good average figures. 

There is one problem here. In the MAN-forms the cleaning times are available; However, the preparation 
time is included in the processing time. So the only way to record the preparation times is to go through 
several batch records per process. This is a lot of work (several days) . From the interviews it became clear 
that the preparation time is almost equal for all the processes. Only the end-purification process and the 
MeMa process deviate trom this . 

So the data is recorded as fellows: 
• The preparation time is recorded as fellows: 

0 

0 

0 

For the standard processes a time of 2 hours is taken as standard. This standard resulted 
trom the interviews executed. To make sure that no misunderstandings were made during 
the interviews all the date that will be used tor final testing is checked again by all the 
persons interviewed. Again everybody agreed upon this standard of 2 hours. Further 1 
checked this time by going through about 15 batch records. 
For the end-purification processes 5 batch records were gone through in order to come up 
with an average time . The choice tor only 5 batch records was made because of timing 
issues. lt takes a lot of time to get the batch records and to go through them. Further most 
processes aren 't executed that often in a year and the data chosen should not be too old in 
order to be representative . And the preparation time tor the two end-purification processes 
needed in final testing is pretty high (16 and 25 hours). Going through more batch records 
would only result in a minor deviation (e.g. an hour up or down) , this will not make much 
difference in the model. Again the data found is checked with all the people involved and all 
agreed upon the use the hours found. 
For the MeMa process 5 Batch Records Batch were gone through in order to come up with 
an average time. The choice tor only 5 batch records was made because of timing issues. 
Further most processes aren't executed that often in a year and the data chosen should not 
be too old in order to be representative . Again the data found is checked with all the people 
involved and all agreed upon the use the hours found. 
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• The processing duration time trom the MAN-form minus the preparation time, as found above, is 
taken as the processing time. 

• The dedicated cleaning times will be as indicated on the MAN-form. 
• The monitoring (standard cleaning) times will be as indicated on the MAN-form. 

For the processes used during testing the data is collected as mentioned above. See the details in Appendix 
20 . 

7.3. W1iat affects the total set-up and cleaning times needed? 

The most important situation that affects the preparation and cleaning times needed is the number of 
production orders produced in a campaign , in other words the campaign size. The campaign size affects the 
number of preparation and cleaning times needed. For a campaign only one preparation and cleaning takes 
place, instead of one preparation and cleaning per batch. 

In order to be sure that there are no misunderstandings about what is meant by campaign and campaign 
size definitions have been made and agreed upon within Production and Planning. These definitions are: 

Campaign 

Campaign size 

Producing the same product in the same set of vessels (configuration) 
sequentially. 

The number of the same processes produced sequentially in the same 
set of vessels (configuration) . 

When the campaign size is larger than one, the preparation, dedicated cleaning and monitoring time can be 
saved. 

Example: 
Process code: 
Preparation : 
Processing time: 
Dedicated cleaning: 
Monitoring 

Campaign size = 1 

ox 
2 hours 
10 hours 
8 hours 
4 hours 

Total production lead time = 2 + 10 + 8 + 4 = 24 hours 

Campaign size = 4 
Total production lead time = 2 + 10 + 10 + 10 + 10 + 8 + 4 = 54 hours 

This means that in total 3 times preparation , 3 times dedicated cleaning and 3 times 
monitoring is saved when the same process is executed 4 times sequentially on the same 
set of vessels (campaign size=4) . 

There is a maximum number of campaigns after which dedicated cleaning and monitoring needs to be 
executed again. This maximum number of campaigns can be found in the production prescription 
documents. For almost all processes this maximum is 1 0 production orders. This means that after 1 0 
production orders of the same process code executed in the same configuration (set of vessels) 
sequentially, a dedicated cleaning and monitoring is needed. The above does not hold tor all processes. 
These exceptions can be found in the production prescription documents. For the processes used in final 
testing the production prescription documents are viewed. For the processes used during testing no 
exceptions to these rules are found in the production prescription documents. 
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Another factor that can affect the set-up and cleaning times needed, is the order in which products are 
produced in a set of vessels (configuration) . This is called the sequencing of products produced. This is part 
of scheduling . In the scoping of this project it is decided that this project is on a planning level. This means 
that scheduling is out of scope of the project en thus also sequencing. 

7.4. Which conclusions can be drawn for the .inal model? 

There are a few ways in which the findings trom previous paragraphs can be taken into account in the final 
planning model. First it will be explained how the current model works. 

Current model: 
In the current planning model there is one value which displays the total required hours needed tor 
executing a certain process on a certain work center, this is called the hours per batch. These hours per 
batch are the sum of the hours needed tor preparation, processing, dedicated cleaning and monitoring. This 
total figure is coming trom the MAN-forms. On the MAN-form there are two tables with data on hours 
needed. One table (see table on the left in example below) displays the hours needed per vessel tor batch 
production. And the other table (see table on the right in example below) displays the hours needed per 
vessel tor campaign production . This means that campaign production is taken into account. The campaign 
size is however fixed . When the table of campaign production (on the right) is filled these hours are taken 
over to the ERP system as "hours per batch". Other wise the hours trom batch production (table on the left) 
are taken over to the ERP s stem as "hours er batch". 

Example: 
Gegevens MAN-form process STARTING MATERIAL: 

Gemiddelde campagnegrootte t.a.v. winnen coby's Aantal charges: 
.......... . . 1 ... . .... . 

Gemiddelde campagnegrootte t.a.v. reinigen (standaard en dedicated) Aantal charges: 
. .......... .4 .... .... . 

Hoofdopbrengst (per charge) Hoofdopbrengst (per charge in campagne) 

Job Apparatuur Alternatief Start DU DD DS Dtotaal Job Apparatuur Start DU DD DS 

1 A2 C5 0 4 50 4 58 1 A2 0 1 50 1 

2 A9 C9 0 4 50 4 58 2 A9 0 1 50 1 

3 3 

4 4 

5 5 

6 6 

116 

Dtotaal 

52 

52 

104 

The table on the left shows the data tor the production of one batch . The table on the right shows the data tor the 
production of tour batches in campaign. 
Explanation tables above: 
• Column 1: the job number is given ; 
• Column 2: the code of the vessel used is given; 
• Column 3: the code of an alternative vessel that can be used is given; 
• Column 4: gives the start of the first job; (in the example above the jobs are started on the same times (parallel) 
• Column 5: gives the time needed tor the actual production in hours; 
• Column 6: gives the time needed tor dedicated cleaning; 
• Column 7: gives the time needed tor standard cleaning; 
• Column 8: gives the total time need tor that job; 
• Bottom column 8: here the total time needed tor all jobs is given. 
Vessel A2 belongs to work center FO-RE and vessel A9 belongs to work center FO-KL. See tor more details Appendix 
18. The data taken over to the ERP system is 52 hours tor work center FO-RE and 52 hours tor 52 hours tor work 
center FO-KL. So the campaign hours are taken over to the ERP system, when these are available, and not the batch 
hours. 
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This means that currently when fewer campaigns are produced too few hours are taken into account and 
when more campaigns are produced too many hours are taken into account. 

Final model: 
In the final model there are three alternatives possible: 

1. The currently required hours which are a sum of all hours needed tor preparation , processing, 
dedicated cleaning and monitoring, called X1, is split up in Y1 (=preparation) , Y 2 (=processing), X3 

(=dedicated cleaning)and X4 (=monitoring) 
2. The currently required hours which are a sum of all hours needed tor preparation , processing , 

dedicated cleaning and monitoring, cal led X1 , is split up in Y1 (=preparation), Y 2 (=processing) , X3 

(=dedicated cleaning + monitoring) 
3. The currently required hours which are a sum of all hours needed tor preparation , processing, 

dedicated cleaning and monitoring, called X1, is split up in Y1 (=processing) , Y2 (=preparation + 
dedicated cleaning + monitoring) 

The choice on the alternatives above depends on two things, namely: 
A. The detail of the planning model; 
B. The times that can be saved when producing in campaigns. 

Ad A) The detail of the current planning model is on week level. This means that there is no hour to hour 
planning in the AP models. The AP model only checks whether the required hours which are needed are 
available as capacity. The model does not make any decisions on the sequence of the production orders on 
a certain work center in a specific week. So trom this perspective no hourly planning is needed. Which 
means that there is no need to have a lot of detail on when what (preparation, processing, dedicated 
cleaning and monitoring) is executed. 
Ad B) Further when producing in campaigns preparation , dedicated cleaning and monitoring times are all 
saved. This means that they could be added up to one value. 

In the final model option 3 is chosen as option to be implemented. The reason tor this is that as explained 
above there is no need tor all the details in calculating the required hours. And in this way the changes to 
the solver are kept as simple as possible. So in the calculation part of the model option 3 will be 
implemented. This data is collected tor the processes used during testing. The details can be found in 
Appendix 21. 
However in the model, the data on preparation, processing, dedicated cleaning and monitoring will be made 
available (but not in the calculation part) . This is done because this data is known at this point and thus can 
be used tor analysis later on. 
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8. CAMPAIGN SIZES 

In this chapter the current situation regarding campaign sizes is discussed, which means that sub phrase D 
(see paragraph 4.4.1.3) with his sub-sub phrases is discussed here. First, in section 8.1 is explained how 
campaign sizes are taken into account in the current planning model. Next it is explained how campaign 
sizes can be taken into account in the final planning model, in section 8.2. 

8.1. How are campaign size currently taken into account in the current planning model? 

In the current planning model campaign sizes can be fixed tor certain processes . This means that tor each 
product produced, it is decided whether or not this product is produced in campaign. There is an attribute in 
the model that tells whether or not the product is a campaign size product. There are two possibilities: 

1. When this indicator is set to zero this means that there are no fixed campaign sizes used. The 
model is allowed to plan as many batches as needed, zero, one or more; 

2. When this indicator is set to one this means that there is a fixed campaign size used. When 
production is planned the fixed campaign size multiplied by the standard batch size is planned as 
production quantity. lt is allowed to deviate trom this fixed batch size. See example below. 

Example: 

Fixed campaign size = 4 
Batch size = 1 00 kg 
Allowed deviation trom batch size is between 80%-1 00% 

Possible planning situation : 
Plan 1 
Campaign size = 4 
400 kg -+ 4 batches of 100 kg 

Plan 2 
Campaign size = 4 
320 kg -+ 4 batches of 80 kg 

Plan 3 
Campaign size = 4 
360 kg -+ 4 batches of 90 kg 

The above are examples. More examples are possible as long as the batch size is in between 80 
and 100 kg. 

When the product is produced in campaign normally, the number of campaigns produced normally in 
production is taken as fixed campaign size in the model. 

8.2. How can campaign size be taken into account in the final planning model? 

Because in the final planning model the hours needed tor preparation and cleaning (dedicated cleaning and 
monitoring) are known, now the model can calculated how many hours can be saved by producing in 
campaigns. The idea is to let the model decide how large the campaign size should be . Only tor special 
processes where a fixed campaign size is needed, the old concept can be used without accepting deviation 
trom this fixed campaign size. 
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9. FINAL PLANNING MODEL 

In this chapter the final model is discussed in more detail, which means that sub phrase E (see paragraph 
4.4. 1.3) with his sub-sub phrases is discussed here. First, in section 9. 1 it is discussed which supply chains 
wil/ be used tor testing. In section 9.2 it is discussed which performance indicators are needed tor the 
analysis of the tests. Next in section 9.3 it is explained which tests are executed and what changes to the 
model are taken into account in which test. Finally in section 9.4 the outcome of the tests performed is 
discussed and final conclusions are made. 

9.1. Which or what intem al supply chains will be selected for testing (simulation)? 

Of course it is decided to use the same supply chains that are used in the simulation executed earlier. The 
same factors are important for this test. So there is no reason to change the supply chains selected earlier. 
And in order to make a good comparison it is needed to use the same supply chains as used earlier. So the 
supply chains used for testing are: 

• Testosterone USA (part number 43045400) 
• Testosterone Decanoate (part number 43065105) 

For the internal supply chain of "Testosterone USA" and "Testosterone Decanoate" see Appendix 14. 

9.2. Which performance indicators are needed for the analyses? 

The same indicators as used in the simulation before (see chapter 5) will be used tor testing. This in order to 
make a good comparison between the outcomes of the analyses: 
• Total end inventory in Euro (qty multiplied by cost price) per week, this result in 52 data per simulation 

run, in total 3120 records. 
• Total end inventory below Safety stock (qty multiplied by cost price) per week, this result in 52 data per 

simulation run , in total 3120 records. 
• Total end inventory above batch size ((qty multiplied by cost price) per week, , this result in 52 data per 

simulation run , in total 3120 records. 
• Total unsatisfied demand in Euro (qty multiplied by cost price) per week, this also results in 52 data per 

simulation run , in total 3120 records. 
• The total short in Euro (qty multiplied by cost price) only for those weeks where the required shorts are 

greater than zero. This in order to minimize the number of data written to the Access database. 
• The required hours per work center only tor those weeks where the required hours are greater than 

zero. This in order to minimize the number of data written to the Access database. 
• The absolute deviation trom standard batch size for the production orders produced, only for those 

where the absolute deviation is greater than zero. This in order to minimize the number of data written to 
the Access database. 

Two extra performance indicators are added. The first is the indicator on campaign size (for definition see 
Appendix 1 ). The second is the indicator on the total set-up (preparation) hours. 
• The campaign size (number of batches produced sequentially on the same set of vessels) for the 

production orders produced, only tor those where the absolute deviation is greater than zero. This in 
order to minimize the number of data written to the Access database. 
o The reason tor adding this indicator is that tor all simulations executed it can be analyzed if the 

campaign size is much different in the models. From this conclusions can be drawn regarding 
required hours and inventory. For all three simulations this indicator will be analyzed. 

• The required hours total , actual production hours, set up hours per work center per bucket (week) only 
tor those where the required hours total are greater than zero. This in order to minimize the number of 
data written to the Access database. 
o The indicator tor set-up hours is added tor only the final simulation . This because in simulation 1 

and 2 this data is not available. Now il can be analyzed whether the percentage set-up taken into 
account in the final planning model reflects reality. 
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9.3. How many tests (simulations) and what test (simulations) wil/ be executed? 

The first question that needs to be answered here is: Is it a capacitated simulation? 
Answer: 
The answer to this question is the same as in paragraph 5.6. Because only two supply chains are selected it 
will be very unlikely that there will be around 100% load on one of the work centers during testing. But the 
actual capacity restrictions on the work centers will be taken into account during simulation . So the 
simulation is capacitated . 

The second question that needs to be answered is: What changes to the model will be taken into 
account? 
Answer: 
The model will be changed on three subjects: 
1. Batch size 
In the final planning model the lower bounds and the upper bounds tor standard batch sizes found will be 
used as lower and upper bound in the model as well. So instead of taking the same percentage as upper 
and lower bound tor all processes, now per process (or product) a lower and upper level is defined. The 
lower bounds and upper bounds used during testing are displayed in Appendix 17. For more details on this 
subject see chapter 6. 
2. Set-up and cleaning 
The currently required hours which are a sum of all hours needed tor preparation , processing, dedicated 
cleaning and monitoring, called X1 , is split up in Y1 (=processing) , Y2 (=preparation + dedicated clean ing + 
monitoring). For more details on this subject see chapter 7. 
3. Campaign size 
The idea is to let the model decide how large the campaign size should be. Only tor special processes 
where a fixed campaign size is needed, the old concept can be used without accepting deviation trom this 
fixed campaign size. For more details on this subject see chapter 8. 

The third question that needs to be answered is: How are these changes modeled into the planning 
model? 
Answer: 
On the three subjects described above the changes to the model will be described below: 
1. Batch size 

For this topic the model text is not changed. Only the variables on upper and lower bounds tor the 
standard batch size are changed. In the current planning model the lower bound is 80% tor all 
processes and the upper bound is 100% tor all processes. In the final model the actual lower and upper 
bounds per process will be taken . For these actual lower and upper bounds per process see Appendix 
17 (column 5 and 6) . 

2. Set-up and cleaning 
For this the model text of the current model needs to be changed. To show the changes made, the 
model text of the current model is compared to the model text of the final model and the changes are 
explained in detail in Appendix 22. The final model is only changed on this topic, set up and cleaning . 

3. Campaign size 
For this topic the model text is not changed. Only the variables on fixed campaign size are changed. In 
the current model !here were three processes with a fixed campaign size: 
1. Process code: STARTING MATERIAL, with fixed campaign size 6; 
2. Process code: INTERMEDIATE 2, with fixed campaign size 10; 
3. Process code Z-TER-F, with fixed campaign size 2. 
For the other process codes the fixed campaign size was 1. In the current model deviation trom this 
fixed campaign size is allowed however costs are added when this is done. 
The need tor these fixed campaign size is discussed with the specialist (manager plann ing, planner, 
assistant plant manager) . Il seems !hal in practice a lot of time other campaign sizes are used than the 
fixed campaign sizes in the model. Further !here are no practical or chem ica! reasons tor these exact 
fixed campaign sizes. So in the final model all fixed campaign sizes are set to 1 also tor the processes 
STARTING MATERIAL, INTERMEDIATE 2 and Z-TER-F. 
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9.4. What are the outcomes of the test (simulation) performed? 

An analysis is carried out on the performance indicators as discussed in paragraph 9.2. See Appendix 23 for 
the details on what is analyzed for each performance indicator. Now the outcome trom this analysis can be 
discussed. For the details on the outcome of the analysis see Appendix 24. 

9.5. Conclusions of the simulation of the .inal model (simulation 3) 

The simulation with in between 80% - 100% deviation from standard batch size, as modeled in the current 
model, is called simulation 1. See chapter 5 for more details. 
The simulation with in between 50%-100% deviation trom standard batch size is further called simulation 2. 
See chapter 5 for more details. 
The simulation with the changes described in paragraph 9.3 is further called simulation 3. This is the 
simulation of the final model as described in this chapter. 

Based on the analysis as mentioned above, the following conclusions can be drawn: 
• The average inventory in simulation 3 is a bit lower than in simulation 1. This difference is however not 

significantly different (with 95% confidence interval) . The average inventory in simulation 3 is on the 
other hand much higher than in simulation 2. This can be explained, because the average campaign 
size is also higher in simulation 3 compared to simulation 2. More campaign production means 
producing more in advance and means more inventories. 
The most important is that it is improved in relation to simulation 1 and that is has not gatten worse than 
in simulation 1. lt would however have been nice if the improvement on average inventory would have 
been more (closer to the average inventory in simulation 2). 

• The average inventory below safety stock is higher in simulation 3 than in simulation 1, but lower than in 
simulation 2. This does not really matter, because the lower safety stocks in simulation 3 compared to 1 
do not have a negative affect on the delivery performance. Both the unsatisfied demand and the shorts 
are improved a lot in simulation 3 in comparison with simulation 1. They, the unsatisfied demand and 
shorts, also improved compared to simulation 2. 

• The average inventory above batch size in simulation 3 is lower than in simulation 1. This difference is 
however not significantly different (with 95% confidence interval). The average inventory above batch 
size in simulation 3 is on the other hand much higher than in simulation 2. This can be explained, 
because the average campaign size is also higher in simulation 3 compared to simulation 2. More 
campaign production means producing more in advance and means more inventories. 
The most important is that it is improved in relation to simulation 1 and that is has not gatten worse than 
in simulation 1. lt would however have been nice if the improvement on average inventory above 
standard batch size would have been more (closer to the average inventory in simulation 2). 

• The average unsatisfied demand in simulation 3 is much lower than in simulation 1 and 2. Simulation 3 
outperforms simulation 1 and 2 on unsatisfied demand (lost sales). 

• The total shorts in simulation 3 are much lower than in simulation 1 and 2. This means that simulation 3 
outperforms simulation 1 and 2 on shorts (lost sales). lt can be concluded that the delivery performance 
(lost sales) in simulation 3 is better than in simulation 1 and 2, because less shorts are needed. 

• The total required hours in simulation 3 are much less than simulation 1 and 2. This means that 
Simulation 3 outperforms simulation 1 and 2 on total required hours (actual production hours including 
set-up hours). The changes made to the model on hours per batch, which is in simulation 3 split up in 
actual production hours and set-up hours, has a large positive effect on total required hours. 
For the production plan of simulation 3 it is calculated what the required hours would have been with the 
old model text (hours per batch which include actual processing time, preparation, dedicated cleaning 
and monitoring time). See Appendix 24 table 4 for more details. The required hours would have been 
648.045 hours for simulation 3 (instead of the 565.658 hours) . This means that the current approach 
with the hours per batch coming from the man-forms gives a big difference in total required hours for the 
same production plan . 

• The average absolute deviation on standard batch size in simulation 3 is much higher than in simulation 
1 and only a bit higher than in simulation 2. This is also expected, because the lower bound in 
simulation 3 is much lower compared to simulation 1 and only a bit lower (for some of the processes) 
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compared to simulation 2 and the upper bound is higher in simulation 3 compared to simulation 1 and 2. 
This means that the model makes use of the higher upper and lower, lower bounds. 
The average campaign size in simulation 3 a bit higher than in simulation 1 and much higher than in 
simulation 2. This explains the differences in inventory. For simulation 1 and 3 the average inventory is 
almost the same. Also the campaign size is the same. For simulation 2 the campaign size is much lower 
than in simulation 3. This explains the higher average inventory in simulation 3 compared to simulation 
2. Higher average campaign size means producing more in advance and means more inventories. 
There is also a difference in the number of campaigns produced. See table 1, below the general 
conclusions. When the average campaign size is higher this means that fewer campaigns have to be 
produced in order to produce the same quantities. 

• The set-up analysis shows that the percentage of set-up hours in relation to the total required hours 
(actual production hours and set-up hours) is 14%. In Appendix 13 an analysis is made on which part of 
the total production time is used for cleaning (dedicated cleaning and monitoring) . As you can see in this 
analysis dedicated cleaning and monitoring already account for 12% of the total production time. In this 
12% the production time is not included. In Appendix 21 table 3 the preparation times are given for the 
processes used in simulation. You can see that for all processes, except for the two final chemical 
processes (Z-TER-F and Z-TEDECA), the preparation time is much smaller in relation to the dedicated 
cleaning and monitoring time together. Further !here are much more intermediate processes than final 
chemica! processes. This means that il can be concluded that the 14% is a pretty good reflection on 
reality based on an analysis of the history. 

General conclusion : 
From the above il can be concluded that nothing unexpected carne out of the analysis of simulation 3. 
Everything is expected or can be explained. Simulation 3 outperforms simulation 1 on all three important 
points, which are inventory, required hours and delivery performance (unsatisfied demand and shorts). 
Simulation 3 outperforms simulation 2 on two of the three important points, which are required hours and 
delivery performance. On inventory simulation 2 outperforms simulation 3. However the required hours 
needed in simulation 2 are too high, these hours are not available. So this production plan is not feasible. 
The required hours in simulation 2 are a result of the number of round batches produced. From this il can be 
stated that simulation 3 also outperforms simulation 2. 
A summary of the results for all three simulations is given in the table below. In the first column the 
performance indicators are given. The second, third and fourth column give respectively the outcome on 
each performance indicator for respectively simulation 3, simulation 2 and simulation 1. For each 
performance indicator it is decided what is the best performance (see green areas in table) or what is the 
hi hest erformance see ellow areas in table . 

lnventor above batch size cost 
Unsatisfied demand cost 
Total short 60 cost planning cycles 

Total required hours 60 planning 
cycles 

Set-up hours 60 planning cycles 
Total campaigns in 60 planning 
c cles 

Average absolute deviation batch 
size 

Table 1: All the results for simulation 1, 2 and 3 

x hours 
x campaigns 

x batches 
x batches 

x batch 
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10. CONCLUSION AND RECOMMENDATIONS 

In this chapter overall conclusion and the recommendations are discussed in more detail, which means that 
sub phrase F (see paragraph 4.4.1.3) with his sub-sub phrases is discussed here. First, in section 10.1, the 
overall conclusion regarding the problem assignment is given. Next, the overall conclusions regarding the 
research assignment and the research approach are given in section 10.2Error! Reference source not 
found. and 10.3. In section 10.4, the overall conclusion on the final model is given. The communication with 
people involved during the research project is discussed in section 10.5. This chapter ends with some 
recommendations tor implementation in section 10.6. 

10.1. OveraJJ conclusion regarding the problem assignment 

For the problem assignment that was defined tor this research project see paragraph 4.2. 

During this research project a final planning model was created. The final planning model is the current 
planning model with several changes (see chapter 9) which carne out of the analysis phase. In this final 
model the optima! campaign and batch size tor two complete supply chains selected tor simulation are 
calculated. The demand, the set-up (preparation), cleaning times (dedicated cleaning and monitoring) and 
capacity restrictions are taken into account in the final planning model. Because the OP planning model 
itself is used in the simulation of the final model, it can be said that there will be no problem in implementing 
the changes in the current OP planning model. 

Conclusion: 
Based on the statements above it is fair to say that the requirements tor the problem assignment are met in 
this research project. 

10.2. OveraJJ conclusion regarding the research assignment 

In paragraph 4.2 the research assignment is described. There it is stated that the final model (simulation 3) 
in relation to the current model (simulation 1) should at least show one of the following improvements: 

• Total inventory cost has to drop or stay the same; 
• Total required hours need to stay the same or drop; (no extra hours are available) 
• The total of satisfied demand and shorts need to stay the same or if possible need to improve. 

the other indicators need at least stay the same. 

The outcome of the simulations: 
• The average inventory has improved only slightly in simulation 3 compared to simulation 1. But it 

has not increased. 
• The total required hours have improved much in simulation 3 compared to simulation 1. 
• And the total satisfied demand and shorts are much lower in simulation 3 compared to simulation 1. 

This means that on all three indicators simulation 3 outperforms simulation 1. The last two did even improve 
significantly, with a 95% confidence interval. Only regarding the average inventory the improvement is not 
significant with 95% confidence interval. But it surely has not increased. 

Conclusion: 
Based on the above it can be said that the requirements tor the research assignment are met in this 
research project. For 2 requirements: on total required hours and on unsatisfied demand and shorts, the 
improvements are significant. The third requirement: average inventory, has also improved, but not 
significantly with 95% interval. 
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10.3. Overall conclusion regarding the research approach 

In the description below the subjects which are stated in the research approach (see paragraph 4.4) are 
discussed one after another. Conclusions are given for all subjects and at the end an overall conclusion is 
given. 
• lnvestigation model: 

Within the research design an investigation model (see figure 8 paragraph 4.4) is made. This 
investigation model shows the steps which are executed sequentially or parallel during this research 
project. All the described steps in the model are executed. They are also executed in the order as 
displayed in the investigation model. 

• Phrasing: 
The central phrasing is used in order to split up the research assignment in several sub phrases. Each 
sub phrase again was split up into several sub-sub phrases. The sub phrases, A until F, are worked out 
in respectively, chapter 5 until 10. The paragraphs within these chapters correspond to the sub-sub 
phrases. This approach worked perfectly for me. Il helped me in the planning of the project. In each step 
of the project il was clear for me what the next step was !hal needed to be taken. 

• lnvestigation strategy: 
In paragraph 4.4.2.3 the investigation strategy is described. Here il is described that management 
requested to do final testing for one plant. As described two important factors will affect feasibility of this 
request: 
1. First of all, the set-up and cleaning times are not all available yet. Il needs to be investigated if il is 

feasible to gel all these data for all the products produced in one plant. 
Findings: 
The data on dedicated c/eaning and monitoring is only avai/able on paper. For each process in plant 
GA 1 the MAN-form need to be gathered. On these MAN-farms no data is available tor preparation 
times. In order to get this data several batch records have to be gone through in order to get the 
number of hours needed tor preparation. To gather all the MAN-farms and to go through several 
batch records tor all the processes (GA 1 currently has about 76 active processes) would have taken 
at least several weeks (it was estimated 4-6 weeks). This was not feasible within the timing of this 
research project. 

2. Second il needs to be investigated if il is feasible to do final testing for one plant in relation to solver 
time . Solver time needs to controlled (circa less than half an hour) in order to execute testing. To 
long solver times will result in a long period of testing. In the timeframe of this research project the 
testing period can only take about one and a half months. This includes preparation of testing. 
Findings: 
The data on processes, routings, part numbers and work centers would have been multiplied 
several times it can be said that also sa/ver times would have become much larger and would a/so 
at least multiply several times. In the simulation of the final model with only two complete supply 
chains the sa/ver time was in between 4 to 45 minutes. lf this solver time would have been multiplied 
several times, this would a/so have resulted in problems during simulation. In the simulation 60 
planning cycles are executed, this means that a/so the planning is so/ved 60 times. Total simulation 
time would have expanded extremely. Further executing several sa/ving cyc/es sequentially on the 
same personal computer with much more data gives problems with internal memory of the personal 
computer. 

From the above il can be said !hal executing final testing for one complete plant was infeasible within 
the time frame of this research project. 

• lnvestigation planning : 
In paragraph 4.4.2.3 the investigation planning is displayed in figure 9. Until half January 2009 the 
investigation planning was on track . On the 15th of January the in between presentation was given. This 
was about 2 weeks earlier as planned. However as of 15 January my personal situation made il 
impossible to meet the investigation planning . In the last two weeks of January and complete February il 
was impossible for me to work on this research project. From !hal point onward I could do some work on 
the research project, bul not the necessary hours per week !hal were needed. This is the reason !hal as 
of 15 January the research planning was not met. The final report is handed in on 10 August 2009 
instead of at the end of May. A two and a half month delay occurred because of personal issues. 
However this did not affect the research approach or the steps taken in this project. 
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Conclusion on the research approach: 
For the research approach the research model of Verschuren and Doorewaard (2007) is used. For me this 
worked very well . Their research model helped me a lot; it was a good tool tor me tor handling this research 
project. 

10.4. Overall conclusion on the fïnal model 

In the final model no changes are made to the costs (penalty points given, see Appendix 10) available in the 
planning model. In the planning model total costs are minimized. 
The outcome of the simulation of the final model shows that the average inventory is improved only slightly 
and the improvement is not significant. Total required hours, unsatisfied demand and shorts have improved 
drastically. 

Another simulation can be executed in which the costs tor holding inventory are increased. lt could be 
analyzed what this increase of inventory costs would do to the average inventory, the total required hours, 
unsatisfied and shorts. How much the inventory cost need to be increased, needs to be investigated. Also 
more than one simulation could be executed, so that the implications of several cost increases can be 
investigated. After this investigation it is up to management of API Biotech, how to balance between 
inventories, required hours and delivery performance (unsatisfied demand and short) . Of course 
recommendation can be made on this subject. 

lt would have been nice if these extra simulations would have been executed within this research project. 
However, because of timing issues this was not feasible. 

10.5. O verall conclusion regarding communication 

The communication during the research project with the people werking in logistics and production was 
good in my opinion. Several specialists trom planning and production were involved in the analysis phase. 
For some topics ether / extra people were involved. In my opinion this involvement helped !hem to 
understand their departmental and cross-departmental problems better. Also management was involved in 
each step of the research project. Several presentations are given to the management, each time their 
approval was given tor the next step taken in this research project. 
After the final presentation, mid January 2009, the communication with the people werking in logistics and 
production became less direct and less personal. Because of personal health issues I was not able to go to 
work any more. For two months I could not work at all. After this I worked at home tor several hours a week. 
The end of the research project has been done with communication by phone or e-mail. 
Because everything until paragraph 9.3 was put on paper, discussed and approved by all people involved, 
only the outcome of the analysis of the final model (simulation 3) , the overall conclusions regarding the 
research project and the recommendations tor implementation have to be communicated thoroughly. This 
will be done as soon as possible. First, 1 will give a good summary of everything that is already 
communicated with everyone. Then I will communicate the new findings. In that way people will have a 
refreshed overview of the old topics. 

10.6. R ecommendations for implementation 

Below some recommendations are given tor implementation: 
• lmplement step by step: 

When implementing the changes as described in the final model it is best to do th is step by step. By this 
it is meant to do this tor example per department, per plant or per planner model. The most important 
reason tor this is that the data gathering will take a lot of time. In this way the implementation can be 
started tor example in one department and the data can be gathered tor another department. 

49 



Batch and campaign sizing problem in the Chemica! Departments of API BIOTECH trom Schering Plough 

• Adjust MAN-form: 
lt is best to adjust the MAN-form (see example MAN-form in paragraph 7.4) regarding preparation times 
as soon as possible . Only the dedicated cleaning (DD in the example}, standard cleaning (also called 
monitoring, DS on the example) and the actual production hours (this includes also the preparation 
hours, DD on the example} are reported. The preparation time is part of the actual production time. 
Adjust the MAN-form in such a way that an extra column is added tor preparation time. The actual 
production hours (DD in the example} will not include preparation times as of this moment. For all new 
processes and the adjusted processes, all the necessary data will be available on this new adjusted 
MAN-form. This will save a lot of time in data gathering needed tor the implementation. 

• How to make data (preparation, dedicated cleaning and monitoring times) available in the system: 
The preparation, dedicated cleaning, monitoring times need to be made available in a system trom 
which the data can be imported to AP. The total production hours (which currently include preparation, 
dedicated cleaning and monitoring) are currently made available in the ERP system. lt should be 
investigated whether preparation, dedicated cleaning , monitoring times can also be made available 
separately in this ERP system. When this is not possible the data can also be made available in the 
aggregation data base (AOB) of supply chain management. However the data would then have to be 
maintained manually. So making the data available in the ERP system has the preference. 

• Work center versus vessel relation: 
In the current planning model the most detailed level is on work center level. The vessels available in 
the work centers are not known in the planning model. Only the total hours available per bucket (week) 
per work center are known in the model. This means that the model can make some misassumptions 
about the set-up hours needed. The model expects that the campaign size calculated will be produced 
on the same set of vessels. In practice it could be that this is not possible because of capacity reason 
and that tor this reason the campaign size is split up over two sets of vessels. This means that in 
practice two set-ups are needed. In the model however only one set-up is taken into account. 
My recommendation would be to stay on the same level of detail in the model that will be implemented. 
In the current planning model this is also the way of working and no problems have arisen trom this. To 
go into more detail, trom work center level to vessel level in the planning model, would be far to detailed 
in my opinion . This level of planning should be done in the scheduling system (which is currently also 
the case). 
The only comment I would like to make is that the planning model, because of this missing details, 
makes assumptions about the number of set-ups needed. In practice those could be more than the 
calculated set-ups needed in the planning model. 
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APPENDIX 1: DEFINITIONS AND ABBREVIATIONS LIST 

AP 
API 
API/BT 
AS 
BA 
Batch size 
Batch record 

BOM 
BT 
CA 
CA1 

CA2 

CA4 

CA5 

CAA 

Campaign 

Campaign size 

Customer order decoupling point 

Dedicated cleaning 

ERP 
lnfor 

lnternal supply chain 

Long term 

LP 
LRP 

Advanced Planning 
Active Pharmaceutical lngredient 
Active Pharmaceutical lngredient / Biotechnology department 
Advanced Scheduling 
Biochemica! Department 
lt is the input quantity, of the main input components, into a process. 
A batch record is a record that accompanies a product as it is made. 
The batch record directs the operators in how to make the product. 
The operators must follow the batch record instructions just as it is 
written. Each time a product is to be made, the operators are issued 
a fresh copy of the current version of the Master batch record . The 
batch record also provides blanks that are filled in as the operator 
performs each task to document that they have done it. For critica! 
steps, a second operator watches the operator and signs as well. By 
filling in the blanks properly, the operators demonstrate that they 
have done each task properly. 
Bill Of Material 
Biotechnology department 
Chemica! Department 
This means in Dutch "Chemica! afdeling 1 " , which can be translated 
into "chemica! department 1". 
This means in Dutch "Chemica! afdeling 2", which can be translated 
into "chemica! department 2". 
This means in Dutch "Chemica! afdeling 4", which can be translated 
into "chemica! department 4". 
This means in Dutch "Chemica! afdel ing 5", which can be translated 
into "chemica! department 5". 
This means in Dutch "Chemica! afdeling Apeldoorn", which can be 
translated into "chemica! department Apeldoorn". 
Producing the same product in the same set of vessels 
(configuration) sequentially. 
The number of the same processes produced sequentially in the 
same set of vessels (configuration) . 
A special case of a safety stock point is the customer order 
decoupling point (CODP). The CODP is the farthest position 
upstream the supply chain that customer orders penetrate and it 
separates the part of the supply chain geared to directly satisfy 
customer orders trom the part based on planning 
The process dependent cleaning. A process specific solvent or 
combination of solvents is used, dependent on the type of reaction 
or process executed . 
Enterprise Resourse Planning 
Suppl ier of the Advanced Scheduling and Advanced Planning 
software 
Within at API Biotech this is called a "pipeline". lt is a chain of 
processes and stock points . An internal supply chain starts with one 
raw material and ends with one or more APl 's. 
From 1 year to 5 years, planning (Advanced Planning LRP model) 
on work center level. Here strategie decisions are made like buying 
or building a new factory or reallocating products. A scope of five 
years is needed for those decisions. 
Linear Programming 
Long range Plan in Advanced Planning (long term) 
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Man-formulier 
Master Batch Record 

Medium term 

MeMa 

MIP 
Monitoring 

MRP 
Non-safety stock point 

NP-hard 

OP 
PBS 
Penalty 
Planning cycle 

Plant 
Preparation 

Process 

Processing time 

Safety stock point 

Safety stock target 
sco 
Set of vessels 

Short(s) 

Short term 

S-P 

,Mutation form 8ctual t::l_orm data. 
Also called MBR. Each time a product is to be made, the operators 
are issued a fresh copy of the current version of the Master batch 
record. The copy of the current version of the MBR is called the 
batch record. 
From 6 week to one year, planning (Advanced Planning OP model) 
on work center level. Here operational decisions are made tor the 
medium term. 
This means in Dutch "Mengen and Malen", which can be translated 
into "Mixing and Grinding". 
Mixed Integer Programming 
The (equipment dependent) cleaning executed in order to monitor 
cross contamination. The cleaning is executed with a standard 
solvent (often acetone). The equipment is brought back to a 
standard state. 
Material Requirements Planning 
Is an ordinary stock point where goeds are stored when a process is 
completed. lt does not aim to buffer against demand/supply 
uncertainty; therefore the stock target is zero. 
Nondeterministic polynomial-time hard, is a class of problems 
informally "at least as hard as the hardest problems in NP." 
Operational Plan in Advanced Planning (medium term) 
The current ERP system at API Biotech. 
Cost given in the model tor being below of above target 
A planning cycle is a monthly recurring cycle in which a complete 
new planning is made. The new planning is each month 
communicated to all the production departments. Each month the 
planning shifts up one month (rolling horizon) Then in the next 
month the same cycle starts all over again. 
A production department within Schering Plough. 
The preparation of the linking of a set of vessels (preparing the 
configuration), needed tor a specific process, until the complete set 
is available tor production. 
A production process executed to produce an intermediate or API 
trom an input product. 
The real processing time. Starts at the end of the preparation 
and ends at the beginning of the Dedicated Cleaning. 
A stock point which aims to buffer against demand/supply 
uncertainty; therefore the stock target is larger than zero. 
The target inventory level of a safety stock point. 
Supply Chain Operations 
A number of vessels linked together in order to execute a process. 
The number of vessels and the kind of vessels used is process 
dependent. lnternally called "configuration". 
In the fi rst 6 weeks in a planning the production program is fixed. 
The solver is not allowed to do any changes to the production 
quantities available in the plan. Because changes in demand 
outside the 6 weeks can have an impact on the needed dependent 
demand within the 6 weeks, it is possible that there are shorts on 
materials. These shorts will lead to lost sales. In order to fix this 
problem in the first six week the property short is added to make the 
plan solvable. In practice the planner needs to resolve these issues. 
The first 6 weeks in the planning horizon. Here scheduling decisions 
are made on vessel level. Advanced Scheduling used tor 
scheduling . 
Schering Plough 
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Standard batch size 

Stock point 

Unsatisfied demand 

Il is the standard input quantity, of the main input components, into 
a process. This is the batch size used during cost price calculations. 
This is called internally the norm input or in dutch the "norm inzet". 
An ordinary inventory point within a supply chain, where inventory 
can be stored when a process is completed. 
This is demand that can not be met accord ing to the planning 
model. This unsatisfied demand will lead to lost sales when nothing 
is done. 
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APPENDIX 2: EXAMPLE OF A COMPLETE SUPPL Y CHAIN WITHIN SCHERING PLOUGH 

API-BT 
4m 
4m 

SM 
API-BT 

2m 
6m 

lntermedlate 1 
APIIBT 

4.5m 
10.5m 

lntermedlate 2 
API/BT 
3.5m 
14m 

lntermedlate 3 

API Biotech supply chain 

Oss 

4m 
18m 

Bulk 

ROW, Swords 

Om 
18 

US, Allentown 

1m 
21m 

FP 

ROW, SwordsT 
2m 

20m 

US, Allentown,- '""'~ -

0 m 
21 m 

LC 

ROW, SwordsT 
Om 
20m 

Pharm Ops supply chain 

Product 

Primary facility 

leadUme 

cum. Lead time 

In the figure above the entire supply chain of the final product Nuvaring is displayed. Only the part of the supply chain until Etonogestrel is produced within API 
Biotech. The lead times, the cumulative lead times (in months) and the primary facility are given in the rectangles. 
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APPENDIX 3: ORGANIZATION CHART SCHERING PLOUGH 

r--
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10 Nov 2008 Nanda van den Hoogen 

Manufacturing Chemistry is the chemical production department where this project takes 
place. The chemica! production department (also called Manufacturing Chemistry) is part of 
API Biotech in Oss (the Netherlands). API Biotech is part of the Global Supply Chain division, 
which is part of Schering Plough. 

Within Schering Plough there are werking about 51.000 employees in 2008. ABI BT accounts 
for 2338 employees. From those 2338, 1216 employees are working in the Netherlands. 
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APPENDIX 4: PIE CHART TOTAL COST OF GOODS SOLD API BIOTECH 2007 

BT, 
24,97% 

Division of Cost of Goods Sold 

API C, 
53,87% 

□ API 

■ API 

DBT 

In 2007 the Cost of Goods sold solely by the chemica! department is about xx million Euros. 
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APPENDIX 5: DIVERGENT AND CONVERGENT PRODUCTION STRUCTURES 

raw material starting material 

intermediates APl's 

Divergent production route 
Divergent production structure: a single raw material can be transformed into several APl 's (e.g. 
steroid productions) , this is the most common structure for API BT. 

API 

intermediates 

raw material 

Convergent production route 
Convergent production structure: several raw materials can be transformed to a single API (e.g. 
peptide productions). 

In the chemical department almost all product groups have a divergent production structure. There is 
only one product group, namely the Peptides, within the chemical department with a convergent 
production structure as displayed above. 
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APPENDIX 6: INTERNAL SUPPLY CHAIN "SITOLACTION" 

From one Raw material (see part number in blue), through several intermediate steps (see part 
numbers in black), several APl's (see part numbers in red) are produced. 

59 



Batch and campaign sizing problem in the Chemica! Departments of API BIOTECH from Schering Plough 

APPENDIX 7: CHEMICAL REACTION 

Reactlon takes avera• • 3 d ays 

'lltnkpark Solvents 

Wllrehouse lnt@rmedlate 

Chemlca ls 

Warehouse 

In the figure above the production process is displayed. For this specific process, two reactors are 
used. In the first reactor (on the right) solvents and chemicals are mixed. After a while the liquid 
resulting trom this process is pumped into reactor 2 (on the left) . Also solvents, coming form the tank 
park (External (outside} storage of solvents in Tanks) are, are pumped into this reactor. The 
intermediate is added as well. A process takes place (purification or a chemica! conversion). The 
solution resulting trom this process is filtered . The wastes are transported back to the tank park. The 
wet product is dried. Next the intermediate is analyzed and transported to the warehouse. 

60 



Batch and campaign sizing problem in the Chemica! Departments of API BIOTECH trom Schering Plough 

APPENDIX 8: ACTUAL PRODUCTION QUANTITIES COMPARED TO STANDARD BATCH SIZE 

Actual Production input versus standard batch size of production orders 
(data 2006 and 2007) 
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X-axis -+ count; The number of actual production orders. (data 2006 and 2007 trom chemical 
department only) 
Y-axis -+ percentage; The actual input divided quantity by the standard batch size quantity multiplied 
by 100. 

For the analysis above the actual production data of 2006 and 2007 has been used of the chemical 
department of API Biotech. This data is coming out a Management Reporting System. For all the 
production orders produced, the standard batch size is compared to the actual production input. The 
percentage is calculated as follows: 

(Actual production input/ standard batch size)*100 

For a part (2%) of the actual production orders the standard batch sizes are not available in the 
Management Reporting System. These data are not included in this analysis. 

In total 4364 production orders have been analyzed. For 2392 orders the actual batch size produced is 
in between the 12% and 100% of the standard batch size, and 80% of the actual production orders fall 
within the 12% and 200% of the actual batch size. 

As you can see in 2006 and 2007 a lot of production has taken place with production quantities which 
vary (above or below) the actual batch size quantity. This means that il will also make sense to give 
the planning model itself also a greater window (a lower, lower bound and higher upper bound) in 
calculating the batch size quantity needed. 
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APPENDIX 9: MONTHL Y PLANNING CYCLE PLANNING PROCESS 

Monthly Planning Cycle Planning Process 
1 
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lworking 
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Publish Discuss planning with production Publish Publish 

SolveOP OP in departments and adjust where final 
Operatiooal OISQIIS Operatiooal 

OP in Operational tasks tasks transfens tasks 
PBS needed (S&OP meeting) HPP PBS 

A new planning cycle starts at the beginning of the month. In the first few days the inventory is reviewed (availability of inventory is checked 
regarding quality issues) by the planners and Customer service (blue rectangle). Next the OP model is prepared, regarding data tor input. All the 
Master Data and Transactional data is imported. (red rectangle) Naw the planners can start solving (resolve all issues in order to carne to an optimal 
solution with the MIP solver of AP) the OP plans (green rectangle). When the planner finished solving, the plan is published in the ERP system (PBS) 
(light pink rectangle) and discussed with the production departments (yellow rectangle). In consultation with the production departments adjustments 
are made (yellow rectangle). The plan is solved again. Naw a final Main Production Plan is generated (pink rectangle). The transfers of products 
between production sites of Schering Plough are discussed (purple rectangle) and the plan is published again in the ERP system (PBS) (second light 
pink rectangle). In between , some operational tasks can be executed (white rectangles). From day 21 to the end of the month also operational tasks 
are executed. Next month this complete cycle is executed again. 

62 



Batch and campalgn slzlng problem In the Chemica! Departments of API BIOTECH trom Schering Plough 

APPENDIX 10: COSTS TAKEN INTO ACCOUNT IN THE CURRENT OP MODEL 

The following costs are taken into account in the current model. These costs are decided upon in 2005 
during the implementation of Advanced Planning. They are taken as given during this research project. 
During solving the sum of these costs is minimized: 

• Stock point.end inv cost above batch costs; the inventory above batch size is penalized by a 
penalty equal to the cost price multiplied by 0.4/52. 

• Stock point.end inv cost above safety; the inventory above safety stock is penalized by a 
penalty equal to the cost price multiplied by 0.4/52. 

• Stock point.below safety stock cost; the inventory below safety stock is penalized by a penalty 
equal to the cost price multiplied 5 and by 0.4/52. 

• Stock point.instable intermediate costs; stock of instable intermediates is penalized by a the 
total end inventory multiplied by a penalty equal to the cost price multiplied by 1000; 

• Stock point.unsatisfied demand cost; unsatisfied demand is penalized by the total of 
unsatisfied demand multiplied by a penalty equal to the cost price multiplied by 3000; 

• Operation .required hours shift costs; required hours are allowed to be shifted one week ahead 
in order to balance load. However this is penalized in order to minimize this. The penalty is the 
number of hours shifted multiplied by 1000. 

• process.wip costs; the total amount of wip is penalized by the total amount of wip multipl ied by 
2.1 ; 

• reallocation costs; the cost of producing on an alternate route are penalized by the total 
production on the alternate route multiplied by the cost price added value divided by 1 O; 

• routing.absolute deviation costs; the deviation in quantity of a planned batch size trom the 
standard batch size is penalized by the deviation quantity multiplied by the sum of the cost 
prices of the output material multiplied by 1000 (for rounding purposes) ; 

• Routing.production loss costs; the production loss of the deviation in quantity of a planned 
batch size trom the standard batch size is penalized by the batch size multiplied by the 
deviation and multiplied by the cost price added value; 

• Routing.below campaign size costs; the difference in the number of batches planned and the 
normally used campaign size are penalized by multiplying the difference between the planned 
number of batches and the normal campaign size multiplied by the batch size and the cost 
price added value divided by 1 O; 

• Routing.below lower bound costs, 1; it is allowed with very high penalty to go below the 0.8 of 
the standard batch size. The penalty is the percentage below lower bound multiplied by 
1e+009 

• Routing.tolerance costs; this allows the solver to adjust the firm planned quantities in order to 
prevent short materials. The penalty is the quantity change of the firm planned production 
multiplied by the sum of the cost prices of the output materials 

• Routing.below mema costs, 1; the MeMa is a department which is different then the other 
departments in the calculation of the number of batches. In the MeMa the capacity needed is 
not related to the number of batches. This penalty makes sure that at least 0.8 of the standard 
batch size is produced. The penalty is the percentage below the 0.8 multiplied by the standard 
batch size multiplied by the sum of the cost prices of the output materials multiplied by 100 . 
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APPENDIX 11: TESTS EXECUTED DURING IMPLEMENTATION OF ADVANCED PLANNING 

During the implementation of Advanced Planning in 2005 several tests were executed. The data below 
represents the outcome of the tests executed in 2005. 

With the LRP of API Ops in test A three scenarios were calculated: 
1. Without batch size constraint (consuming capacity in proportion) 
2. Limited batch size constraint, 20% deviation allowed but consuming 100% of capacity 
3. With batch size constraint (100%) 

Results: 
Measurement period (032007-032008) 
Plant / scenario 1 
CA1 0.66 
CA2 0.18 
CA4 0.49 
CAS 0.47 
CAA 0.51 
MEMA 0.36 
MPF 0.03 

Conclusion: 

2 
0.67 
0.25 
0.55 
0.50 
0.61 
0.42 
0.03 

3 
0.63 
0.29 
0.69 
0.53 
0.54 
0.35 
0.02 

• Scenario 1 gives a unrealistic picture on load as it does not consider the full time per batch 
• Why is the load on scenario 3 sometimes higher than 2. 

One would expect that scenario 3 has less load than scenario 2 based on the assumption 
that production output is higher tor the same time spend (efficiency). The down side is that 
its effectiveness is much lower. We are producing a part of a batch which is not required 
at that moment (resulting in stock). Producing always the full technical batches is not 
optimal as: 

Another test, test B was executed, with also three scenarios. 
Scenario 1: Comply with standard batch size (equal to scenario 3 in test A above) 
Scenario 2: Allow relative percentage deviation trom standard batch size (equal to scenario 2 in 

test A above) 
Scenario 3: Trade the cost of inventory with production loss of producing less than batch size 

Results : 
lntermediate cycle inventory disregarding other inventory components such as WIP and safety stock 

lnventory 
[mil euro] 
lnventory 
[mil euro] 
lnventory 
[mil euro] 

Conclusion: 

scenario 1 

scenario 2 

scenario 3 

03 2007 04 2007 01 2008 02 2008 03 2008 
151 ,976,560 155,212,688 164,706,592 158,929,024 165,808,368 

81 ,828,896 

123,918,704 

88,134,952 

123,996 ,000 

90,830,760 

131 ,116,776 

91 ,872,480 

125,195,208 

94,926,488 

129,765,552 

Scenario B was chosen as best scenario to start with during the implementation of Advanced Planning 
in 2005. 
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APPENDIX 12: AVAILABLE INVENTORY (EURO) ON PART NUMBERS IN THE CA (AUGUST 
2008) 

Available lnventory in euro on partnumbers of the 
chemica! department 

Non safety stock 
points, 

70,89% 

August 2008 (excluding chemicals) 

Safety stock 
points, 

29, 11% 

Dl Safety stock points 

■ Non safety stock point 

In august 2008 !here was x million euros stock. WIP is not included in these figures. lnventory is fairly 
stable over the last half year and didn't differ tor more than 1 million. The base chemicals are excluded 
trom these figures. There is x million euros stock available at safety stock points. Currently the safety 
stock targets on the safety stock points are not met. The total stock on safety stock points should be x 
million euros. This means that !here is only 58% of the needed safety stock available. The inventory at 
these safety stock points is too low. 

There is x million euros at non-safety stock points. As you can see a lot of savings can be made(€) by 
reducing inventory on non-safety stock points. 
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APPENDIX 13: DIVISION TOTAL PRODUCTION OVER DEDICATED CLEANING, MONITORING 
AND PROCESSING TIME 

Dedicated cleaning, Monitoring and Processing time 
Norm data for CA products 

6% 

88% 

□ Dedicated cleaning 

■ Monitoring 

□ Processing time 

In the pie-chart above the division of the total production time between dedicated cleaning, 
monitoring and processing time is given. Norm data available in the current ERP system for all 
CA products is used for this analysis. 

As you can see, in the pie chart above, dedicated cleaning and monitoring account for 12% of 
the total production time. The processing time accounts for 88% of the total production time. In 
this processing time the preparation (which are executed for each production order) time is 
included. 

This means that a lot of time can be saved by producing batches in campaign, because then 
only one dedicated cleaning, monitoring and preparation is needed for the entire campaign 
(exists of a number of production orders produced sequentially) en not one dedicated cleaning, 
monitoring and preparation for each production order 
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APPENDIX 14: INTERNAL SUPPLY CHAIN TESTOSTERONE USA/TESTOSTERONE DECANOATE 

t 
Z-TER-F 

TESTOSTERONE USA UNM ILLED 
43045401 ( 16 133) 

$ 
TESTOSTERONE USA 

43045400 (7 147) 

Explantion: 

1 Process code 1 

Part descri ption 

Part number (COPnr) 

Regular BoM 

Alternate BoM (coby) •·► 

xxxxxxxxxxxxxxxxxxxxxxx 
4253 100 1 ( 15526) 

Starting 
material 

xxxxxxxxxxxxxxxxxxxxxx lntermediate 1 --► 142530706 ( 15706) --

xxxxxxxxxxxxxxxxxx.xxxxxxx 
42530702 ( 15520) 

TESTOSTERONE CRUDE REC 
43045402 (16 134) 
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xxxxxxxxxxxxxxxxxxxxxxxx 
42530708 ( 1552 1) 

TESTOSTERONE DECANOATE CR 
43065 104 (16 156) 

1 l-TE:ECA 1 

TESTOSTERONE DECANOATE UM 
43065 106 (16 157) 

1 TEDE;-MAL 1 

TESTOSTERONE DECANOATE 
43065 105 (7 148) 
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APPENDIX 15: DEMAND SET CREATION IN EXCEL 

For both APl's (testosterone USA and testosterone decanoate) selected tor simulation the following 
figures are calculated: 

• The probability of a demand occurring in a period (month, the demand planning system has a 
bucket size of one month) (see column two in table below) 

• The average demand per month (see column three in table below) 
• The standard deviation over all months (data trom 2006, 2007 until June 2008) (see column tour 

below) 

This result in the following fig_u=-re_s,..:= - ,-;;-=---_,,-=----=---...-=- ~=--.:-~-.---.---:-;-,---
Part numtiir Pro atilllty of i:limanil Average ilemanil (In Stanilaril ilevlatlon 

____________ o..,c __ c-u_..rr...,ln""'g'-____ """"""'kg} ________________ _ 
43065105 
43045400 

100% 72.726 
87,5% 641 .148 

52 .691 
433.509 

The probability calculated above is used to create the intermittent demand sets. For the first part number 
the probability is 100%. This means that there will be always demand. For the second part number the 
probability is 87,5%. This means that only in 87,5% of the months there needs to be demand. With a 
random generator in excel using the probability values calculated above randomly a O or a 1 is generated. 

Normal distribution is assumed. The demand tor the two products is however not normally distributed. 
When a drawing is done assuming normal distribution , this may lead to a negative number, because in 
reality the demand is not normally distributed. When this is the case again a new drawing is done until the 
number resulting trom the drawing is positive. 

The O or 1 generated by the random generator with a certain probability is multiplied with the value coming 
trom the drawing out of the normal distribution. In this way demand sets are created with an intermittent 
character. 

In order to do the things explained above in excel the NORMINV function in excel is used. 

With the use of a macro (in excel) 60 (because it is decided to do 60 simulation runs) demand sets are 
generated with a rolling horizon. Each demand set shifts up one month into the future . For each new 
period a complete new demand set is generated with a horizon of one year. 

These 60 demand sets are taken as input tor all simulations. 
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APPENDIX 16: AN AL YSIS SIMULA TION 1 AND 2 

Total inventory analysis: 
A. The two sample comparison show that the inventory average of the simulation with in 

between 80% - 100% deviation trom standard batch size (further called simulation 1) is 
about 18% higher than the inventory average of the simulation with in between 50%-
100% deviation trom standard batch size (further called simulation 2). Also the standard 
deviation is 7% higher in simulation 1. lt can be concluded that by lowering the lower 
bound the average inventory can also be lowered drastically. 

B. The two sample hypothesis tests show that the null hypotheses of; 
i. mu simulation 1 = mu simulation 2 

is rejected which means that the statistics of the two simulation regarding average 
inventory are signif icantly different with 95% confidence level. 
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lnventory below safety stock analysis: 
A. The two sample comparison shows that the average inventory below safety stock of 

simulation 1 is about 48% lower than the average inventory below safety stock of 
simulation 2. Also the standard deviation is 12% lower in simulation 1. lt can be 
concluded that lowering the lower bound has a negative effect on the safety stock level. 

B. The two sample hypothesis tests show that the null hypotheses of; 
mu simulation 1 = mu simulation 2 

is rejected which means that the statistics of the two simulation regarding average 
inventory below Safety Stock are significantly different with 95% confidence level. 
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lnventory above standard batch size analysis: 
A. The two sample comparison shows that the average inventory above standard batch size 

of simulation 1 is about 12% higher than the average inventory above standard batch 
size of simulation 2. Also the standard deviation is 21% higher in simulation 1. 
This means that lowering the lower bound has a positive effect on the inventory level 
above batch size. 

B. The two sample hypothesis tests show that the null hypotheses of; 
i. mu simulation one = mu simulation 2 

is rejected which means that the statistics of the two simulation regarding the average 
inventory above standard batch ~i~e _?~e sLgnificantly different '!:"i!_h 95% confidence level. 
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Unsatisfied demand analysis: 
A. The two sample comparison shows that the average unsatisfied demand and the 

standard deviation of the two simulations are exactly equal to each ether. To be sure that 
no mistake is made in the data the details of the data are checked. There are differences 
in unsatisfied demands per week for the two simulations. lt seems however that this is 
only a shift in time and not a shift in quantity. This means that there is no positive or 
neg~!i~_e _~ffect oD.!~e U!1satisfied demand of the two simulations. 
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Short simulation 2 
Total short 60 planning 143_227_320,00 Euro 
cycles 

Short simulation 1 
157.983.841,00 Euro 

Table 1: Total short 60 planning cycles for simulation 1 and 2 

The analysis above shows that the total short in simulation 1 is about 10% higher than in 
simulation 2_ This means that in simulation 2 less shorts are needed_ These shorts are needed 
in the first 6 weeks in order to make the model solvable; this is namely the fixed period_ The 
planning can not be changed in this fixed period_ The demand outside the 6 weeks is however 
different. This change in demand has an effect on the dependent demand in the first 6 weeks. 
Shorts are there to solve these differences. In practice the planner needs to resolve these 
shorts_ In the simulation this is not possible_ In practice shorts will lead to lost sales when not 
resolved_ Less shorts means that the delivery performance (unsatisfied demand), of that 
particular simulation, is better. So simulation 2 is outperforms simulation 1. 

Analysis required hours: 
The total required hours of simulation 1 and 2 are calculated: 

Required hours Required hours simulation 
simulation 1 2 

Total requires hours 60 618.933 hours 700.003 hours 
planning cycles 
Table 2: Total required hours 60 planning cycles for simulation 1 and 2 

The analysis above shows that the total required hours in simulation 1 are about 13% lower than 
in simulation 2. This can be explained very easily. Producing less than standard batch size does 
not mean that less hours are required. The processing time stays the same even when more or 
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less is produced. Because the allowed deviation trom the standard batch size in simulation 2 is 
much larger than in simulation 1, the deviation trom batch size will be higher in simulation 2 than 
in simulation 1. This can result in more batches produced at the end. 

Absolute deviation trom standard batch size analysis: 
With the absolute deviation is meant the absolute deviation trom standard batch size. 

A. The two sample comparison shows that the average absolute deviation from standard 
batch size of simulation 1 is about 14% lower than the average absolute deviation from 
standard batch size of simulation 2. Also the standard deviation is 23% lower in 
simulation 1. This is of course logic because the lower bound in simulation two is much 
lower than in simulation 1. 

B. The two sample hypothesis tests show that the null hypotheses of; 
mu simulation one = mu simulation 2 

is rejected which means that the statistics of the two simulation regarding the average 
absolute deviation trom standard batch size are significantly different with 95% 
confidence level. 
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APPENDIX 17: UPPER AND LOWER BOUNDS STANDARD BATCH SIZES FOR THE PROCESSES 
SELECTED FOR SIMULATION 

In the table below the lower and upper bounds which are technically possible tor the processes selected 
tor testing are given. In the first column the process codes are given. In the second column the standard 
batch size for each process. Next the lower and upper bounds are given as a quantity in column 3 and 4 
and than as a percentage in column 5 and 6. These technica! lower and upper bounds can be used in the 
final model as lower and upper bounds of the batch size calculated by the model. 

Standerd Mln Max 
echnlcal chnlcal %Mln %Max 

STARTING 
MATERIAL 600 300 700 50.00 116.67 
INTERMEDIATE 1 600 300 700 50.00 116.67 
INTERMEDIATE 2 260 130 300 50.00 115.38 
Z-TER-F 450 175 500 38.89 111.11 
TE-F-ZEV 400 650 0.25 162.50 
8-TEDECA 250 100 400 40.00 160.00 
Z-TEDECA 280 50 550 17.86 196.43 
TE DEC-MAL 250 650 0.40 260.00 
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APPENDIX 18: WORK CENTER VESSEL RELATION CA1 

In the table below the work center vessel relation is given. The first column contains the work center code 
(WCT) and the second column the vessel code . Each vessel has its own code. In the third column the 
volume of the vessel is given. In the fourth column the type of vessel is given. There are two types: 

• Em. = enamel 
• RVS = stainless steel 

WCT Veaeel Volume "1aterfal 
FO-EM A1 4.000 Em. 

A3 4.000 Em. 

C6 4.000 Em. 

FO-RE A2 5.000 RVS 

A4 3.200 RVS 

FO-KL A7 2.500 RVS 

A9 2.500 RVS 

B9 2.300 RVS 

B10 1.000 RVS 

C8 2.300 RVS 

C10 1.500 RVS 

FO-GR A5 5.000 RVS 

A6 5.000 RVS 

B4 3.200 RVS 

B5 5.000 RVS 

B6 5.000 RVS 

B8 3.200 RVS 

C1 5.000 RVS 

C2 5.000 RVS 

C3 3.200 RVS 

C4 5.000 RVS 

C5 5.000 RVS 

FO-OV A8 2.500 RVS 

A10 1.500 RVS 

A11 1.500 RVS 

C7 1.500 RVS 

C9 2.300 RVS 

WCT = work center 
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APPENDIX 19: INTERVIEW 

Several specialists (plant manager, production manager, assistant production managers, planners and 
manager planning) within production and planning are interviewed according to the questionnaire below. 
This questionnaire is made with the help of the manager planning, business engineers and assistant 
production manager. First a brainstorming session took place. From this a sample questionnaire was 
made. This sample questionnaire was discussed and adjusted several times until it was approved by the 
specialist involved in making th is questionnaire. The final questionnaire is displayed below. 

1. Seguence in executing a process 
Can you explain the order of the current production process? 

Is there a standard order in which (most) production is executed for processes? 

lf so, are there processes which have a different order? Can you be specific on which processes this 
concerns? 

Is there a set-up/preparation time? lf so, where starts and ends this set-up/preparation time? 

Where does actual production start? When does actual production ends? 

When is cleaning executed? Are there different forms of cleaning? lf so which ones are there? lf so, is 
there an order in which the cleaning forms are executed? lf so, is this standard the same for all processes 
or are the exceptions? 

2. Norm data 
Are there norm data available for set-up/ preparation? 
lf so where can they be found? 
When no norm data is available are there other ways to find this data? 
Can for example standards be used? 

Are there norm data available for production? 
lf so where can they be found? 
When no norm data is avai lable are there other ways to find this data? 

Are there norm data tor cleaning? 
lf so where can they be found? 
When no norm data is available are there other ways to find this data? 
Can for example standards be used for certain processes? 

After the interviews definitions are made for the specific steps executed in executing a process. These 
definitions are discussed with the persons interviewed and some minor adjustments were made. At the 
end the following definitions are agreed upon. 

Preparation = 

Processing time 

Dedicated cleaning = 

Monitoring 

The preparation of the linking of a set of vessels (preparing the 
configuration) , needed for a specific process, until the complete set is 
available for production . 

The real processing time. Starts at the end of the preparation 
and ends at the beginning of the Dedicated Cleaning. 

The process dependent cleaning. A process specific solvent or 
combination of solvents is used, dependent on the type of reaction or 
process executed. 

The (equipment dependent) cleaning executed in order to monitor 
cross contamination. The cleaning is executed with a standard solvent 
(often acetone). The equipment is brought back toa standard state. 
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3. Campaiqn 
In first instance definitions are made with the people who are interviewed involved. Before starting the 
interview the definitions are explained again to the persons interviewed. See the definitions below: 

Campaign 

Campaign size 

Producing the same product in the same set of vessels (configuration) 
sequentially. 

The number of the same processes produced sequentially in the same 
set of vessels (configuration) . 

When a process is produced in campaign , as defined above, is !here time saved? lf so, can you explain 
which times are saved? When time is saved, is the same time / step within a process saved tor all 
processes, or are there exceptions? lf !here are exceptions which are these? 

Is there a max to the campaign size tor which certain time/steps are saved? lf so, is this maximum the 
same tor all processes, or deviated this maximum per process? Where can this maximum be found? 
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APPENDIX 20: PREPARATION, PROCESSING, DEDICATED CLEANING AND MONITORING 
TIMES FOR PROCESSES USED DURING SIMULATION 

The first column shows the process codes and the second column the vessel code. As you can see for 
executing one process several vessels are used. This is also called a set. The third column gives the 
duration time (in hours) of the actual production. The fourth column shows the preparation time (in hours) 
needed per production order. The fifth column gives the time (in hours) needed for standard cleaning (DS) 
and the sixth column gives the time (in hours) needed for dedicated cleaning (DD). 

Process Vesael DU Preoaratlon os DO 
STARTING MATERIAL A2 48 2 4 4 
STARTING MATERIAL A9 48 2 4 4 
INTERMEDIATE 1 A2 52 2 4 4 
INTERMEDIATE 1 A9 52 2 4 4 
INTERMEDIATE 2 A4 54 2 4 4 
INTERMEDIATE 2 A6 24 2 4 4 
INTERMEDIATE 2 A3 24 2 4 4 
INTERMEDIATE 2 A10 24 2 4 4 
Z-TER-F B5 32 16 4 6 
Z-TER-F B6 32 16 4 6 
TE-F-ZEV Malen 11 1 nvt 8 
B-TEDECA C1 38 2 4 4 
B-TEDECA C2 38 2 4 4 
B-TEDECA C3 6 2 4 4 
Z-TEDECA C1 39 25 4 4 
Z-TEDECA C2 39 25 4 4 
Z-TEDECA C3 14 2 4 4 
TE DEC-MAL Malen 14 2 nvt 12 
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APPENDIX 21: PREPARATION, PROCESSING, DEDICATED CLEANING AND MONITORING TIMES 
POR PROCESSES USED DURING TESTING TRANSLATED TO VARIABLES Yl AND Y2 

In the table below the duration of actual production is translated to Y1 and the duration of preparation, 
standard cleaning and dedicated cleaning is translated to Y2. This in order to model the variables Y1 and 
Y2 in the final model. 

The first column gives the process code and the second column the vessel code . The third column gives 
the total time (hrs) needed tor actual production which will be Y1 in the final model. Column 4, 5 and 6 
give respectively the preparation time (hrs), standard cleaning (monitoring) time (hrs) and dedicated 
cleaning times (hrs). These three values can be added up to Y2 which is done in column 7. Column 8 
gives the work center code used in the model. Column 8 and 9 give the total hours of Y1 (total production 
time) and Y2 (total preparation and cleaning time). 

Vessel Y1 Y2 TotalY2 In flnal Model 
Process code Vessel DU Preparatlon os DO Total hours Workcenter Y1 
STARTING MATERIAL A2 48 2 4 4 10 FO-RE 48 
STARTING MATERIAL Açi 48 2 4 4 10 FO-KL 48 
INTERMEDIATE 1 A2 52 2 4 4 10 FO-RE 52 
INTERMEDIATE 1 A9 52 2 4 4 10 FO-KL 52 
INTERMEDIATE 2 A4 54 2 4 4 10 FO-RE 54 
INTERMEDIATE 2 A6 24 2 4 4 10 FO-EM 24 
INTERMEDIATE 2 A3 24 2 4 4 10 FO-GR 24 
INTERMEDIATE 2 A10 24 2 4 4 10 FO-OV 24 
Z-TER-F 85 32 16 4 6 26 FO-GR 64 
Z-TER-F 86 32 16 4 6 26 nvt nvt 
TE-F-ZEV Malen 11 1 nvt 8 9 RR-MA 11 
8-TEDECA C1 38 2 4 4 10 FO-GR 82 
8-TEDECA C2 38 2 4 4 10 nvt nvt 
8-TEDECA C3 6 2 4 4 10 nvt nvt 
Z-TEDECA C1 39 25 4 4 33 FO-GR 92 
Z-TEDECA C2 39 25 4 4 33 nvt nvt 
Z-TEDECA C3 14 2 4 4 10 nvt nvt 
TE DEC-MAL Malen 14 2 nvt 12 14 RR-MA 14 
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APPENDIX 22: CHANGES MADE TO MODEL IN SIMULATION 3 

In the table below the differences in the model text of simulation 1 and 2 in relation to simulation 3 is 
explained in detail. Only the differences in modeling are discussed. This means that not the complete 
model text is discussed. The model text is primarily based on linear programming, but tor some subjects 
also non linear modeling is used. For this reason a MIP solver is used to solve the planning model. In the 
table below in each row first the model text is given. Then in the "note" the model text is explained in more 
detail. 

Model text slmulatlon 1 and 2 Model text slmulatlon 3 
hours per batch = 1 ; hours per batch = 1; 

Note: Note: 
For simulation 1 and 2 here the total hours per work The model text is the same as in simulation 1 and 
center are interfaced, which are the sum of the 2. However here actual processing time itself is 
actual processing time, the preparation time, interfaced. See Appendix 2, see column Y1 in the 
dedicated cleaning time and monitoring time. table presented there. The values in column Y1 are 

interfaced to the model as "hours per batch". 
production available = BOOL( total nbr of 
round batches ); 

Note: Note: 
This model text is not applicable in simulation 1 and This model text is added in order to make it 
2. possible to calculate whether a set-up (preparation, 

dedicated cleaninçi and monitorinçi) is needed. 
production available shift = SHIFT( 
production available, 1 ); 

Note: Note: 
This model text is not applicable in simulation 1 and This model text is added in order to make it 
2. possible to calculate whether a set-up (preparation, 

dedicated cleaninçi and monitorinçi) is needed. 
required hours total = total nbr of round required hours total = total nbr of round 
batches * hours per batch; batches * hours per batch + set up hours; 

Note: Note: 
Here the total required hours per work center are Here the total required hours per work center are 
calculated. The "total nbr of round batches" is calculated. First the "total nbr of round batches" is 
multiplied by the "hours per batch" (actual multiplied by the "hours per batch" (only actual 
processing time + preparation time + dedicated processing time). This gives the total processing 
cleaning time+ mon itoring time) . time needed. Next the total processing time is 

added up with the "set up hours" needed. This 
results in the total required hours for that work 
center. 

total nbr of round batches= SUM( total nbr of round batches = SUM( 
Routing. total nbr of round batches); Routing. total nbr of round batches) ; 

Note: Note: 
This model text is the same tor simulation 1, 2 and This model text is the same tor simulation 1, 2 and 
3, but is put here to better understand the changes 3, but is put here to better understand the changes 
described in the row below. described in the row below. 

total nbr of round batches =< 1 O; 

Note: Note: 
This model text is not applicable in simulation 1 and Here it is decided that the maximum campaign size 
2. can not be more than 1 O batches per bucket, tor all 

work centers . See paragraph 7.3 last paragraph tor 
more details. 
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set up= 1; 

Note: Note: 
This model text is not applicable in simulation 1 and This model text is added. Here the hours needed 
2. for set-up (preparation, dedicated cleaning and 

monitoring) are interfaced. See Appendix 2, see 
here column Y2 in the table presented there. The 
values in column Y2 are interfaced to the model as 
set-up hours. 
set up needed = MAX( 0, production available 
- production available shift ); 

Note: Note: 
This model tex! is not applicable in simulation 1 and Here it is decided whether a set-up is needed. 
2. When "set up needed" is "1" a set-up is needed. 

When "set up needed" is zero no set-up is needed. 
set up hours = set up * set up needed; 

Note: Note: 
This model tex! is not applicable in simulation 1 and Here the real set-up hours that are needed are 
2. calculated. The set-up hours are in "set up" and the 

"set up needed" is a "1 " when a set-up is needed 
and a "O" when no set-up is needed. In this way il is 
decided what the set-up hours are. 
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APPENDIX 23: WHAT IS ANAL YSIZED IN SIMULATION 3 

An analysis is carried out on the performance indicators as discussed in paragraph 9.2. Below you can 
find the details on what is analyzed tor each performance indicator. 

• On total end inventory per week a two sample comparison is executed between simulation 3 and 
1 and between simulation 3 and 2. 

• On total end inventory per week a two sample hypothesis test is executed between simulation 3 
and 1 and between simulation 3 and 2. 

• On end inventory below safety stock per week a two sample comparison is executed between 
simulation 3 and 1 and between simulation 3 and 2. 

• On end inventory below safety stock per week a two sample hypothesis test is executed between 
simulation 3 and 1 and between simulation 3 and 2. 

• On end inventory above batch size per week a two sample comparison is executed between 
simulation 3 and 1 and between simulation 3 and 2. 

• On end inventory above batch size per week a two sample hypothesis test is executed between 
simulation 3 and 1 and between simulation 3 and 2. 

• On unsatisfied demand per week a two sample comparison is executed between simulation 3 and 
1 and between simulation 3 and 2. 

• On unsatisfied demand per week a week a two sample hypothesis test is executed between 
simulation 3 and 1 and between simulation 3 and 2. 

• On short only the total required shorts in Euros are calculated tor the complete simulation 
(simulation 3) . This data will be compared to the data of simulation 1 and 2. 

• On required hours only the total required hours are calculated tor the complete simulation 
(simulation 3). will be compared to the data of simulation 1 and 2. 

• On absolute deviation trom standard batch size a two sample comparison is executed between 
simulation 3 and 1 and between simulation 3 and 2. 

• On absolute deviation trom standard batch size a two sample hypothesis test is executed between 
simulation 3 and 1 and between simulation 3 and 2. 

• On campaign size per week a two sample comparison is executed between simulation 3 and 1 
and between simulation 3 and 2. 

• On campaign size per week a two sample hypothesis test is executed between simulation 3 and 1 
and between simulation 3 and 2. 

• On set-up (preparation) hours an analysis is made on how many of the hours of the total required 
hours are set-up hours. Also the percentage set-up hours in relation to the percentage actual 
production hours is calculated. Further it is analyzed how many required hours would have been 
needed when no split up in actual production hours and set-up hours was made. So, when only 
total hours per batch were available, like in simulation 1 and 2. 
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APPENDIX 24: ANALYSIS SIMULATION 3 

The simulation with in between 80%-100% deviation trom standard batch size, as modeled in de current 
model , will be called simulation 1 in the description below. (See chapter 5 tor more details) 
The simulation with in between 50%-100% deviation trom standard batch size will be called simulation 2 in 
the description below. (See chapter 5 tor more details} 
The simulation with the changes described in paragraph 9.3 is further called simulation 3 in the description 
below. This is the simulation as described in chapter 9. 

Total inventory analysis, simulation 3 in relation to simulation 1: 
A. The two sample comparison of simulation 3 with simulation 1 show that the average inventory of 

simulation 3 is about 2% lower than the average inventory of simulation 1. The standard deviation 
is 4% higher in simulation 3. 

B. The two sample hypothesis test show that the null hypotheses of ; 
i. mu simulation 3 = mu simulation 1 

is not rejected, which means that the statistics of the two simulations regarding average inventory 
are not significantly different with 95% confidence level. 
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Total inventory analysis, simulation 3 in relation to simulation 2: 
A. The two sample comparison of simulation 3 with simulation 2 show that the average inventory of 

simulation 3 is about 19% higher than the average inventory of simulation 2. The standard 
deviation is also 11 % higher in simulation 3. 

B. The two sample hypothesis test show that the null hypotheses of; 
i. mu simulation 3 = mu simulation 2 

is rejected, which means that the statistics of the two simulations regarding average inventory are 
significantly different with 95% confidence level. 
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lnventory below safety soek analysis, simulation 3 in relat ion to simulation 1: 
A. The two sample comparison of simulation 3 with simulation 1 show that the average inventory 

below safety stock of simulation 3 is about 21 % higher than the average inventory below safety 
stock of simulation 1. The standard deviation is also 6% higher in simulation 3. 

B. The two sample hypothesis test show that the null hypotheses of; 
i. mu simulation 3 = mu simulation 1 

is rejected, which means that the statistics of the two simulations regard ing average inventory below 
safety stock are significantly different with 95% confidence level. 
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Batch and campaign sizing problem in the Chemica! Departments of API BIOTECH trom Schering Plough 

lnventory below safety stock analysis. simulation 3 in relation to simulation 2: 
A. The two sample comparison of simulation 3 with simulation 2 show that the average inventory 

below safety stock of simulation 3 is about 18% lower than the average inventory below safety 
stock of simulation 2. The standard deviation is also 5% lower in simulation 3. 

B. The two sample hypothesis test show that the null hypotheses of ; 
i. mu simulation 3 = mu simulation 2 

is rejected , which means that the statistics of the two simulations regarding average inventory below 
safety stock are significantly different with 95% confidence level. 
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Batch and campaign sizlng problem in the Chemica! Departments of API BIOTECH trom Schering Plough 

lnventory above batch size analysis. simulation 3 in relation to simulation 1: 
C. The two sample comparison of simulation 3 with simulation 1 show that the average inventory 

above batch size of simulation 3 is about 1 % lower than the average inventory above batch size of 
simulation 1. The standard deviation is 5% higher in simulation 3. 

D. The two sample hypothesis test show that the null hypotheses of; 
i. mu simulation 3 = mu simulation 1 

is not rejected, which means that the statistics of the two simulations regarding average inventory above 
safety stock are not significantly different with 95% confidence level. 
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Batch and campaisn sizins problem in the Chemica! Departments of API BIOTECH trom Scherins Ploush 

lnventory above batch size analysis, simulation 3 in relation to simulation 2: 
A. The two sample comparison of simulation 3 with simulation 2 show that the average inventory 

above batch size of simulation 3 is about 12% higher than the average inventory above batch size 
of simulation 2. The standard deviation is also 18% higher in simulation 3. 

B. The two sample hypothesis test show that the null hypotheses of; 
i. mu simulation 3 = mu simulation 2 

is rejected, which means that the statistics of the two simulations regarding average inventory above batch 
size are significantly different with 95% confidence level. 
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Batch and campaign sizing problem in the Chemica! Departments of API BIOTECH trom Schering Plough 

Unsatisfied demand analysis, simulation 3 in relation to simulation 1: 
A. The two sample comparison of simulation 3 with simulation 1 show that the unsatisfied demand of 

simulation 3 is about 22% lower than the unsatisfied demand of simulation 1. The standard 
deviation is also 10% lower in simulation 3. 

B. The two sample hypothesis test show that the null hypotheses of; 
i. mu simulation 3 = mu simulation 1 

is rejected , which means that the statistics of the two simulations regarding unsatisfied demand are 
significantly different with 95% confidence level. 
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Batch and campaign sizing problem In the Chemica! Departments of API BIOTECH trom Schering Plough 

Unsatisfied demand analysis, simulation 3 in relation to simulation 2: 
A. The two sample comparison of simulation 3 with simulation 2 show that the unsatisfied demand of 

simulation 3 is about 22% lower than the unsatisfied demand of simulation 2. The standard 
deviation is also 10% lower in simulation 3. 

B. The two sample hypothesis test show that the null hypotheses of; 
i. mu simulation 3 = mu simulation 2 

is rejected, which means that the statistics of the two simulations regarding unsatisfied demand are 
significantly diffe rent with 95% confidence level. 
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Batch and campaign sizing prob lem in the Chemica! Departments of API BIOTECH trom Schering Plough 

Analysis short: 
The total short of the simulations 1, 2, and 3 are calculated: 

Short simulation 3 Short simulation 2 Short simulation 1 
Total short 60 33,51 % 90,66% 100% 
planninq cvcles 
Table 1: Total short 60 planning cycles for all three s1mulat1ons 

The analysis above shows that the total short in simulation 3 is about 66% lower than in simulation 1 and 
63% lower than in simulation 2. This means that in simulation 3 much less shorts are needed. These 
shorts are needed in the first 6 weeks in order to make the model solvable ; this is namely the fixed period . 
The planning can not be changed in this fixed period. The demand outside the 6 weeks is however 
different. This change in demand has an effect on de dependent demand in the first 6 weeks. Shorts are 
there to solve these differences. In practice the planner needs to resolve these shorts. In the simulations 
this is not possible. In practice shorts will lead to lost sales when not resolved. Less shorts means that the 
delivery performance (unsatisfied demand) , of that particular simulation, is better. So simulation 3 
outperforms simulation 1 and 2 on this subject. 

Analysis requ ired hours: 
Thttl ' dh t · lt' 12 d3 e o a requIre ours o sImu a 10n 

' 
an 1 1 t d are ca cu a e : 

Required hours Required hours Required hours 
simulation 3 simulation 2 simulation 1 

Total required hours 91 ,39% 113,10% 100% 
60 planninq cycles 
Table 2: Total required hours 60 planning cycles for all three s1mulahons 

The analysis above shows that the total required hours of simulation 3 is about 19% lower than in 
simulation 1 and 9% lower than in simulation 2. In simulation 3 the batch hours are split up in actual 
production hours and set-up hours (= preparation + dedicated cleaning + monitoring , tor more details see 
paragraph 7 .1) . When campaign production takes place, more batches of the same product are produced 
sequentially, only one set-up is needed. In simulation 1 and 2 only the total batch hours are taken into 
account. These total batch hours exist of the actual production hours and set-up hours. Campaign 
production is taken into account only partially. (For more details on this subject, see paragraph 7.4 
example man-forms) . As you can see this split up of batch hours in actual production hours and set-up 
hours saves a lot of required hours in simulation 3. 
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Batch and campalgn slzing problem In the Chemica! Departments of API BIOTECH trom Schering Plough 

Absolute deviation form batch size analysis, simulation 3 in relation to simulation 1: 
With absolute deviation is meant the absolute deviation form standard batch size. 

A. The two sample comparison of simulation 3 with simulation 1 show that the absolute deviation 
trom standard batch size of simulation 3 is about 32% higher than the absolute deviation trom 
standard batch size of simulation 1. The standard deviation is also 24% higher in simulation 3. 

B. The two sample hypothesis test show that the null hypotheses of; 
i. mu simulation 3 = mu simulation 1 

is rejected, which means that the statistics of the two simulations regarding absolute deviation from 
standard batch size are significantly different with 95% confidence level. 
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Absolute deviation from batch size analysis, simulation 3 in relation to simulation 2: 
A. The two sample comparison of simulation 3 with simulation 2 show that the absolute deviation 

from standard batch size of simulation 3 is about 4% higher than the absolute deviation from 
standard batch size of simulation 2. The standard deviation is 1 % lower in simulation 3. 

B. The two sample hypothesis test show that the null hypotheses of; 
i. mu simulation 3 = mu simulation 2 

is not rejected, which means that the statistics of the two simulations regarding absolute deviation from 
standard batch size are not significantly different with 95% confidence level. 
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Campaign size analysis simulation 3 in relation to simulation 1: 
With campaign size is meant the number of production orders of the same process produced sequentially 
in the same bucket (week). 

A. The two sample comparison of simulation 3 with simulation 1 show that the average campaign 
size of simulation 3 is about 0,5% higher than the average campaign size of simulation 1. The 
standard deviation is 1 % higher in simulation 3. 

8. The two sample hypothesis test show that the null hypotheses of; 
i. mu simulation 3 = mu simulation 1 

is not rejected, which means that the statistics of the two simulations regarding the campaign size are not 
significantly different with 95% confidence level. 
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Campaign size analysis simulation 3 in relation to simulation 2: 
With campaign size is meant the number of production orders of the same process produced sequentially 
in the same bucket (week) . 

C. The two sample comparison of simulation 3 with simulation 2 show that the average campaign 
size of simulation 3 is about 11 % higher than the average campaign size of simulation 2. The 
standard deviation is also 8% higher in simulation 3. 

D. The two sample hypothesis test show that the null hypotheses of; 
i. mu simulation 3 = mu simulation 2 

is rejected, which means that the statistics of the two simulations regarding the campaign size are 
significantly different with 95% confidence level. 
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Total set-up hour's analysis simulation 3: 
This analysis can only be done tor simulation three, because set-up hours were not available in simulation 
1 and 2. In simulation 1 and 2 only the total hours per batch were available. 
The total re uired hours tor roduction includin set-u and the set-u hours in simulation 3 are: 

Total hours Set-up hours 

Simulation 3 100% 14% 
Table 3: Total required hours and set-up hours simulation 3 

This means that in simulation 3 x hours of the x hours are used tor set-up (preparation, dedicated cleaning 
and monitoring). This is in total 14%. 
No comparison can be made to simulation 1 and 2, because here only hours per batch were available. 
The number of batches produced is known tor simulation 3. These number of batches produced can be 
multiplied by the hours per batch used in simulation 1 and 2 (these are the same in simulation 1 and 2) . 
This in order to see what the total required hours would have been when no split up in actual production 
h d t h d F th d t ï t bi b 1 ours an se -up ours was ma e. or e e aI s see a e eow: 

Number of 
Work batches Hours per batch Requlred hours (nbr of 
center Routlna almulatlon 3 almulatlon 1 and 2 hours * hours nar batch} 

STARTING 
AA-GR MATERIAL C Total 127 71 9.017 

INTERMEDIATE 2_C 
A8-GR Total 79 120 9.480 
AC-GR Z-TER-F C Total 17 160 2.720 

STARTING 
AP-EM MATERIAL C Total 127 51 6.477 

INTERMEDIATE 2_8 
88-01 Total 215 50 10.750 
88-01 Z-TER-F 8 Total 12 104 1.248 

INTERMEDIATE 2_8 
88-03 Total 215 3 645 

STARTING 
88-05 MATERIAL 8 Total 123 166 20.418 

INTERMEDIATE 2 8 -
88-06 Total 215 42 9.030 

STARTING 
FO-EM MATERIAL A Total 935 32 29.920 

INTERMEDIATE 2_A 
FO-EM Total 1.734 28 48.552 
FO-GR 8-TEDECA A Total 296 112 33.152 

INTERMEDIATE 2_A 
FO-GR Total 1.734 28 48.552 
FO-GR Z-TEDECA A Total 353 168 59.304 
FO-GR Z-TER-F A Total 856 102 87.312 

STARTING 
FO-KL MATERIAL A Total 935 52 48.620 

INTERMEDIATE 2_A 
FO-OV Total 1.734 28 48.552 

STARTING 
FO-RE MATERIAL A Total 935 52 48.620 

INTERMEDIA TE 2_A 
FO-RE Total 1.732 58 100.456 
RR-MA TEDEC-MAL A Total 372 20 7.440 
RR-MA TE-F-ZEV A Total 635 28 17.780 

Total required 
hours 648.045 

Table 4: Requ1red hours s1mulat1on 3 accordmg to old model text 

The exact same planning of simulation 3 would have resulted in total required hours of 648.045 hours (a 
15% increase) when the total hours per batch were used also in simulation 3 instead of actual hours 
production hours and set-up. This means that with the total hours per batch the total requ ired hours in 
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simulation 3, which would have been 648.045 hours, are higher than the 618.933 hours in simulation 2 
and lower than the 700.003 hours in simulation 1. 
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