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II. Abstract 
From literature it is known that supply chains need to cope with uncertainties in supply and demand 

in order to deliver their products with a sufficient service level. This report discusses a case study at 

Company X. The focus is on one of their plant, Dutch Production Facility (DPF). Customer demand at 

DPF was found to be intermittent and unpredictable. In order to cope with the desired reduction of 

the customer order lead time capacity and inventory were considered, to cope with these 

uncertainties. A mathematical model was created and implemented which enables Company X to 

understand the impact of a reduction of the customer order lead time on their inventory and 

(inflexible) capacity. It was concluded that a reduction of the customer order lead time results in 

increased costs for the Company X. It is recommended maintain the current 6 week lead time. 
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III. Management Summary 
Potential benefits of Supply Chain Management triggered Company X’s COO to initiate this project.  

Problem description 

Currently Dutch Production Facility (DPF) delivers its products with a lead time of 6 weeks to its 

customers, the National Sales Companies (NSCs). It is unknown how costs will change as this lead 

time will be reduced to 1 week. This resulted in the following main research question: 

What are the changes in costs for DPF and the NSCs, if the lead time  

from DPF to the NSCs is reduced to one week? 

 

Problem analysis 

Analysis of the capacity and inventory at DPF showed that the demand for raw materials and capacity 

can be identified as intermittent and lumpy. Further analysis into the current forecast reliability, 

showed that the demand is unpredictable. Demand can therefore be categorized as uncertain. 

Furthermore, it was found that there is also uncertainty in the supply of raw materials. 

Literature discusses three buffers of coping with these uncertainties: 

• Inventory 

• Capacity 

• Time 

The objective of this project is to reduce the lead time from DPF to the NSCs. This means that only 

capacity and/or inventory can be used to cope with these uncertainties.  

Further analysis of the case showed that the production personnel are the bottleneck in the process 

of fulfilling the demand of the NSCs. The capacity of this bottleneck is inflexible and has a maximal 

capacity level, due to the number of cleanrooms (13). 

Analysis of the possibility to use inventory to cope with the uncertainties showed that there were 

three possible decoupling points: inventory of raw material, inventory of semi-finished products, and 

inventory of finished products. The second, inventory of semi-finished products, was excluded, since 

the bottleneck capacity was still required after arrival of the customer order. 

The choice was made to maintain the current Make-To-Order production strategy. 

Design 

In order to answer the research question, three parts of the system needed to be considered: 

1. Inventory of raw material at DPF 

2. Capacity of the bottleneck resource at DPF 

3. Inventory of products at the National Sales Companies 
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Figure 1 Redesign of DPF and inventory at the NSCs 

By considering the combined availability of the raw materials and capacity the service level to the 

National Sales Companies could be determined. Based on these three parts the changes in costs, as a 

result of the reduction of the order lead time from DPF to the NSCs, could be made clear. 

Model 

A mathematical model was constructed. This model consists of three parts. Each part is used to 

determine the impact of the reduction of the lead time from DPF to the NSCs on costs:  

1. A model that determines the reorder point of the raw material at DPF for a given lead time 

from DPF to the NSCs and raw material availability. With the information from this model, 

the inventory holding costs and disposal costs could be determined. 

2. A model that determines the required number of production personnel in the bottleneck 

resource, given a lead time from DPF to the NSCs and desired capacity availability. Based on 

this model the costs of capacity at DPF could be determined. 

3. A model that determines the safety stock at the inventory of finished products at the NSCs. 

Based on this model the costs of holding inventory at the NSCs could be determined. 

These mathematical models were implemented in software. Before execution of the models, they 

were validated and verified. Simulation was used to run the models. 

Results 

The results were determined for different lead times from DPF to the NSCs – 1, 2, 3, 4, 5, and 6 

weeks – and different availabilities of the inventory of raw material at DPF and the capacity at DPF.  

The results show that the total costs of holding inventory of raw material at DPF increases from 

€359.000 per year to €363.000 per year, as the lead time is reduced from 6 weeks to 1 week. The 

availability of raw material is kept equal in this situation. If the lead time is kept equal at 1 week, but 

the availability is increased from 80% for all raw materials to 99% for all raw materials an increase in 

costs from €180.000 per year to €420.000 per year takes place.  

Similar effect are found for the disposal costs of the inventory of raw material at DPF. As the lead 

time decreases from 6 weeks to 1 week, under equal raw material availability, the disposal costs 

increase from €450.000 per year to €468.000 per year. If the availability of the raw materials is 

increased from 80% to 99%, with a lead time of 1 week, the disposal costs increase from €275.000 

per year to €626.000 per year. 

The costs of capacity at DPF increases exponentially as the availability of the capacity increases. At a 

lead time of 6 week and availability of the capacity increases from 80% to 99% the costs increase 
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from €950.000 per year to €1.350.000 per year. For the situation in which all capacity is utilized costs 

are €3.150.000 per year. The influence of reducing the lead time from DPF to the NSCs from 6 weeks 

to 1 week, at an availability of the capacity of 88%, the costs increase from €1.100.000 per year to 

€3.1500.000 per year.  

The costs of holding inventory at the NSCs decreases as the lead time is reduced from 6 weeks to 1 

week, from €480.000 per year to €420.000 per year. 

If the current situation, of a lead time of 6 weeks, is compared to the desired situation – a lead time 

from DPF to the NSCs of 1 week, and service levels for the different finished products of 99%, 95% 

and 90% - it was found that total costs increase from €2,6 million to €5,5 million. 

Conclusions and recommendations 

The main conclusion of this report is the answer to the main research question. It was found that any 

reduction in the lead time from DPF to the NSCs results in an increase of total costs for Company X. 

Therefore it is advised to maintain the current lead time of 6 weeks. 

With respect to Company X a number of recommendations were made: 

• Due to peaks in the demand and inflexibility of the bottleneck-capacity, the capacity level of 

the bottleneck needs to be high at all times, in order to guarantee a high service level. By 

increasing the flexibility of this capacity, capacity can be increased as a peak arrives and the 

capacity can be decreased in times of low customer demand. As a result costs of capacity 

might be reduced. 

• A second recommendation is to increase effort in reducing the peaks within the Company X. 

By reducing the peaks, less capacity of the bottleneck is required during the peaks, which 

results in a lower overall capacity level. 

• A third recommendation it to increase efforts of forecasting the demand of the NSCs for 

products of DPF. As the reliability of the forecast increases, DPF can make better decisions on 

purchasing raw material and setting the capacity level, required to meet the future demand. 

Scientific implications 

The current research represent a case study in the field of stock control for intermittent and lumpy 

demand. A field which is dominated by inventory of service parts. This research broadens the scope 

of the field of intermittent and lumpy demand. 
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1 Introduction 
This chapter starts with an introduction of the research assignment, which is the object of this 

project. Subsequently the outline of this report is elaborated. 

1.1 Introduction to the Research Area 

Supply chain management (SCM) has received much attention in the past two decades (Stock, Boyer, 

& Harmon, 2010). SCM is defined as  “the task of integrating organizational units along a supply chain 

and coordinating materials, information and financial flows in order to fulfill (ultimate) customer 

demands with the aim of improving competitiveness of the supply chain as a whole” (Stadtler, 2005, 

p. 576). Reason for the increased attention, is the realization that actions taken by one link in the 

chain can influence the profitability of the other links (Silver, Pyke, & Peterson, 1998). An important 

aspect of SCM is inventory management. Within a supply chain stock points are connected to each 

other by lead times.  On the one side, the lead times and the uncertainty regarding their duration 

influences the stock level of stock points downstream in the supply chain. On the other side, the 

customer demand and the uncertainty of that demand influences the stock levels upstream from 

that stock point. 

With this knowledge in mind, the current project was initiated by the Chief Operations Officer 

(hereafter COO) of the Company X (hereafter Company X). One of the plants of Company X, Dutch 

Production Facility (hereafter DPF), delivers products to the internal customers, the National Sales 

Companies (hereafter NSCs). The lead time between order acceptance by DPF and arrival of the 

products at the NSCs is set to six weeks. It is hypothesized by the COO that by reducing the lead time, 

inventory at the NSCs might be reduced, resulting in reduced costs of holding inventory. Presently it 

is not known what the change in costs will be for DPF and the NSCs if the lead time between the two 

is reduced.  The main research question is: 

What are the changes in costs for DPF and the NSCs, if the lead time  

from DPF to the NSCs is reduced to one week? 

The customer order lead time is defined as “the amount of time allowed to fill a customer order from 

start to finish” (Hopp & Spearman, 2000, p. 321). The starting point of the customer order lead time 

is at the time a customer order is accepted by the supplier. The customer order lead time ends at the 

moment the order is delivered at the customer. In the considered case limitations with regard to the 

delivery dates of DPF to the NSC, the customer order lead time will be defined a bit different from 

the definition of Hopp and Spearman (2000). 

Due to restrictions of the dates of delivery of DPF to the NSCs the last steps of the customer order 

lead time will be out of scope. This is further explained in Appendix A.5. The steps that are out of 

scope are the transport from DPF to the NSCs and the acceptance of the order by the NSCs. This 

leaves the following definition of the customer order lead time.  

The customer order lead time is defined :  

The time that elapses between the moment of customer order acceptance by DPF until the moment 

that the order is ready for shipment to the customer at DPF 
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This means that in order to consider the time that elapses between order acceptance and arrival of 

the order at the customer, the transportation time has to be added to the customer order lead time. 

The costs that are mentioned in the research question will be discussed after introduction of the 

case.  

1.2 Report Outline 

In order to structure this project, the method of Kempen and Keizer (2000) has been used, which is 

depicted in Figure 2. 

 
Figure 2 Model of Kempen and Keizer (2000) 

Orientation 

This report continues with the introduction of the company under consideration in this project. In 

chapter 2 an introduction will be done of the company, the products, and business processes in order 

to evaluate the scope of the project. In chapter 3 the research assignment is introduced. 

Analysis 

After the introduction of the company and the background knowledge, an analysis is performed in 

order to determine the main issues which the company faces. In chapter 4 this analysis is considered. 

Redesign 

In this stage, a solution to the found issues is presented. A theoretical solution is presented in 

chapter 5. 

Implementation 

In this phase the proposed redesign is implemented in a software tool. This is done in chapter 6. 

Company implementation is discussed in chapter 7. The results that can be found using the tool are 

presented in chapter 8. Finally, conclusions and recommendations are presented in chapter 9. 

  

Orientation Analysis Redesign Implementation
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2 Current Situation at Company X 
In this chapter the company under consideration in this research project will be introduced. First the 

company will be introduced. Subsequently the processes and the scope of this project will be 

considered. 

2.1 Company X  

<Deleted due to confidentiality> 

2.2 The Company X Supply chain 

Dutch Production Facility sources its raw materials from different suppliers all over the world. After 

processing the raw materials, the final products are shipped to the National Sales Companies (NSC). 

These Sales Companies market the products to the pharmacists, hospitals, wholesalers, etc. The 

pharmacists process the raw materials into medicines for the final customer: patients. This supply 

chain is depicted in Figure 3. Key issues throughout the whole supply chain is traceability of the raw 

material and quality of the processes, which are required due to GMP regulations (Good 

Manufacturing Practices). 

 
Figure 3 Supply Chain of Company X 

2.3 National Sales Companies 

The Company X consists of a number of production facilities and a number of national sales 

organizations, called National Sales Companies (NSCs). Within this project only the production facility 

in the Netherlands, Dutch Production Facility (DPF), will be considered. DPF delivers it products to 

the NSCs, only finished products and specials are considered. The table below shows the demand of 

the NSCs of finished products and specials of DPF in the two-year-period 14/2/2010 till 13/2/2012. 

  

Suppliers
Dutch 

Production 
Facility

National 
Sales 

Companies
Wholesalers

Pharmacies 
& Hospitals

Patients
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Table 1 Demand of the NSCs for products of DPF 

Country Nr of 

orders 

Percentage Nr of 

products 

Percentage Value of 

orders (€) 

Percentage 

NSC 1 7364 39% 1213639 63% 8927265 43% 

NSC 2 7606 41% 417299 22% 6191775 30% 

NSC 3 1843 10% 199205 10% 2333199 11% 

NSC 4 864 5% 15007 1% 2106683 10% 

NSC 5 665 4% 51514 3% 733247 4% 

NSC 6 242 1% 5823 0% 274676 1% 

NSC 7 52 0% 13081 1% 112427 1% 

NSC 8 31 0% 69 0% 60381 0% 

 

2.4 Dutch Production Facility 

The case company that will be considered in this report is Dutch Production Facility (DPF). The main 

activities at this production plant are the testing, repackaging and labeling of raw pharmaceutical 

materials. The goal of DPF is to deliver raw materials of the right quality and quantity at the right 

time. At DPF approximately 70 FTE’s are employed.  

At DPF around 9540 different final products are produced. Each product consists of only one raw 

material. The products are divided in two groups: normal finished products and specials. Normal 

finished products consists of products that have an pre-determined quantity. Specials are products 

that contain a quantity specified by the customer, that deviates from the quantities that are used in 

the normal finished products. Both finished products and specials are customer specific, meaning 

that one finished product can only go to one customer. Table 2 gives the accompanying figures. The 

9540 final products are produced from 1574 different types of raw material.  

Table 2 Raw materials and final products at DPF 

Type of product Number of products 

Raw material 1574 

Finished products, consisting of: 9540 

• Finished products 6979 

• Specials 2561 

The raw materials are divided into 3 classes, depending on the value they represent to Company X, 

with ‘A’ being the most important raw materials, followed by the middle class ‘B’ and the lowest class 

‘C’. 

2.5 Process Description within DPF 

An elaborate process description of the processes within DPF is provided in Appendix A. In this 

description also the process of purchase of raw material and the transport of the finished products to 

the customer are considered. In the section below, a more general overview of the process within 

DPF is discussed. 
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Figure 4 Stylized Process Description of DPF 

Figure 4 shows the stylized process of DPF. After arrival at DPF the raw material are received. The 

raw materials are labeled and a sample is taken. Subsequently the sample is tested, while the raw 

materials resides in the warehouse, with the status ‘quarantine’. In case the test-result is negative, 

the raw material is disposed. In case the test-result is positive, the raw material is cleared for 

production. Based on customer demand a production planning is made. Production-orders are 

released. A production-order consists of a batch of a certain product. Setup times and cleaning times 

are relatively large. Warehouse personnel prepares the production-orders, by combining raw 

material, packaging material, the production-order form and labels. Subsequently the production 

order is produced. This contains the filling and labeling of the products. In order to guarantee quality, 

DPF works according to GMP-rules (Good Manufacturing Practices). As a result of these rules, the 

raw materials have to be traceable. A main factor of the GMP is documentation, which has to be 

updated every step in the process. After the products have been labeled, a final test takes place. 

Both the quality of the process and of the raw material is inspected. Finally, the finished products are 

prepared for shipment to the customer. This might include sealing.  

Currently, all products are made to order (MTO). Raw material is purchased based on a forecast of 

future demand. After arrival of a customer order, the raw material is processed into the final 

products. 

2.6 Scope of the project 

The focus of this project is to reduce the customer order lead time to one week at a given service 

level. This is the delivery of products by DPF to the NSCs. The objective is desired for all finished 

products that have a nonzero forecast for the coming year.  

The service level is defined as: 

  The fraction of the orders of the NSCs to DPF that is delivered in time. 

The most upstream stock point at which this customer order lead time can still be attained is the 

stock point of raw materials, as described in section A.4 in Appendix A. For this reason, the stock 

point represents the lower bound of the scope of this project.  

Ideally the upper boundary of this project would be on the customers of the Company X, the 

wholesalers and pharmacists. Early in the course of the current project the scope was reduced to the 

Company X alone, more precisely on the delivery of products from DPF, to the sales organizations of 
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Company X, the NSCs. This has been done in agreement with Company X’s COO. The upper boundary 

is set on the inventory at the NSCs. 

The focus of this project will be on the influence of the reduction of the customer order lead time on 

the internal process at DPF. All finished products have the same customer order lead time. The 

influence of the reduction of the customer order lead time on the inventory at the NSCs will be 

considered by consulting DPF’s  largest customer, NSC 1. 

 
Figure 5 System boundaries for this project 

The customer is defined as the NSCs. 

A last remark is concerned with the fixed assets of DPF, such as the number of cleanrooms and 

machinery. It is assumed that these assets are a given, unless analysis shows that investments can be 

justified. Furthermore, scheduling is out of scope. 
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3 Research Assignment 
This chapter describes the research assignment of this project. First the problem statement is 

considered. Subsequently, the approach of the project is discussed. In the last part an analysis of the 

current situation is considered. 

3.1 Problem statement 

In order to cope with a reduction of the customer order lead time, a company can do two things: 

1. Respond quicker to the customer order as the order arrives, by decreasing the throughput 

time 

2. Take action in anticipation of the arrival of the customer order, thereby reducing the 

number of activities that need to be performed after arrival of the customer order 

These two possible actions will be discussed in the following part. Subsequently, the problem 

statement will be considered. 

3.1.1 Respond quicker to customer demand 

The first action relates to decreasing the throughput time. An important factor that influences the 

throughput time of a process is the existence of one or multiple bottlenecks. The capacity of a 

bottleneck establishes the throughput rate a process (Hopp & Spearman, 2000). By increasing the 

throughput rate of the possible bottleneck(s) in the process, the throughput rate of the whole 

process increases. In order to consider the first action the process of fulfilling the customer orders 

needs to be analyzed.  

3.1.2 Anticipate on customer demand 

The second action that can be taken is related to changing the length of the process that is required 

for fulfillment of customer orders. This is related to the Customer Order Decoupling Point (CODP). 

The CODP separates order-driven activities (downstream from it) from forecast-driven activities 

(upstream from it) (Hoekstra & Romme, 1992). The CODP can be located in different places in the 

supply chain and coincides with a controlled stock point. Figure 6 gives an overview of possible CODP 

according to Hoekstra and Romme (1992). Decoupling point (DP) 1 resembles ‘make and ship to 

stock’. The second DP is ‘make to stock’ (MTS), this means that all products are produced based on 

forecast. DP 3 is ‘assemble to order’ (ATO). This entails that the common modules are produced on 

forecast, but the final assembly will be executed based on actual customer demand. The fourth DP is 

‘make to order’ (MTO), this means that the product is produced based on actual demand. 

Nevertheless purchasing and other preproduction activities are performed based on forecast. This is 

the production strategy that is currently applied by DPF. The fifth DP is ‘purchase and make to order’. 
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Figure 6 "Typical CODPs" (Hoekstra & Romme, 1992, p. 7) 

3.1.3 Problem statement 

The sections above lead to the following problem statement: 

Currently DPF doesn’t know how to use its capacity and inventory to realize    

a reduction of the customer order lead time with a given service level 

Within the scope of this project it already has been mentioned that the inventory at the NSCs will be 

considered differently. For these stock points the largest customer, NSC 1, will be consulted in order 

to determine how this customer will adjust its inventory-control and/or parameter setting to changes 

in the customer order lead time from DPF to the NSCs. 

Even though the initial assignment was to determine the costs at a customer lead time of 1 week, 

during the course of the project this assignment was altered to not only 1 week customer order lead 

time, but 1, 2, 3, 4, 5, and the current 6 weeks. 

The service level associated with the customer order lead time is related to the classification of the 

raw material, as mentioned in section 2.2. Initially, service level of the classes are set as following: 

• Class A: 99% 

• Class B: 95% 

• Class C: 90% 

In order give insight into the problem statement a quantitative insight is required.  

An important factor in determining the use of capacity and inventory is costs. The following four 

costs are taken into account: 
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• At DPF: 

1. Costs of holding inventory: consisting of the interest paid over the value of the inventory 

2. Costs of disposal: since the raw material at DPF has an expiration date there is a 

possibility that the raw material needs to be disposed. This costs incurs both the value of 

the raw material that needs to be disposed as the costs of the actual disposal. 

3. Costs of the process: this entails the wages of all personnel involved in the process of 

fulfilling customer demand 

• At the NSCs: 

4. Inventory holding costs of the products that are purchased at DPF by the NSCs 

3.2 Project Approach 

First an analysis of the current supply chain will be provided in chapter 4. In this analysis the 

characteristics of this supply chain will be identified. Based on this analysis solution directions will be 

considered. One direction will be chosen, after which this solution will be further elaborated and 

turned into a model. With this model the research question can be answered. 

3.2.1 Research Areas 

In order to find an answer to the problem statement a number of research areas need to be 

considered: 

• Inventory management  

In literature it has been investigated that intermittent demand has an impact on the method 

of controlling the inventory (Silver, Pyke, & Peterson, 1998). Since the demand for the 

products of DPF is intermittent this should be considered. 

• Capacity  

One cause of not attaining the desired service level and customer order lead time can be the 

unavailability of capacity. For this reason the capacity of the resources involved in the 

process of fulfilling the customer orders should be investigated. 

3.2.2 Research Questions 

In this section the research questions are set out. 

• Demand pattern: 

o How can the demand pattern at DPF be characterized? 

o How predictable is the demand pattern at DPF? 

 

• Capacity: 

o Which resources are involved in the process of fulfilling customer demand? 

o What are the characteristics of demand for capacity of these resources? 

o How are these resources currently planned? 

o Which of these resources is/are currently a bottleneck(s) of the process of fulfilling 

customer demand? 

o Which of the resources is expected to become a bottleneck if the customer order 

lead time is reduced to one week? 

o What is/are the characteristics of the found bottleneck-resource(s)?  
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• Inventory: 

o What are potential CODP for DPF? 

o How is inventory currently controlled? 

o What are the characteristics of these CODPs and their Stock Keeping Units (SKUs)? 

o What are the characteristics of demand for the SKUs of these potential CODPs? 

o How can inventory be used to cope with the reduction of the customer order lead 

time? 

 

These questions need to be answered not only for the current situation of 6 weeks, but also the 

influence of reducing the customer order lead time to one week needs to be considered. 

3.2.3 Deliverables 

This project has a number of deliverables. These deliverables can be viewed from the perspective of 

the TU/e and the perspective of Company X. Of course, these two views have a major overlap. 

Nonetheless, it is worth mentioning that the deliverables differ. First the deliverables with respect to 

TU/e will be listed: 

1. A literature study 

2. A research proposal 

3. A mathematical model 

4. A software tool accompanied by a manual 

5. A master thesis report 

From the perspective of Company X, the following deliverables have been agreed upon: 

1. A process description of the whole process at DPF 

2. Literature Study on finished product postponement including best practices and pros and 

cons 

3. A software tool and manual to calculate stock-levels of: 1) raw material, 2) semi-finished 

products, and 3) finished products 

4. A list with stock-levels of all products at all stock points 

5. Report of cost savings 

6. Transfer of the tool to Company X 

These deliverables all contribute to answering the initial research question. The model has to provide 

a solution to the problem that satisfies the goals, if a solution is possible. Considered costs are costs 

related to inventory and production at DPF and inventory costs of the National Sales Companies. The 

cost-savings that can be attained at the National Sales Companies, due to the reduction in lead-time, 

will be determined by the Sales Companies themselves. 
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4 Analysis of the Supply Chain within DPF 
In this section the supply chain that is within DPF will be considered in greater detail in order to get 

better understanding of the issues that arise in case of a reduction of the customer order lead time 

to one week. In the analysis the targeted 1 week customer order lead time will be considered. 

Note that the inventory of products at the NSCs is not considered in this chapter. As discussed, the 

impact of a reduced customer order lead time on the inventory of the NSCs will be based on the 

settings of the largest customer, NSC 1. 

This chapter is divided in four parts. First the customer demand will be discussed. Associated with the 

customer demand, the forecast of this demand will be examined. Secondly the resources that are 

involved in fulfilling a customer order will be considered. For these resources the impact of a 

reduction in the customer order lead time will be considered. The third part is related to the stock 

point of raw materials. In this section also the possibility of alternative stock points will be 

considered. In the last section the uncertainties in the supply of raw materials are discussed. This is 

depicted in Figure 7. 

 
Figure 7 DPF's Supply chain 

4.1 Customer demand 

First the arrival of the customer demand will be discussed. Subsequently the current forecast of that 

demand will be discussed.  

4.1.1 Arrival of Customer Demand 

Figure 8 gives the customer demand per week (in number of orders and number of products) in the 

two-year period February 14
th

 2010 until February 13
th

 2012. The customer demand per week is 

aggregated in this figure. This period is considered to be representative for near future demand by 

DPF. As will be considered in section 4.2 the required capacity is closely related to the number of 

orders and the number of units. This figure shows that demand fluctuates heavily over time. The 

peaks in demand are greater than three standard deviations from the mean. In consultation with 

DPF, it was found that peaks arise for two reasons: 

1. Expected peaks: due to the targets of the NSCs, they are inclined to reduce the value of their 

total stock of products at the end of a quarter or half year. As a result replenishments are 

postponed until the start of a new quarter. This results in a peak in demand around the end 

of a quarter. A second reason for peaks at the end of a quarter, is the increased sales efforts 

of the NSCs in order to attain their sales targets. Increased customer demand for DPF arrives 
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around the end of a quarter. The height of the peak and which products will be demanded in 

the peak, is unknown. 

2. Unexpected peaks: apart from the expected peaks there are peaks that arrive at unexpected 

moments. There are diverse reasons for these peaks, promotions, absence of the purchaser 

at the NSC, resulting in a peak in demand before or after the absence, etc. For these peaks 

the moment of arrival, height of the peak and required products are unknown. 

 

 

Figure 8 DPF's Customer demand in the period 14-2-2010 till 13-2-2012 

The aggregated demand is categorized as both intermittent and lumpy demand. Intermittent 

demand is characterized by “infrequent demand occurrences” (Boylan, Syntetos, & Karakostas, 2008, 

p. 474). Lumpy demand is defined as “demand that has very pronounced peaks that can be several 

times greater than average demand” (Haafs S. J., 2006, p. 1). The highest peaks in the above figure 

are more than 2,5 times the average weekly demand expressed in units. Typically companies don’t 

have sufficient production capacity to meet the demand during the peak periods (Krane & Braun, 

1991). Whether this also holds for the capacity of FSLN will be considered in section 4.2. 

On the individual products level the demand can be categorized as both intermittent and lumpy. 

Intermittent demand is described as demand with infrequent arrivals, in which the average time 

between transactions is considerably larger than the interval of forecast updating (Silver, Pyke, & 

Peterson, 1998). The forecast at DPF is updated every month, meaning that the products can be 

categorized as intermittent if the interarrival time of orders is considerably larger than one month. 

Figure 9 shows the number of months final products were sold in a 24-month period to the NSCs. The 

figure shows that for most products the sales frequency is very low, indicating that the interarrival 

time is far greater than the interval of forecast updating. Demand for finished products can therefore 

be categorized as intermittent.  
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Figure 9 Sales frequency of all final products in the period 14-2-2010 till 13-2-2012 

Also with respect to raw material, which is the aggregated demand of products with the same raw 

material, it can be found that there are periods with no demand. Figure 10 givens an overview of the 

number of raw materials with the number of months of demand. In this figure it can be seen that the 

demand for raw materials is also intermittent. 

 

Figure 10 Sales frequency of all raw materials in the period 14-2-2010 till 13-2-2012 

Table 3 shows the minimal order quantity agreement that has been made between DPF and the 

NSCs. These agreements have been made in order to reduce the number of customer orders that 

arrive at DPF. This agreement explains the low sales frequency, since the NSCs are required to 

purchase at least the minimal order quantity.  

Table 3 Minimal order quantities of the NSCs 

Forecasted quantity 

(units/year) 

Minimal order quantity 

(units/order) 

>400 ¼ of the forecasted quantity 

400-100 100 units 

<100 Forecasted quantity 
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It can be reasoned that the due to a shorter customer order lead time, customers might be inclined 

to order more frequent in smaller quantity. This would lead to more customer orders, which results 

in a greater demand for capacity and less lumpy demand for raw material. It will be assumed that this 

is not the case. This assumption is supported by the agreement on minimal order quantity that have 

been made by DPF and the NSCs. 

In the above it was found that there are peaks in the lumpy customer demand. In finding an answer 

to the research question it has to be considered how to cope with these peaks. Furthermore it is 

found that the demand for finished products and demand for raw materials is both intermittent and 

lumpy. 

4.1.2 Forecast of Customer Demand 

It was found that there are peaks in demand which have to be coped with by DPF. An important 

factor in determining a solution is the degree to which the demand for products can be forecasted. 

Figure 11  givens an overview of the current method of forecasting. The NSCs make a forecast of 

their expected sales per month for the coming year, called the market forecast. This is done every 

month. Based on this market forecast, a replenishment forecast is determined.  

 

Figure 11 Structure of forecast within Company X 

In the ideal world, the forecast of the replenishment forecast would one hundred percent accurate. 

This would enable DPF to anticipate to future demand, without having to cope with uncertainty in 

this demand. The degree to which the replenishment forecast is accurate is considered below. 

DPF takes actions based on the replenishment forecast. For this reason the accuracy of this forecast 

should be considered. This replenishment forecast is scattered over multiple files, which makes it 

very time-consuming to analyze.  

For the market forecast every month an accuracy report is prepared for the market forecast. 

Appendix B shows the current method of determining the forecast accuracy. The forecast accuracy of 

a product is the weighted average of the sales of that product over a 5 month period. This method of 

evaluating the accuracy of the forecast doesn’t really take the intermittent nature of the demand in 

to consideration and only considers the demand during the 5 month period. Considering not only the 

quantity, but also the moment of arrival of a customer order would give more insights. These insights 

are important since not only on the quantity decisions need to be made by DPF and the NSCs, but 

also on the moments of taking actions. 

After analysis of the forecast accuracy of 65% of the products, in the period March 2011 until 

February 2012, it was found that none of the products had an ‘OK’ forecast accuracy. In which the 

accuracy is ‘OK’, if the actual sales is only 20% higher or lower than the forecasted amount. From this 
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it is concluded that the market forecast is not reliable. Since the market forecast is the input for the 

replenishment forecast it is argued that the replenishment forecast is also not reliable.  

For DPF the forecast is important to make decisions about purchase of materials and setting the 

capacity levels of the different resources. The current forecasting interval, one month, is an 

aggregated forecast. The peaks in demand are the result of high demand in one week, or even one 

day. As a result of the aggregated forecast, information about the moment of arrival of a peak in 

demand and the size of that peak, are averaged with the ‘normal’ demand. In the current situation 

the customer order lead time of 6 weeks is longer than the forecast interval of one month. This 

means that the exact moment of arrival and size of a peak are less important, since demand for 

material and capacity can be smoothed out over the period of 6 weeks. In the situation of a customer 

order lead time of one week, which is the objective of this report, the forecast needs to be more 

precise, since demand for material and capacity cannot be smoothed as much. For this reason the 

current method of forecasting will not be appropriate for this project.  Since there is currently no 

detailed forecast available, historic data will be used to determine the expected future demand. 

Based on this historic data a forecast will be made which is detailed enough for this project.  

4.2 Internal Process of DPF 

As mentioned, currently all products are produced MTO. Meaning that the raw material is purchased 

based on forecast and all other actions are performed in response to arrival of a customer order. 

In the previous section it was found that there are peaks in the lumpy customer demand. In this 

section it will be researched to what amount the capacity can cope with this lumpy customer 

demand, in case of a customer order lead time of one week. In section 2.5 an overview of the process 

at DPF has been provided. In the analysis of the capacity of the resources involved in this process, the 

bottleneck(s) was identified. The bottleneck is a stage in the process that restricts throughput (Silver, 

Pyke, & Peterson, 1998). A solution of reducing the customer order lead time is reducing the 

throughput time of the process. By identifying bottlenecks it will be known which resources need to 

be considered in the analysis and solution.  

Appendix C, describes the resources that have been considered in the analysis. In this appendix the 

desired demand for capacity is compared to the actual available capacity per week for each resource, 

called the utilizations.  

Table 4 shows the results of the analysis in the appendix. The utilization is based on the actual arrival 

of customer orders to DPF. Furthermore the flexibility of the resource and whether or not the 

resource is considered to be a bottleneck. It can be concluded that all personnel departments, with 

exception of Planning, has a high utilization. Due to its inflexibility, the Production personnel is 

considered to be the bottleneck. Due to its high utilization and inflexibility, this resource determines 

the pace at which orders proceed through the process of fulfilling the customer orders. In the 

remainder of this report, the production personnel will be viewed as the bottleneck in the process of 

fulfilling customer orders. Nonetheless the other personnel departments will also have to be 

considered. These conclusions can also be found in the table below. 
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Table 4 Analysis of resources of internal process at DPF (period: February 14
th

 2010 till February 12
th

 2012) 

 Utilization Flexibility Bottleneck Assumptions 

Warehouse personnel 71,8% High No  

Planning personnel 44,4% High No  

QI personnel 26,1% High No  

Printshop personnel 41,4% High No  

Production personnel 94,7% Low Yes  

HR-Cleanrooms 22,1% Low No Availability is 7 

days, 24 hours 

Normal Cleanrooms 27,9% Low No Availability is 7 

days, 24 hours 

Label printer 59,6% Low No  

Filling-and labeling 

machines 

No data Low No  

Sealing machine 53,4% Low No  

4.3 Inventory of raw materials 

The stock point of raw material is controlled by the Purchase & Planning-department. It applies an 

(s,Q)-inventory policy where a quantity Q is purchased once the inventory position drops below a 

level s. The inventory position is defined as the on-hand stock plus the outstanding replenishment 

orders minus the back orders. Order release to the production process is done based on customer 

orders.  

In determining the Q quantity DPF uses a ZCOP-model (Zero Order Cost Policy), in which the costs of 

purchasing raw material and holding inventory of the raw material are used to determine the optimal 

reorder quantity. Appendix D considers the method in which the ZCOP-model determines the 

optimal reorder quantity of the raw material. 

In the setting of the reorder level  ‘s’, the expected lead time of the replenishment (up to 8 weeks) 

and the importance of the raw material to Company X are considered. In general, the reorder point is 

set to 3/12 of the forecasted yearly demand for the raw material. 

4.3.1.1 Supply of Raw Materials 

Due to the GMP-regulations to which Company X has to comply, the number of approved suppliers is 

limited. These suppliers are located all over the world, resulting in varying replenishment lead times 

for DPF. Reducing the customer order lead time to one week reduces the chance of speeding up the 

supply of raw material. 

In the supply of raw material a number of uncertainties can be identified which influence the 

duration of the replenishment lead time of raw materials: 

• There is a possibility that the raw material cannot be purchased, in this case DPF has to wait 

until the raw material can be purchased again. This is estimated by DPF to be in 5% of all 

replenishment orders.  

• There is uncertainty with the time that elapses between the moment of order acceptance of 

the order of DPF by the supplier and the moment the raw material arrives at DPF. Reasons 

for any delay in this process can be the supplier having the raw material ready for shipment 

too late, to a delay during transportation, to a delay at customs, etc. This time is considered 
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per raw material and can be at most 8 weeks. Analysis of these times showed that 29,2% of 

the times exceeded the 8 week limit, considering data from 10-1-2011 till 22-6-2012. 

• There is uncertainty with the time that elapses between the moment of arrival of the raw 

material at DPF and having the raw material available for production. During this time a 

sample of the raw material has to be taken, which has to be tested. Analysis of the data, from 

10-1-2011 till 22-6-2012, showed that the mean is around 18 days (3,6 weeks). 

• The last uncertainty in this process is the possibility that the raw material turns out to be out 

of spec. In this case the raw material has to be disposed and a new replenishment order 

needs to be placed. In the period 10-1-2011 till 22-6-2012 4,9% of all test results were 

negative. 

Note that the discussed uncertainties apply to all raw materials. For some raw materials additional 

uncertainties play a role, for example: there is a maximal amount of opiates that can be imported to 

the Netherlands, as a result of this rule, DPF might not be able to replenish their inventory of opiates. 

In considering the results of this project, it should be noted that the model doesn’t consider these 

exceptions, which have to be filtered out by an inspection of the results by for example the chief 

Planning of FNSL, who is aware of the exceptions. 

From the above it can be concluded that the four discussed uncertainties all play an important role in 

the uncertainty of the replenishment lead time. For this reason, this uncertainty should be 

considered in realizing the desired customer order lead time and service level.   
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5 Solution Directions 
In this chapter the redesign for DPF will be discussed. First the scope of the redesign will be 

discussed. Within this scope alternatives of coping with the reduced customer order lead time will be 

discussed. After considering these alternatives the new planning and control mechanism will be 

discussed. 

5.1 Scope of the redesign 

The main research question of this project was: 

What are the changes in costs for DPF and the NSCs, if the lead time  

from DPF to the NSCs is reduced to one week? 

The scope of the redesign will be from the inventory of raw materials at DPF to the inventory of 

products at the NSCs.  

In the redesign the effect of the reduced customer order lead time on the stock at the NSCs will be 

considered by consulting with DPF largest customer NSC 1. 

For DPF it has become clear in the analysis that  the demand is dynamic and  unpredictable. As a 

result of these demand characteristics more effort is required to satisfy customer demand at the 

same service level (Bertrand, Wortmann, & Wijngaard, 1992). Coping with this uncertainty can be 

done with the use of 3 types of buffers (Hopp & Spearman, 2000): 

• Inventory 

• Capacity 

• Time 

In the current project ‘time’ will be reduced, which will required increased use of the other two 

buffer types. 

The redesign is focused on: 

• the inventory within DPF, considering the current stock point of raw materials and possible 

alternative stock points 

• the capacity within DPF, more precise the bottleneck resource 

• the inventory at the NSCs 

5.1.1 Capacity as buffer 

In Appendix C it has been found that there is one bottleneck.  As discussed in section 4.2 the 

bottleneck determines the throughput of a system. This means that by increasing the capacity of the 

bottleneck, the throughput of customer orders of the whole system increases. 

Capacity of the bottleneck therefore has to be high enough to cope with the peaks in demand. 

Coping with fluctuations in demand can be done in two ways: 

• Flexibility of the capacity: in the current MTO production strategy, the flexibility of the 

capacity of the bottleneck resource needs to be able to follow the fluctuations in demand. 

• Overcapacity: in the case the flexibility of the capacity is limited, the capacity of the 

bottleneck needs to be kept at a high level at all times. This enables the company to produce 

the peaks in demand within the desired customer order lead time. 
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The bottleneck resource production personnel is rather inflexible. Due to the nature of the activities, 

a training time of 1 to 2 months is required, meaning that the number of employees cannot be 

increased within the customer order lead time of one week. Flexibility within the horizon of one 

week is limited to overtime of the employees.  

Since the flexibility of the production personnel is limited, this leaves us with overcapacity as the only 

possibility of coping with the peaks in demand. The height of the capacity depends on the expected 

height of the peaks and frequency of the peaks and the desired service level. 

5.1.2 Inventory as buffer 

The second option for reducing the cycle time is by reducing the number of steps that have to be 

taken after arrival of a customer order. Currently DPF has an MTO production strategy. This means 

that the Customer Order Decoupling Point (CODP) is placed at the ‘storage of raw material’. The 

CODP separates order-driven activities (downstream from it) from forecast-driven activities 

(upstream from it) (Hoekstra & Romme, 1992). This separation is created by holding an inventory at 

the CODP (Olhager, 2010). In order to use inventory as a buffer the CODP might be placed more 

downstream, closer to the customer. If this is done, less steps needs to be performed after arrival of 

a customer order. 

In case inventory is used as a buffer against the fluctuating nature of the customer demand, the 

CODP has to be moved upstream from the bottleneck. Reason for this is that if the capacity of the 

bottleneck is not changed and the CODP is positioned upstream from the bottleneck, throughput will 

not be improved. 

 

Figure 12 Three possible CODPs 

Figure 12 shows the three possible CODPs for DPF. Apart from the current CODP at the raw materials 

level, inventory might be kept at the level of semi-finished products or finished products. 
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Semi-finished products are products that have been filled, but haven’t received their final label yet. 

Placing the CODP at this stock point means that the production strategy changes to a Assemble To 

Order strategy (ATO). Analysis of this option showed that after arrival of a customer order, the same 

process has to be passed through as in case of the MTO-strategy. The only difference is that two 

steps in the process can be executed faster. A disadvantage of this production strategy is that the 

products will pass through the same process twice: the first time for production of the semi-finished 

product and the second time for fulfilling the customer order. In this scenario the capacity of the 

bottleneck resource is still required after arrival of a customer order. Since the throughput will only 

increase marginally, this option lapses.  

The third option is placing the inventory at the finished product level. This production strategy is 

called Made To Stock (MTS). In this case the finished products are taken from the shelf after arrival of 

a customer order. The question remains which products will have to be produced to stock in order to 

cope with the peaks in the customer demand. In the choice for products their influence on the 

demand for capacity and the chance of those products being demanded during peaks in demand 

need to be considered. 

In section 4.1.2. it was concluded that the current forecast accuracy is insufficient to determine 

which products will be demanded during peaks in the customer demand. Furthermore it was found 

that the 20% of products that require the largest part of capacity of the bottleneck only demand 36% 

of the total demand. From this it is concluded that a large part of the product need to be produced 

MTS in order to assure that the demand for capacity during peaks can be buffered by this inventory. 

Concluding, two options remain as possible CODPs: Raw material and Finished products. 

5.1.3 Possible solution directions 

From the above a spectrum of solution directions can be identified, with on one side of the 

spectrum: produce all products MTO, with the CODP on the inventory of raw materials and cope with 

the peaks in demand by hiring overcapacity and sufficient material stocks. On the other side of the 

spectrum is producing all finished products MTS in order to cope with customer demand, with the 

CODP on the inventory of finished products and the capacity only needs to cope with peaks in 

customer demand for specials. For each of the 6979 finished products the choice between MTO and 

MTS needs to be made, giving 2^6979 combinations.  

5.1.4 Chosen solution direction 

As discussed in the previous section there is a spectrum of solutions. Examining all options between 

the two extremes would be a timely exercise, since this would result in 2^6979 options. For this 

reason the two extremes have been considered. 

In Appendix E, a rough calculation of the inventory holding costs in the case that all finished products 

are produced MTS. This calculation shows that storage of the minimal order quantities, as shows in 

Table 3, for all finished products results in costs that are equivalent to an additional 15,6 FTEs. This 

doubles the number of FTEs currently involved in the production department. In case the uncertainty 

in the customer demand per finished product would be considered, this figure would only rise. On 

the other hand, stock of finished products at the NSCs might be reduced. 

From the above it was concluded that the solution direction that would be pursued in order to 

answer the research question is to produce all products MTO, i.e. sticking to the current production 
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strategy, but considering the influence of the reduction of the customer order lead time on the 

inventory of the raw material and the required overcapacity. 

5.2 New Supply chain 

The chosen solution direction consists of a number of modules which are used to determine the 

influence of service level and customer order lead on the costs considered in this report.  

Figure 13 gives an overview of the different parts of this solution. 

 

Figure 13 Overview of solution direction 

The first part of the solution is related to the inventory of raw materials at DPF. Together with the 

availability of capacity, the availability of raw material determines the service level to the NSCs. As 

considered a (s,Q)-inventory policy is used for this stock point. An inventory policy with continuous 

review outperforms an inventory policy with periodic review if the service level is considered. Silver, 

Pyke and Peterson (1998) argue that a (s,Q)- inventory policy outperforms a (s,S)-inventory policy for 

none-fast moving products, which is the case for DPF. Although there are also other inventory 

policies, there is no reason to doubt the appropriateness of the (s,Q)-inventory policy in the current 

situation. The optimal reorder quantity ‘Q’ is currently determined with the ZCOP-model (as 

discussed in appendix D). A model will be developed which determines the reorder point ‘s’ given the 

uncertainties in supply and demand of the raw materials. Based on the reorder quantity and the 

reorder point the costs related to the inventory at DPF – cost of holding inventory and cost of 

disposal of raw material – can be determined under different customer order lead times and service 

levels. 

The second part of the solution is a model related to the capacity of the bottleneck at DPF, the 

production personnel. Based on the arrival of customer orders, the model determines the amount of 

capacity that is required to satisfy a given service level at a given customer order lead time. 

The main research question states that the service level of DPF to the NSCs is considered. This service 

level is a combination of the availability of the raw material and the availability of capacity. The next 

chapter will start by considering this relationship. 

The third module is related to the inventory of finished products at the NSCs. These savings are the 

result of a decreasing safety stock as result of a reduced customer order lead time. This inventory has 

not been discussed extensively in the foregoing chapters. Nonetheless it is necessary to consider the 

inventory holding costs of this stock point in order to determine the profitability of reducing the 

customer order lead time for DPF. 
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The three modules above have no interrelation with respect to determining the costs. Therefore the 

modules will be constructed and validated independently. The results will nevertheless be presented 

in combination, since the relative change of the costs, compared to each other, is of interest to 

Company X. 
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6 Redesign of DPF 
In this chapter the four discussed modules will be discussed in detail. First the inventory of raw 

material at DPF will be discussed. Subsequently the capacity of the bottleneck at DPF will be 

discussed. The third section discusses the inventory of finished products at the NSCs. Finally the last 

element of the solution, the dashboard, will be discussed. 

Per element of the solution a validation and verification will be done. Validation is done in order to 

determine the accuracy of the model in representing the real system (Goossenaerts & Pels, 2008). 

Verification of the model is determining whether the conceptual model has been translated into an 

executable model correctly (Kelton & Law, 2000). 

6.1 Service level 

In section 2.6 the service level has been defined as the fraction of the orders of the NSCs to DPF that 

is delivered in time. 

In the current redesign there are two possibilities of not fulfilling a customer order in time: not 

having the raw material available and/or not having sufficient capacity. This makes it comparable to 

an assembly line problem, with two components in serie (Lewis, 1996). 

The service level of DPF to the NSCs is: 

 , ,Class DPF Cap Class RM
A A A= ×  (1.1) 

Note that a list of all variables used in this report can be found in chapter 10:List of Variables. 

With this formula it should be noted that this formula only considers customer orders for which the 

raw material is  available at arrival of the customer order and capacity is available. This calculation 

doesn’t consider the situation in which the raw material becomes available after arrival of the 

customer order, but can still be produced in time. For this reason, the calculated service level is a 

lower bound for the actual service level. 

6.2 Inventory of raw materials at DPF 

As mentioned in section 4.3 the current inventory control policy is (s,Q), in which a quantity Q is 

purchased if the inventory position drops below reorder point s. Reorder quantity Q is determined 

with the ZCOP-model (see Appendix D). 

In this section a model will be presented that enables DPF to determine the reorder point for the 

different raw materials. 

The objective of the model is to determine the reorder point per raw material for a given customer 

order lead time – 1, 2, 3, 4, 5, and 6 weeks – and a given availability of the raw material – 80%-99%. 

The availability of the raw material is defined as “the long-run fraction of total demand, which is 

being delivered from stock“ (de Kok & Fortuin, 2005) 
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6.2.1 Assumptions 

• An (s,Q) inventory policy is applied 

• Inventory is used FIFO 

• If a raw material is available one week prior to the due date it can be produced 

• There is only one outstanding replenishment order at a time 

6.2.2 The model 

This definition is equal to the P2-service level defined by De Kok and Fortuin (2005). In a formula: 

 ( ) ( )( )1 1 1 02 1 0

1
1 ( , ] (0, ] ( )E D L s E D L s Q

Q
U UP τ τ

++   = − + + − − + − +      
 (1.2) 

The reorder point ‘Q’ is determined with the ZCOP model and is therefore input to the model. The 

reorder point ‘s’ needs to be determined per raw material for every combination of the customer 

order lead times and availabilities of the raw material.  

This formula is appropriate since the raw material needs to be available at the moment of arrival of 

the customer order. 

In order to determine the reorder point ‘s’ the distribution of the demand during the replenishment 

lead time and the distribution of the undershoot needs to be determined. 

The distributions of the demand during the replenishment lead time and the undershoot will be 

determined by means of simulation. The uncertainties in the supply and demand will be considered 

in this simulation. 

The replenishment lead time is the time between the moment of dropping below the reorder point 

and arrival of the replenishment order. This time can be divided into:  

• a potential waiting time if the raw material cannot be purchased from the first supplier 

• an external lead time, from the moment of placing the replenishment order at the supplier 

until arrival of the order at DPF 

• an internal time, from the moment of arrival of the replenishment order until the arrival of 

the test result 

• a chance of a negative test result, resulting in the placement of a new order 

• Minus the customer order lead time minus 1 week 

The replenishment lead time is expressed in the following formula: 

 
, , , 1, 1,

( ) ( ) ( ( ) ( 5)
Extern Internal Extern InternalWaiting

i i ij i j i j i j i j i
L COLTL L L L Lα β

+ +
= + + + + × + − −  (1.3) 

For each iteration of the simulation these values are determined. This is discussed in appendix G 

more extensively. 

Given Lj,I the demand during this lead time is determined. First the number of customer orders that 

arrives during that time is determined. Secondly the total demand during the lead time, Di(L,τ+L), in 

terms of quantity of the raw material is determined. This can be viewed in Figure 14. This figure is 

further explained in appendix G. 
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Figure 14 Algorithm for determining the demand during the replenishment lead time 

 Subsequently the undershoot needs to be determined. By simulating the (s,Q)-policy the undershoot 

per iteration is determined and added to the demand during the replenishment lead time. This gives 

the distribution for the demand during the replenishment lead time plus the undershoot. 

The reorder point ‘s’ can now be determined by solving formula 1.2 for a given P2. 

In order to determine the total inventory costs of the raw material at DPF, the expected average 

inventory for each raw material needs to be determined. De Kok and Fortuin (2005)provide a formula 

for the calculation of the expected average inventory: 

 [ ]( , ]
2

i

i ii

Q
E s E D L UX τ τ  = + − + −   (1.4) 

Subsequently the expected inventory holding costs per raw material can be calculated by: 

 
, ,

[ ]
DPF

i rawmaterial i p i
C E X C r= × ×  (1.5) 

All inventory holding costs can be calculated by summarizing over all raw materials: 
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m
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Apart from the inventory holding costs of the inventory of raw materials, we are also interested in 

the expected disposal costs of the inventory. The expected disposal costs are related to the 

remaining shelf life of the raw material. 

 [ ][ ] ( ) ( )
i i i i i

E Y s Q F e
+

= + − ×  (1.7) 

The Costs of disposal consists of the loss of the value of the inventory and the costs of the actual 

destruction. 

 [ ], ,
[ ]

DPF

i disposal i p i i destructionC E Y C E Y C= × + ×  (1.8) 

The sum of the individual disposal costs of the raw materials is given by: 
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1

m
DPF DPF

disposal i disposal

i

C C
=

=∑  (1.9) 

6.2.3 Implementation 

The equations and algorithm above have been implemented in excel. This choice was made since the 

employees of Company X are familiar with this program. With the use of an excel add-in called @Risk 

the simulation has been performed. 

Downside of the chosen software is the fact that it takes a long time to compute a solution for a 

given customer order lead time and availabilities of all raw materials (approximately 950 raw 

materials). In order to speed up the process of comparing different combination of customer order 

lead times and raw material availabilities, the model was set up to calculate the reorder point for all 

combinations of customer order lead times. As a result, time could be saved by executing activities in 

parallel. Still the duration of the simulation is in terms of a couple of days. Since the model will not be 

used on a daily or weekly basis, this is not considered to be a problem. 

6.2.4 Verification and Validation 

6.2.4.1 Verification 

When building the model, the individual parts have been verified separately. Kleijnen 

(1995)discussed that verification can be done by verification of the intermediate simulation output. 

We have decoupled the replenishment lead time, undershoot and demand during the replenishment 

lead time and verified these separately. This showed that the model behaved as expected. Further, 

the model was debugged and the correctness of the functions used in the simulation model were 

checked. 

6.2.4.2 Validation 

In cooperation with DPF the right input data have been selected for the model. Nonetheless it is the 

users responsibility to check the input data for consistency and to determine whether they are 

correct. Together with DPF the data used was validated. This was done by comparing the values from 

the model with the real values. This is shown in . The situation under which this is determined is a 

customer order lead time of 6 weeks and an availability of the raw material of 92% for all raw 

materials. Currently the service level of DPF to the NSCs is around 85%. Part of the orders that are 

delivered too late are caused by unavailability of the raw material. If both the availability of the raw 
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material and the availability is set to 92%, using formula 1.1, the service level of DPF to the NSCs 

would be 85%. Note that in the real world, the availability of the raw material fluctuates between 

raw materials. Table 5 shows that the inventory holding costs calculated by the model are slightly 

higher than the real inventory holding costs. For the disposal costs a major difference can be found. 

Analysis of the data in the model shows that a small number of raw materials cause a tremendous 

increase in disposal costs. If the 4 raw materials with the highest disposal costs are deleted, the 

disposal costs decrease to €124.000,- per year, see adjusted disposal costs.  

Table 5 Validation of the model for inventory of raw material at DPF 

 Model Real 

Inventory holding costs  €260.000,- €240.000,- per year 

Disposal costs  €311.000,- per year €128.000,- per year 

Disposal costs (adjusted) €124.000,- per year €128.000,- per year 

 

6.3 Capacity at DPF 

In this section a model will be discussed that is used to determine the availability of the capacity of 

the production personnel for a given capacity level and customer order lead time. 

Output of this model is a matrix in which the availability for a given customer order lead time and 

capacity level can be found. 

6.3.1 Assumptions 

• All customer orders are produced EDD (earliest due date), meaning that orders that have the 

earliest due date have priority over order that have a later due date and orders cannot 

overtake each other 

• All customer orders have the same customer order lead time 

• Processing time is fixed for every order and depends on the size of the packaging, 

characteristics of the raw material and whether or not it is possible to fill the order on a 

filling machine 

• It is not possible to temporarily increase or decrease the number of shifts 

• Raw material is always available at arrival of the customer order 

Availability of the capacity is defined as: 

The fraction of demand for capacity that is fulfilled before expiration of the customer order lead time 

6.3.2 Input 

Input is the daily arrival of customer orders translated into demand for capacity of the production 

personnel, expressed in minutes. Historic customer demand from the period of the 21
st

 of June 2010 

till the 18
th

 of June 2012 has been used to construct the input. This demand is considered to be 

representative for near future demand by DPF. The historic demand is expressed in units of a 

product, this is converted into a demand for capacity of the production personnel. The factor by 

which this is done based on the size of the units, the number of units per customer order and the 

characteristics of the raw material. Furthermore, this factor is split up into a setup-time and a time 

per unit of the customer order. Since all orders that arrive on the same day have the same customer 

order lead time, the daily demand per order is aggregated to a daily demand per day. Note that the 

order in which customer orders with the same due date are produced is random. In order to consider 
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the order of fulfilling these orders, a schedule would need to be considered, which is out of scope of 

this project. Implication of this aggregation is that all demand for capacity has the same probability of 

not being fulfilled in time, were in reality different priority classes will have different probabilities of 

not being fulfilled in time. 

From this aggregated daily demand for capacity, a division has been made between normal demand 

and peak demand.  Literature doesn’t provide a quantitative boundary to classify which demand can 

be classified as lumpy and which demand can be classified as normal demand. Haafs (2006, p. 1) 

defines lumpy demand as “demand that has very pronounced peaks that can be several times 

greater than average demand”. The number of times is not considered. In the validation step the 

influence of the boundary between normal and peaks in demand will be considered.  

Three distribution will be determined based on the actual demand from a two-year period. This 

period runs from the 21
st

 of June 2010 till the 18
th

 of June 2012. This period is considered to be 

representative for the demand in the near future. The three distributions are: 

• Distribution for the ‘normal’ demand: demand that is below three times the average demand 

• Distribution for the ‘peak’ demand: demand that is above three times the average demand 

• Distribution of the interarrival time of the peaks 

Appendix F shows how these distributions are determined. And how they relate to the daily demand 

for capacity. In this section it will also be discussed why the threshold of 3 times the average demand 

for capacity is selected. 

6.3.3 The model 

The model determines which part of the arrival on a given day cannot be satisfied before the due 

date of that days demand. This is done by determining on which day, after arrival of the demand for 

capacity, the demand is fulfilled. 

Figure 15 gives an overview of the calculations of the model. The model plans per day the capacity 

that is available, starting with the oldest customer demand that is unfulfilled, ending when all 

available capacity is used or there is no more demand. This is done for a period of time, for all 

possible capacity levels. The capacity level runs from 12 production employees per day to a 

maximum of 39 production employees per day. Since scheduling is out of scope of this project, no 

differentiation is made between orders. 
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Figure 15 Algorithm of capacity planning 

Based on this planning it is determined which part of the total demand is still unfulfilled after the 

customer order lead time has expired. This gives the availability of the capacity. 

The costs of the personnel can be calculated by multiplying the capacity level expressed in FTEs with 

the costs of one FTE: 

 ( / (7,5*60))
DPF

Cap FTE
cC C= ×   (1.10) 
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6.3.3.1 Selection of software 

Currently neither DPF nor the Company X use a simulation software package. Important for Company 

X is that the tool can still be used after termination of this project. Furthermore the costs of licensing 

was considered in the choice for software. The choice was made to program the model in excel’s  

VBA. Excel is already available at the Company X and the both the future users and technical support 

givers are experienced with excel. 

6.3.3.2 Input to the model 

Input to the simulation model is the arrival of customer demand per day, expressed as demand for 

capacity of the production personnel in minutes per day. Furthermore the available capacity per day 

is provided as input. This input is based on the discussed distributions of peak- and normal demand 

and the interarrival time of peaks. 

A second input is the available capacity per day. This capacity is based on the number of shifts per 

day. Earlier in this report it was determined that only weekdays are considered. Due to the number 

of cleanrooms, 13 rooms, and maximally three shifts per day, the maximal number of shifts per day is 

39. After consideration of the average daily demand for capacity it was found that at least 13 shifts 

per day are required. A lower number of shifts will result in ever increasing waiting times. Per 

simulation the number of shifts will increase from 13 to 39 with steps of 1 shift per day. 

6.3.3.3 Simulation setup 

In the following section the setup of the simulation will be considered. A warm-up period, cool-down 

period, the number of replications and the run length will be determined. Warm-up period is 

important due to possible bias of the initial settings. In case of the current model a cool-down period 

is not important, since the system will not run idle. The number of replications and the replication 

run length need to be determined in order to attain significant and unbiased results. 

6.3.3.4 Warm-Up period 

Kelton and Law (2000) advise a pilot run of at least 5 replications with a large run length. In the 

example in their book Kelton and Law use 10 replications for the pilot run. For the pilot run of the 

current model 10 replications with a large run length of 300 days (11,54 years) will be considered. 

Kelton and Law describe Welsh’s method to determine the warm-up period of the simulation Within 

this method Yji is the ith observation of the jth replication (with j=1,2,…,10 and i=1,2,…,3000). 

Let  
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The ������ is the moving average with window w, where w is a positive integer such that w≤(m/4).  

The following holds for ������: 
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 for i=1,…,w 

As discussed m=3000 days, therefore w≤(3000/4)=2250. It was chosen that w=100. 

The output parameter, the utilization of the capacity per day, was recorded per day per replication. 

Below the results of this experiment are presented. The figure shows that after a warm-up period of 

260 days the moving average utilization of the production personnel stabilized. The warm-up period 

is therefore set to 260 days. 

 

Figure 16 Warm-up period determination based on utilization of the production personnel 

6.3.3.5 Run length 

The simulation run length should be sufficiently large relative to the warm-up period according to 

Kelton and Law (2000). In their book no optimal fraction is provided. In an example in the book a run 

length of 160 is used with a warm-up period of 24, giving a ratio of 6,667. A run length of 2860 days 

at the found warm-up period of 260 days, should be sufficient. 

6.3.3.6 Validation 

Validating a conceptual model is questioning that the assumptions underlying the conceptual model 

are correct and they reasonably represent the problem for a given purpose (Irobi, Andersson, & Wall, 

2004). In this section different types of validation techniques will be considered which are often used 

according to Irobi, Andersson and Wall (2004). Validation of the current situation, with a customer 

order lead time of six weeks and a capacity level of 15 shifts/day, will be considered. 

Validation of the input 

In appendix F the validity of the input was checked. This was done by comparing the four 

distributions, normal-, peak-, and daily demand and the interarrival time, to the real data. No 

significant differences could be found. 
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Comparison to other models and events validity: 

Comparison to other models means that “different outputs of the simulation model being validated 

are compared to those of other ‘valid’ models” (Irobi, Andersson, & Wall, 2004, p. 3). Events validity 

is defined by Irobi et al. (2004, p. 3) as “the events of occurrence of the simulation model are 

compared to those of the real system to see if they are similar”. 

Within DPF currently 15 FTEs are working on daily base in two shifts within the production 

department. Current service level is 85%, but it should be noted that in reality the capacity is 

expanded with office- and staff personnel in order to cope with large peaks in demand. As a result it 

is concluded by the Operations Manager of DPF that the found value of the model, 63%, is realistic. 

With this it should be noted that the capacity level is fixed on 15 production employees per day, 

resulting in a shortage of capacity during and in the aftermath of a peak in demand. 

6.3.3.7 Verification 

Trace the model 

All the steps in the model can be done by hand. This was done to verify whether the model acts in 

accordance with the algorithms discussed. No discrepancies were found. 

 

Verification of the output parameter 

The output parameters were verified by DPF. This was done by comparing the expectancies of the 

Operations Manager and Chief Planning and Purchase to the output of the model. The output of the 

model is the part of the daily demand that is fulfilled before the due date of the demand. 

The current situation has already been considered in section 6.6.4. 

As expected by DPF, even in the case of maximal capacity (39 production employees per day), it is 

still not possible to fulfill all demand. Also as expected, a capacity level of 13 employees will result in 

an increasing waiting time for the customer orders. 

6.3.3.8 Output 

The output is a list of the satisfied demand for a customer order lead time (from 1 to 8 weeks) at a 

given number of shifts per day (from 12 to 39 shifts/day). 

Under the assumption of infinite availability of the raw material, the service level of DPF to their 

customers can be determined by choosing a customer order lead time and a number of shifts per 

day. 

6.4 Inventory of products at the National Sales Companies 

As discussed earlier in this report the effect of a reduced customer order lead time on the inventory 

of the customers of DPF, the NSCs, will be done based on the recommendations of the largest 

customer, NSC 1. These recommendations will be applied to the inventories of all NSCs. 

In determining the costs of inventory at the National Sales Companies only the inventory of Finished 

Products is considered, since Specials generally are not kept on stock.  

Inventory in NSC 1 is controlled in terms of weeks, rather than absolute numbers. One week of 

inventory equals to: 

 
1

1 *
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i
week F=  (1.14)   
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In controlling the inventory a differentiation is made between the three classes of products, A, B and 

C, in which A is of highest importance to NSC 1 and C the lowest. It should be noted that the 

classification used by the national Sales Companies is not necessarily the same as the classification of 

the Company X. 

The table below shows the number of weeks that are used as safety stock at the different customer 

order lead times. These figures have been determined in collaboration with the NSC 1 purchaser and 

the director supply chain. It is assumed that these parameter settings are also used by the other 

National Sales Companies. 

Table 6 Safety stock and reorder point at NSC 1 at different customer order lead times 

 Customer 

Order Lead 

Time (weeks) 

Safety stock (weeks) per class Reorder Point (weeks) per class 

A B C A B C 

6 4 3 2 10 9 8 

5 3,6 2,7 1,8 8,6 7,7 6,8 

4 3,2 2,4 1,6 7,2 6,4 5,6 

3 2,8 2,1 1,4 5,8 5,1 4,4 

2 2,4 1,8 1,2 4,4 3,8 3,2 

1 2 1,5 1 3 2,5 2 

Due to the reorder quantity agreements of the National Sales Companies with DPF, the reorder 

quantities are fixed. Average inventory is calculated: 

 [ ]
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i
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E X s

Q
= +  (1.15) 

Since the reduction of the customer order lead time doesn’t change the reorder quantity but only the 

safety stock level, the change in safety stock only needs to be considered. 

 

The reorder point is determined by: 
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F
weekss s= ×  (1.16) 

 

Inventory holding costs of the inventory of the NSCs for finished product i: 
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Total inventory costs for the safety stock of all products can be computed by summarizing all the 

costs of the finished products 
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=∑  (1.18) 

Note that in determining the level of the safety stock, the service level of DPF to the National Sales 

Companies is not incorporated. Nevertheless it should not be argued from this that the service level 

doesn’t influence the costs of the inventory at the National Sales Companies. As a result of a possible 



34 

 

poor service level of DPF to the National Sales Companies the Sales Companies will endure higher 

costs as result of lost sales or increasing the parameters set for safety stock. 

6.4.1 Implementation 

The formulas above have been incorporated in an excel-sheet. Within this sheet all finished products 

with a nonzero forecast can be imported from Company X’s system. Subsequently the calculation 

above a performed for the different finished products. 

6.4.2 Validation and verification 

According to Irobi, Andersson and Wall (2004) is validation of a model questioning the underlying 

assumptions of the model. 

One assumption that is made in equation 1.17 is that there will be no demand during the 

replenishment lead time. This formula also doesn’t apply to situations in which the coefficient of 

variance of the demand size is over 0,5. Whether these assumptions hold cannot be checked. 

Furthermore, the fact that all finished products receive the same relative safety stock implies that 

uncertainty of supply and demand for all products is equal. In the analysis of the forecast reliability it 

was found that the reliability is different for different products. This would imply that uncertainty is 

different. As a result the safety stock settings should also differ. Meaning that the assumption of 

equal uncertainty cannot be a valid assumption. 

Verification of the simulation model is determining whether the conceptual model has been 

translated into an executable model correctly (Kelton & Law, 2000). 

Trace the model 

Kelton and Law (2000) describe different verification techniques. One is to trace the steps performed 

in the model. 

The calculations above are straightforward calculations, which can be done manually. All steps of the 

calculation have been performed by hand in order to confirm that the implementation behaves 

according to the discussed formulas. No discrepancies have been found. 

Verification of the output parameters 

Here the output of the model will be compared to the real data. At the current customer order lead 

time of 6 weeks, the total value of the inventory, according to the model, is €2,4 million per year. It 

was confirmed both by NSC 1 and DPF that this is in line with the real data.  
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7 Company implementation 
The final step in the method of Kempen and Keizer (2000), introduced in section 1.2, is 

implementation. The previous chapter discussed the implementation of the mathematical model into 

a software tool. This chapter discusses the company implementation. 

The model was built in Excel, using the Excel-add-in @Risk for parts of the model. The model is tried 

to be developed in the most convenient way. The model doesn’t have to be used on a daily basis. 

Nonetheless it will likely be used in the future. 

Within Company X and DPF a number of people will be responsible for the model. The people should 

be able to understand the conceptual ideas of the model as well as the practical model in such a way 

that they can run the model in the future. The conceptual model, the relations between the variables 

and how the model can be changed will be explained to the employees of Company X and DPF. 

In appendix H the model will be discussed in greater detail. This appendix also involves print screens 

of the model. 

The model has been developed in a way that the input parameters can be updated. The input is 

retrieved from DPF’s system. By updating the input the model can be adapted to changes. A 

manual/guide will be written which guides the user of the model.  

Apart from using the model by updating input-data it is desired to be able to make changes in the 

model. An extensive guide will be written about the way the model works. This will enable Company 

X/DPF to make changes in the way the model works.  

  



36 

 

8 Results 
In this section the results of the research will be considered that have been found. The results from 

the different models will be considered per model. Starting with the inventory at DPF, followed by 

the capacity at DPF, and the inventory at the NSCs. Finally an overview of all costs will be considered. 

8.1 Inventory at DPF 

The first part of the model considers the reorder point of the different raw materials at different 

customer order lead times and availabilities of raw material. The two figures below show this for two 

randomly selected raw materials. 

 

Figure 17 Reorder point of raw material 500058 at different customer order lead times 

 

Figure 18 Reorder point of raw material 500068 at different customer order lead times 

For both raw materials it is observed that at as the availability increases the reorder point increases 

exponential, as expected. 
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Figure 19 shows the aggregated costs of the holding- and disposal of the raw materials, if the 

availability of the raw material per class is: A=99%, B=95% and C=90%. The figure shows that as the 

customer order lead time increases, the costs decrease. Also is notices that the decrease for the 

disposal costs is more steep than the decrease of inventory holding costs. The figure shows that the 

impact of a reduction of the customer order lead time on the expected inventory holding costs and 

expected disposal costs is in the order of thousands. 

 

Figure 19 Costs of inventory at DPF (Raw material availability: A=99%, B=95%, C=90%) 

Figure 20 shows the inventory holding costs of the raw material at different availabilities. The figure 

shows that in order to attain a higher service level the effort (in euros) has to increase exponentially. 

The figure shows that the effect of increasing the availability from 80% to 99% results in a doubling of 

both costs. Also it is noted that the difference between a 6 weeks- and 1 week customer order lead 

time is in the order of thousands. 

 

Figure 20 Costs of holding inventory at DPF for different customer order lead times 
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Figure 21 Costs of disposal at DPF for different customer order lead times 

Figure 21 shows the disposal costs at DPF at different availabilities and customer order lead times. As 

was the case for the inventory holding costs, also the disposal costs double as the availability of the 

raw material increases from 80% to 99%. The difference between the costs at 6 weeks and 1 week is 

greater than was the case for the inventory holding costs. 

8.2 Capacity at DPF 

Figure 22 gives an overview of the availability of the production personnel for different capacity 

levels for different customer order lead times. The figure shows that given a customer order lead 

time of one week, 88,4% of all demand can be fulfilled within one week. For a customer order lead 

time of 6 weeks, all demand can be satisfied in time at a capacity level of 23 production employees 

per day. 

 

Figure 22 Availability of the production personnel 
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Figure 23 gives an overview of the costs of the production personnel at the different availabilities for 

different customer order lead times. The figure shows for all curves that the costs increase 

exponentially as the availability approaches 100%. This is expected, since peak demand needs to be 

satisfied within the customer order lead time if the availability approaches 100%. 

 

Figure 23 Cost of production personnel 

8.3 Inventory at NSCs 

Figure 24 shows the inventory holding costs at the NSCs. The figure shows that the inventory holding 

costs increase slightly as the customer order lead time increases. The fact that this increase is not 

steep was expected, since the reorder quantity is relatively large compared to the reorder point. 

 

Figure 24 Inventory holding costs at the NSCs 

Figure 25 shows the savings of inventory holding costs as the customer order lead time declines from 

6 weeks to 1 week. At the desired customer order lead time of one week the savings at the NSCs is 

equal to €60.000,- per year. 
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Figure 25 Savings at NSCs as result of a reduction of the customer order lead time 

8.4 Overall results 

Figure 26 gives an overview of all costs for two situations. The first situation is the current situation, 

in which the capacity is set to 15 employees and the reorder point is equal to the current setting of 

DPF. The second situation is the initially desired setting: a customer order lead time of one week, 

with a service level of A=99%, B=95% and C=90%. As was found, could these service levels not be 

realized, since the availability of the capacity at one week is only 88% at the highest capacity level. In 

order to partly compensate this the availability of all raw materials has been set to the highest value, 

99%. This results in an service level of DPF to the NSCs of 87%. The figure shows that all costs 

increase as the customer order lead time decreases, except for the costs of holding inventory at the 

NSCs. This cost reduced as the customer order lead time decreases. This reduction in costs is 

relatively small, resulting in a vast increase in total costs from €2,6 million per year to €5,5 million per 

year. This increase is mostly caused by to the capacity at DPF, which is 80% of the increase in costs. 

 

Figure 26 Total costs 
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9 Conclusions and recommendations 
In this chapter conclusions based on the results in the previous chapter will be drawn. Subsequently, 

recommendations will be given. 

9.1 Conclusions 

The main research question of this report is:  

What are the changes in costs for Dutch Production Facility (DPF) and the National Sales Companies 

(NSCs), if the lead time between DPF and the NSCs is reduced to one week? 

From the main research question a problem statement was defined: 

Currently DPF doesn’t know how to use its capacity and inventory to realize    

a  customer order lead time of resp. 1, 2, 3, 4, 5, and 6 weeks, with a given service level 

Analysis of the current situation showed that there is one resource that could be categorized as the 

bottleneck. This resource is the production personnel. The capacity of this resource was found to be 

inflexible and has a maximal of 39 production employees per day, due to the number of cleanrooms. 

Furthermore, two potential CODP were found: the inventory of raw materials and the inventory of 

finished products. The choice was made to produce all products Make-To-Order, placing the CODP on 

the inventory of raw materials. In order to cope with the intermittent nature of the customer 

demand, overcapacity of the production personnel is required. 

A mathematical model has been developed which enables DPF and Company X to consider the 

impact of reducing the customer order lead time on  

• the inventory of raw materials at DPF, considering uncertainties in supply and demand for 

these raw materials 

• the capacity at DPF, considering the uncertainty in demand, especially peaks in demand, and  

• the inventory of finished products at the NSCs 

This model has been implemented in a software tool. 

Although the software tool is not able to optimize the costs, it enables DPF and Company X to gain 

insights in the impact of changing availabilities, service levels and customer order lead times on these 

costs. 

Main conclusion of this report is that any decrease in customer order lead time results in an increase 

in total costs for the Company X. Reason for this is that the increased costs at DPF (+€2.552.000,- per 

year) are far greater than the decrease in costs for the NSCs (-€60.000.- per year), if the two situation 

in figure 27 are considered. The increase in costs at DPF is mainly caused by increased costs of 

capacity (87% of the increase in costs at DPF). This was expected, since for the chosen production 

strategy, MTO, capacity is used to cope with the intermittent and lumpy nature of customer demand. 

On a more detailed level some additional conclusions can be drawn. 

For the inventory of raw material at DPF it is concluded that the influence of changing the customer 

order lead time only influences the holding- and disposal costs to a small extent; an increase of 1,1% 

and 4% resp. if the customer order lead time decreases from 6 to 1 week. The cost of holding 
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inventory and cost of disposal are influenced in greater extent by the availability of the raw material; 

an increase of costs of 133% and 127% resp. if the availability increases from 80% to 99%. 

In light of the capacity of production personnel it has been shown that increased efforts are required 

as the availability of the capacity approaches 100%. It was found that at a customer order lead time 

of one week, the availability of the capacity cannot be above 88%, due to the maximal capacity level 

of 39 production employees per day.  

The decrease in costs of holding inventory at the NSCs is 14% if the customer order lead time is 

reduced from 6 to 1 week. 

9.2 Recommendations  

In this section two separate aspects will be discussed. First the managerial implications of the this 

research will be discussed. Accompanied with these implications are recommendations to DPF and 

Company X. Subsequently, the scientific implications of this research will be considered. Finally, the 

directions for future research will be discussed. 

9.2.1 Managerial implications and Recommendations 

A number of recommendations can be done to Company X and DPF: 

• The results show that an reduction of the customer order lead time results in increased costs 

for the Company X. For this reason it is advised to maintain the current customer order lead 

time of 6 weeks.  

o Increasing the customer order lead time might result in a cost reduction. This can be 

investigated by Company X using the models developed in this project (for a 

customer order lead time of 7 and 8 weeks). Depending on other factors, such as 

wishes of DPF’s customers, an increase of the customer order lead time can be 

considered. 

• The current forecast interval, one month, is sufficient as long as the customer order lead 

time is over 4 weeks. If the customer order lead time is reduced below 4 weeks, the forecast 

interval should be reduced as well.  

• It was found that the peaks in demand for capacity have a great influence on the required 

capacity level. Increased effort in reducing the size of the peaks, can result in a reduction of 

the capacity level, without lowering the service of DPF to the NSCs. 

• In the current report capacity of the production personnel was assumed to be inflexible. 

Increasing the flexibility might result in a decrease in costs. This can be explained with use of 

Figure 27. If capacity is inflexible, a capacity level of 1000 minutes per time unit is required in 

all time periods, in order to fulfill all demand in time. If the capacity can be expanded by 400 

minutes per week for only a short period, a capacity level of 600 minutes per time period is 

sufficient to meet the demand in all time periods except period 2. In this period the 

additional 400 minutes is required. 
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Figure 27 Example for flexibility of the production personnel at DPF 

9.2.2 Scientific implications 

Characteristics of the current research are the nature of the demand, being both intermittent an 

lumpy, the inflexibility of the capacity, and the difficulty in forecasting future demand. 

Extensive literature of forecasting intermittent and lumpy demand can be found, starting with the 

first method described by Croston (1972) to more recent publications like Syntetos and Boylan 

(2004). Commonly literature about stock control for intermittent demand focusses on the inventory 

of service parts. Particularly in this field, periods of no demand are interrupted by a sudden demand 

for one part. The current research presents a case study in which stock control for intermittent and 

lumpy demand is considered for pharmaceutical products.  
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11 List of Variables 
αi A binary value, for a given probability this value is either 1 or 0. The probability is the 

chance of not being able to purchase raw material i immediately after the inventory 

position has dropped below the reorder point 

Ai The probability of being not able purchase raw material i directly  

ACap Availability of capacity (%) 

AClass,RM Availabitliy of raw materials of a class, with class={A, B, C} (%) 

AClass,DPF Service level of DPF to the NSCs per class of products, with class={A, B, C}, the 

fraction of the orders of the NSCs to DPF that is delivered in time (%)  

βi A binary value, for a given probability this value is either 1 or 0. This probability is the 

chance that the result of the test is negative for raw material i, resulting in disposal 

of the replenishment order and the initiation of a new replenishment order 

Bi The probability of having a negative test result for raw material i 

c Capacity level of the production personnel (minutes/day) 

C Maximal capacity level of the production personnel (minutes/day) 

C
DPF

 i, raw material Cost of holding inventory of raw material i (€/year) 

C
DPF

 i, disposal Cost of disposal of inventory of raw material i (€/year) 

C
DPF

Cap Costs of capacity at DPF (€/year) 

C
NSC

i,inventory Cost of holding inventory of finished product i at the NSCs (€/year) 

Cp,i Value of product i (€/kg or €/l) 

Cdestruction The costs of destroying one kg or l of raw material (€/kg or €/l) 

CFTE The costs of one FTE (€/year) 

COLT Customer order lead time (days) 

Di(L,τ+L) Demand for product i during the replenishment lead time (kg or l) 

D
c
i  Customer demand for raw material i (kg or l) 

E[y]  Expectation of y 

E[Xi] Expected inventory of raw material i  (kg or l) 

E[Yi] Expected inventory of raw material i that will need to be disposed (kg or l) 

ei The internal remaining shelf life of raw material i (years) 
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f A random draw from the distribution of interarrival time of demand for a raw 

material 

Fi Forecasted yearly sales of product i (kg or l) 

k oldest unfulfilled customer demand (minutes) 

Lj,i  delivery time of j’th replenishment order of product I (days) 

Li
Waiting 

The waiting time of product i, if no supplier can be found at the moment the 

inventory position drops below the reorder point (days) 

Lj,i
Extern

 The lead time between placing the j’th order of a raw material i by the supplier, until 

the j’th order arrives at DPF (days) 

Lj,i
Intern

 The lead time between arrival of the j’th order of raw material i at DPF and arrival of 

the test result of that order at DPF 

m the number of raw materials 

n working day (day) 

P2,i Service level for product i: the long-run fraction of total demand, which is being 

delivered from stock 

Qi  Reorder quantity  of product i (kg or l) 

r Carrying costs (€/€/year) 

si reorder point of product i (kg or l) 

τ  replenishment order moment 

t calendar day (day) 

T maximal number of days in the simulation 

Ui Undershoot of product i (kg or l), the reorder point minus the net stock at the 

moment of dropping below the reorder point 

x A random chosen variable between 0 and 1 

y
+ 

max(0, y) 
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Appendix A: Process description of DPF 
The description below describes the current situation at DPF. 

Roughly, this processes related to DPF can be divided in three parts. The first part is the process of 

the raw materials acquisition  from the supplier untill their arrival at Dutch Production Facility. The 

second part, is the internal process at Dutch Production Facility. This part starts at the moment the 

raw materials arrive at Dutch Production Facility and end at the moment that the finished products 

are ready for shipment to the National Sales Company. The last part describes the pick up of the 

finished products at Dutch Production Facility up to the arrival of the products at the National Sales 

Company. Graphically this process can be depicted as is shown in Figure 28. This is a very high-level 

description of the process. In the following chapters all three parts will be considered in more detail. 

 

 

Figure 28 Abstract-level Process 

In order to get a good overview of the process, a number of relevant factors have to be assessed. 

These factors are discussed per step. In the coming period of the project the values of these factors 

have to be determined. 

A.1. From Supplier to Dutch Production Facility 

This chapter will describe the process from the point that the raw materials leave the supplier up to 

the point that the materials arrive at Dutch Production Facility. 

Graphically this process can be depicted as following. 

 

 

Figure 29 From Supplier to Company X 

After an order has been placed at a supplier of DPF that order is transported to DPF. Transportation 

is not arranged by DPF. 



49 

 

A.2. From Raw Materials to Finished Products 

This chapter describes the process as it takes place within Dutch Production Facility. It starts at the 

moment that raw materials have arrived at Company X and ends at the moment the final orders of 

the National Sales Companies are ready to be shipped to the Sales Companies. 

Figure 30 shows the internal process at DPF. After receiving the raw materials, the raw materials are 

labeled and a sample is taken (3-9). The raw material is given the status of ‘in quarantine’. The 

sample that has been taken is tested (13). The test shows whether the raw material meets the 

requirements. If the test doesn’t meet the requirements, it is disposed off. In case the test-result is 

positive, the status of the raw material is changed into ‘clear’, which means that it can be used for 

production (15). As orders from customers arrive, a planning is made. Based on this planning, 

production-orders are released (17-18). Warehouse personnel assembles the required parts of a 

production, consisting of: the bulk of raw material, packaging material, the production-order-form 

and labels (in some cases an Certificate of Analysis (AC) has to be included as well) (21-25). The 

production-department picks up the orders at the start of the line. Conform with GMP (Good 

Manufacturing Practices) the order is processed. The main steps of the production are the filling of 

the raw material into smaller quantities and the labeling of these filled products. For production are 

both production personnel as self-contained rooms and equipment needed (26-30). Here is where 

the major constraint is. The number of self-contained rooms is restricted to 14 rooms, which are 

currently used in 2 shift of 8 hours per day, 5 days per week. After the products have been filled, the 

finished products receive a final control (32). In this control step the quality department checks the 

process that an order has passed through. In the final test (34A) the quality of the product is checked. 

Products that have not been produced according to GMP-rules or are of insufficient quality are 

withdrawn from the process. The remainder of the process, steps 35 and further, continue even 

though the results of the final test are not known. In some cases the final products have to be sealed 

(36). After sealing the products are temporarily stored and picked up at time of shipment to the 

National Sales Company (37-42). 



50 

 

 

Figure 30 The Internal Process at Dutch Production Facility 
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A.3. From Finished Products at DPF to the National Sales Company 

The last part of the process is the shipment from Dutch Production Facility to the National Sales 

Companies. Below is a graphical representation of this process.  

Storage

Orders ready for 

Shipment

(42) Transport (43)

Storage

National Sales 

Company

(44)

 

Figure 31 Transportation from Dutch Production Facility to the Sales Company 

Transportation to the Sales Companies is outsourced, nonetheless it is arranged by DPF. 

A.4. Process times for MTO 

Below the customer order process is described for the MTO-strategy. It starts at the time of the 

arrival of a customer order at DPF. This corresponds to step 21a. in figure 3. In the following table the 

different steps are discussed. In the first column the corresponding step of figure 3 and 4 are given. 

In the second column the involved department is mentioned. The third column gives the activity that 

is executed, with a short explanation of the activity. In the fourth column gives the expected time 

needed for one production order of 120 products. This is considered to be an average order size. This 

column gives an impression of the time needed to finished all the step. It should be noted that the 

example is for the average order, in reality orders of much larger and smaller sizes occur. This has an 

influence on the process times. In the last column any remarks or comments are mentioned. 

Table 7 Customer Order Process Description MTO 

Step Department Activity Expected time; 1 

order of 120 

products  

Remarks 

21a Sales The customer places an 

order at DPF. This order is 

checked by Sales and , in 

case of agreement, accepted 

1 day Due to system 

requirements it is 

only possible to push 

through order during 

the night  

21c Planning Customer order is converted 

into production order. 

Subsequently the production 

order is planned 

Release of 

planning at 12 

o’clock 

 

23 Printshop The labels, B.V. and if 

necessary A.C. (Certificate of 

Analysis) are printed 

12’40’’ In the current order it 

is assumed that no 

A.C. is required 
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25 QI The labels are inspected 5’48’’  

30 Warehouse The production order is 

picked (raw 

material/packaging material/ 

labels etc.) 

39’  

36 Production The production order is filled 

and labeled 

192’  

38 QI The finished production 

order is inspected 

4’  

44 Warehouse The inspected production 

order is picked, sealed and 

stored 

14’30’’ The order needs to be 

sealed 

48 Warehouse Customer orders are picked 

in prepared for shipment to 

the customer 

24’44’’  

56 External 

transporter 

Transport of the customer 

order to the customer 

1 up to 3 days Depends on the 

geographical location 

of the customer 

  Total process time 3 to 5 days  

 

The table shows that it takes one day after arrival of the customer order at DPF for the customer 

order to arrive at Planning. Also the transport to the customer takes 1 up to 3 days. In the process 

between the arrival of the order and the transport of the order to the customer, Production requires 

the most time. 

From the table it can be concluded that with the MTO-strategy it will not be possible to supply all 

customers within less than 5 days. 

A.5. Restrictions in transport to the NSCs 

The transportation of the finished products to the customer of DPF, the National Sales Companies, is 

executed by an external transporter. Agreements have been made by DPF with the Sales Companies 

on the moments of delivery to their warehouses. This is depicted in Table 8. 

.  
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Table 8 Transport times and days of DPF to the National Sales Companies 

Country Delivery Transport time (days) 

NSC 4 One time per week 3 

NSC 3 Tuesday and Thursday 3 

NSC 5 One time per week 2 

NSC 2 Every working day 1 

NSC 1 Every working day 1 

NSC 6 Every working day 2 

NSC 7 Monday 3 

From the table it can be remarked that it is not possible to deliver within one week for some 

countries. For example Demark. Denmark is supplied every Monday, meaning that the transport 

leaves DPF at Thursday. An order of Denmark that is placed at DPF on a Thursday or Friday has to be 

delivered to Denmark one week later. Due to the fact that the next transport leaves on Thursday 

next week, it will never be possible to deliver within one week. 

In discussion with both the C.O.O. of Company X and the Operations Manager of DPF is has been 

determined that the transportation to the customer will be out of scope of the model, due to the 

reason discussed above. For the model this means, that orders have to be ready for shipment to the 

customer within one week. 

From the perspective of the National Sales Companies this means that the time between placing the 

order at DPF and receiving the order at their local warehouse is the sum of: 

• The internal customer order lead time at DPF 

• Time that elapses between the finishing of the order at DPF and the moment that a transport 

to the customer is planned 

• Transportation time to the Sales Company 

Since the waiting- and transport time are out of scope of the project, they are investigated no 

further. 
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Appendix B: Current Forecast Accuracy Calculation 
Below an example is provided on the method of determining the forecast accuracy. 

In the example the forecast accuracy of the month May will be calculated. The fact that the moment 

of expected demand is not fixed a period of five months is considered. First the forecast of February 

is considered. The forecasted quantities for the months March to May are added up. This summation 

is compared to the actual demand in this three-month period. Subsequently this is also done for the 

forecasts of the months March and April. This gives three forecast accuracies, which are averaged 

into a forecast accuracy for the month May. 

 March April May June July  Forecast Actual 
sales in 
forecast 
period 

  

Actual Sales 1044 794 971 1438 1084 

Forecast February 900 900 900 2700 2809 96,12% 

Forecast March 900 900 900 2700 3203 84,30% 

Forecast April 900 900 900 2700 3493 77,30% 

85,90% OK 
Figure 32 Example of current sales forecast accuracy calculation 

This forecast accuracy calculation resembles a sort of weighted average, in which the month under 

consideration received weight 3, one month prior and after the month under consideration receive 

weight 2 and two months prior and after the month under consideration receive weight 1. 
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Appendix C: Analysis of the resources in the customer order 

fulfillment process 
Figure 33 gives an overview of the steps in the process of fulfilling the customer demand. 

 

Figure 33 The process of fulfilling a customer order within DPF 

From Figure 33 three types of resources can be identified that play a role within the process of DPF. 

These are: 

1. Personnel, divided in five departments: 

a. Warehouse 

b. Printshop 

c. QI  

d. Planning 

e. Production 

2. Machinery/Tools and Cleanrooms 

a. Cleanrooms 

b. Label machine 

c. Fill- and label machines 

d. Seal machine 

3. Storage capacity 
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In the following sections the influence of a reduction of the customer order lead time will be 

discussed. First the personnel of the different departments will be considered. Subsequently, the 

machinery/tools and cleanrooms used in the process will be discussed. Finally, the storage capacity 

will be discussed. 

C.1. Personnel 

The employees of DPF that are involved in the production process are divided over five departments: 

warehouse, planning, QI (Quality Inspection), printshop, and production. For these five departments 

the utilization of the personnel was determined. The figures below show these utilizations. Figures 

16 through 19 show the utilizations of the warehouse-, planning-, QI-, and printshop personnel. 

In the following table the available capacity per department is determined. It is determined by DPF 

that one FTE is equal to 32 hours per week. Reasons for this are for example: holidays and leaves due 

to pregnancies. 

Table 9 Available Personnel Capacity 

Department Number 

of FTE 

Number of 

shifts per 

day 

Number 

of hours 

per week 

Number of 

minutes 

per week 

Number of 

FTE not 

dedicated to 

production 

Other tasks 

Warehouse 10 Precontrol:

2; other 

tasks: 1 

320 19200 Partial Reception incoming 

raw material 

Planning 2 1 64 3840 Partial Planning of other 

activities 

QI 3 1 96 5760 1 Sample taking of 

incoming raw 

material 

Printshop 4,5 1 144 8640 3 Label management 

Production 17  2 525 31500 2 Overhead 

 

 It should be noted that for all department, except production, it holds that not all FTE’s are 

dedicated to production orders. The FTEs that are not dedicated to production can be used to 

overcome peaks in demand, therefore increasing flexibility of the available capacity. In case of 

structural increase of the workload these FTEs cannot be used, since their core-tasks have priority 

over production-related tasks in the long run. This means that a structural increase of production 

order related workload on a department results in insufficient capacity. Note with this is that a small 

structural increase of workload of for instance only 0,1% will probably not result in additional 

personnel of a department. The point at which this does make a difference has to be determined per 

department. 

For all departments it holds that all personnel can do every tasks within their department as 

efficiently. Exchange of personnel does happen currently: production personnel is outsourced to 

Warehouse or Printshop. This happens on an incidental basis, therefore it is assumed that exchange 

of personnel between departments doesn’t happen. 
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Currently, the required capacity is based on either the production orders or the actual sales orders, 

depending on the department. The planning and expedition (part of Warehouse) are the only 

departments that work with actual sales orders. This is due to the fact that the planning receives 

actual sales orders, which are translated into production orders. The expedition has to prepare the 

customer orders for transport to the customer.  

The other department work based on production orders. These orders are planned by planning in 

order to increase efficiency of the production department. The required capacity is determined per 

department in the following way. 

Table 10 Required capacity calculation per department 

Department Activity Duration (min) 

Warehouse Pre-control (Production order picking) 39 / production order 

 Post-control (Finished Production order picking) 4,5 / production order 

 Sealing 10 / production order 

 Expedition 24,725 / customer order 

Planning Planning 9,3 / customer order 

QI Master label inspection 2,2 / production order 

 Final Inspection 6 / production order 

Printshop Fixed time  7,06 / production order 

 Time per label 0,06 / label 

 Time per order with AC 2,5 / order with AC 

 Time per AC 0,05 / AC 

Production Setup- and cleaning time 29,34 / production order 

 Production time (incl. setup- and cleaning time) 1,6 / product 

 

For this analysis sales data was used from the period February 14
th

 2010 till February 12
th

 2012. This 

data represents the customer demand in this period. This two-year period is considered 

representative for near-future demand by the management of DPF. 

C.1.1. Warehouse personnel 

Figure 34 depicts the utilization of the warehouse personnel in the discussed period. Part of the tasks 

of the warehouse personnel are done based on production orders, these tasks are Pre control and 

Post control. There is one tasks that is based on actual sales orders: Expedition. The figure shows the 

current workload of the warehouse personnel. The average utilization is equal to 71,8%. Note that 

the warehouse personnel also has other tasks. 
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Figure 34 Utilization of Warehouse Personnel from 14-2-2010 until 13-2-2012 based on sales orders for Production Order 

Picking and Actual Sales for Expedition 

C.1.2. Planning Personnel 

Figure 35 gives an overview of the utilization of the planning personnel in the discussed period. This 

gives an overview of the utilization as it currently is. Average utilization is 44,4%. 

 

Figure 35 Utilization of Planning Personnel from 14-2-2010 until 13-2-2012 based on actual sales 

C.1.3. QI Personnel 

Figure 36 shows that on average the utilization of the QI personnel for production order related 

tasks is 26,1%. 
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Figure 36 Utilization of QI Personnel from 14-2-2010 until 13-2-2012 based on actual sales 

C.1.4. Printshop Personnel 

The fourth type of personnel is the printshop personnel. Figure 37 gives an overview of the utilization 

of the personnel in the discussed period. Average utilization is equal to 41,4%.  

 

Figure 37 Utilization of Printshop Personnel from 14-2-2010 until 13-2-2012 based on actual sales 

C.1.5. Production Personnel 

The last type of personnel is the production personnel. This is the only type of personnel which is 

completely dedicated to the production orders. Therefore all idle time of the production personnel is 

actual idle time. 

Figure 38 gives an overview of the utilization of the production personnel in the discussed period. In 

this scenario the production personnel has an average utilization of 94,7%.  
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Figure 38 Utilization of Production Personnel from 14-2-2010 until 13-2-2012 based on actual sales 

C.2. Machinery and Cleanrooms 

The second type of resources that has an influence on the throughput are the machines and 

cleanrooms used in the process. First the utilization of the cleanrooms will be discussed. 

Subsequently, the machines – label printer, fill- and label machines, and seal machine - are discussed. 

C.2.1. Cleanrooms 

Currently DPF has 13 cleanrooms. These rooms can be divided into two groups in terms of products 

that can be processed in the rooms. The products consists of two groups: a normal group and a high 

risk group. The classification of a product is done based on the characteristics of the raw material. 

The high risk products have to be filled in a room which has additional features to ensure the safety 

and health of the employees and the quality of the process. Two out of the thirteen rooms are 

equipped to be used to fill high risk products. Therefore the cleanrooms consist of 13 rooms in total, 

of which there are 2 identical HR-rooms (high risk) and 11 identical normal cleanrooms. In an earlier 

stage of this project the times for producing an order were determined. It turned out that on average 

the time required to produce one product within production is 1,6 minutes. This time includes setup- 

and cleaning times. Furthermore it was determined that the setup- and cleaning times of one 

production order was 29,34 minutes on average. These figures were used to determine the net 

production time and the setup- and cleaning time, by multiplying these numbers with the number of 

products and orders in the discussed period. The net production time is the total production time 

excluding the setup- and cleaning time. By multiplying the cumulative weekly demand with the found 

production-, setup- and cleaning times, the required capacity was determined. Note that it is 

assumed that there are always production orders waiting to be handled by production. Meaning that 

in reality, the rooms might be waiting for orders to arrive. During this time the rooms are idle, and 

therefore not productive.  

The weekly capacity of one room is assumed to be 168 hours per week (24 hours 7 days). Not all of 

this capacity is available for production. 13% of the available time is reserved for planned 

maintenance of the rooms. This figure was determined by the Operations Manager and Chef 

Production of DPF. 
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Below the utilization of the HR-rooms and the normal rooms are depicted.  

 

Figure 39 Utilization of the HR-rooms from 14-2-2010 until 13-2-2012 based on actual sales 

 

Figure 40 Utilization of the normal cleanrooms from 14-2-2010 until 13-2-2012 based on actual sales 

The available weekly capacity of the normal rooms is determined in the same way as the capacity of 

the HR rooms. The only difference is the fact that there are 11 normal rooms. The setup- and 

cleaning times are the same. 

 Figure 39 and Figure 40 show the utilization of the HR-rooms and normal cleanrooms resp., for the 

2-year period. The average utilization of the HR-rooms is equal to 22,1% and never exceeded the 

available capacity. The average utilization of the normal rooms is higher, 27,9%, but the available 

capacity is also sufficient to fulfill the weekly demand. 

C.2.2. Label Printer 

The printshop uses three printers for printing the labels. Two small printers are used, and one large 

printer. In the following calculations only the large printer is considered. This means that the found 
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capacity requirement is spread out in reality over three printers, instead of one printer. Labels have 

to be added to every single finished product. Figure 41 gives an overview of the utilization of the 

label printer over the discussed period. The same duration for the printing and the setup of the 

printer is used as with the calculations of Printshop personnel, being 0,06 minute per label and 3,5 

minutes for finding the master label and setup of the printer. The figure shows that the capacity is 

sufficient to fulfill the weekly demand. On average, the utilization of the label printer is 59,6%. 

  

Figure 41 Utilization of Label Printer from 14-2-2010 until 13-2-2012 based on actual sales 

C.2.3. Filling- and Labeling machines 

The last department that uses machines is Production. This department uses fill- and label machines. 

Filling machines are used to fill the raw material in the right amount into the jars.  

Currently DPF has 5 filling machines, which can be used for different types of raw material. Not all 

machines are equal, since some are only equipped to fill liquids, others only to fill powders. Also the 

throughput times of the machines differ.  

DPF has two label machines. Both machines can only be used for the smaller jars and bottles. For 

these machines it also holds that the throughput times of the machines are different of the two 

machines. 

The machines are only used if the batch size of a production order is large. Due to setup- and 

cleaning time of the machines, it is faster to do small batches by hand.  

Currently there are no data available on the required capacity of the machines. Reason for this is the 

fact that a production order is filled and labeled by hand if the machines are not available. 

Nonetheless, some assumptions can be made.  

For the labeling machines it holds that only recently a second machine was put in use. This was due 

to the fact that the first machine was required by to production orders at the same time. Since 

capacity was doubled it can be assumed that this will not oppose a bottleneck. For the filling 

machines it was discussed with the chef Production and Production Manager, which concluded that 

these machines were not the bottleneck. 
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In the situation of reduced customer order lead time, the batch sizes will become smaller due to the 

fact that it will be more difficult to combine customer orders into one production order. Therefore 

the demand for the filling- and labeling machines will reduce, reducing the utilization. 

In the situation of reduced customer order lead time with ATO, the batches in the second stage of 

the ATO-strategy would remain the same as in the current way of working. That would mean that 

demand for the labeling machines would remain equal in comparison to the situation of reduced 

customer order lead time without ATO. For the first stage this might change. Due to the fact that the 

reorder quantity can be chosen by DPF, it might be wise to produce at least the quantity needed to 

perform the filling with a machine. In this way more efficiency could be attained. This would mean 

that demand for the filling machine would increase.  

C.2.4. Sealing machine 

The second department is the warehouse. This department uses one seal-machine to seal the 

products. The available weekly capacity of the sealing machine is the shift of 8 hours per day times 5 

days. The required capacity is the number of orders that need to be sealed, multiplied by the average 

seal time of 10 minutes. This gives Figure 42, which depicts the utilization of this machine based on 

production orders. It can be viewed that the utilization is on average 53,4%. 

 

Figure 42 Utilization of Seal Machine from 14-2-2010 until 13-2-2012 based on actual sales 

C.3. Storage capacity 

Currently DPF has 1630 pallet places in its onsite storage facility. Parts of these places are reserved 

for products that require special storage conditions, such as hazardous or dangerous substances. This 

onsite storage is limited to the discussed number of pallet places.  

Apart from this internal storage capacity there is also external capacity. This capacity is currently in 

use by DPF and can be assumed to be infinitely large. This external capacity, however, comes at a 

higher cost than the internal capacity at DPF. A notion with respect to the external storage capacity is 

that an additional transport time of one day has to be regarded. This time is needed to retrieve the 

stock that is stored externally to DPF. 
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A number of changes will happen with this capacity in case a postponement strategy is applied. Due 

to the fact that semi-finished products are stored instead of raw material, the required storage 

capacity increases. This is due to the fact that filled semi-finished products, require more storage 

capacity than raw material, which is stored in bags and barrels. The postponement strategy also 

entails that the storage of raw material can be reduced, due to the fact that for the products that are 

produced in two stages, there is less raw material necessary.  

In the case of a reduction of the customer order lead time, without considering the postponement, it 

will mean that the necessity to have the raw material available will increase, possibly resulting in 

larger volumes of raw material. Along with the increase in volume of the raw material, the required 

storage space will increase. A second consequence could be the situation that instead of a MTO-

strategy, a MTS-strategy has to be applied in order to cope with the reduced customer order lead 

time. In that situation the storage requirement increases, due to the fact that finished products, 

require more space. 

Since the internal capacity is insufficient to store the current stock, and the consideration that the 

required storage capacity increases in case of semi-finished products, it is concluded that the storage 

capacity has to be considered. 

C.4. Concluding remarks 

The analysis above shows the influence of the reduced customer order lead time to the capacity of 

the different resources involved in the process of fulfilling customer orders. The resource with the 

highest utilization is the capacity of the Production personnel. Furthermore it should be noted that a 

change in the capacity level of this resource might result in a different resource becoming the 

bottleneck.  
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Appendix D: ZCOP-model 
The ZCOP-model (Zero Order Cost Policy) minimizes the expected annual costs of purchasing and 

holding inventory of raw materials.  

The objective function of the ZCOP-model minimizes the following costs by  changing the reorder 

quantity: 

Cost Formula If the ROQ increases: 

Handlingcosts (EYH/ROQ)*handlingcosts Handlingcosts decrease 

Interest costs ((10/13)*ROP+(ROQ/2))*purchase price)*interest rate Interest costs increase 

Ordering/ 

Transportcosts 

(EYH/ROQ)*ordering/transportcosts per purchase Ordering/transportcosts 

decrease 

 

Average testing 

costs 

(EYH/ROQ)*average costs per test Average testing costs 

decrease 

Permit costs 

(only for 

Precursory raw 

materials) 

(EYH/ROQ)*price per permit Permit costs decrease 

 

With  

EYH Expected Yearly Handling: which is the forecasted demand for the raw material in the 

coming year 

ROQ Reorder quantity 

ROP Reorder point 

The solution to the minimization found has to be between two boundaries: 

• Lower bound: DPF wants to purchase at least a certain percentage of the EYH. This 

percentage is either 10% or 12,5% depending on the remaining shelf life of the raw material 

• Upper bound: Due to the fact that the raw materials are perishable it is undesirable to 

purchase large amounts of raw material that are not expected to be sold before expiration of 

those raw materials. For this reason an upper bound is used. This boundary is the expected 

sales during the shelf life of the raw material minus the inventory position at the moment of 

purchase minus a safety margin. This safety margin is currently set to 12,5% of the EYH. 

Furthermore the value of the inventory is considered, where inventory of high value is 

reduced even more. 

Purchases of raw material are done in multiples of fixed order quantities. These fixed quantities are 

the sizes of the packaging that are delivered by the suppliers. After determining the optimal ROQ, 

considering the boundaries, this quantity is rounded to a multiple of the fixed order quantity. 
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Appendix E: All MTS vs. increased capacity 
In the case of all products being produced MTS this means that after every customer order the 

inventory is replenished. A rough calculation is provided below.  

The NSCs have to purchase a minimum amount from DPF for every product. This minimal amount is 

coupled to the one-year forecast of the NSCs, see Table 3 in section 4.1.1. If only these minimal 

quantities are kept on stock, without any safety stock, the value of the inventory adds up to €4,68 

million. At an stock holding cost of 20% (including: interest, disposal, warehouse) and a yearly wage 

per FTE of €60.000,-, this equals to approximately 15,6 additional FTEs, which is an increase of 45% of 

the current total number of FTEs that are directly related to the process fulfilling customer orders at 

DPF.  

From this rough calculation it can be concluded that expanding the capacity seems to be the least 

costly of the two options. 
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Appendix F: Validation of input to capacity  

The input to the capacity calculation can be divided into four distributions in total: 

• Distribution of normal demand  

• Distribution of peak demand 

• Distribution of peak interarrival 

• Distribution of the daily demand 

This input is valid if it is representative to the demand for capacity per day, compared to the real 

demand per day. Meaning that both the real data as the data created originate from the same 

distribution. 

This was done first for the situation in which daily demand above three times the average demand is 

considered lumpy demand. In the last section of this appendix alternative boundaries will be 

discussed. 

F.1. Distribution of normal demand 

Statgraphics was used to determine a fitting distribution to the real normal demand for capacity per 

day. This data set consisted of 483 data point with a mean of 6400,71 minutes and a standard 

deviation of 6137,11 minutes. The exponential distribution was selected as a fitting distribution ,with 

a P-value of the Kolmogorov-Smirnov test 0,139 with 95% confidence.

 

Figure 43 Histogram of normal demand for capacity (threshold 3 times average demand) 

Subsequently the exponential distribution was chosen to model the normal demand. An addition had 

to made to assure that no values above the threshold would be considered. This was done by 

truncating the distribution, restricting the distribution to only create values between 0 and the upper 
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threshold. With the use of @Risk, an excel-add in, data was generated by randomly drawing from the 

exponential distribution.  

Using the Kolmorogov-Smirnov test the two data-sets, real data and generated data, were compared. 

No statistical difference could be found between the two distributions at the 95% confidence interval 

(P-value 0,108153). 

 

Figure 44 Density functions of the real and generated normal demand (threshold 3 times average demand) 

F.2. Distribution of Peak Demand 

Again Statgraphics was used to determine a fitting distribution to the peak demand for capacity per 

day. 38 data points were found. First this demand was standardized by subtracting the threshold 

from the data points. Subsequently this data set of standardized peak demand was analyzed. 

The mean of the data set is 54773,2 minutes and a standard deviation of 15674,8 minutes. The 

loglogistic distribution was selected as a fitting distribution ,with a P-value of the Kolmogorov-

Smirnov test 0,550 with 95% confidence. 
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Figure 45 Histogram of peak demand (threshold 3 times average demand) 

Subsequently the loglogistic distribution was chosen to model the normal demand. With the use of 

@Risk, an excel-add in, data was generated by randomly drawing from the loglogistic distribution.  

Using the Kolmorogov-Smirnov test the two data-sets, real data and generated data, were compared. 

No statistical difference could be found between the two distributions at the 95% confidence interval 

(P-value 0,981). 
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Figure 46 Density function of real and generated peak demand (threshold 3 times average demand) 

F.3. Distribution of Peak Interarrival 

Again Statgraphics was used to determine a fitting distribution to the peak interarrival time. 37 data 

points were found. The mean of the data set is 19,21 days and a standard deviation of 21,18 days. 

The lognormal distribution was selected as a fitting distribution ,with a P-value of the Kolmogorov-

Smirnov test 0,727 with 95% confidence. 
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Figure 47 Histogram of peak interarrival time of peaks (threshold 3 times average demand) 

Subsequently the loglogistic distribution was chosen to model the normal demand. With the use of 

@Risk, an excel-add in, data was generated by randomly drawing from the lognormal distribution.  

Using the Kolmorogov-Smirnov test the two data-sets, real data and generated data, were compared. 

No statistical difference could be found between the two distributions at the 95% confidence interval 

(P-value 0,809). 
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Figure 48 Density functions of real and generated peak interarrival times (threshold 3 times average demand) 

F.4. Daily demand 

Daily demand is generated by starting with a peak demand on day one. A draw from the distribution 

of the interarrival time of peaks determines the arrival of the following peak. At peak days a draw 

from the distribution of the peak demand is performed. On the remaining days a draw from the 

distribution of normal demand is performed.  

This generated daily demand will be compared to the real daily demand in order to assure that the 

generated demand is representative for the real daily demand. 

Again Statgraphics was used to compare the two data set using the Kolmogorov-Smirnov test. No 

statistical difference between the two could be found at the 95% confidence interval (P-value 0,088). 
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Figure 49 Density functions for real and generated daily demand (threshold 3 times average demand) 

F.4. Alternative thresholds 

As discussed by Haafs (2006) is the boundary between normal and lumpy demand a multiple of the 

average demand. In the previous analysis this threshold was set to three times the average demand 

for capacity. Below two alternatives will be considered: two times the average demand and 4 times 

the average demand. For both these situation the same steps were taken. In the table below the 

results are presented.  

Table 11 Result of alternative thresholds 

 Chosen fit (P-value) Fit with real data at 95% confidence (P-

value) 

Distribution 2 times 

average 

3 times 

average 

4 times 

average 

5 times 

average 

2 times 

average 

3 times 

average 

4 times 

average 

5 times 

average 

Normal 

demand 

Expone

ntial 

(0,060) 

Expone

ntial 

(0,139) 

Expone

ntial 

(0,003*) 

Expone

ntial 

(0,0000

4*) 

No (0) Yes 

(0,108) 

No 

(0,010) 

No 

(0,001) 

Peak 

demand 

Lognor

mal 

(0,853) 

Loglogis

tic 

(0,550) 

Expone

ntial 

(0,814) 

Lognor

mal 

(0,959) 

Yes 

(0,851) 

Yes 

(0,981) 

Yes 

(0,861) 

Yes 

(0,668) 

Peak 

interarrival 

Gamma 

(0,121) 

Lognor

mal 

(0,727) 

Lognor

mal 

(0,553) 

Expone

ntial 

(0,894) 

Yes 

(0,086) 

Yes 

(0,809) 

Yes 

(0,692) 

Yes 

(0,786) 

Daily 

demand 

- - - - No (0) Yes 

(0,088) 

No 

(0,034) 

No 

(0,003) 

*=nonsignificant (alpha>0,05) 
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From this is can be concluded that the three distributions, normal- and peak demand and the 

interarrival time of peaks, combined generate the daily demand for capacity. This input will be used 

in the model for determining the service-level of the production personnel at a given customer order 

lead time and capacity level. 

From the above two conclusions can be drawn: 

• From the considered thresholds only the threshold of three times the average demand has a 

significant fit to the real daily demand for capacity. For this reason the threshold is set to 

three times the average demand for capacity. 

• All three distribution, normal- and peak demand and the interarrival time of peaks, at the 

threshold of three times the average demand, have a good fit. Furthermore, the generated 

data has not different from the real data at a significance of 0,05. This also holds for the 

generated daily demand compared to the real daily demand. 
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Appendix G: Replenishment lead time 
In this appendix formula 1.3 will be elaborated. First the formula will be given again, subsequently 

the different parts of the formula will be considered. 

  , , , 1, 1,
( ) ( ( ) ( 5)

Extern Internal Extern InternalWaiting

i i ij i j i j i j i j i
L COLTL L L L Lα β

+ +
= + + + + × + − −

        (1.3) 

 

The different parts of this formula are related to the different uncertainties in the process of 

replenishing the inventory of raw materials at DPF, see the figure below. 

 

Figure 50 Uncertainties influencing the replenishment lead time 

1. No order acceptance: If the first supplier is unable to supply an alternative supplier needs to 

be found. This is related to: ( )
Waiting

i i
Lα + . In this formula αi is the probability that the first 

supplier cannot supply. There are no hard data on this probability. DPF have guestimated 

that this occurs in approximately 5% of all replenishment orders. Since no distinction 

between products or product-groups can be made, this probability is 5% for all raw material. 

If the order is not accepted by the first supplier, time is needed to find a second supplier. The 

duration of this is based on the class of the raw materials. For class A raw materials there is a 

known second supplier. The duration of finding this second supplier is guestimated by DPF on 

2 weeks. For class B and C raw materials this is guestimated on 13 weeks. 

2. Time between order acceptance and arrival at DPF: this corresponds to 
,

Extern

j iL  from formula 

1.3. Based on historic purchases a distribution is made. Per iteration of the simulation a value 

is drawn from this distribution. 

3. Time between arrival of the replenishment order at DPF until the final testresult is in: this 

corresponds with 
,

Internal

j iL . Based on the historic data a distribution is made. Per iteration of 

the simulation a value is selected from this distribution. 

4. Probability of having a negative test result: this corresponds to 
1, 1,

( ( )
Extern Internal

i j i j iL Lβ
+ +

× + . 

With a given probability the test result is negative. This probability is based on the historic 

test results. If the test result is negative a new draw is done from the distribution of the 

external lead time and the internal lead time. 

1. No order 
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5. The last part of formula 1.3, ( 5)COLT − , is related to the probability that the raw material 

is not available at the moment of arrival of the customer order, but is available well in time 

to be produced in time. In consideration with DPF it was determined that having the raw 

material available at least one week prior to the due date would be sufficient to produce it in 

time, unless there is no capacity available. For this reason the customer order lead time 

minus one week (5 working days) is subtracted from the replenishment lead time. 
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Appendix H: Company Implementation 
The figure below shows the different part of the model. Each square represents a separate excel-file. 

The first two files, Input to ‘Inventory of Raw Material at DPF’ and ‘Inventory of Raw Material at DPF’, 

correspond to section 6.2 of this report. Files Input to ‘Capacity of Production Personnel at DPF’ and 

‘Capacity of Production Personnel at DPF’ corresponds to section 6.3 in this report. The file ‘Inventory 

of Finished Products at NSCs’ corresponds to section 6.4. The Dashboard combines the output of the 

other models. This provides an overview of the total outcome of making changes to the customer 

order lead time and service level. For the first two an input file was created. Reason for this is that 

the models require a lot of memory from the server the model is ran on. In order to retrieve data 

from DPFs system, without making the performance of DPFs systems worse, an input file is used to 

update the input-data. Subsequently the models are run on a local server, which doesn’t interfere 

with DPFs operations. 

 

Figure 51 The software implementation 

Below two screenshots are presented of the last part of the model, the Dashboard. The first figure 

gives the input field of the dashboard. In this input field the customer order lead time, availability of 

capacity and the availability of the raw materials can be selected by the user. Subsequently, is the 

model updated, giving the results of the input in the second figure. This figure gives an overview of 

the costs of raw material, capacity and inventory at the NSCs. 

<Deleted due to confidentiality> 

Figure 52 Screenshot of the input field of the Dashboard 

<Deleted due to confidentiality> 

Figure 53 Screenshot of the output field of the Dashboard 


