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Preface 
Dear reader, 
 
You are about to read the bachelor thesis “Optimising the batch sizes and inventory parameters at 
Twentsche Kabelfabriek BV”. This research has been performed at TKF Haaksbergen and was part of 
the bachelor Industrial Engineering and Management (IEM) at the University of Twente. The thesis 
aims for determining the optimal batch sizes and inventory parameters. Due to the confidential nature 
of the data or results, some quantitative values are multiplied by factor X or not shown at all. 
 
At Twentsche Kabelfabriek BV I gained many new valuable insights, and I am grateful for this 
opportunity. Particularly, because they allowed me to work there during this extraordinary COVID-19 
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I want to give a special thanks to my supervisors Ron Peeks and Tom Bijen. They both guided me during 
the research and always helped me when needed. Furthermore, I could always count on their 
extensive feedback. I really enjoyed working with them. During my research, I was also often in the 
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Undoubtedly, I would like to thank my UT supervisor Engin Topan. Because of his large enthusiasm and 
interest in inventory systems and batch sizes, we always had fruitful discussions and meetings. This 
really helped me to get the most out of my bachelor thesis. Besides that, he always put in full effort 
and I really enjoyed working with him. I would also like to thank Ipek Seyran Topan for supporting me 
during the bachelor thesis preparation module as well as for being my second supervisor. She always 
provided the help I needed and asked me how I was doing, and this was really kind.   
 
Finally, I want to thank my friends, housemates, and family for their support. They always supported 
and helped me if needed. In special I want to thank Gerco Mussche. With our weekly meetings, we 
helped each other to stay motivated and to improve our thesis by providing extensive feedback and 
opinions on the research. This really helped me, and I am grateful for that. 
 
I hope you will enjoy reading my bachelor thesis! 
 
Kind regards, 
 
Bram Zentveld 
 
Enschede, July 2021 
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Management summary 
Intro 
This research has been performed at Twentsche Kabelfabriek BV (TKF) in Haaksbergen. TKF is a cable 
manufacturing company which developed itself to a technologically leading supplier of connectivity 
solutions. Their solutions are offered to three market segments which are building, industrial and 
telecom segment. 
 
Problem description 
In today’s production environment there is an enormous need for insights in the optimal batch size 
and accurate inventory parameters. Since TKF is producing most of their important cables to stock 
(MTS), finding optimal inventory levels for finished goods is key. However, these decisions have 
implications on production and inventory levels. At the moment, TKF has no proper balance between 
production and inventory levels and this results in high combined cost. Therefore, the main research 
question is defined as:  
 
How can the batch ordering decision optimally be determined and what is the impact of the optimal 

batch ordering on the combined cost of production and inventory? 
 
The management of TKF decided that the aimed norm will be a reduction in the combined cost of setup 
and inventory holding cost by 5%. This will apply to our scope that is defined as all MTS standard 
products for the installation and multiconductor department. 
 
Approach 
In this study, we create insights in the setup and inventory holding cost and use these insights to 
calculate the optimal batch size. The optimal batch size will then make sure that the combined cost of 
setup and inventory holding are optimized.  This is although not completely solving TKF’s problem since 
also lead times, review period, demand, and service levels are involved. Therefore, we implemented 
Bijvank’s algorithm to make sure also demand uncertainty, service level agreements with customers, 
production lead time, and inventory review period are also taken into consideration. For this reason, 
two models are created. One for the optimal batch size calculation and one for the determination of 
the optimal inventory parameters. 
 
Results 
The results of the bachelor thesis are discussed in this section. Since, we did not have an insight in the 
setup and inventory holding cost, our first results are in terms of the current situation (reality). At this 
moment, the weights between the inventory holding and setup cost of the entire scope are 27% and 
73% respectively. Looking at the different portfolios which are included in this scope it can be seen 
that the instrumentation process technique and the pipes, wires, and cords portfolio are outliers and 
deviate from the overall weights. For the pipes, wires, and cords portfolio the combined cost of setup 
and inventory holding cost is 19.1% lower than the average. The other outlier is the instrumentation 
process technique portfolio and is an outlier to the upside. In contrast with the pipes, wires, and cords 
portfolio this outlier is only caused by the high setup cost involved in this portfolio instead of both 
factors. The overall results of the tool are given in Table 1. 
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Table 1 - Overall results when the inventory levels are implemented as suggested by the tool 

 
 
In this table, the current average production length of the scope could be seen. Next to that, the 
suggested average EOQ of the scope is displayed. With these numbers the flexibility loss is calculated. 
This could be done since implementing the EOQ results in longer batch sizes and therefore less 
flexibility for TKF. Below the flexibility loss, the average stock per current batch as well as the average 
stock per optimal batch (EOQ) can be seen. This number is referring to the amount of yearly demand 
that could be satisfied with one batch size. At last, the savings are displayed. The savings (percentage) 
is calculated over the average cost price if all EOQs would be implemented. This resulted in 
approximately 12.7% savings on cost price.  
 
Conclusion and recommendation 
By applying the tools and analysing the results, we made the following main conclusions: 

• Both tools could be used as a decision supportive model to determine the inventory 
parameters and batch size. 

• As could be concluded from the overall results as well as the bad alignment between inventory 
holding and setup cost (27% versus 73%) it is proven that a lot of savings could be achieved by 
TKF by using the tool. Besides, also the norm of 5% improvement is largely exceeded. 

• Since the tool is not considering all practical constraints, like for example production capacity, 
large inventory levels, and production flexibility, but only the most optimal savings, the trade-
off between savings versus flexibility and inventory space could be made. Everything closer to 
the EOQ will namely already help with savings. 

 
Based on the conclusions and performed research, we also made recommendations for TKF. The main 
recommendations are: 

• To calculate the optimal batch size and inventory parameters, we suggest making use of the 
proposed optimal batch size and inventory parameter models 

• The quality of the output is depending on the quality of the input values. Hence, we 
recommend performing the future research as suggested below for improving the quality of 
the input values. Also, after implementing this it is recommended to do a sensitivity analysis. 

• Since there is a trade-off between optimal savings and flexibility and inventory levels, we 
recommend the management of TKF to decide upon their preferred strategy concerning this 
trade-off.  

• The last recommendation we have for TKF is to improve the database (structure) and data. 
 
At last, we summed some aspects for further research. These aspects are: 

• Enlarging the scope of the tool to all MTS articles 

• Consider extra handling cost when external terrain is used.  

• Add a constrain to the cost of capital (loan by TKH-group) 

• Add the depreciation of cables 

• Check the correctness of the used data from TKF’s database 
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Reader’s guide 
Across the eight chapters, we describe how the research at Twentsche Kabelfabriek BV is performed. 
In this reading guide we shortly introduce these chapters.  
 
Chapter 1: Introduction 
In chapter 1 we introduce the research. This is done by describing the company, the problem and the 
research design. 
 
Chapter 2: Literature review 
In chapter 2 we link the problem with the literature. Moreover, we will provide insights in periodic 
review inventory systems with a service level criterion.  
 
Chapter 3: Context analysis 
In chapter 3 we perform a context analysis about Wilson’s lot-size formula and the demand 
distribution. Wilson’s lot-size formula and the demand distribution are necessary inputs for the 
inventory model which will be discussed in chapter 4. 
 
Chapter 4: Inventory model  
In chapter 4 we will discuss the chosen method for determining the inventory parameters for TKF. Also, 
the necessary adaptions to this model are discussed.  
 
Chapter 5: Numerical results 
In chapter 5 the results of the optimal batch size calculations model and inventory parameters model 
are discussed.  
 
Chapter 6: Discussion 
In chapter 6 a general discussion is provided which discusses the limitations, validity, and reliability of 
the methods used in the research. 
 
Chapter 7: Conclusion and recommendation 
In the first part of chapter 7 conclusions about the performed research are given. This includes an 
answer to the research questions and a discussion about the norm and reality. In the second part of 
chapter 7 recommendations are made for TKF. In the third part of chapter 7 future research is 
suggested. In the last part of chapter 7 the contributions to theory and practice are discussed. 
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List of Acronyms 
Table 2 - List of acronyms 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Acronym Description 

MTO Make to order 

MTS Make to stock 

TKF Twentsche Kabelfabriek BV 

BTO Buy to order 

BTS Buy to stock 

EOQ Economic order quantity (also referred to as 
Wilson’s lot-size formula 
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Glossary 
Table 3 - Glossary 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Term Explanation 

Reel “A cylinder, frame, or other device that turns on 
an axis and is used to wind up or pay out 
something” (Reel | Definition of Reel at 
Dictionary.Com, n.d.) 

Multiconductor department Multiconductor is the department in TKF where 
the smaller types of cable are produced. To give 
an example, these are the cables which are 
used in houses.  

Installation department Installation is the department in TKF where the 
cables are produced for the building sector. The 
cables are therefore bigger, and this requires 
bigger machines, and therefore a different 
department. 

Energy department The energy department produces the biggest 
cables in TKF. These cables are produced for the 
energy sectors and can reach from subsea 
cables to high voltage cables. 

Qualified team Qualified team is the word TKF uses to indicate 
machine processes. MC ISOLATIELIJN 3 is an 
example of a qualified team. 

Clustered order Clusters are identical articles from a different 
order, scheduled behind each other so the 
machine does not have to be switched 
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1. Introduction 
In this chapter, the company will be introduced in subchapter 1.1, the problem will be introduced in 
subchapter 1.2 and the research approach will be discussed in subchapter 1.3.  
 

1.1 Company description 

My bachelor thesis takes place at Twentsche Kabelfabriek BV (TKF). TKF is a cable manufacturing 
company which developed itself since its founding in 1930, from cable manufacturer to a 
technologically leading supplier of connectivity solutions. They have a broad portfolio of cables, 
services, and systems. TKF offers customers worldwide solutions for creating reliable and safe data and 
energy connections. These solutions are delivered to three market segments which are the building, 
industrial and telecom segment (Twentsche Kabelfabriek, n.d.). At the moment, TKF produces more 
than 10.000 cables which are produced according to make to order (MTO) and make to stock (MTS). 
The production of these cables is divided over the factory in three departments: Multi Conductor, 
Energy, and Installation. This division is based upon the use and thickness of the cable. Since all these 
cables are made for different uses, they require different material requirements. Therefore, a lot of 
different production processes are performed. However, to illustrate an idea, the most standard 
production process is described, see Figure 1. Most of the time the process starts with large reels of 
thick copper wire. These wires then go into a wire drawing machine which makes sure the right 
thickness is reached. Then the wires are getting their isolation layer for protection and conduction. 
They are now called “conductors”. Most of the cables have multiple conductors inside them and to 
make that happen a gathering and braiding process is performed. To make sure that the cables are 
strong and not vulnerable they are also armoured by adding an extra layer of metal around it. This also 
makes sure the core of the cable stays in place and sometimes for neutralising the magnetic field. 
Finally, we come to the last step in the production process, which is the mantling process. This step is 
necessary for preventing dirt and water from getting into the cable and seals the cable from the 
outside. After this is finished, the cable gets extensively tested for quality and when it suffices it will 
be transported to the customer.  
 

 
Figure 1 - Overview standard production process at TKF 
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TKF is part of the TKH Group. The TKH Group is a technology company which focusses on high-end 
innovative technologies in high growth markets within these three market segments. TKH Group is 
active on a global scale and their growth is concentrated in North America, Asia, and Europe (TKH 
Group, n.d.).  
 

1.2 The problem 

At the start of the research, TKF was experiencing a problem. This problem will be elaborated in this 
subchapter. We will do this by identifying the problem in subsection 1.2.1 and defining the action 
problem in subsection 1.2.2. Besides the action problem, also the norm and reality, and the scope will 
be described in subsection 1.2.2. 
 

1.2.1 Problem identification 

The management of TKF want to manage the inventory and cable production as efficiently as possible 
and this puts large pressure on the capacity and production planners. Next to this, the combined 
inventory holding and setup cost are high and reasons for this should be investigated. As problems 
always arise from an underlying cause, a problem cluster is made to map all the problems involved 
(Heerkens & van Winden, Solving Managerial Problems Systematically, 2016). This problem cluster can 
be seen in Figure 2. After doing research, it became clear that the underlying problem was no approach 
for the optimal batch size. This was our starting point for the problem identification phase.  
 
The reason for the high combined cost of inventory holding and setup is the bad alignment between 
inventory holding and production cost. This is caused by the current method used for batch size 
planning. This method uses the insights of the production planner as well as the stock level parameters 
but lacks insight on the impact of the batch sizes. Therefore, the current method does not give the 
optimal batch size. This leads to higher production and/or inventory holding cost. The stock level 
parameters are set by the capacity planner and help the production planners to produce more 
efficiently. These parameters are called the red line, and the green line. The red line is the inventory 
level that should be kept at stock. This is determined based on agreements with sales and the safety 
stock. The safety stock is based on production lead time and sometimes the lead time of the raw 
materials if they are not kept in stock. The green line, however, is the maximum allowed inventory 
level. This is determined based on intuition, but ideally this must be based on the optimal batch size 
plus the red line value. Since this is not the case, the production planners must fill in this gap 
themselves and this is done based on their own insights. These insights are therefore not only different 
per department but also dependent on who the production planner is. The most influencing aspect for 
this is their experience and is caused by the absence of a standard method for determining the 
production batch size. So, an efficient production and inventory system highly depends on the 
experience of the planners. For the multi conductor department, this insight is based on the reels used 
to roll the output product on. For the installation department, this insight is based on the reels used 
for the input materials (mainly copper). However, these insights are also based on the awareness that 
producing more leads to a better production price, so they often round the production batch size up. 
Therefore, it can be said that the current batch size determination is not working optimally, and this 
should be changed by introducing a standard batch size method. The reason why there is no standard 
production batch size method is because there is no insight in the setup cost, as well as the inventory 
cost. There is no insight in the setup and inventory handling cost because they are hard to determine 
in practise (Durlinger, 2014). This is the case because it can not directly be derived from the financial 
statements of the company. Because of this, relevant costs need to be identified by us and then be 
calculated. This will be discussed in chapter 3 context analysis. Next to the beforehand described 
difficulties, there is also limited literature about this subject because of the difficulty of the subject as 
well as the fact that it is not generalisable. This latter is the case because it is highly company specific 
situation. Therefore, we also do not have insight in the effect of the different batch sizes. 
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Figure 2 - Overview of the problem cluster at Twentsche Kabelfabriek BV 

 

1.2.2 Action problem 

The action problem is described in this section, by first defining the current situation and scope, and 
subsequently the norm and reality. 
 
Current situation and scope 
The bachelor thesis must be completed within 10 weeks. Since these strict time limitations, a clear 
scope must be set to enable an efficient and achievable research. After discussing this with TKF, the 
following scope was set:  

- Only for the MTS standard end articles the optimal batch size decision (and inventory 
parameters) will be investigated. Therefore, if we refer to an MTS article in this report it will 
always be an end product. This is done because these products have the highest priority for 
TKF and should therefore be investigated first. The result of this is that number of cables is 
limited from 10.000 to approximately 900. This also makes sure that most of the cables are at 
least comparable to each other. In other words, they could differ in thickness and materials, 
but are not that different in the production process. Therefore, assumptions about for example 
setup waste could more easily be made. 

- As I already mentioned, most of the 900 cables are comparable but not all. Therefore, all 
products are analysed, and a prioritisation has been made. In this analysis 40 cables are 
identified that needed special care in terms of waste assumptions. These cables are part of the 
energy department. The other cables are part of the installation and multiconductor 
department and are comparable. Therefore, first the assumptions for the large group of cables 
will be made. Then these will be evaluated and discussed with the manager of energy, to see 
if different assumptions should be made or if they are also applying for these types of cables. 
However, when there is no time for this evaluation these cables will be left out entirely.  

- Lastly, from the 860 cables that are left approximately 200 are managed by the expedition 
instead of a manufacturing department like multiconductor, installation, or energy. This of 
course has a reason and will be described here. The cables that are managed by expedition, 
are all mother cables. These are cables which could be manufactured to different article 
numbers and therefore different end products. The difference between these end products is 
mainly created by the different lengths of the cables as well as the reels they are rolled on. 
Since this process is performed by the expedition department it is not strange that they are 
also the manager of these type of products. However, due to the time constraint we could not 
include these articles since they require extra research. Therefore, they are left out. This brings 
us to a scope of around 660 products. 

The main research question is therefore defined as: 
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How can the batch ordering decision optimally be determined and what is the impact of the optimal 
batch ordering on the combined cost of production and inventory? 

 
This led to the following action problem: 
 
At Twentsche Kabelfabriek BV, a method must be created that determines the optimal batch in order 

to optimise the combined cost of production and inventory. 
 
Norm and reality 
To see if solving the core problem really helps by solving our action problem, it should be expressed in 
terms of norm and reality. The action problem “high combined cost of setup and inventory” is, 
however, currently not measurable due to a lack of insights. In addition to that, determining the setup 
cost and inventory holding cost has been proven to be difficult. For this reason, the norm and reality 
could only be set after a method for determining it was created. The reality is created by calculating 
the setup and inventory holding cost for the MTS products defined in the scope. Therefore, the latest 
MTS products according to these criteria should be identified. These then needed to be put in our 
model, so the setup cost could be calculated. At last, the results were printed in a table and saved so 
they could be used for analysis of the reality. Now the second part of the reality needed to be 
calculated. This is the inventory holding cost. For the inventory holding cost, a database join had to be 
made between the production order line table and the article table. Here, a filter was added on 
department to make sure only the articles that are defined in the scope will come out. Then the 
production length over the last period is retrieved. With this information, the average production 
length is calculated. The production lengths with a value of zero are eliminated because these will 
negatively influence the average while these are not relevant, because they have not been produced. 
Now that the average production length per article number is known it can be used to calculate the 
inventory holding cost per article number. By running this for all the relevant MTS articles, the reality 
could be created. This is displayed in multiple graphs as can be seen in Figure 3, Figure 4 and Figure 5. 
 

 
Figure 3 - Overview of the combined cost of inventory and setup per meter per department and portfolio type 
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Figure 4 - Overview of the inventory cost per meter per department and portfolio type 

 

 
Figure 5 - Overview of the setup cost per meter per department and portfolio type 

 
On the left side of the figures, the average for the installation and multiconductor department as well 
as the overall average can be seen. These departments handle different type of cable portfolios and to 
make the differences between them more visible, a distinction between the portfolios is made. The 
largest deviation is caused by the “pipes, wires and cords” portfolio. Next to that, the total cost for the 
portfolios “Installation NL” and “Instrumentation process techniques” are above average. While the 
portfolios “Rail” and “Ship’s cable” are under average. At last, the observation is made that the 
inventory holding cost per meter are higher for multiconductor than for installation. While the setup 
cost per meter is higher for the installation department. This is not surprising, because there are on 
average more qualified teams involved with producing installation cables which causes the higher 
setup cost. For the higher inventory cost of multiconductor, the reason is due to the standard reel it is 
rolled on. Most of the time, the clients want them in a shorter length (so smaller reel), which take more 
space per meter of cable than the larger reels and that makes them more expensive to hold in 
inventory. As could be concluded from this, the total cost of inventory and setup is deviating a lot from 
each other and therefore hard to make it portfolio or department specific. Therefore, the management 
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of TKF decided that the aim is to reduce the combined cost in total by 5%. Another reason why they 
chose for this is because TKF did not have an insight in the setup cost and inventory holding cost which 
makes it hard to decide on, because we could not track the trend it has been following through the 
years. The last insight in the current situation we found was the average production length for our 
scope. This is 4518 meter and is useful to compare the results of the models with.  
 

1.3 Research design 

To solve the action problem, the seven phases of the MPSM will be used. This tool is developed by 
Heerkens and van Winden (2021) and designed to create a structured problem-solving approach. The 
research questions created by this approach can be read in subsection 1.3.1. Then, in subsection 1.3.2 
the deliverables could be found. The limitations of the research design are described in chapter 5. 
 

1.3.1 Research questions 

Based on the phases described in the MPSM, we came up with knowledge questions. These need to 
be answered step by step to come up with the solution in the end. Phases 1 and 2 (defining the problem 
and formulating your problem-solving approach) are already performed as preparation phases for the 
bachelor thesis and therefore not relevant anymore. Therefore, these questions are left out.  
 
Phase 3: Analysing the problem 

1) What factors influence the core problem? (Chapter 1 Introduction) 
2) How can the inventory cost be determined per production length? (Chapter 3 Context 

analysis) 
3) What factors influence the production cost and how can they be determined per production 

length? (Chapter 3 Context analysis) 
4) What is the norm and reality of the inventory and production cost? (Chapter 1 Introduction) 

Phase 4: Formulating (alternative) solutions 
5) What theories could determine the optimal production batch size with stochastic demand 

and what pros and cons do they have (with respect to risks, uncertainties, consequences, 
limitations, and benefits)? (Chapter 2 Literature study) 

Phase 5: Choosing a solution 
6) What is TKF’s preference in terms of theories for determining the optimal batch size based 

on the obtained insights about the presented theories? (Chapter 2 Literature study) 
Phase 6: Implementing the solution 

7) How can the theory be implemented for TKF? (Chapter 4 Inventory model) 
8) Which data does the theory require for execution and how can this data be obtained? 

(Chapter 2 Literature study & Chapter 4 Inventory model) 
9) Does the Excel model take the requirements and wishes of TKF into consideration? (Chapter 

6 Discussion) 
Phase 7: Evaluating the solution 

10) Are the solutions applicable in practise? (Chapter 5 Numerical study) 
11) Does the solution have the desired results or in other words, is the norm reached? (Chapter 7 

Conclusion and recommendation) 
12) Can the model be improved? (Chapter 6 Discussion & Chapter 7 Conclusion and 

recommendation) 
 

1.3.2 Deliverables 

Together with Twentsche Kabelfabriek, the main deliverable has been defined as: 
 
“A method, where the optimal batch size decision and inventory parameters for MTS products can be 

determined” 
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This deliverable depends on three important factors. First, insights in the factors influencing the 
optimal production batch size should be obtained. This is part of the core problem. Secondly, a method 
to use these insights to define the optimal production batch size should be obtained. Thirdly, a method 
needs to be implemented in Excel tool which uses the optimum production batch size to calculate the 
corresponding inventory parameters. This was the most important requirement of TKF. Other 
requirements were:  

• easy in interpretation 

• user friendly 

• easy to maintain 

• connected with the ERP data system of TKF which is Citrix/ Navision.  
 
The reason why it should be easy in interpretation, is because all involved stakeholders: finance, supply 
chain, production, R&D, and sales, must understand what the results of the tool are without having to 
discuss about the interpretation. So therefore, a clear tool must be provided. The easy to maintain 
requirement is mainly for the capacity planner. He is going to use it to determine the maximum 
inventory level, but it is highly probably that he finds certain things he wants to add to the tool and 
therefore this should be possible and easy.  
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2. Literature review 
For coming up with a solution, it is important that a theoretical perspective is created first. Therefore, 
this will be done in this section. To come up with a good theoretical perspective, an extensive 
systematic literature review (SLR) is performed. The results of this are discussed in this chapter. Next 
to that, the link between the problem and the literature will be explained. In subchapter 2.2, the inputs 
for the chosen model will be evaluated. The implementation and the results of this model will be 
discussed in later chapters (chapter 4 and chapter 5). At last, in subchapter 2.3 a conclusion will be 
given which summarizes this chapter. 
 

2.1 Inventory policies 

Determining only the optimal batch size decision is not enough to guarantee the best possible cost 
while maintaining a certain service level. Therefore, a research is performed to inventory policy models 
and system requirements to fulfil TKF’s assignment as good as possible. In (Silver et al., 2017) the four 
most common inventory policy are described. These are the (𝑠, 𝑄) inventory system, (𝑠, 𝑆) inventory 
system, (𝑅, 𝑆) system and the (𝑅, 𝑠, 𝑆) inventory system. The (𝑠, 𝑄) inventory system is a policy which 
orders 𝑄 units every time the inventory level drops below 𝑠 (reorder point). The (𝑠, 𝑆) system on the 
contrary also orders when the inventory drops below s but will always order up to the predetermined 
𝑆 (order-up-to-level). Then we have the (𝑅, 𝑆) policy. This policy is also known as the replenishment 
cycle system and orders every 𝑅 units of time as much inventory as needed to raise the inventory to 
𝑆. At last, we have the (𝑅, 𝑠, 𝑆) policy. This policy is a combination of the (𝑠, 𝑆) and (𝑅, 𝑆) policy. With 
this system we check every 𝑅 units of time the inventory level and when it is below 𝑠, we raise it to 𝑆. 
Since these inventory policies all have their pros and cons, (Silver et al., 2017) created a rule of thumb 
to determine the most suitable for the situation. This could be seen in Table 4. 
 

Table 4 - Rule of thumb for selecting the form of the inventory policy (Silver et al., 2017) 

 
 
As could be concluded from this rule, the most suitable policy for TKF will be the (𝑅, 𝑠, 𝑆) policy. 
Reasons for this are that they already use a periodic review policy as well as the priority system for the 
articles. As defined in the scope, we will focus on the highest prioritized items, so A items. In literature, 
full-cost inventory models are studied the most. However, service level constraints are more common 
in practical settings. This is the case because shortage costs are hard to determine. In particular, the 
cost of losing customer goodwill (Bijvank, 2014). Therefore, alternative methods should also be 
considered. In literature the following are identified: simple-minded approach, customer service level, 
and aggregate considerations. Examples of simple-minded approaches are specified cost for stockout 
or equal time supplies. For customer service level examples are probability of no stockout per cycle, 
fill rate, and ready rate. Aggregate consideration examples are minimizing the ETSOPY or the ETVSPY 
(Silver et al., 2017). Computing these inventory control variables can be divided in two categories: 
heuristics and exact methods. Most studies in the second category derive most of the time bounds to 
reduce the search space. The actual algorithm is most of the time either iterative or enumerative (Silver 
et al., 2017). 
 
For TKF, this (𝑅, 𝑠, 𝑆) policy will have to deal with lead times, stochastic demand, and the alpha service 
level. This is the case, because TKF, has to deal with production times. Therefore, after an order is 
placed, it will not be delivered immediately. So, this needs to be considered by determining the 
inventory policy. Next to that, the demand TKF is experiencing is not according to a constant 
distribution but follows a different pattern. Hence, this should be modelled as good as we can to make 
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sure the service level is satisfied. Lastly, TKF chose the alpha service level as criteria for the inventory 
policy. The alpha service level is an easy but powerful indicator that makes sure that TKF delivers up to 
their promises made with the client. More information on this will be provided later in this chapter. 
When all these factors are taken into consideration, TKF wants to set the parameters of this inventory 
policy in such a way that it optimizes the total cost. In this situation it could be the case that Wilson’s 
lot size formula satisfies the criteria and actually gives a good optimum, but it could also be that fixing 
one of the parameters does not lead to the most optimal solution. Therefore, the decision is made to 
look for a method that does take this into account. This was the starting point of the systematic 
literature review. The only paper that included all these criteria was the paper of Bijvank (2014). His 
paper provided a search procedure that determines 𝑠 and 𝑆 based on the exact expression, which 
makes sure the service level always suffices. Besides that, he created an efficient search procedure 
which is able to minimize the costs according to the service level criterion. Since he does not impose 
any limitations on 𝑠 or 𝑆, the solutions are also applicable to more general settings if compared with 
other approaches found in literature. While doing this, the model also delivers the best solution 
compared to the other literature. It outperforms them in both service level and cost. The only 
limitation that was found, is the fact that it is a single item/ one-dimensional search procedure. 
Therefore, the production constraints and other articles are not taken into consideration. The impact 
of this will be discussed in the limitations chapter.  
 

2.2 Periodic review inventory systems with a service level criterion 

For using this model, certain key aspects are required and will be discussed here. This is the service 
level requirement, demand distribution and mean, lead time, Wilson’s lot size formula, and the 
review period length. The overview can be seen in Figure 6. 
 

 
Figure 6 - Overview of the inventory model 

 

2.2.1 Service level 

The service level is at this moment a very popular topic within TKF. This is caused due to the production 
capacity constraint versus the high demand of their customers. Of course, you do not want to 
disappoint anyone, but some customers or cables are more important than others. Now, the question 
arises how to determine which of these cables has the highest priority to ensure the best service and 
profit. This is quite hard and TKF is therefore busy with developing such a system that divides the 
subgroups (MTS-A, MTS-B, and MTS-C) in even smaller groups with their own specified service level. It 
seems very likely that TKF is going to choose for a 2-axis system. However, the criteria are not certain 
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yet. This is also the case for the service levels corresponding to the specific groups. An example of such 
a system is given in Table 5. Since TKF is still deciding upon this decision and we already defined a group 
of important articles, the decision from the management of TKF is made to set a 95% service level for 
all articles defined in the scope. It should, however, be possible for TKF to implement the new service 
level system in the tool if such a system is chosen.  
 

Table 5 - Method for determining the service level 

 
 

2.2.2 Demand distribution and mean demand 

For determining the demand distribution of a certain cable, the data for the previous 14 months is 
retrieved from the database. Then a variance to mean ratio (VMR) is used to test the characteristics of 
the distribution. The VMR is calculated by dividing the variance over the mean (Variance/Mean Ratio 
- Statistics.Com: Data Science, Analytics & Statistics Courses, n.d.). If the distribution is for example 
more uniform than randomly distributed, then the VMR is smaller than 1. This could indicate a constant 
random variable for 𝑉𝑀𝑅 =  0 or a binomial distribution if 0 <  𝑉𝑀𝑅 <  1. When the distribution is 
random, it can be modelled by a Poisson process (if 𝑉𝑀𝑅 = 1) or a negative binomial if 𝑉𝑀𝑅 >  1. In 
our case the 𝑉𝑀𝑅 >  1 and therefore hints to a negative binomial distribution (Bijvank, 2014). To 
make sure this is a good way of modelling the demand, a literature search has been performed. In this 
search, it was found that the negative binomial distribution is an efficient distribution which represents 
the high variability in demand well for retailing environments. This high variability in demand is caused 
due to competitors’ promotions, weather, and other random fluctuations. Therefore, using the 
negative binomial distribution for the inventory policy will lead to lower cost and more reliable levels 
of customer service (Agrawal & Smith, 1996). Next to that, a 𝑉𝑀𝑅 >  1 means that the demand 
distribution has “over-dispersion”. This arises when demand is “aggregated”, “clumped”, and 
“clustered” in space or time. From literature it is known that the negative binomial distribution models 
this appropriate (Ross & Preece, 1985). Parameters from the negative binomial distribution are the 
𝑟 (sometimes called n), which represents the number of failures until the experiment is stopped, 𝑘, 
which represents the number of successes, and 𝑝, which is the success probability in each experiment. 
These parameters could be calculated with the mean and the variance of the sample. The mean equals 
(𝑝 ∗ 𝑟)/(1 − 𝑝), while the variance equals (𝑝 ∗ 𝑟)/((1 − 𝑝)^2) (Agrawal & Smith, 1996). These 
calculations and extra explanation about the distribution and parameters can be found in chapter 3. 
The algorithm, however, can be found in chapter 4. 
 

2.2.3 Lead time 

In inventory policies, multiple assumption about lead time can be made. Examples for this are zero 
lead time, a fixed lead time, or a stochastic lead time. In TKF’s case fixed values are used for lead time 
and these values differ per article depending on the production process.  Since TKF is also using this 
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number for their models, I decided with my supervisor to use the same values for my model. However, 
if this would not be the case the model remains the same if it is stochastic, provided that the probability 
of crossing orders in time is negligible. If this would not be the case more advanced techniques have 
to be used such as simulation (Bijvank, 2014). 
 

2.2.4 Wilson’s lot size formula 

Another input needed for determining the parameters of the inventory policy, is Wilson’s lot size 
formula. Wilson’s lot size formula is also known as the EOQ model and calculates the optimal batch 

size. Wilson’s formula is expressed as √2𝐾𝜇𝑅/ℎ rounded to the nearest integer. It uses the parameters 
𝐾, which equals the setup cost, 𝜇𝑅, which is the mean demand during the review period, and ℎ, which 
is the inventory holding cost per meter of cable. While this seems like an easy formula to compute it is 
quite hard due to the difficulty of determining the setup and inventory holding cost. For this reason, 
the way how this is done is explained in chapter 3, context analysis. 
 

2.2.5 Review period length 

As last input variable, we need the review period length. The review period length is determined by 
TKF based on the planning strategies, this can be MTO, MTS, BTS, and BTO. The make-to-order (MTO) 
as well as the buy-to-order (BTO) are both triggered when an order comes in, so there is no need to 
review it during specified time intervals. Therefore, these are left out. However, TKF makes a clear 
distinction between the buy-to-order and the make-to-order articles. The BTS products are reviewed 
once every two weeks, so 𝑅 = 14 (days). The MTS products are reviewed every day by the production 
planners which makes the 𝑅 = 1 (days). As defined in the scope, for my research it is only necessary 
to look for the MTS products, so therefore the 𝑅 will always be equal to one. 
 

2.3 Conclusion 

In literature, there are many different inventory parameters that suit different situations the best. 
According to rule of thumb created by Silver et al. in 2017, the (𝑅, 𝑠, 𝑆) policy is suiting TKF the best. 
Therefore, this was our starting point for the systematic literature review. Within this search we 
discovered that TKF had some other requirements that were needed in addition to this (𝑅, 𝑠, 𝑆) policy. 
These were the production lead time, demand uncertainty, service level agreements with the customer 
and inventory review period. The only paper which satisfied all these criteria was Bijvank’s algorithm. 
He created a cost-effective and efficient algorithm which uses the input values: service level, demand 
distribution, lead time, Wilson’s lot-size formula (EOQ), and review period length to determine the 
optimal inventory parameters. 
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3. Context analysis 
TKF wants to be as cost efficient as possible while being able to serve their customers with a specific 
service level. Factors to take into consideration for this are demand distribution, Wilson’s lot size 
formula (optimal batch size), review period length, and replenishment lead time. Because not all 
factors are known, these need to be calculated. However, due to interdependence of the parameters 
of the inventory system, it is desirable to determine them simultaneously. Since this is already a topic 
on itself, we chose to devote a separate chapter for discussing this (chapter 4). This chapter will focus 
on the parameters needed for determining Wilson’s formula and the demand distribution. For Wilson’s 
lot size formula, two parameters are necessary. These are the fixed setup cost and the inventory 
holding cost per meter. This is the case because when determining the optimal batch size, you have to 
make the trade-off between gaining production advantage by producing more against the extra cost 
of holding more inventory. This chapter is structured as follows: in subchapter 3.1 the fixed setup cost 
will thoroughly be described. In subchapter 3.2 the inventory holding cost per meter will be discussed. 
In subchapter 3.3 the dashboard of the setup and inventory cost will be provided and discussed to 
create a clear and structured overview. In subchapter 3.4 the demand distribution will be covered. An 
overview of the entire context can be seen in Figure 7. 
 

 
Figure 7 - Overview of optimal batch size calculation model 

 

3.1 Setup cost  

According to literature the setup cost includes costs such as calibration cost, down-time cost, and scrap 
costs associated with the preparation of the equipment to produce the next cable (Reid & Sanders, 
2005). These will be discussed below, but first the reasons why they are relevant will be described. 
When considering setup cost, we are specifically looking for costs which are related to the setup of the 
machines. These costs are therefore independent of the production length and are fixed. The 
calibration and down-time cost are fixed, irrelevant to production length and caused by setups. 
Therefore, they are necessary to take into consideration. Then we have the waste of raw materials. 
Although this sounds like it is dependent on the length of production, there is also a component in it 
which should be considered in the setup cost. The reason for this is because the hot processes like 
mantling and isolating involve materials that are supplied by extruders due to their high volume. If it 
is then decided to setup for another cable, the materials in de extruder are thrown away. This is 
independent of the length and therefore important to take into consideration when determining the 
setup cost. The last important factor are the costs involved with over-length. Over-length is the extra 
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length that is necessary as input for a production process, that will go lost in the process because the 
process is starting up and therefore not producing the quality or thickness that is required. In TKF’s 
situation, this is measured per reel of input material because most of the time when the reel of input 
material is empty it needs to be switched and the machine then needs some time before it reaches the 
required thickness and quality again. When the production lengths get longer, the more often the reels 
with input material needs to be switched and that makes it related to the production length and not 
necessary for a setup cost. However, when a setup is incurred, the machine always needs to warm up 
for the first reel. Therefore, the first reel does need to be included for setup cost. 
 

3.1.1 Calibration and down-time cost 

The calibration and down-time cost can be treated as one cost consisting of machine cost and 
employee cost. For each qualified team, a specific down time for calibration and cleaning is reserved. 
This down time is calculated in the past based on experience and can be found in TKF’s database. Due 
to time limitations, the validity of these numbers can not be checked, but this will be discussed in 
chapter 6. The downtime for the machines is associated with lost production hours (also called 
machine cost) and employee cost for preparing the machine for production. Due to the fact that 
multiple qualified teams are involved by producing a cable, the right connections should be identified 
first in the database. This is done to make sure all qualified teams come up when you add an article 
number. The overview of this database query is given in Figure 8. 
 
 

 
Figure 8 - Overview database joins for calculating calibration and downtime cost 

 
As can be seen from this figure, the article number is the input, so our starting point. The reason why 
this one is chosen as starting point is because TKF wants a solution which is product specific. Therefore, 
the information should be acquired per product. Then with the use of filters on standard production 
methods as well as a filter on branch, we will get the standard variant. We chose for this because the 
other variants are most of the time tests of R&D or old manufacturing methods and are not used very 
often in practice. Then this article number in combination with the variant will be used in the 
configuration table for getting the global code, article description, and the cost price. The global code 
is then used for making the connection with the specific config codes used during the process. This will 
then be linked to the QT code and ID as well as the downtime and calibration time. Here again a filter 
is applied. This time on standard QT. This makes sure that we use the best and most realistic production 
method. Then the link with the last table is made. This is to acquire the last data which is necessary for 
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calculating the downtime and calibration cost. The machine cost for calibration and downtime can be 
calculated by multiplying the calibration and downtime for a machine (in minutes) with the cost price. 
The employee cost however needs an additional step. There the number of employees working on the 
calibration will be multiplied with the cost of calibrating the machine and multiplying that with the 
calibration/ downtime (in minutes). The outcome of this can be seen in Table 6. 
 

Table 6 - Overview of the calibration and downtime cost 

 
 

Not all calibration and downtime cost should be included. This is the case because TKF is showing 
multiple times the same wiredrawing processes. This is done to give insight in the number of cores 
within the cable. Therefore, it should only be taken into consideration once. The same applies for the 
isolating processes because we only switch the colour here. This makes the calibration and downtime 
cost negligible for that process. Therefore, if the QT ID is the same as the QT ID of the row before, the 
calibration and downtime cost should not be included.  
 

3.1.2 Waste of raw materials 

In contrast with the previous chapter, the waste of raw materials is way harder to calculate because 
they are not directly retrievable from the database. Therefore, the most important scrap processes 
must be observed and measured first. The most scrap occurs during the setup of the mantling and 
isolating processes (hot processes). These scrap cost can be divided into two categories. The first 
category is the amount of cable that is thrown away because it does not have the desired thickness or 
quality (starting loss). The last category is the waste that is left in the extruder after a production run. 
Most of the time this has to be thrown away and it therefore should be taken into consideration. The 
amount of waste will be determined by looking at the amount of extruder filling that is thrown away 
each week (measured by TKF) divided by the amount of production run switches multiplied by the 
price. Because TKF’s databases do not keep track of the switches, we created a method for determining 
the switches ourselves. First, we determine the number of different productions orders that occurred 
in a certain period. Second, we look at the clustered orders in the same period. Thirdly, we determine 
the switches by taking the number of different production orders and decrease this by the number of 
switches. This needs to be done because in practice clusters are used to decrease the setup cost, 
because no switch is necessary. An overview for the results can be found in Table 7. 
 

Table 7 - Overview of the switches for Multiconductor 

 
 
Because we want to avoid differences in booking time for the waste and finished production orders, 
we have to make sure that we calculate the switches over a sufficiently large period. The trade-off for 
this is that if you take a too large period your model calculation time increases significantly, so for this 
reason, half a year is chosen as a reliable number. Next to that, you do not want that a part of your 
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calculation is for example including the finished production orders, while the corresponding waste is 
not booked yet. This bookings date difference is caused by the fact that the waste is only booked when 
the container is full and can therefore take quite longer. To eliminate this, a filter is created which 
starts 40 days earlier and then takes a range of half a year. However, the half-year is a variable and 
could be adjusted by the user. Another filter that is added to this database search is to make sure it 
saves time and operates more efficiently. This is the production place filter. This filter makes sure only 
switches for relevant production places are calculated. The production place is seen as relevant if the 
amount of relevant waste is not equal to zero at this specific production place. To calculate the amount 
of relevant waste, the production places need to be linked to the corresponding waste places. 
Normally, this would be easy because the names of the waste places would correspond. However, this 
is not the case now because the layout of the factory as well as the name and type of production places 
has changed. Therefore, this should manually be connected and investigated. This is then also the 
limitation, because when the production places and/ or waste places change again, the model will not 
update this automatically and this should be taken into account. The results of this investigation are 
given in the tables below. 
 

Table 8 - Overview of the links between waste place codes and production places 
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Table 9 - Overview of the waste place codes and waste places names 

 
 

Now that the links are identified, the relevant waste is determined. Here it is important to make sure 
that only waste related to setup is included and that this one is not overlapping with the overlength 
waste. Next to that, it is important to determine the price of the waste per unit. This also needs to be 
done manually because there is no information about this in the system. The limitation here is 
therefore, that the cost prices are not up to date. So, this should also be taken into consideration when 
using the system. The complete list can be found in Table 10. Here it could be seen that it is only 
relevant to setup cost if the material is raw material that goes in an extruder. The reason why for 
example, copper is not included here is because these losses are already taken into consideration with 
the overlength cost calculations. More information about this can be find in the overlength part of this 
chapter.  
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Table 10 - Overview of the waste types 

 
 
The database connections used for determining the extruder waste are explained here. Because this 
should be done manually per department and is very time consuming, I only did this for the 
departments defined in the scope. An overview of the database connections is given below in Figure 
9. After running this database query, the results are shown in Table 11. In addition to this, rows are 
added for the corresponding cost price, relevance, and the calculated total cost. 
 

 
Figure 9 - Overview database connection for determining extruder waste 
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Table 11 - Overview of the waste table by Installation 

 
 
Now the relevant waste per production process as well as the switches at the specific production 
processes are known, we can calculate the average cost for raw material waste per switch. This can be 
seen in Table 12. By connecting this information to the production processes used for producing the 
cable, we can calculate the raw material wasted involved with the cable production.  
 

Table 12 - Overview of the raw material cost per switch per production process 

 
 

3.1.3 Over-length 

The amount of cable that is thrown away because it is not thick or qualitative enough will be measured 
by looking at the output of the process compared to the input of the following process. However, this 
should be done carefully because the variable cost which is related to the production length should 
not be included. The reason why this is important, is because it is measured in overlength per reel. This 
means that when you want to produce more at some point you need more reels as input which means 
more overlength. However, this makes it dependent on the production size and that is not part of the 
setup cost. Still, this number can be used because when you are setting up a process you will always 
start with one reel, so that is independent of the production length. Therefore, the setup waste in 
terms of overlength will be the overlength in meters of one-reel times the cost price of the over-length 
per meter. Then summing this for all the involved production processes leads to the overlength cost 
for the production of a certain cable. 
 

3.2 Inventory holding cost  

According to the literature, inventory holding costs are the variable cost of keeping inventory on hand. 
It is a combination of costs associated with storage, insurance, opportunity costs, shrinkage, and other 
variables (Holsenback, 2007). Most of the time, the inventory holding cost is expressed as a percentage 
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of the value of an item. In a survey conducted by Harding (Harding, 2005), the following factors were 
identified for determining the inventory holding cost: scrap, obsolescence, shrinkage, and inventory 
losses; facility overhead cost and storage; inventory and handling personnel; inventory-handling 
capital equipment; rework and repair of inventory; and other business-specific factors. In another 
paper by (Durlinger, 2014), the inventory holding cost are divided in three categories: cost of capital 
(to finance inventory), costs of handling and storage of the inventory, and cost of risk (pilferage, 
obsolescence, insurance, etc.). Since, all papers are describing the same factors, the last method is 
chosen because it indicates a clear distinction between the different factors. The inventory holding 
cost will be expressed per meter of cable and all specific categories therefore need to be expressed 
per meter of cable as well. The cost of capital is relevant to take into consideration for the inventory 
holding cost, because when TKF decides to produce more than they need they spend money on the 
production of the cable and that money cannot be spend elsewhere. Therefore, this should be 
compensated in the inventory holding cost. Furthermore, when holding inventory there is risk 
involved. This should also be considered for the inventory holding cost. This is discussed in subsection 
3.2.2. At last, the inventory should be stored somewhere. This involves space on the terrain which has 
a cost as well as the handling of the inventory. Both are relevant to the inventory holding cost and 
should therefore be included.   
 

3.2.1 Cost of capital 

The first category is the cost of capital. According to the finance department, TKF is using a loan from 
their holding firm, TKH-group. This loan has an interest rate of 2.68%. To express this per meter, the 
interest rate will be calculated over the cost price per meter of cable.  
 

3.2.2 Cost of risk 

The second category is the cost of risk. This category comprises everything connected with the risks of 
holding inventory. Elements to take into consideration are obsolescence, insurance, and pilferage. 
Because this category is very related to the type of products that are produced not all factors might be 
relevant (Durlinger, 2014). TKF is a cable manufacturing company and obsolescence with respect to 
cables is not relevant. Cables are not deteriorating and only get damaged very incidentally, so this is 
therefore not necessary to take into consideration. However, in terms of reels it is necessary to take 
depreciation into consideration. This is because the reels are wearing out fast and therefore need to 
be amortised in three years. This can be seen in Table 13. Next to this, also the cost of insurance of the 
cables needs to be taken into account. For TKF this is 0.05%. This is calculated by looking at the tax 
insurance related cost and divide them over the inventory value to calculate the cable cost price 
surcharge percentage. This calculation can be seen in Table 14. 
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Table 13 - Depreciation of the specific reel types 

 
 

Table 14 - Cable cost price surcharge percentage for insurance tax cost 

 
   

3.2.3 Cost of handling and storage 

The last category is the handling and storage cost of the inventory. This consists of two cost types. The 
first is the handling cost of the inventory and the second is the storage cost. TKF’s handling costs are 
the transportation of the reels to and from production to and from stock. To identify the costs involved 
with this process, an interview was conducted with the logistics manager of TKF. The following 
numbers were obtained: For each reel used in production, it costs on average 5 minutes to store it. 
When this product is a semi-finished product, it will on average be used 3 times before it is empty. This 
means that it will be picked from inventory and brought back 3 times. According to the logistics 
manager this process takes approximately 7.5 minutes each time. At last, the end-product needs to be 
brought back to the inventory again which also takes 5 minutes. Therefore, 32.5 minutes is the 
handling time per reel. Because these actions need to be made by the forklift driver, the cost for a 
forklift driver are investigated and turned out to be 35 euros per driver per hour. We are calculating 
this cost per reel, so only 1 driver at a time is involved with a reel so therefore 1 time the employee 
cost. By multiplying these factors, the handling cost per reel is determined. In TKF’s case this is €18,96.  
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Determining the storage cost was a lot harder. This is because the cost for storing a cable per meter is 
unknown. Therefore, a method should be created that enables us to calculate this. First, a look was 
taken at the available information. This was the surface of storage terrain of TKF, the average price of 
a 𝑚2 storage terrain per year, the actual number of reels in storage, dimensions of the reels, and 
maximum cable length on a reel. Then with this information the space that is needed per reel is 
determined. With this calculation, we also took the paths and room needed for manoeuvre into 
consideration. Now that the price per 𝑚2 as well as the needed space is determined, we could 
determine the price for storing a reel. This on itself then can be calculated per meter of cable which 
leads to the price for storing a meter of a cable.  
 

3.3 Overview of inventory holding and setup cost 

To create a clear and structured overview of subchapters 3.1 and 3.2, the dashboard from the tool we 
created is provided. This can be seen in Figure 10. Since TKF is a Dutch company, the decision was 
made to deliver the tool in Dutch. Therefore, it could be hard to interpret for internationals. For this 
reason, we will explain the most important parts. As can be seen, the tool is built up from different 
components. On the left side from top to bottom this is input, setup cost, and inventory holding cost. 
On the right-hand side, we first have buttons to run the tool. This can be done by only calculating the 
setup cost, only calculating the inventory holding cost or calculating both (with the method described 
in chapter 3). Underneath those buttons, the following categories are created: raw material cost 
updater and a storage cost updater. These are not directly updated during running the tool because 
they do not have to be updated daily and it makes the tool way faster. The last component of the 
dashboard is the reality component. In this component the current performance in terms of setup cost 
and inventory holding cost can be seen.  
 

Figure 10 - Overview of dashboard setup and inventory holding cost 
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3.4 Demand distribution 

In the literature review, the negative binomial distribution and the VTM are already described. 
However, no insight was given about the connection of the literature with our data. Therefore, this 
subchapter was created to provide insights on the demand of a cable, the way the VTM is calculated, 
the calculations of the 𝑝 and 𝑟 (parameters of the negative binomial distribution), and the effect of the 
values of these parameters on the distribution.  
 
To create an insight in the demand of a cable, Figure 11 is created. With this demand, the 
corresponding mean and variance is determined. Since this mean and variance are impacted by the 
period involved, the mean and variance for all relevant periods are calculated. In our case, these 
are 𝑡 𝑅, 𝑡 = 2𝑅, and 𝑡 = 𝐿 + 𝑅, because these are necessary inputs for our inventory model. Then the 
VTM is calculated by dividing the mean by the variance (𝜎2/𝜇). For all investigated cases, this was 
larger than 1 and therefore the negative binomial distribution. To make sure this will be checked before 
running the entire inventory model, a check will be built in the tool to check if the right distribution is 
used. When this is known the formulas for calculating the parameters for the negative binomial 
distribution could be used. Since these formulas are in the form of variance or mean equals a certain 
formula with the involved parameters, the formulas needed to be adapted to the right form. These 
original formules can be seen below.  

 

𝜇 =  
(𝑝 ∗ 𝑟)

(1 − 𝑝)
   𝑎𝑛𝑑   𝜎2 =  

(𝑝 ∗  𝑟)

(1 −  𝑝)2
 

 
Both can then be written in the form: 
 

 𝜇(1 − 𝑝) = (𝑝 ∗ 𝑟)   𝑎𝑛𝑑   𝜎2(1 − 𝑝)2 = (𝑝 ∗ 𝑟) 
 
Since both equations have the same formula after the equal sign, they could be set equal to each 
other. 
 

𝜇(1 − 𝑝) =  𝜎2(1 − 𝑝)2 
 

Solving this for P yields: 
 

𝜇

𝜎2
= 1 − 𝑝 

𝒑 = 𝟏 −  
𝝁

𝝈𝟐
 

 
Now P is expressed in terms of 𝜇 and 𝜎2 we could fill in P in the equation of 𝜇. This yields the following 
formula which finally leads to 𝑟. 

 

𝜇(1 − 𝑝) = (𝑝 ∗ 𝑟) => 𝒓 =  
𝝁(𝟏 − 𝒑)

𝒑
 

 
At last, to create an insight in the effect of the parameters on the distribution, Figure 12 and Figure 13 
are added.  
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Figure 11 - Demand pattern of a cable 

 

 
Figure 12 - Negative binomial distribution with varying success probability (UCSF, n.d.) 

 

 
Figure 13 - Negative binomial distribution with varying number of failures until the experiment is stopped (UCSF, n.d.) 
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4. Inventory model  
In this chapter, all information on the inventory model will be discussed. This is done by first describing 
Bijvank’s algorithm and then describing the adaptions that we made to make it work for TKF’s situation. 
Lastly, an overview will be provided from the inventory model dashboard.  
 

4.1 Bijvank’s algorithm 

As discussed in subchapter 2.1 “Link with literature”, Bijvank’s model is an efficient and cost-effective 
heuristic method for inventory management. However, the way Bijvank’s algorithm is doing this is not 
discussed there. Therefore, this will be described here. His algorithm is consisting of 11 steps and the 
overview can be seen in Figure 14. 

Figure 14 - Overview of Bijvank’s algorithm (Bijvank, 2014) 

 
In the first step of Bijvank’s algorithm, delta (Δ) is determined with the use of Wilson’s lot size formula 
(see subchapter 2.2.4 Wilson’s lot size formula for more information). In step 2 and 3, this delta is used 
to calculate the initial values of the inventory policy (𝑠0, 𝑆0). Important to mention here is that the 
smallest s to satisfy the constraints will be set as 𝑠0.   𝑆0 will then be calculated as 𝑠0 + 𝛥. The involved 
constraints are the S – s = Δ and the service constraint. The service constraint is given by the equation 

𝛼(𝑠, 𝑆) = ∑ 𝐺𝐿+𝑅
0𝑆

𝑥=𝑠+1 (𝑥)𝜋𝑋+(𝑥). In this equation the sum of 𝑥 = 𝑠 + 1 is taken until 𝑆 for 

𝐺𝐿+𝑅
0 (𝑥)𝜋𝑋+(𝑥).  𝑆 can then be written as 𝛥 + 𝑠 due to the 𝑆 –  𝑠 =  𝛥 constraint. 𝐺𝐿+𝑅

0 (𝑥) is the 

cumulative distribution of 𝑔𝐿+𝑅(𝑗) and is equal to ∑ 𝑔𝐿+𝑅(𝑗)𝑑
𝑗=0 . Here, 𝑔𝐿+𝑅(𝑗), is denoting the 

probability that the total demand 𝐷𝑅+𝐿 in 𝑅 + 𝐿 consecutive periods equal 𝑑 units. 𝑑 is then an 

element of 𝑍+ = {0, 1, 2, … }. To make the notation clearer, let 𝜎𝐿+𝑅
2  be the variance of 𝐷𝑡 and 𝜇𝐿+𝑅 =

𝐸[𝐷𝐿+𝑅]. As discussed in subchapter 3.4 Demand distribution, the negative binomial demand is chosen 
for the dataset because it fits the demand the best. Excel uses the negative binomial function with the 
parameters: number of failures, number of successes, probability of a success, and cumulative for this. 

With the last line, it can be chosen if the function needs to be 𝐺𝐿+𝑅
0 (𝑥) if “True” is entered, while 

“false” will return the 𝑔𝐿+𝑅(𝑗). Since the negative binomial has multiple different time periods during 
the algorithm, these will be discussed here. The first form is explained above and is the 𝐿 + 𝑅. This 
means that the period of the distribution equals the lead time + the review period. Other forms are 
2𝑅 which basically represents 2 times the review period, and 𝑅 which is only the review period. The 
last input parameters for calculating the service level for a certain inventory policy is 𝜋𝑋+(𝑥).   𝜋𝑋+(𝑥) 
represents the probabilities that 𝑋𝑡

+= x.   𝑋𝑡
+ is the inventory at period t after ordering. Modelling this 

as a steady state distribution yields 𝜋𝑋+(𝑥) =  
𝑓(𝑆−𝑥)

∑ 𝑓(𝑗−𝑖)𝑆
𝑖=𝑠+1

 for s+1 ≤ x ≤ S. In this function f is either 



Bachelor Thesis – Twentsche Kabelfabriek BV                                                                           Bram Zentveld 

25 | P a g e  
 

equal to 1 for f(0) or f(j) = 
𝑔𝑅(𝑖)

1−𝑔𝑅(0)
∗ 𝑓(𝑗 − 𝑖) when j ≥ i. Now that we have the initial values of the 

inventory policy. It is time to move to step 4 of the algorithm. In this step it is checked if Wilson lot-
size formula gives a good answer. Literature has shown that for relative small fixed order cost K, Wilson 
lot-size formula will result in too large values of Δ and this is not desired(Wagner & Lundh, 1965). 

Bijvank therefore created a function to check this. This function is given as 1 - 𝐺2𝑅
0 (𝑆0 − 𝑠0 − 1) ≤ 0.96 

and when this is true, we will not search further for a better solution. Else, we will determine S1 as the 
smallest 𝑆 that satisfies the service constraint s = S – 1. This is done in the same way as we calculated 
the smallest 𝑠 but the S – s = Δ constraint is then switched for the s = S – 1 constraint. The s is now 
calculated by fixing the 𝑆 as the before calculated S1 in the same approach as for the S1 and S0/ s0. Since 
we now have two local optimal inventory policies to compare to each other the costs involved are 
calculated and the lowest cost will point out the inventory policy which has the global optimal value. 
This one is then picked as the inventory policy parameters. The costs of the involved policies are 

calculated by the formula 
𝐾+𝑐(𝑆𝑖)+ ∑ 𝑔𝑅(𝑑)∗𝑐(𝑆𝑖−𝑑)

𝑆𝑖− 𝑠𝑖−1

𝑑=0

1+ 𝐺𝑅
0(𝑆𝑖− 𝑠𝑖−1)

 for 𝑖 = 0, 1. 𝐾 represents the setup cost here 

and c(𝑥) refers to ℎ(𝑥 − 𝜇𝐿+𝑅 + 𝐺𝐿+𝑅
1 (𝑥)) with ℎ as the inventory holding cost.  

 

4.2 Adaptions to Bijvank’s algorithm 

Since it was not possible to use Bijvank’s algorithm directly, multiple adjustments were made. These 
are discussed in this subsection. To make sure Bijvank’s algorithm really comes up with the optimal 
solution, the best fitting distribution for the data should be chosen. Since my project involves 
approximately 680 different cables with different demand, it could occur that they do not all follow 
the negative binomial distribution. For this reason, a check is added in the tool to see if it is allowed to 
model it according to the negative binomial distribution. If this is not the case a message pops up, so 
the user of the tool is aware of this and could handle the outcome with special care. Next to this, the 
negative binomial distribution also had to be changed. The reason for this is because it can only handle 
integer numbers for the number of successes and failures. However, in our continuous situation also 
successes or failures which are not integer valued could occur. To make sure that this was not rounded 
or giving an error (for 𝑠 < 1), the negative binomial distribution was modelled with a gamma function 
instead of factorial, so it could handle it. However, this gave errors for large numbers of EOQ since the 
outcome of the gamma distribution rose to almost infinity. For this reason, if the numbers become 
larger than 150 the Stirling approximation was used. Stirling’s formula is known as a good 
approximation of a factorial for large values and therefore perfectly fitting for our case (Mortici, 2010). 

The formula for Stirling’s approximation is 𝑛! ~ √2𝜋𝑛 ∗ (𝑛
𝑒
)

𝑛
. As defined in the deliverables, TKF 

wanted a tool which did not take too much time to compute. With this in mind, we decided to 
determine the parameters per 100 meters instead of 1 meter. TKF is namely not interested in a solution 
which is 1 meter specific and per 100 meters was perfectly fine for them. This made sure the tool is 
approximately 100 times quicker. These adaptions to Bijvank’s algorithm led to the code in appendix 
A. The results of this heuristic are discussed in chapter 5 numerical results. 
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4.3 Overview of the dashboard of the inventory model 

To implement our model, we created a dashboard. This dashboard can be seen in Figure 15. In the first 
row, you can see the last month with sales data. This is important because the demand data needs to 
be updated manually. The user of the tool therefore should assess if it should be updated or that it is 
recent enough. To make that as easy as possible this indication is added. The demand is printed in the 
table on the right side of the dashboard. This data goes back from last month until 13 months earlier. 
However, this can be adapted to the user’s preference. Next to that, the user can change the service 
level and the review period if necessary. When we move a box lower in the dashboard, we come to 
the box where all inputs for Wilson’s lot-size formula, as well, as the answer to Wilson’s lot size formula 
are displayed. This is all updated automatically, and the user does not have to do anything for this. This 
applies for all grey areas. Only the white box with article number should be filled in by the user. The 
box below Wilson’s lot size formula is the box where the variance to mean is calculated. This is added 
to make sure the demand is modelled according to the right distribution. When we again move a box 
lower, we come in the box where the parameters of the negative binomial distribution are calculated 
for each of the time intervals. Next to that, the initial values of the inventory parameters are calculated 
as well as the alternative. As discussed in subchapter 4.1, this one only gets calculated when the 
criterion is met. Otherwise, the dashboard displays it as zero to make clear to the user that this is the 
case. Then we move to the last box. In this box the final value of the inventory policy is printed. These 
are selected based on the cost of the involved parameters. At last, we have the button with “run tool” 
on it. When clicking this number Bijvank’s algorithm gets started and the optimal inventory parameters 
get calculated. 
 

Figure 15 - Overview of the inventory model dashboard 
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5. Numerical results 
In this chapter, the results of the inventory holding and setup cost calculation model, and the results 
of the inventory policy model are discussed. 
 

5.1 Results of the inventory holding and setup cost model 

As could be seen from Figure 10  in subchapter 3.3, the inventory holding and setup cost are calculated 
specifically per product. In that chapter, also the way how we did this is described. In this subchapter 
we describe the overall results of this model with the articles defined in the scope. We created multiple 
categories to make the impact clearer. These filters are: no filter, filters on department, or filters on 
portfolio. The results of these filters are summarized in Figure 16, Figure 17, Figure 18 and Figure 19. 
Note that these are all insights in the current situation (reality) and not the EOQ. The EOQ will be 
provided in subchapter 5.2.  
 

 
Figure 16 - Reality MTS without filter 

 

 
Figure 17 - Reality MTS department filter 
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Figure 18 - Reality MTS portfolio filter (part 1) 
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Figure 19 - Reality MTS portfolio filter (part 2) 

 
In these figures, we can see the ratio of the average setup and inventory holding cost over the 
combined cost of both per filter. Considering all data (no filter), it could be said that the average 
weights are 27% for inventory holding cost versus 73% for setup. For the installation department, the 
average weights are 29% for inventory holding versus 71% for setup. While for multiconductor 
department these weights are 25% for inventory holding versus 75% for setup. These differences are 
not significant and therefore no further investigation in these parts is done. The differences however 
become relevant when using the portfolio filter. There the instrumentation process technique 
portfolio is an outlier with an inventory holding cost weight of only 18%. Next to that, the pipes, wires, 
and cords portfolio is an outlier. This is in terms of combined cost of setup and inventory per meter, as 
can be seen in Figure 20. The comparison of all filters in one graph, can also be seen in the norm and 
reality part (subsection 1.2.1). However underneath also a summary is given with an indication of the 
differences. 
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Figure 20 - Differences between the filters 

 

5.1.1 Instrumentation process technique portfolio 

The instrumentation process technique portfolio is a portfolio which contains all cables which are used 
for communication purposes. Remarkable here is that the setup cost is almost the same as the average 
for all scope articles. However, the batch sizes are smaller which makes the cost per meter way higher. 
Next to that the inventory holding cost are lower. This is the case because the cables for 
communication are mostly cheaper cables because they are less complex and thinner. Therefore, it is 
no surprise that the weight of the inventory cost is so much lower than the average of 27%.  
 

5.1.2 Pipes, wires, and cords portfolio 

The cables that belong to the pipes, wires, and cords portfolio are even more simple than the 
instrumentation process technique cables. Were the cables from the instrumentation process 
technique portfolio are involving the standard production processes as defined in Figure 1, are the 
cables of the pipes, wires, and cords portfolio only involving the wire drawing and isolating processes. 
Next to that, they are produced in way higher batch sizes and are very thin. The setup cost can 
therefore be spread over very high lengths which clarifies the differences of the 19.2% with the overall 
average. The reason why also the inventory holding cost is lower, is because these cables are very thin 
and therefore very many kilometres fit on a reel. This lowers the storage cost by a lot and since this is 
one of the largest costs for determining the inventory holding cost this also decreases a lot.  
 

5.2 Results inventory policy model 

In this subchapter, the results of the inventory policy model are discussed. This is done by first looking 
at the results of an individual cable. Then there will be looked at the results of the entire scope. This 
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will be evaluated based on the savings. To gain a better understanding of the savings and the impact 
of these inventory levels, multiple additional analyses are performed. These are discussed at last. 
 
In the end of chapter 4, the dashboard of the inventory policy tool was provided. The cable specific 
calculations, inputs, and outcomes of the tool could be seen there. However, this does not directly give 
us a good insight in the difference between the reality and the EOQ of a specific cable. Therefore, 
Figure 21 is provided. The inventory holding cost is a fixed number per meter and therefore a straight 
line in the figure. The setup cost is however varying based on the batch size. The combined cost of 
these two can then be seen in grey. Next to these variables, also two blue vertical lines are added. The 
first one represents the reality (current average production size) and the second one the EOQ as 
calculated by Wilson’s lot-size formula. As could be seen from the figure, the suggested EOQ is 
approximately 4 to 5 times as big as the current production batch size. Therefore, this needs to be 
investigated over the entire scope and implications should be discussed. This is done later in this 
chapter. 
 

 
Figure 21 - Visualization of the difference between EOQ and current situation 

 
Now that we have an insight in the individual results, it is time to move on to the overall results. This 
is done by first calculating the average value of the EOQ, current production length, cost price, and the 
savings. With these values the flexibility is calculated as well as the savings in percentage. The results 
are summarized in Table 15. Here it can be seen that the flexibility is decreased by approximately 472% 
because the production batch sizes are on average increased by 472%. Longer production runs will 
make it less easy to switch to other products and therefore make TKF less flexible. Besides that, longer 
production quantities also imply higher levels of stock. This can be seen in the average stock per EOQ 
batch. So, these are the trade-off for the 12.7% savings on average on the cost price. TKF could 
however also choose to partially implement the suggested EOQs or to raise all of them to a certain 
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level that is between the current production batch size and the suggested EOQ. This will then lower 
the savings but will also result in less flexibility loss and lower inventory levels. 
 

Table 15 - Overall results when the inventory levels are implemented as suggested by the tool 

 
 
Since this flexibility loss is extremely high, we investigated the number of cables which are currently 
produced above EOQ and the cables which are produced underneath. Momentarily, there are 628 
cables above, while 19 are underneath EOQ. These 628 cables are contributing to the flexibility loss 
because these will be produced in a larger batch size then before. However, the 19 cables above EOQ 
will increase TKF’s flexibility. So, if TKF for example wants to keep the same flexibility, they could 
choose to use the flexibility gain from the articles above EOQ. This gain is equal to a total reduction in 
batch sizes of approximately 40282 meters and represents 1,38%. Since this is relatively small in 
comparison with the total loss, a list of the 50 articles with the largest impact on the savings are 
printed. Also, insights in the corresponding EOQ, average production length, mean demand per year, 
and the number of years of stock this EOQ yields are added to this. This could be seen in Table 16. The 
conclusion that is made from this is that the EOQ lies way higher than TKF is currently doing, and this 
results in stocks that are multiple times the demand per year (high inventory levels). Implementing the 
suggested EOQ would then yield some other practical constraints besides the flexibility loss. This is for 
example the production capacity constraint as well as the cable depreciation policy of TKF. We will 
elaborately discuss this in chapter 6 Discussion. Next to this, it is also remarkable that the first three 
products have approximately a difference in cost price of 100% or higher. However, if you do some 
research about it, it is not that strange. As known, the cost price is calculated for a specific batch size 
and when this is deviating from the standard it could differ a lot in price. In other words, the actual 
cost price is higher than the standard cost price because a lower batch size is produced then the batch 
size the standard cost price is calculated for. Since this is important to know, we created an indicator 
that reveals the amount of cables which have a combined cost of setup and inventory below and above 
the standard cost price. This resulted in 643 cables which are under the standard cost price, while three 
are above cost price. Important to mention here is that the combined cost of setup and inventory is 
not equal to the cost price, because the variable cost are not taken into consideration.   
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Table 16 - Largest savings according to the proposed inventory parameters 

 
 
Next to these results, we also look at the inventory parameters. The conclusion that we make from 
that is that the large majority of articles in the scope have a reorder point of zero and an order-up-to-
level of the EOQ. Normally, we would consider this as strange because in practise there is always a 
chance that a customer comes in and places an order when our inventory is zero during lead time and 
review period. This will then lead to the fact that we cannot satisfy this order and that leads to a drop 
in service level. However, because the EOQ is very high and results in multiple years of stock it happens 
only very occasionally. So, we therefore do not think that the tool calculates this wrongly, but we will 
elaborate this further in chapter 6 discussion. The last result of the tool is concerning the criterion in 
Bijvank’s algorithm. This criterion checks if the Wilson’s lot-size formula yields a good approximation 
for the EOQ that is used in the inventory parameters. Currently, for all articles in the scope this is 
satisfied. Therefore, the tool always returns the first calculations of the inventory parameters 
according to the constraint S – s = Δ. The second part of the tool thus never gets used. 
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6. Discussion  
The quality of the output is determined by the quality of the input values and the quality of the model. 
Therefore, the input values and the models need to be checked on their quality. This is done in this 
chapter. Through the entire report assumptions have been made to make the modelling of these input 
values and models possible. However, the assumptions are not all the time as realistic as should and 
therefore form limitations. This is discussed in subchapter 6.1 limitations. The other factor that we 
need to consider is the quality of the model. This will be checked in subchapter 6.2 validity and 
reliability.  
 

6.1 Limitations 

The limitations that occurred during the research are divided in four categories: overall, input values, 
optimal batch size model, and the inventory parameters model. These are discussed in detail below. 
 

6.1.1 Overall 

The limitation that effected my work the most was the time limitation. When we started in module 12, 
it had to be completed within 10/11 weeks. However, in this time also the green light meeting and the 
colloquium should be done. This meant that only the first 6 weeks are useable for research. Week 7 
will then be used for creating the draft report, so the green light could be performed in week 8. Then 
we would be able to do the colloquium in week 11. The weeks between the green light and the 
colloquium can then be used to implement the received feedback as well as preparing for the 
colloquium. Since, 6 weeks are relatively short it is very important to define a good scope. This scope 
is defined in subsection 1.2.2 action problem. By defining a scope, we automatically start including and 
excluding articles which brings us to the next limitation. The first criterion of the scope makes sure only 
the MTS standard articles are considered. This filters out all other production types like buy to order 
(BTO), buy to stock (BTS), and MTO. The limitation that arises from this is that we do not know the 
optimal batch size for these types of products. Since insights in this would also yield savings, this 
limitation should not be forgotten. Then within the MTS standard products not all products are 
comparable. After researching this, the decision was made that all cables from the energy department 
were excluded. The tool will therefore not work for MTS products from the energy department. The 
last product group of MTS products that are left out are the mother cables. The mother cables are 
defined in a special way in the databases and therefore giving an error in the tool. This could 
unfortunately not be added to the tool in time and is therefore left out. So, the main limitation of the 
scope is the fact that products are left out which could contribute by cost savings. Another overall 
limitation is corona. When writing this bachelor thesis, COVID-19 is unfortunately still preventing us 
from going back to the normal situation. This will of course influence the research, but we must make 
sure this will be as little as possible. Since not everyone is present at the company, interviews need to 
be scheduled at later times or online. This is of course hard because much flexibility is needed and that 
hinders the practicality of the research somewhat.  
 
Besides the above-mentioned overall limitations, we also encountered some data(base) limitations. 
First of all, some of the data required for determining the optimal batch sizes was not available in TKF. 
Therefore, we had to calculate them ourselves or use estimates or averages. Second of all, we also 
encountered some gaps between certain database tables. This was the case because some of the 
tables could not be joined due to differences in name (inconsistent or outdated) or because we do not 
keep track of necessary information. Therefore, some links had to be laid manually and this means that 
these need to be checked before running the tool. The reason why this is of great importance is 
because it will impact the outcomes of the tool if these manual links are incorrect or outdated. The 
links that should be checked are described in chapter 3. 
 
The last overall limitation is the fact that the model is only assessing the situation based on one article 
at a time. Therefore, practical constraints like production and storage capacity are hard to consider. 
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For this reason, it could not be assumed that just implementing the results of my tool will yield the 
best results possible, but it will still improve the current inventory system a lot.  
 

6.1.2 Input values 

As discussed in the introduction of this chapter, the quality of the model and the quality of the input 
data are independently influencing the outcome. For this reason, we created an additional subsection 
discussing the limitation on the input values. The first limitation is concerning the raw material per 
setup cost. At this moment, something is considered a switch when it is a different production order 
that is not clustered. However, colour switches are not considered by this method since they have their 
own production and article number. Therefore, the amount of switches is higher than they should be 
because a colour switch is negligible in cost and therefore not necessary to consider. This will result in 
more switches than we actually have in practice and yields a lower raw material waste cost per switch 
than the reality. The second limitation is concerning the storage cost per cable per meter. Currently 
we calculate this by computing the price of storing a reel and then dividing this by the maximum length 
that fits on that reel. However, the limitation here is that we assume that a reel always gets filled to 
the maximum. Although in practice this might be different and that leaves us with a storage price that 
is lower than the reality. The third limitation is about the loan provided to TKF by the TKH-group. This 
loan is lower than when we for example would go to the bank since TKH is TKF’s holding firm. It is 
therefore very attractive to use this money to put articles to stock, but there is a limit to this. TKH is 
willing to give TKF the loan as long as TKF is really using this loan effectively. This means that we are 
not allowed to use it to create too large amounts of stocks, since they could gain more profit when 
investing it. So, this is deviating from the reality and therefore a limitation. The fourth limitation is 
about the cable depreciation. This cost is at this moment not considered at all but after doing research 
this should be included. Therefore, this is considered a limitation. The last limitation is about the 
handling of reels. As discussed with TKF, it was not needed to put a constraint on the storage capacity 
since hiring external terrain was an option they would consider if the tool suggested so. However, 
hiring external terrain also involves extra handling cost. This is currently not considered and is 
therefore a limitation.  
 

6.1.3 Optimal batch size model 

The quality of the output of the optimal batch size model (EOQ) is determined by the quality of the 
input values as well as Wilson’s lot size formula. The quality of the EOQ is therefore determined by all 
limitations mentioned in subchapter 6.1.2 and possible limitations in Wilson’s lot-size formula. Since 
Wilson’s lot-size formula is a very simple formula which is easy to check, no limitations were found 
here.  
 

6.1.4 Inventory parameters model 

In terms of Bijvank’s inventory parameters model, all limitations discussed in subsection 6.1.3 apply 
since this EOQ is an input for the algorithm. However, there are also additional limitations. The first 
limitation is about the statistical errors that could occur. The first category of statistical errors is the 
deviation from the service level that is used as input. This could occur if the stock-out constraint is not 
satisfied. This type of error is called the absolute measure error. The second category of statistical 
errors is the relative measure error. With this error we refer to the fact that the cost increase compared 
with the best (𝑠, 𝑆) policy if the stock-out constraint is satisfied. The second limitation is about the 
increment size that I used in the tool. In theory, the algorithm could be modelled that it computes the 
inventory policy precise on the metre. However, this makes the algorithm very time consuming since 
it is desired by TKF to determine it for the entire scope. For this reason, we decided with TKF to 
determine them per 100 meter if the EOQ is smaller or equal to 20000 meters. When the EOQ is larger 
than 20000 but smaller than 30000 it will be calculated per 1000 meter and when it is larger than 
30000 it will be calculated per 2000 meter. 
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6.2 Validity and reliability 

The validity and reliability determine the scientific quality of the research and the results (Heerkens & 
van Winden, 2021). Therefore, it is important to look critically at the validity and reliability.  
 

6.2.1 Validity 

Validity is content-related, and has three components: internal validity, external validity, and construct 
validity (Heerkens & van Winden, 2021).  
 
In terms of internal validity there should be looked at the mismatches in the model. We did this by 
using extreme values as input values to check if the model is doing what is expected. Some small errors 
were discovered during this analysis and solved. Furthermore, an extensive check and debug is 
performed to make sure the model is living up to the required validity. When performing this analysis, 
a few aspects were discovered which could (not) be solved. The first aspect was about the calibration 
and downtime and could be found in TKF’s database. However, no one at TKF could guarantee us the 
quality of this number. Since checking the correctness ourselves was not possible due to the time 
limitation, the validity of the calibration and downtime is questionable. The second aspect is about the 
lead time. The lead time is article specific and retrieved from the database. TKF gave the lead time a 
fixed number but when comparing it to reality this is of course not the case. Unfortunately, the impact 
of this deviation from reality could also not be investigated due to the time limitation. The last aspect, 
however, could be investigated. This is about the validity of the inventory holding cost. We did this by 
looking at the average inventory holding cost in practise and compared it to our own calculations. Then 
we performed a sensitivity analysis. The first part of the inventory holding cost is the cost of capital. In 
TKF’s case this is 2.68%. This is deviating a lot with the best practises found in literature. However, we 
do not think that this is wrong because they have a loan with their holding firm instead of for example 
a bank and this is of course much cheaper. Still, there needs to be a constraint to this as discussed in 
the limitations. In terms of warehousing the literature is also deviating a lot. The reason for this is 
because it is highly dependable on your product. In TKF’s case for example, they only need to rent an 
outside terrain and that’s not very expensive. The 0.58% is therefore fine. Then we have the handling 
cost. For TKF this is only 0.09% while in literature it is mostly between 1% and 5%. With our calculation, 
we only took the handling of the products in consideration on our own terrain. However, if external 
terrain is used the cost rise. This is currently not modelled (as discussed in the limitations). The next 
part of the inventory holdings cost is the depreciation. Currently, this is only consisting of the reel 
depreciation, but depreciation of the cables is then totally forgotten. This is discussed in the limitations 
and is added as future research. If it would be added, the depreciation cost will increase a lot and be 
probably higher than the numbers found in literature. However, this will be fine since it is according to 
TKF’s own policy. Then we have the insurance cost. In TKF’s case these are 0.05% and are low in 
comparison with the numbers found in literature (0.25% - 4%). This could be explained by the fact 
cables are not popular to steel, and most of the time no insurance is not needed. So that clarifies this 
lower number. The last factor which should be included according to literature is the obsolescence. 
However, this is irrelevant for cables. So, to conclude the validity of my inventory holding cost, I would 
suggest implementing the constrains on loan as well as the deterioration since then the numbers are 
perfectly in line with literature and valid. The complete explanation for this can be found in chapter 8 
recommendation.  
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Table 17 - Inventory holding cost in practise by 1Cory Lynn Harms, Iowa State University (Harms, 2001) and 2Dr. Jim Weber, 
Weber Consulting (Russell, 2017) 

 
 
Now that the analysis on input values suggests that the numbers could deviate from how they are 
calculated currently, it is time to perform a sensitivity analysis to see the effects on the possible 
outcomes. We chose to compare the current outcomes of the tool with the outcomes of the tool if the 
inventory holding cost would be 10%, 15%, 20%, 25%, and 40% of the cost price. This can be seen in 
Table 18. From the table, we concluded that the differences with the current situation are still 
significant and would result in large savings for TKF.  

 
Table 18 - Impact of different inventory holding costs on results 

 
 
For external validity, two factors need to be considered. The first discusses if the method will also work 
for other companies. At this moment in time, we do not think this will be the case because the results 
are coming from a single case study. In these cases, it is typically hard to generalize the results, so it 
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can be applicable to certain situations but due to limitations in time and scope of the research, it is not 
entirely generalizable. The second point is about the reality and if it can be assumed that our model 
will work in a real system. For this situation we do think our model will suffices, if the most important 
limitations on input values get solved. This will be discussed in the recommendations and future 
research.  
 
For construct validity, the focus lies on abstract concepts. Here it is important to reflect if they are 
operationalized well, and where possible, based on available scientific knowledge (Heerkens & van 
Winden, 2021). Therefore, we take a critical look at the literature study (Chapter 2). Since the literature 
study, is created based on the systematic literature review, the validity of the scientific knowledge can 
be assumed. However, it should also be focused on how it should be implemented in TKF. Good and 
clear explanations are therefore important. Next to that, we made sure that the concepts that deviate 
from theory such as modifications and changes are properly explained. Chapter 3 and chapter 4 are 
examples of this.   
 

6.2.2 Reliability 

In this subsection the reliability issues are discussed. This are the issues concerning the stability of the 
research. This means that the research results should be the same when the research is performed 
with the same circumstances later. When using the model for determining the optimal batch size, it 
will rely on the data from the database for calculations and results. So, when the situation stays the 
same (no different way of producing and no revised cost for certain processes) the method will 
consistently give the same results. Therefore, the conclusion can be made that the results are reliable 
and will not change over time. However, when TKF decides that a cable has a new standard way of 
production, it is made sure that the tool is always using the new standard. For the second model, we 
also performed a reliability analysis. Here we concluded that the inventory parameters model is also 
returning the same results under the same circumstances. Note that reliability here only says 
something over giving consistent results and not if the method is suitable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Bachelor Thesis – Twentsche Kabelfabriek BV                                                                           Bram Zentveld 

39 | P a g e  
 

7. Conclusion and recommendation 
During the report, all questions stated in research design are investigated and answered. In this 
chapter we will provide an answer to the main research questions as well as making conclusions and 
recommendations. Next to this, the contributions of this research and suggestions for future 
research will be provided.  
 

7.1 Conclusion 

We started our research with the following main research question: 
 
How can the batch ordering decision optimally be determined and what is the impact of the optimal 

batch ordering on the combined cost of production and inventory? 
 
In this subchapter of the report, we will answer the main research question and give a conclusion. 
According to the literature review that we performed, the batch ordering decision can optimally be 
determined by the use of Wilson’s lot-size formula. This EOQ will then be used together with the lead 
time, demand distribution, review period, and service level as an input for Bijvank’s algorithm to 
determine the corresponding inventory policy parameters. The reason why we chose to extend the 
batch size decision to the inventory parameters is because in reality much more factors play a role and 
only the EOQ will therefore not provide the best answer to TKF’s problem. These factors are demand 
uncertainty, service level agreements with the customers, production lead time, and inventory review 
period. For determining Wilson’s lot-size formula, first the setup cost and inventory holding cost needs 
to be calculated. For the setup cost this is done by considering the calibration and downtime cost, and 
the scrap cost related to setup. For the inventory holding cost this is the cost of capital, the cost of 
handling and storage, and the cost of risk. Then modelling this in Excel yields the tool.  
 
The results of the tool suggest TKF, to enlarge their batch sizes on average with 472% to have a cost 
saving of 12.7%. However, we should keep in mind that this is against the trade-off of a flexibility loss 
of 472% and higher stock levels (0.15 years on stock per batch size versus the suggested 0.72 years on 
stock per EOQ batch size). TKF could therefore, also choose to partially implement the EOQ or enlarging 
the current batch sizes by a certain amount (not to the EOQ) to keep the flexibility loss and inventory 
rise to a minimum. The 12.7% cost savings still sounds very promising if we compare it to the norm 
that was set by TKF at the beginning of the research. There we defined that we want to see a drop of 
approximately 5% of the combined cost of setup and inventory holding cost. Considering then that the 
12.7% is calculated over the cost price this will result in an even higher percentage. This is the case 
because the variable cost should be excluded to express it in the same unit as the norm. The high 
savings percentage is although not completely unexpected since we already observed the bad 
alignment between inventory holding and setup cost TKF currently has (27% versus 73% respectively).  
 
As could be concluded from the discussion part, improvements could be made to make the input values 
more realistic. For both models we, however, do not have any limitations and these could therefore 
safely be used. To see the impact of changing the input values, a sensitivity analysis was performed. 
From this analysis we concluded that the savings for TKF will still be significant. 
 

7.2 Recommendation 

Based on the results and the performed research, we created a list with recommendations for 
Twentsche Kabelfabriek BV. 

1. In order to calculate the optimal batch size and the optimal inventory parameters, it is 
recommended to make use of the models explained in Chapters 3 and 4.  

2. To make sure the results remain valid, it is recommended to update the inventory parameters 
and optimal batch sizes on a regular basis. This could be done by running the tools. Since some 
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parts of the tool need to be refreshed manually it is also recommended to do this once a 
month. For more information on these manual parts see Appendix A. 

3. The quality of the output is depending on the quality of the input values. The input values 
therefore need to be as realistic as possible. Hence, we recommended to perform the future 
research that is suggested in subchapter 7.3 for improving this. Besides that, we recommend 
doing a sensitivity analysis after the new implementation (as done in Chapter 6) to ensure the 
validity of the tool. Reasons why we highly recommend doing this further research, is because 
the results from the sensitivity analysis (performed in Chapter 6) showed that different input 
values still yield significant savings for TKF. So definitely worth the time. 

4. As discussed in the results and the conclusion, TKF has a trade-off between optimal savings, 
flexibility and inventory levels. Since the tool currently is only suggesting the optimal savings 
practical constraints like flexibility, production capacity, and large inventory levels are not 
considered. Therefore, we would suggest the management of TKF to take this into 
consideration when interpreting the results of the tool. In other words, if they see that a 
flexibility loss that is caused by implementing the results is not possible in practise, that they 
know that they could also determine which level would be possible and partially implement 
some of the EOQs. The reason why we are suggesting this is because every production size 
that is closer to the EOQ will yield savings for TKF and is therefore beneficial. 

5. In the overall results of the tool, we only consider the entire scope. Therefore, no insights 
between the differences between the results of the MTS A, MTS B and MTS C articles could be 
seen as well as the differences between the portfolios. This could of course bring very useful 
insights and we therefore recommend TKF to do further research on how this could be added. 
Next to this, also the distinction between the MTS A, MTS B, and MTS C articles could not be 
found in the current situation (reality). So, we would also recommend adding this distinction 
here. 

6. When we are looking at the overall results of the tool all results are concrete except for the 
flexibility. We do not know to which scale this number goes and it therefore does not really 
say something. Since time limitation hindered us in solving this problem, we recommend TKF 
to solve this. We suggest doing this by expressing this in the number of products that could be 
made in production per month if the EOQ batch sizes are used. 

7. The last recommendation we have for TKF is to improve the database (structure) and data. At 
this moment, we saw that due to inconsistencies in name or outdated data it was hard to 
create the joints to retrieve the required data. This resulted in gaps between the database 
tables and needed workarounds like for example manual created joints which do not update 
automatically. Also, we would recommend looking at required data that has not been collected 
yet and look for solutions the market offers for this problem since data can really help 
optimising the production facility. Besides that, it would also enable a more efficient decision-
making.    

 

7.3 Future research 

This research has been performed in a scope of ten weeks. Therefore, extensive research was not 
possible. Besides, the research has been performed during the COVID-19 pandemic, which could cause 
some invalid time measurements. In this subchapter we therefore discuss the limitations and the 
possible future research. Since TKF is already very busy with their daily operations due to understaffing, 
only the future research with the highest effects will be discussed here. 

• Since the timespan of the research is relatively short, the tools are not working for all MTS 
articles. Future research can therefore be performed on how to make the tool working for all 
MTS articles. We suggest doing this by focusing on adding the cables managed by the energy 
and expedition department. 

• At this moment, the input value for the handling cost is based on the handling time on the 
terrain of TKF. However, when the total stock that can be handled on TKF’s current terrain 
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exceeds the maximum, we will hire external terrain. However, this results in higher handling 
cost which are currently not taken into consideration. Therefore, we suggest doing future 
research on how this cost can be modelled more realistically. An example for this could be by 
determining an overhead for the extra cost of external terrain with the logistics manager of 
TKF. The overhead should then include the extra transportation cost from TKF’s production 
facility to the new location, the extra cost for the increased complexity of the inventory 
management, and the costs which are made by the employees which are handling the 
inventory on the external location. 

• The input value for the cost of capital (loan by TKH-group) is currently not constrained. 
However, after researching this we concluded that this is not always the case. TKH knows that 
investing the money yields more interest then TKF is currently paying to TKH and therefore 
they do not want that TKF is just lying everything on stock if this is not necessarily needed. 
Since this is not a hard constraint, we suggest scheduling a meeting with TKH-group to find out 
what hard constraint should be put on this loan to make it more realistic. 

• The input value for the depreciation of cables is currently not considered at all. Therefore, we 
suggest TKF to investigate ways of taking this into consideration. A suggestion for this is by 
implementing a loop in the EOQ calculation. In the first loop, we will calculate EOQ without 
considering the depreciation of the reels. Based on these outcomes we calculate the chances 
of how long it will be in stock. The depreciation per cable will then be calculated by multiplying 
the chance that the product stays in stock for one year by 33% of the cost price, the chance of 
two years in stock will be multiplied by 67%, and three or more years in stock will be multiplied 
by 100% of the cost price. Then the model will be run again (loop two) and this will yield an 
EOQ that does consider the depreciation per cable. 

• The input value for storage cost is currently linearly calculated based on the assumption that 
the reels get filled to their maximum capacity. However, this is not always the case in practice 
and therefore the cost is not calculated realistically. Our advice to solve this is by calculating 
with the cost of one reel independent of the length, until the maximum capacity gets 
exceeded. Then you should calculate the cost of two reels, and so on.  

• As discussed in subsection 6.2.1 there are some unsolved validity issues which could not be 
solved due to the time limitation of the research. This was concerning the validity of the 
calibration and downtime and the lead time. Both values can be found in TKF’s database, 
however, no one in TKF could guarantee me the correctness of both. Since these input values 
affect the outcome of the tool, it is suggested to perform a research to the quality of these 
two. This could for example be done by measuring these times manually ourselves or by 
purchasing sensors which could keep track of this.  

 

7.4 Contribution to theory and practice 

In this subchapter, we describe the theoretical and practical contributions of the research. 
 

7.4.1 Theoretical contribution 

In this research, we performed a literature study on the topic of inventory models. We found that 
Bijvank (2014) created a time and cost-efficient heuristic method of simultaneously determining the 
inventory parameters under an alpha service level constraint (chance of not running out of stock during 
a cycle). We have proven that this method is indeed working for determining the optimal inventory 
parameters for a cable manufacturing company. The research is however contributing more in a 
practical way. 
 

7.4.2 Practical contribution 

This research is performed at Twentsche Kabelfabriek BV. The practical contributions for the company 
are the models described in chapter 3 context analysis and chapter 4 inventory model. By using these 
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models as decision supportive tools, TKF can make practical decisions on inventory parameters and 
batch sizes based on the performed research.  
 
We have proven that we successfully implemented the theoretical insights of Bijvank’s algorithm into 
a practical decision tool which can be used by TKF in practice. Besides that, we created a method for 
correctly determining the demand distribution and parameters that were necessary for computing the 
optimal inventory parameters. This was done by performing a variance-to-mean analysis. 
 
For the optimal batch size calculation model, we determined the setup and inventory holding cost. At 
the beginning of the research, TKF had no insights in setup cost and inventory holding cost. During the 
research we identified that the setup cost is consisting of calibration and down-time cost and the scrap 
cost related to setup. The calibration and down-time cost are on itself consisting of the machine cost 
and employee cost while the scrap cost related to setup is consisting of the waste of raw materials due 
to setup and cable loss due to start-up. For the inventory holding cost we identified that it is consisting 
of the cost of capital, the cost of handling and storage, and the cost of risk. The cost of risk is then 
consisting of the depreciation of the reels and the insurance cost of the inventory. While the cost of 
handling and storage is consisting of the transportation of reels and the storage cost per cable. Lastly, 
the cost of capital is consisting of the loan provided to TKF by the TKH-group. An overview of this is 
provided in Figure 7. 
 
Now that all inputs are identified, we will explain shortly how we calculate these costs. The loan of the 
TKH-group is a calculated as a percentage over the cost price of the cable. The transportation of reels 
is determined by looking at the average time it takes to store a cable multiplied by the number of 
employees working on it times the labour cost. The storage cost per cable is calculated by looking at 
the space a reel of cable needs in inventory. We then multiply that number with the cost of the terrain 
and divide it by the length of the cable that fits on that specific reel. The depreciation of the reels is 
calculated by dividing the cost price of a reel by three. This is the depreciation of the reel per year, 
since TKF is depreciating the entire reel in three years of use. The insurance cost of the inventory is 
calculated by taking a percentage over the cost price of the cable. The machine cost is calculated by 
taking the calibration- and down-time and multiplying that with the machine tariff. The employee cost 
is calculated by taking the calibration- and down-time and multiplying that with the number of 
employees involved multiplied by the employee labour cost. The waste of raw materials per setup is 
calculated by determining the total amount of waste that is created by a process for a certain period 
and dividing that over the number of switches that have been made in the same period. Then we 
multiplied it with the cost price to calculate the average cost of raw material per switch. Lastly, we 
have the cable loss per setup. This cost is calculated by taking the over-length that is required by a 
certain process and multiplying that with the cost price of the material that needed over-length.  
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Appendices 
A. User manual tool 
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