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Management summary  
Rotork Gears B.V. (RGBV) manufactures a wide range of quarter-turn gearboxes, which are used in 

various applications such as water, gas, chemical, power and industrial applications. Rotork’s general 

leadership has started to focus on reducing the inventory costs. RGBV has already reduced the 

inventory of the slow/non-moving stock in 2018, now RGBV wants to know if it is possible to reduce 

the cost of inventory by improving inventory management of safety stocks of the A class product 

range. This research is focussed on reducing the total cost of inventory by improving the inventory 

management of the safety stock of the A class product range, to accomplish this the following 

research question has been made: 

‘How can RGBV reduce the total cost of inventory by improving the inventory management of safety 

stock of the A class product range?’ 

 

The research starts with analysing the current situation. The steps taken by the purchasing model are 

mapped out, as well as the formulas used, the inventory classification method and the inventory 

control policy used.  

 

During the literature research, methods and formulas which could contribute to answering the 

research question, were found. Here, an alternative safety stock formula which takes lead time 

variability into account was found, it is believed that this formula could lead to lower inventory costs. 

A classification method has also been found, that has proven to outperform other classification 

methods. With this method, the ratio between the shortage and holding costs is vital for the 

classification of items and providing items with the appropriate service level. During this literature 

study, we also looked at which method is best for testing possible solutions, a Monte Carlo 

simulation turned out to be the best method.  

 

Several things have been experimented with use of the simulation model. Firstly, the new safety 

stock formula has been experimented with, the output of these experiments has been compared 

with the base model, this experiment is called intervention 1. Secondly, we looked at the impact of 

the new safety stock formula in combination with the service level between 85% and 99% which 

leads to the lowest costs, this experiment is called intervention 2.  

 

The results of the simulation model indicated that intervention 1 would result in a cost reduction of 

approximately €16,779 per year if it was used for all class A items. If this were used for all items, the 

saved costs would probably be higher. Product availability also increases with intervention 1, the 

average order fill rate will increase with 0.55% and the average product fill rate with 0.60%. The 

average inventory position would increase with 2.57%.   

 

With intervention 2, a cost reduction of around €45,457 per year will be possible if it is done for all 

class A items. The average product availability would also increase, the average order fill rate 

increases with 0.94% and the average product fill rate with 1.00%. The average inventory position 

would drop with 0.83%. 
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It also becomes clear that if service level is changed, the total costs change, mostly due to the 
changes in shortage and holding costs. The handling, shipping and ordering costs remain fairly con-
stant. From this can be concluded that the classification method in which the shortage and holding 
costs are taken into account leads to the cost reduction of intervention 2.  
 
Based on the results, we give the following recommendations: 
 

• Changing the current safety stock formula in the new safety stock formula, which includes 

lead time variability.  

• Changing the current classification methods in classification method of (Teunter, Babai, & 

Syntetos, 2010). Also, RGBV now acquire methods to calculate inventory management costs, 

so it is feasible to use this method. If this classification method is used, they will approxi-

mately save the costs of intervention 2.  

Another important recommendation that is made is about measuring the performance of the com-
pany. At present, there is little use of performance indicators. For example, it is not determined how 
often stock outs occur. For instance, by means of product fill rate and order fill rate. It would also be 
useful to conduct a research regarding the forecasting methods of RGBV. For instance, RGBV does 
not if demand is dependent on the season.  
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Readers guide 
This project plan consists of several different chapters which will be shortly discussed below.  

Chapter 1 – Introduction and Research Design 

In chapter 1 includes the introduction to the thesis. It contains the introduction of the company and 

problem context. Based on this, a theoretical perspective has been chosen and the a problem 

approach has been constructed.  

 

Chapter 2 – literature review  

This chapter contains literature research about methods and formulas of inventory management. 

There is looked at which methods and formulas might improve the inventory management of RGBV 

and how these alternatives can be tested.  

 

Chapter 3 – current situation analysis 

In this chapter the current working regarding the inventory management process of RGBV is 

described and analysed.  

 

Chapter 4 – The model  

In this chapter the model is constructed. First the conceptual model is made, then the decisions of 

the programming are outlined. Next, the warmup period, run length and number of replications are 

determined. Last, the model validation and verification has been done.  

 

Chapter 5 - Results 

In chapter 5 the results of the experiments are given. This includes the impact of the experiments on 

the total costs of inventory, order fill rate, product fill rate, average end inventory and the average 

inventory in transit.  

 

Chapter 6 – conclusions and recommendations, discussion 

In the final chapter, conclusions will be drawn from the experiments that have been executed in this 

research. Based on these conclusions, recommendations are made. Finally, a discussion about the 

research is given.  
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Definitions  
Annual dollar usage 

The annual dollar usage is the quantity of a component or material used in a year multiplied by its 

unit cost. 

 
Economic order quantity 
The Economic Order quantity is the number of units should add to inventory each time they order to 
minimize the costs of inventory.  
 
Inventory management calculations 
The formulas which are used to calculate inventory management parameters, such as safety stock, 
economic order quantity and Kanban level at the suppliers.  
 
Inventory position 

the amount of inventory on hand plus the amount of inventory on order. 
 
Kanban 
The level of inventory held at the suppliers, which is property of the company.  
 
Lead times 
The time between the ordering of a product and having the product in stock.  
 
Minimum order quantity 
The minimum order quantity is the lowest number of products or parts that a supplier is willing to 
sell.  
 
Order fill rate 

Order fill rate is the fraction of orders that are filled from available inventory. 

Product availability 

Product availability reflects a firm’s ability to fill a customer order out of available inventory. 

 

Product fill rate 

Product fill rate is the fraction of a product that is satisfied form product in inventory. 

 
Rotork Gears B.V. 
The name of the establishment of Rotork in Losser. 
 
Rotork Gears 

Division within Rotork. 
 
Rotork  
Universal name for all companies within Rotork. 
 
Safety stock 
Safety stock is an additional quantity of an products held in inventory in order to reduce the risk that 
the product will be out of stock. 
 
Service level 
The desired probability of meeting demand during lead time without having to little stock.  
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Stock keeping unit 
A stock keeping unit (SKU) is an item of stock that is completely specified as to function, style, size 
and colour. So, the same shoe in two different sizes results in two different stock keeping units. 
 

 

Abbreviations table 
EOQ Economic order quantity 

MOQ Minimum order quantity 

RGBV Rotork Gears B.V.  

SS Safety stock 

SL Service level 

SKU Stock keeping unit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1  Introduction 
In this chapter the following sections will be discussed: the company description, the research 

motivation, the problem identification and the research questions and the problem approach for 

answering these research questions.    

1.1  About Rotork  
When you switch on a light, turn on the kettle, or put fuel in your car at the gas station a flow control 

product is being used to deliver that service. For more than sixty years, Rotork has been a leading 

designer and manufacturer of industrial valve actuation and flow control equipment. The business of 

Rotork is divided in four divisions, Rotork Gears is one of them. Rotork Gears is a division within 

Rotork which makes gearboxes, adaptions and accessories to the international valve and actuator 

industry. Rotork Gears has plants over multiple plants all over the world, including Rotork Gears B.V. 

in Losser.  

Rotork Gears B.V. (RGBV) manufactures a wide range of quarter-turn gearboxes, which are used in 

various applications such as water, gas, chemical, power and industrial applications.  

 

 

 

 

1.2  Research motivation 
Rotork’s general leadership has started to focus on reducing the inventory costs. RGBV has already 

reduced the inventory of the slow/non-moving stock in 2018, and as a result the value of the 

slow/non-moving stock reduced from 350. 000 euro to 120. 000 euro. Now Rotork Gears B.V. wants 

to look for possibilities to reduce the inventory costs of the class A products.  

 

1.3  Identification of the core problem 
Before the research can be started, the problems must be clearly identified. The managerial problem 
solving method will be used to do so (Heerkens & van Winden, 2012). This process starts with action 
problem, the action problem is the initial problem presented by the company. An action problem is a 
discrepancy between the norm and reality perceived by the problem-holder. The action problem of 
RGBV is that the total cost of inventory is too high. At this moment the management of RGBV has the 
idea that the total cost of inventory management are too high, but there is not enough information 
available to determine the norm.  
 
The first step in the managerial problem-problem solving method is the problem identification step. 
In this step all problems related to the action problem are acquired. The problems that were found 
during this step were found by interviewing various stakeholders and by looking at the purchasing 
model and purchasing schedule. Now that the problems have been identified, it is important to state 
the causes and consequences of the problems (Heerkens & van Winden, 2012). This is done by dis-
playing the problems and the relations between the problems in a problem cluster, this problem   

Figure 1.1 - Some examples of quater-turn gearboxes 
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cluster can be seen in figure 1.2. In this problem cluster the initial problem is given in the blue box, in 
the white boxes the general problems are given, in the red box a root cause problem which cannot 
be solved is given, and in the green boxes root cause problems which can be solved are given.  
 

 

 
Figure 1.2 - Problem cluster 

 

Root cause 1: suboptimal safety stock formula 
The current safety stock formula has not been updated in the last six years. The management of 

RGBV has the idea that there are better formula’s available which would lead to lower costs. For 

example, the formula currently used to determine safety stock does not take the variability of 

deliveries into account, while this can have a major impact on the costs of inventory management.  

 

Root cause 2: suboptimal service levels 

Setting the right service level is a complex task. When the service level is increased, the holding cost 

will also increase. On the other hand, the chance of a stock out will decrease, and therefore the 

shortage costs. Currently, RGBV has not yet identified costs related to inventory management such 

as: holding cost, shortage cost, handling cost, shipping cost and ordering cost. This makes it difficult 

to determine a service level per item based on costs.  

 

Root cause 3: high lead times 
Most of RGBV’s ordering overseas, which results in very high lead times. To compensate for these 

high lead times more stock is held, which results in higher inventory management costs. However, it 

is not within the scope of this research to look for alternative suppliers or decrease lead time at the 

suppliers.  
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After using the using four rules of thumb (Heerkens & van Winden, 2012) two potential core prob-
lems remain: 

1. Suboptimal safety stock formula 
2. Suboptimal service levels 

 

Management cannot say which of these problems has a greater impact. That is why both core 

problems will be a part of this research. It is believed that these problems can both be solved using 

simulation within the ten weeks that stand for this research. To make this core problem measurable, 

we will use the KPI total cost to assess the effects of the experiments. This total cost will consist of 

the following: holding cost, shortage cost, handling cost, shipping cost and ordering cost. More KPIs 

will be added later in this research.  

 

1.4  Goal of the research and Stakeholders 
The goal of this research is to analyse the current working methods and stock levels of RGBV and ex-
plore if it is possible for RGBV to reduce the total cost of inventory, by improving the inventory man-
agement of the A class products. 
 
There are multiple people involved in this research: 
 

• The plant manager 

The plant manager is responsible for everything that happens within the company. Also, the 

plant managers is in contact with Rotork’s general leadership and they started the focus on 

reducing inventory. For this research he is a valuable source of information because he 

knows a lot about the company.  

 

• The purchasing department 

The purchasing department is the department which deals with purchasing of products. They 
are the ones who use the current methods, and thus have a lot of knowledge about the state 
of affairs regarding the purchasing and inventory management process. The people in this 
department can help me gather the right historical data. Employees in this department were 
responsible for reducing the inventory levels of the slow/non-moving stock in 2018.  

 

1.5  Research questions  
Based on the core problems the following research question is made: 

 

How can RGBV reduce the total cost of inventory by improving the inventory management of safety 

stock of the A class product range? 

 

The main research question cannot be answered directly, because we lack the knowledge to do so. 

To make it easier to tackle the main research question multiple research questions are defined, 

which are divided in multiple sub-questions. These sub-questions will be answered throughout the 

chapters. 
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Chapter 2 - Literature research  

This sub-question has been asked to gather information about methods and formulas that can con-
tribute to answering the main research question.  

1. Which methods and formulas are available in literature to improve the inventory 

management of the A class product range and reduce the total cost of inventory? 

a. Which inventory control policies are described in literature? 

b. Which formulas are available to calculate safety stock? 

c. Which inventory classification methods are available? 

d. What are preconditions, restrictions and assumptions of those methods/formulas? 

e. What are preferences, restrictions and limitations of the company? 

f. Which methods/formulas might reduce the total cost of inventory of the A class of 

RGBV given the preconditions, assumptions and limitations? 

 

Chapter 3 - Current situation 

This sub-question was asked to find out what the current inventory management process looks like. 
To improve this current process, the current process must first be understood and analysed. The first 
sub-question is divided in four parts that together must give a good overview of the current process 
of inventory management at RGBV.  

2. What does the current process of inventory management look like? 

a. Which inventory classification method is used? 

b. Which kind of inventory management policy is used? 

c. Which people are involved in the purchasing process? 

d. Which steps are taken by the purchasing model and which formulas are used? 

 

Chapter 4 - The model 

A model will be used to test potential solutions. In this chapter will be discussed how the simulation 
model should be set up, what data is required to run the simulation model, what assumptions and 
simplifications are made in order to construct the model, what variables are used to assess the ex-
periments and when the results are suitable for use and if the simulation model is  

3. How can the inventory management process be displayed in a model? 

a. What are the input and output variables of the model? 

b. What are limitations of the model? 

c. What data is required to execute the model? 

d. Is our model valid? 

 

Chapter 5 - Results 
With the help of the KPIs the current situation process can be compared with the result of the experi-
ments. To compare the current situation with possible solutions, both the output for the possible so-
lutions and the output for the current situation must be determined.  

4. What are the effects of the experiments? 

a. What does the output of the base model look like? 

b. What does the output from the experiments look like? 
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Chapter 6 - Conclusions and recommendations 

Conclusions and recommendations will be made based on the results of the simulation. 
5. How can the current inventory management process be optimized? 

a. What conclusions can be drawn based on the results of the simulation? 

b. Which recommendations can we make based on the research? 

 

1.6  Theoretical perspective  
This inventory management problem will be approached with the theoretical perspective of supply 
chain management and operations research. Supply chain management is making decisions related 
to the supply of information, products and funds with the aim of improving these processes and in-
creasing supply chain surplus (Chopra & Meindl, 2016). Operations research is a scientific approach 
to decision making that seeks to best design and operate a system, usually under conditions requir-
ing allocation of scare resources (Winston, 2004). Within these fields, relevant theory can be found, 
which helps can help to solve our problem.  

The total costs of inventory are given in the book Supply Chain Management (Chopra & Meindl, 
2016)  as the sum of holding and ordering costs. The following costs fall under holding costs: the op-
portunity costs, the obsolescence costs, the handling costs and the occupancy costs. The opportunity 
costs represent the benefits that the company is missing out on. In this case, it means that every 
euro spend on inventory will not yield interest. The obsolescence cost estimates the rate at which 
the value of the stored product drops. Perishable products have high obsolescence rates. Handling 
costs are the incremental receiving cost that vary with quantity. The occupancy costs are incremental 
change in space cost due to a change in the amount of inventory kept. The holding costs are often 
estimated as a percentage of a product. The ordering costs are the sum of the buyer time, transpor-
tation costs and receiving costs. Buyer time means the extra time that a buyer needs to place the ex-
tra order. The costs involved are part of the ordering costs. The receiving costs are the costs associ-
ated with ordering, regardless the size of the order. This includes any administrative work done such 
as purchase order matching and updating the inventory records. In the book Inventory and Produc-
tion Planning in Supply Chains (Silver, Pyke, & Thomas, 2017) another inventory related cost is men-
tioned: The costs occurred when a stockout occurs, also called shortage costs. These are the ex-
penses that result from not meeting demand. For instance, the cost of placing an emergency order at 
the supplier.  

Safety stock can be defined as the inventory kept to satisfy demand that exceeds the amount 

forecast (Chopra & Meindl, 2016). There are multiple formulas to calculate the required level of 

safety stock. Mostly three or more of the following elements are included in the safety stock 

formulas: (cycle) service level, demand, demand variability, lead time and lead time variability. 

(Cycle) service level is the fraction of replenishment cycles that end with all the customer demand 

being met (Chopra & Meindl, 2016). The higher the service level, the higher is the amount of demand 

being met immediately from stock. The demand is the average required items by customers per 

period and demand variability is the measure of how much variability there is in customer demand. 

Lead time is the time between deciding to place an order and the time it is stored physically on the 

shelf (Silver et al., 2017) and lead time variability is the measure of how much variability there is in 

the supply of items.  

 

The A class product range can be defined as the most important items within the company. Most of-
ten their company’s use three priority ratings A (most important), B (intermediate in importance) 
and C (least importance), but it is not uncommon to have more ratings. Class A items should receive 
the most personalized attention from management (Silver et al., 2017). There are multiple methods 
for classifying the items.  
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1.7  Problem solving approach  
The second phase of the Managerial Problem Solving approach is the formulation of the problem ap-
proach. A design will be made in order to answer the research question. The problem solving ap-
proach made to answer the research question is given below. A Gantt chart of the thesis planning 
can be seen in Appendix A.  

Phase 1: Current situation analysis 
In phase 1, the current situation is analysed to answer sub-question 2. This analysis provides insight 
into how inventory management is currently being done, which steps are taken by the simulation 
model and which formulas are used. Through this step, the current process will be understood and 
mapped. Also, possible points for improvement can be found during this phase. The sub-questions 
will be answered through discussions with stakeholders, being present during the purchasing process 
and analysing the current purchasing model.  
 
Phase 2: literature research 
In phase 2, the literature research will be done. It will become clear what inventory management ex-
actly entails, which methods and formulas are available, and which could possibly contribute to this 
research. Most of the theory that will be consulted to answer the sub questions will be obtained 
from the books Inventory and Production Management in Supply Chains (Silver et al., 2017), Supply 
Chain Management (Chopra & Meindl, 2016) and Operations Research (Winston, 2004).  
 
Phase 3: Testing solutions in a simulation model 
In this phase, the simulation model will be made. Here, various possible solutions will be tested and 
compared with the current situation based on KPIs. There are multiple reasons for choosing to use a 
simulation in this research: simulation makes it possible to analyse interventions using multiple sce-
nario’s, it is possible to model variability easily and simulation requires few simplifying assumptions. 
It is also possible to experiment in reality, but this is very costly and time consuming. Next to simula-
tion, there are other methods available which can be used: spreadsheet calculations, spreadsheet 
models or developing an algorithm. These alternatives often require so many simplifying assump-
tions that the solutions are likely to be inadequate or inferior. 
Before the experiments can be done, several steps must first be taken: 

1. Creating the conceptual model 

2. Programming the model 

3. Verification and validation of the model 

 
Constructing the conceptual model requires a number of steps: understanding the problem identifi-
cation, determining the modelling and general objectives, determining the model input and output 
and outlining the model content (Robinson, 2014). After this the model will have to be programmed, 
this will be done with the programming language Visual Basic. Finally, the model will have to be vali-
dated and verified. In validation and verification the goal is to create enough confidence to use the 
model in decision-processes (Sterman, 2000). The information needed to construct a quality simula-
tion model will mostly be obtained from the book Simulation (Robinson, 2014). 
 
Phase 4: Results, Conclusions, recommendations and discussion 
In phase 4, the results of the experiments will be compared with the results of the current situation. 
Based on the difference in the output of the simulation, conclusions can be drawn about the impact 
of the interventions. Recommendations can then be made to RGBV based on the conclusions. As-
sumptions and simplifications will be made in the research, this is necessary for the simulation to 
work. The influence of these assumptions and simplifications will also be explained during this phase.  
 



7 
 

1.8  Type of research and  research subjects  
In this research we will look for existing methods/formulas and test if they may work on Rotork, so 
this research is of exploratory nature.  
 
The goal of this research is to analyse the current working methods and stock levels of Rotork Gears 
B.V. and explore if it is possible for RGBV to reduce the total cost of inventory by improving the in-
ventory management of the A class products. The performance of alternative solutions will be meas-
ured with a simulation model. It will not be possible to analyse all products of the A class, so a selec-
tion of class A items has been made in discussion with the purchasing department and the plant 
manager. These items are chosen so that they are a representative sample for all the A class items. 
That’s why there are parts, spares and complete gearboxes included. The selection can be seen in Ap-
pendix C.  
 

1.9 Validity and reliability issues  
In this research some validity and reliability issues might occur. For example, you want to make the 
simulation as reliable as possible. To do this you need information about items such as historical de-
mand, price and delivery time. However, at RGBV they have only been tracking the delivery times of 
the suppliers for a relatively short time. As a result, the results for the variability of the delivery time 
may be less reliable. The solution for this is to present the results of the calculations of the variation 
in delivery times to the purchasing department to see if they think these results are reliable enough 
to work with. Through this expert opinion, adjustments can be made where necessary.   

The assumptions and simplifications made when building the simulation model can also have a nega-
tive contribution to the validity and reliability of the research. To prevent this, all assumptions and 
simplifications that must be made to make the simulation model will be made in consultation with 
stakeholders of the company.  

1.10  Limitations and deliverables 
The following limitations are present during this research: 

• Time frame: This research must be carried out in ten weeks.  

• Restrictions from RGBV: Rotork has a global sourcing team which is responsible for the 

number of suppliers, optimizing prices, standardization of products, improving lead times at 

the suppliers, which is not in the scope for the assignment. 

 

The deliverables of this research are: 

• Analysis of the current situation. 

• Literature research about alternative solutions/formulas.  

• Analysis and insight in optimizations on current safety stock calculations.  

• A conclusion whether reduction of the total cost of inventory is possible by changing the 

inventory management calculations for the A class products.  

• An advice whether a possible solution is suitable for Rotork.  

 

1.11  Summary and conclusions  
The core problems which contribute to the high cost of inventory management are the suboptimal 
safety stock formula and the suboptimal service levels. It is believed that both these core problems 
can be solved within the time period of 10 weeks. To be able to do this, a problem approach has 
been constructed with the following phases: current situation analysis, literature research, testing 
solutions in a simulation model and giving the results, conclusions, recommendations and discussion.  
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2  Literature research 
In the following chapter, several methods and formulas will be discussed that might help RGBV to 

reduce the total cost associated with inventory management.  

 

2.1  What is inventory? 
Inventory are items kept in storage. Inventory exists in the supply chain because there is a mismatch 
between supply and demand. This mismatch is sometimes intentional, for instance when it is eco-
nomical to produce is large lots. This mismatch is also intentional for a retail store which expects de-
mand to go up rapidly during the holiday season. In these examples inventory is held to reduce costs 
and increase the level of products available to customers. However, in a lot of cases high levels of in-
ventory result in high costs. The higher the inventory levels of a company the higher their holding 
costs will be, and the risk that you are unable to sell your products increases. In general, managers 
should aim to reduce inventory in ways that do not increase costs or reduce responsiveness (Chopra 
& Meindl, 2016). 

The formula for total inventory in stock is (Chopra & Meindl, 2016): 

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑖𝑛 𝑠𝑡𝑜𝑐𝑘 =  𝑐𝑦𝑐𝑙𝑒 𝑠𝑡𝑜𝑐𝑘 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 +  𝑡ℎ𝑒 𝑠𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦                         (2.1) 

2.1.1  Cycle Stock 
Cycle stock inventory, also known as working stock, is the portion of inventory available to meet 

normal demand during a given period. It is the amount of inventory needed to meet customer needs. 

The cycle inventory is the first inventory where a customer’s order will be fulfilled from. 

However, there are differences in agreements between suppliers and buyers when the inventory is 

property of the buyer or the supplier. For instance, at RGBV, the inventory is theirs from the moment 

it is shipped.  

2.1.2  Safety stock 
Safety stock is the extra quantity of products held in the inventory to reduce the risk that the item 
will be out of stock. A stock out often results in extra costs and lower customer satisfaction levels, it 
is therefore in the best interest of companies to prevent stock outs. The three main causes for stock 
outs are (Chopra & Meindl, 2016): 
 

1. There is an unforeseen variation in demand. 
2. There is an unforeseen variation in the lead time of an order. 
3. The desired level of product availability.  

 
Safety stock acts as a buffer in case of a stock out. This does not mean that safety stock is meant to 
eliminate all stock outs, just the majority of them (King, 2011). To illustrate this the figure below is 
given.  
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Figure 2.1 - Inventory designed for a 95 percent service level (King, 2011) 

 

 

2.2  Alternative formula for the calculation of safety’s stock 
The amount of safety stock needed can be calculated with several formulas. Formula 2.2 does take 
lead time variability into account. According to  (King, 2011) if a company has to deal with demand 
variability and lead time variability this formula should be used: 
 

𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 = 𝑍 ∗ √𝐿 ∗ 𝜎𝐷
2 + (𝐷 ∗ 𝜎𝑙)2                                                                                                    (2.2) 

 
𝑍 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑛𝑜𝑟𝑚𝑎𝑙 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛𝑠 (𝑍 − 𝑠𝑐𝑜𝑟𝑒) 
𝐿 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 
𝐷 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑚𝑎𝑛𝑑 
𝜎𝑑 =  𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑒𝑚𝑎𝑛𝑑  
𝜎𝐿 = 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒  
 
RGBV has to do with both demand variability and lead time variability, which means that formula 2.2 
should be more suitable for calculating the safety stock levels of RGBVs items. Therefore, there will 
be experimented with formula 2.2 to see what the effects are on the total costs of inventory 
management.  

2.3  Inventory control policies 
An inventory control policy determines when and how much should be ordered. The determination 
of when and how much to order should be based on the inventory position, the anticipated demand 
and the lead time (Axsäter, 2015). The inventory position is the sum of the physical stock in the ware-
house and the orders in transit, minus the backorders. Backorders are the items that have been or-
dered but have not been delivered yet. There are several different inventory control policies. The 
most important difference between these policies is if the inventory position is monitored continu-
ously or periodically.  

How often the inventory status should be determined, is specified by the review interval R, which is 
the time that passes between two moments of ordering. In continuous review each transaction is re-
ported, and the inventory status is updated. Therefore, in a continuous review system, the review 
interval R = 0. In periodic review the stock status is only determined every R time units, for instance 
at the end of each day. RGBV has a periodic review policy, where they review the inventory position 
every two weeks (R = 2 weeks).  

The four most used inventory control policies are: the (S, Q) policy, the (s, S) policy, the (R, s) policy 
and the (R, s, S) policy (Silver et al., 2017). These policies will be explained in the next chapters.  
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2.3.1  (s, Q) policy 
The (s,Q) system is a continuous review system, where a fixed quantity Q is ordered every time 
whenever the inventory position drops below the reorder point s. The benefits of using a (s, Q) sys-
tem is that it is quite simple and because of this the chance of errors is small and the production re-
quirements for the supplier are predictable (Silver et al., 2017). The main disadvantage of the (s, Q) 
system is that it may not be able to deal with large orders. If an order is large enough, it may be pos-
sible that the replenishment size of Q will not even raise the inventory position above the reorder 
point. In this kind of situation, the multiple of Q is often ordered. Figure 2.2 gives an example of a 
typical replenishment cycle in a (S, Q) system. The reorder point can be calculated with the following 
formula (Bernard, 2015): 

𝑠 = 𝑑 ∗ 𝐿 + 𝑠𝑠                                                                                                                                                      (2.3) 

𝑠 = 𝑟𝑒𝑜𝑟𝑑𝑒𝑟 𝑝𝑜𝑖𝑛𝑡 
𝑑 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑚𝑎𝑛𝑑 
𝐿 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 
𝑠𝑠 = 𝑡ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 ℎ𝑒𝑙𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑖𝑡𝑒𝑚 
 
So, when the inventory position drops below this reorder point a fixed quantity Q is ordered. Mostly this fixed 

order quantity Q, is determined by the EOQ formula. The formula for the Economic Order Quantity is 

(Winston, 2004): 
 

 𝑄∗ =  √
2𝐷𝐾

ℎ
                                                                                                                                                                          (2.4) 

 
𝐷 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 (𝑢𝑛𝑖𝑡𝑠) 
𝐾 = 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑜𝑟𝑑𝑒𝑟  
𝐻 = 𝐻𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 

 

For further explanation of EOQ formula see chapter 2.5.  

 

 

Figure 2.2 - Example of an replenishment cycle in a (S, Q) system (Silver et al., 2017) 

 

2.3.2  (s,S) policy 
The (s, S) System is a continuous review system, where every time the inventory position drops be-
low reorder point s or lower, a variable replenishment quantity is used to order enough items to 
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raise the inventory position to order-up-to-level S. Figure 2.3 gives an example of a typical replenish-
ment cycle in a (s, S) system. 

The order up to level point S can be calculated with the following formula: 

𝑆 = 𝑠 + 𝑄∗                                                                                                                                                          (2.5)  

 
𝑠 = 𝑟𝑒𝑜𝑟𝑑𝑒𝑟 𝑝𝑜𝑖𝑛𝑡 
𝑄∗  = 𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑂𝑟𝑑𝑒𝑟 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 
 

 

Figure 2.3 - Example of an replenishment cycle in a (s, S) system (Silver et al., 2017) 

 

2.3.3  (R,S) policy 
The (R, S) system is a periodic review system where every R units of time enough is ordered to raise 
the inventory position to level S. Because of this periodic-review property, this system is much pre-
ferred to order point systems in terms of coordinating the replenishment of related items. For in-
stance, when ordering overseas, it is often necessary to fill a shipping container to keep shipping 
costs under control. This coordination can save a significant amount of cost. The main disadvantage 
of the (R, S) system is that the amount which is ordered varies and that the holding costs are higher 
than in a continuous review system. The typical behaviour of a (R, S) system can be seen in figure 2.4. 
RGBV currently uses a (R, S) system with R = 2, the S differs per product. The order quantity which is 
needed to raise the inventory level to S, can be calculated by the following formula (Bernard, 2015): 

𝑂 = 𝑑 ∗ (𝑅 + 𝐿) + 𝑠𝑠 − 𝐼                                                                                                                                 (2.6) 

𝑑 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑚𝑎𝑛𝑑 
𝑅 = 𝑡ℎ𝑒 𝑟𝑒𝑣𝑖𝑒𝑤 𝑝𝑒𝑟𝑖𝑜𝑑 
𝑠𝑠 = 𝑡ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 ℎ𝑒𝑙𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑖𝑡𝑒𝑚 
𝐼 = 𝑡ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑜𝑛 ℎ𝑎𝑛𝑑 𝑤ℎ𝑒𝑛 𝑡ℎ𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑙𝑒𝑣𝑒𝑙 𝑖𝑠 𝑐ℎ𝑒𝑐𝑘𝑒𝑑 
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Figure 2.4 - Typical behaviour of a (R, S) system (Silver et al., 2017) 

RGBV uses a (R, S) system, so 2.6 will be used to calculate the required order quantity for the results 
of the experiments. 

2.3.4  (R,s,S) System 
The (R, s, S) policy is a combination of the (s, S) and (R, S) policy. The (R,s, S) system is a periodic re-
view system where every R units of time the inventory position is checked, if the inventory position is 
below reorder point s, enough is ordered to raise it to S. If the position is above s, nothing is done un-
til the next review period.  

This system is a combination of the (s, S) and the (R, S) system. Every R units of time the inventory 
position is checked. If the inventory position is below the reorder point s, we order enough to raise it 
to S. if the inventory position is above s, nothing is done until the next review period.  
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2.4  Inventory classification 
Most companies make use of an inventory classification. The main purpose of classification of items 
is to simplify the task of task of inventory management, by setting control methods and service levels 
per class rather than for every stock keeping unit separately. 

The most used technique for classifying inventory is the ABC analysis. The origin of the ABC analysis 
began with the inventor Vilfredo Pareto and his 80/20 principle. He discovered that 80 percent of the 
land in Italy was owned by 20 percent of the population (Pareto, 1935) . Later was discovered that his 
principle holds for many different areas, including inventory management. This principle formed the 
basis of the ABC analysis, where often 20 percent of the stock keeping units account for account for 
80 percent of the annual dollar usage  (Silver et al., 2017). 

 

In most cases classification is based on SKU criteria such as demand value (price of an item multiplied 

by demand volume) or demand volume. Often a distribution by value analysis (DBV) is performed to 

classify the importance of Stock Keeping Units (SKUs). The figure below illustrates a typical 

Distribution by value observed in practice.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Almost all companies make use of three different categories (Silver et al., 2017): 

• Class A items which are the first 5 to 10 percent of the SKUs, ranked by the distribution by 

value analysis. Although some companies rank the 20 percent of first SKUs as class A items. 

Usually these items account for 50 percent or more of the total dollar movement of the 

items under consideration.  

• Class B items are of secondary importance. The most SKUs fall into this category. Around 50 

percent of the total SKUs account the remaining 50 percent annual dollar usage.  

• Class C items are the SKUs remaining that are a minor part of annual dollar usage. 

 

Figure 2.5 - Typical distribution by value of stock keeping units (Silver et al., 2017) 
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When the items are classified, the standard approach in inventory management is to fix service levels 

per class Lee. Literature is not one-sided about which service-level belongs to which class. Some 

authors think A items are the most important for a firm in determining the profit and should 

therefore get the highest service level, to prevent backlogs (Armstrong, 1985). But other authors 

claim that stock outs are not worth the effort for C items and should therefore have the highest 

service level (Knod & Schonberger, 2001).  

 

A lot of adaptions and extensions have been made to the ABC analysis. Such as dividing the SKUS in 

multiple classes, usually with a maximum of six classes (Graham, 1987). It is proven that dividing the 

inventory in more classes results in lower inventory costs (Teunter et al., 2010). Moreover the use of 

multiple criteria such as lead time, rate of obsolescence and certainty of supply are considered by a 

number of authors. (Chen, Li, Marc Kilgour, & Hipel, 2008).  

 

Another method is classifying the items based on the ability to forecast an item, this method is called 

the XYZ analysis and is often used as an extension of the ABC analysis (Chopra & Meindl, 2016). Items 

with a constant demand get a X classification and items with an erratic demand a Z classification. If 

the XYZ analysis is combined with the ABC analysis items with a with a high value and constant 

demand are ranked as AX items and items with low value and erratic demand are ranked as CZ items.  

 

(Zhang, Hopp, & Supatgiat, 2001) where the first to classify SKUs based on an inventory cost 

perspective. They were able to cut inventory investment while remaining the same service levels. 

Thereafter, (Teunter et al., 2010) develop a new cost criterion for ABC analysis which shows that it 

outperforms the traditional methods demand volume and demand value as well as the method of  

(Zhang et al., 2001). (Teunter et al., 2010) method can be an applied using the following steps: 

 

1. Rank the SKUs in descending order of  
ℎ∗𝑄

𝑏∗𝐷
 

2. Divide the SKUs int classes A,B and so on.  

3. Fix the cycle service level for each class, where A should have the highest service level, 

followed by B, and so on. 

 

In the formula in step 1, h is the holding cost of an item, b the shortage cost, Q the average order 

quantity of an item and D the demand per time unit. 

 

(Teunter et al., 2010) prove that their method outperforms the all methods, including the demand 

volume, demand value and the cost criterion method of (Zhang et al., 2001). To calculate this method 

the holding costs, shortage costs, average order quantity and demand is needed. In this research a 

method is made up to calculate the shortage and holding costs. During the experiments the 

relationship between the costs and the service level will become clear. If the optimal service level 

mostly depends on holding and shortage costs, this classification method will be recommended to 

RGBV.  
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2.5  The Economic Order Quantity model  
 

Most companies make use of the Economic Order Quantity (EOQ) model when making the decisions:  

• When should an order be placed for a product? 

• How large should each order be? 
 
The formula for the Economic Order Quantity is (Winston, 2004): 
 

 𝑄∗ =  √
2𝐷𝐾

ℎ
                                                                                                                                                      (2.7) 

 
𝐷 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 (𝑢𝑛𝑖𝑡𝑠) 
𝐾 = 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑜𝑟𝑑𝑒𝑟  
ℎ = 𝐻𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 
 
Ordering cost (K) 
Many costs with placing an order do not depend on the size of the order, these costs are called the  
Ordering and setup costs. An example of ordering and setup costs is the paperwork and billing which 
are associated when placing an order, these are costs that are there no matter how big the order is.  
 
Holding costs (h) 
This is the cost of holding one unit of inventory for one period of time. So, if the time period equals 
one month the holding costs will be dollars or euros per unit per month. Holding cost include storage 
costs, insurance costs, taxes on inventory, the possibility of theft and obsolescence, and in some 
cases the possibility of spoilage. However, most of the time the biggest part of holding costs are the 
opportunity costs. This could be the interest the company could have if the inventory was not tied up 
in inventory. Or the profit it could have made by investing the capital instead of buying inventory 
from it.  
 
With the EOQ formula, an order quantity is found which minimizes the sum of the holding and 
ordering costs. As you can see in the graph below the annual ordering cost declines as the lot size 
increases, which makes sense because when the lot size increases the number of times ordered 
decreases. On the other hand, as the lot size increases the annual holding costs increase, which also 
makes sense because an item will on average be longer in stock.  
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Figure 2.6 - Trade-off between Holding Cost and Ordering Cost (Winston, 2004) 

 
The EOQ formula makes the following assumptions: 
 

• Constant Demand 
In the EOQ model the demand is assumed occur at a known constant rate. This assumption 
implies that if there is an annual demand of 120 units, the demand per month would be 
120/10=10 units.  
 

• Constant Lead Time 
The lead time for each order is known. For instance, if the lead time is one month and an 
order is place today, the order will be delivered one month from now.  

 

• Repetitive Ordering 
The orders are not one-time orders. The orders that are placed are repetitive, so the decision 
how much to order repeated in a regular fashion.  

 

• Ordering Costs 
There are ordering costs each timer an order is placed, regardless of the quantity of the 
order.  

 

• Continuous ordering 
The EOQ model assumes that an order may be placed at any point in time. Inventory models 
which allow orders to be placed at any point of time are called continuous review models. On 
the other hand, there are periodic review models, in these models an order can only be 
placed in a certain point of time. For instance, at the end of each month.  
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RGBV does not use the EOQ formula because the ordering costs cannot be clearly mapped. This is 
because part of the fixed costs has been included by the suppliers of RGBV, but RGBV has no insight 
in this calculation. However, during this research, the fixed costs incurred at RGBV were determined. 
For the calculation of these costs, see chapter 4.2.4. 

 

2.6  Determination of shortage costs 
Shortage costs are the costs resulting from a stock out, so when demand cannot be fully and immedi-
ately satisfied because of lack of stock. The value of shortage costs is important for several reasons. 
Firstly, in determining the total costs incurred for evaluating inventory replenishment policies. Sec-
ondly, in determining the total costs incurred for determining optimal parameters of an inventory 
policy. Thirdly, when comparing the cost of a stock out with the cost of eliminating that stock out by 
shipping products from elsewhere.  

(Oral, Salvador, Reisman, & Dean, 1972) come up with a method to calculate the fixed costs per stock 
out occasion. They evaluate the shortage costs by the use of a decision tree which can be seen be-
low.  

 

Figure 2.7 - All different courses of action which the manufacturer and distributor can take in case of 
stock out occurs 

 

This figure shows all possible responses if a stock out occurs. Every response n has a cost of 𝐶𝑛
𝑘 and a 

probability of 𝑃𝑛
𝑘 of occurring. By summing all probabilities times costs a total expected stockout cost 

for item k is found. The authors acknowledge that the methodology described above cannot be re-
peated for all products within companies, because its very time consuming. Therefore, it was at-
tempted to find a correlation between the unit shortage costs and the gross profit per item. The re-
sulted in finding a correlation coefficient of 0,942, and a formula for the relationship between the 
shortage costs and gross profit. 
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Figure 2.8 - Shortage costs versus gross profit margin 

 

Formula for calculating the shortage costs per product: 

 

𝑦 = 0,20 ∗ 𝑒0,88+𝐿𝑛(𝑋)                                                                                                                                      (2.8) 

𝑦 = 𝑢𝑛𝑖𝑡 𝑠ℎ𝑜𝑟𝑡𝑎𝑔𝑒 𝑐𝑜𝑠𝑡𝑠 
𝑥 = 𝑔𝑟𝑜𝑠𝑠 𝑝𝑟𝑜𝑓𝑖𝑡 

 

The formula of (Oral et al., 1972) is a sufficient way to calculate the shortage costs. However, there 

are assumptions on the basis of the formula. When using this formula, you have to assume that the 

correlation of the gross profit of the company’s products is the same as the one correlation of the 

products tested by (Oral et al., 1972). You could also choose to make your own calculation with the 

method provided by  (Oral et al., 1972), but that is very time consuming and cannot be done for a lot 

of products. In discussion with the stakeholders from the company, we have come up with another, 

more tailored, way of calculating the shortage costs, which can be seen in paragraph 4.2. 

  



19 
 

2.7  Simulation 
Simulation will play an important role in this research, so it is important to understand what it 
means, what the pros and cons are, and what different types of simulations are available. When we 
have this information at our disposal, a conclusion can be drawn which simulation best fits this re-
search. Then the foundation of the simulation, the conceptual model will be discussed. We conclude 
with a paragraph on how we can determine whether the model is suitable for use.  

2.7.1  What is simulation? 
Simulation is a very powerful and widely used management science technique for the analysis and 
study of complex systems (Winston, 2004). (Robinson, 2014) provides a more comprehensive defini-
tion of simulation: ‘Simulation is experimentation with a simplified imitation (on a computer) of an 
operations system as it progresses through time, for the purpose of better understanding and/or im-
proving that system’. A simulation is thus a tool which tries to predict the performance of system un-
der a specific set of inputs. It is the responsibility of the modeller to vary the inputs and to run the 
model in order to determine the effect. The model user enters different scenario’s in order to de-
velop sufficient understanding on how to improve the real situation. Simulation is a tool which sup-
ports the decision maker in his decision making processes (Robinson, 2014).  

2.7.2  Why do we use simulation?  
Simulation makes it possible to analyse interventions using multiple scenarios. It is also possible to 
experiment, but this is very costly and time consuming. It would take weeks to months or even more 
to obtain a reflection on one experiment. A simulation can run many times faster than real time, 
some computers can run years of real time in just minutes in a simulation.  

Next to simulation, there are other methods available which can be used: spreadsheet calculations, 
spreadsheet models or developing an algorithm. It is very hard to model variability in these methods, 
while simulations are able to model variability. Because of complexity and stochastic relations, not all 
real-world problems can be represented adequately by these alternatives for simulation, because 
these often require so many simplifying assumptions that the solutions are likely to be inadequate or 
inferior. The only alternative form of modelling and analysis available to the decision maker is simula-
tion (Winston, 2004). Simulation requires few assumptions, although the desire to simplify models 
and a shortage of data mean some appropriate simplifications and assumptions are normally made 
(Robinson, 2014). 

There are of course disadvantages to simulation, (Robinson, 2014) lists the costs of simulation as the 
most important one. The costs of modelling a simulation are often considerably, especially because 
this is often done by consultants that are hired by the company. Also, most simulations require a lot 
of data, which is often not immediately available and usable in a lot of companies. The first argument 
does not really play a role, given the nature of this research. The second argument does apply in this 
research, but given the many benefits there is chosen to make use of a simulation in this research.  

2.7.3  Different kinds of simulation 
In order to select the adequate simulation for this research it is important to know which kinds of 
simulation are available. The most used approaches for simulation are: discrete-event simulation, 
Monte Carlo simulation, system dynamics and agent based simulation (Robinson, 2014). These differ-
ent types of simulation will be explained below.  

Discrete event simulation 
Discrete event simulation is used for modelling queuing systems. A queuing system is a system in 
which entities flow from one activity to another, and activities are separated by queues. The queues 
occur when entities arrive at a faster rate than they can be processed by the next activity. More cir-
cumstances fall under queue systems than one would initially expect. Queuing systems can be peo-
ple, items but also information represented by entities moving through the system.  
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Monte Carlo simulation 
Monte Carlo simulation is named after the famous casino in Monaco. As can be made up from the 
name, the aim of a Monte Carlo simulation is to model risk in an environment that is subject to 
chance. The word is conceived as a set of distributions representing variables that describe the 
sources of chance (Robinson, 2014). Figure 2.9 illustrates the idea. For the sources of chance (A, B, C) 
distributions are assumed, then random samples are drawn from these distributions which together 
generate the output of the simulation model. The Monte Carlo approach is used widely in complex 
environments, especially in financial services.  
 

 
Figure 2.9 - Illustrating the concept of a Monte Carlo simulation (Bui & Henderson, 2019) 

System dynamics 
System dynamics is a continuous simulation approach that represents the world as a set of stocks 
and flows (Sterman, 2000). The stocks are accumulations of elements such as items, people or 
money, and the flows adjust the level of stock which flows adjust the level of stock. Because the in-
flows and outflows change continuously, time must be modelled continuously. An example of this is 
a population model in which the birth rate is the inflow which increases the population and the death 
rate an outflow which decreases the population. System dynamics is used in a very broad range of 
applications (Robinson, 2014), particularly in researching strategic issues (Morecroft, 2007).  A few 
examples of areas in which system dynamics is used is the modelling growth of high tech firms, fore-
casting energy consumption and forecasting commodity prices. 
  
Agent based simulation 
Agent based simulation focusses on studying complex systems and their emergent behaviours (Heath 
& Hill, 2010). The idea is to model the systems from bottom up as a set of agents, with individual be-
haviours which interact with each other over time. The aim is to notice patters, structures and behav-
iours that appear. The structure of an agent-based simulation model can be described on the basis of 
the following three elements: 

 
• Agents: with attributes and behaviours  

• Agent relationships: defining who agents interact with and how 

• Agent environment: The environment in, and with, which the agents interact 
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Monte Carlo simulation is most applicable for this research, because in this research the environ-
ment is subject of chance, as the demand and lead time are not known.  

2.7.4  The conceptual model 
Prior to making a computer model, a conceptual model must be made.  A conceptual model is a non-
software specific description of the computer simulation model, describing the objectives, inputs, 
outputs, content, assumptions and simplifications of the model (Robinson, 2008). Developing a con-
ceptual model consist of the following key activities: understanding the problem situation, determin-
ing the modelling and general project objectives, identifying the model inputs and outputs and iden-
tifying the model content, assumptions and simplifications. (Robinson, 2008) provides a figure with 
the outline of these key activities, which is displayed below.  

 

 

Figure 2.10 - A framework for conceptual modelling (Robinson, 2008) 

The key requirement of a conceptual model are validity, credibility, feasibility and utility (Robinson, 
2008). Validity is about the model creating an adequate representation of reality for the purpose on 
hand and credibility means that this is also believed by the client. Feasibility means that the model 
can be built within the restrictions of the available data and time. Utility means that the model 
should be easy to use, flexible and have a sufficient run speed.  

2.7.5  Validation and verification 
When the model has been built, it is important to check if it is suitable to use. This is done by model 
validation and model verification. Model validation controls if the model is sufficiently accurate for 
the purpose at hand (Carson, 1986), and model verification is the process of ensuring that the con-
ceptual model has been transformed into the computer model with sufficient accuracy (Davis, 1992). 
It is sufficiently accurate because no model is ever 100 percent accurate, a model is not even meant 
to be completely accurate, but a simplified means of exploring and understanding reality (Pidd, 
2009).Therefore in validation and verification the goal is to create enough confidence to use the 
model in decision-processes (Sterman, 2000). 
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2.8  Summary and conclusion  
• Formula 2.2 should lead to a reduction of costs, given that RGBV makes use of a periodic 

review system and has both demand variability and lead time variability. Therefore, there 
will be experimented with this formula.  

• RGBV uses a (R, S) system, so 2.6 will be used to calculate the required order quantity for the 

results of the experiments.  

• Teunter et al., 2010 prove that their method outperforms all other methods, including the 

demand volume, demand value and the cost criterion method of (Zhang et al., 2001). During 

the experiments the relationship between the costs and the service level will become clear. If 

the optimal service level mostly depends on holding and shortage costs, this classification 

method will be recommended to RGBV.  

• The EOQ formula cannot be used because RGBV does not have insights in the fixed costs 

made at the supplier. 

• The formula of (Oral et al., 1972) is a sufficient way to calculate the shortage costs. However, 

this method is very time consuming, therefore this method will not be used. In discussion 

with the stakeholders from the company, we have come up with another, more tailored way 

of calculating the shortage costs, which can be seen in paragraph 4.2. 

• Monte Carlo simulation is most applicable for this research, because in this research the en-

vironment is subject of chance, as the demand and lead time are not known.  
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3  Current situation analysis 
In this chapter, the current situation of RGBV is described and analysed. The decisions made by the 

purchasing model formula will be mapped. Also, the current policy, classification method and 

formulas used will be given.  

 

3.1  Current classification method 
Currently RGBV uses a distribution by value analysis to classify the items. This classification can be 
seen in table 3.1.  

Table 3.1 - RGBVs classification method 

Class Description 

Class A The A class items are the items which make the first 80% of the costs made 
on items in the last half year. 

Class B The B class items are the items which make the cumulative cost from 80% 
to 90 % in the last half year. 

Class C The C class items are the items which make up for the remaining costs of 
the last half year.  

Class D The D class items are the items to which no money has been spent in the 
last six months. 

 
To visualize the distribution by value analysis of RGBV figure 3.1 has been made.  
 

 
Figure 3.1 - Distribution by value of stock keeping units of RGBV 

When the ABC classification has been performed, an XYZ classification is performed. This is done with 

the coefficient of variation. The coefficient of variation is calculated with the formula 3.1, which can 

be seen below. 

 

CV =  
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑙𝑎𝑠𝑡 𝑠𝑖𝑥 𝑚𝑜𝑛𝑡ℎ𝑠

𝑀𝑒𝑎𝑛 𝑙𝑎𝑠𝑡 𝑠𝑖𝑥 𝑚𝑜𝑛ℎ𝑡𝑠
                                                                                                        (3.1)  

 

CV =  𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 

 

If the coefficient of variation is equal or smaller then 1, the item is classified with a “Low” variation. If 

the coefficient of variation is between 1 and 1,5 the item is classified with a “Medium” variation. If 

the coefficient of variation is higher than 1,5 the item is classified with a “High” variation.  
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3.2  The current purchasing process 
RGBV makes use of an order up to level (R, S) policy, with a review period of 2 weeks (R=2). Every 

two weeks, three employees from the purchasing department go through around 1100 products. 

First, they deselect the products that have not been used since the last time they ordered. Then all 

three of the employees make a schedule individually and then compare the three schedules. This 

takes them 1 to 1,5 days per person. After making the schedule, they will discuss the differences and 

that is how the purchasing schedule is made. Comparing the schedules takes about 1 to 1,5 hours. 

They make use of a model which gives them an advice about how much they should order. After the 

collective scheduling, the items need to be purchased. This takes one employee of the department 

around one hour.  

 

 
Figure 3.2 - The current inventory process. 

It is to be noticed that the inventory position of the company is checked every week. So, if there is 

risk of a stock out or a stock out occurs, they will order then. But in general, this is done every two 

weeks for every product. This system is used because is easier to save shipping costs when items are 

ordered together. 

 

3.3  The Purchasing model 
When making a purchasing schedule the purchasing department makes use of a model which gives 

them an advice about how much they should order. In the model lead time is assumed deterministic 

and is given in weeks. Demand is stochastic and a forecast is made based on historical demand and 

allocations. The advice of the model is based on certain decisions and calculations. In this part the 

decisions that the model takes and the paths that lead to certain outcomes will be explained. The 

purchasing model makes use of the following important steps: 

 

1. Safety stock adjusted 

2. Purchase required 

3. The adjusted purchase (end advice) 

 



25 
 

The steps and decisions that the purchasing model makes, can be seen in figure 3.3. In this figure the 

words in bold are the important steps that are determined by the model. These values depends on 

decisions that model asks. The yellow diamonds represent the asked questions. The possible answers 

to these questions are given above the black arrows. The following questions are asked: 

 

• Question box 1: Is the item class D? 

• Question box 2: Adjusted safety stock - (Inventory position - forecasted demand) < 0? 

• Question box 3: Is the safety stock in weeks smaller than the minimum safety stock in weeks, 

bigger than the maximum safety stock in weeks, or in between the maximum and minimum 

safety stock in weeks? 

 

The safety stock adjusted, purchase required, and the adjusted purchase will be explained in the next 

chapters.  

 

 

 
Figure 3.3 - Steps of the RGBV’s purchasing model 
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3.3.1  Safety stock adjusted 
The adjusted safety stock is an important part in the amount which should be purchased. Therefore, 

it is important to know how the model comes to the adjusted safety stock. In the model the following 

formula is used to calculate safety stock: 

 

𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 = 𝑍 ∗ (√𝐿𝑇) ∗  𝜎𝑑                                                                                                                    (3.2)  

 
𝑍 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑛𝑜𝑟𝑚𝑎𝑙 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛𝑠 (𝑍 − 𝑠𝑐𝑜𝑟𝑒) 
𝐿𝑇 = 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑖𝑛 𝑤𝑒𝑒𝑘𝑠 
𝜎𝑑 =  𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑠𝑖𝑥 𝑚𝑜𝑛𝑡ℎ𝑠 

 

This is a commonly used formula to calculate the amount of safety stock needed. However, RGBV 

uses another formula which adjusts the level of safety stock required, in the purchasing model this 

formula is called: ‘the adjusted safety stock’.  

 

The adjusted safety stock tests if the safety stock in weeks is between the minimum and maximum 

safety stock in weeks. The safety stock in weeks is calculated with the following formula: 

 

𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑖𝑛 𝑤𝑒𝑒𝑘𝑠 =  
𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘

𝑙𝑎𝑠𝑡 𝑠𝑖𝑥 𝑚𝑜𝑛𝑡ℎ𝑠 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑒𝑘𝑙𝑦 𝑢𝑠𝑎𝑔𝑒
                                              (3.3) 

 

Depending on the safety stock in weeks value the adjusted safety stock can take three different 

paths: 

 

If the value of ‘safety stock in weeks’ is between the minimum safety stock in weeks and maximum 

safety stock in weeks value, formula 2.4 is used and the level of safety stock does not get adjusted. 

If the safety stock in weeks value is less than the minimum safety stock in weeks, then the formula 

2.5 is used to calculate the required amount of safety stock.  

If the safety stock in weeks value is more than the maximum safety stock in weeks, formula 2.6 is 

used to calculate the required amount of safety stock.  

 

 

𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑                                                                                                                                      (3.4)

= 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑖𝑛 𝑤𝑒𝑒𝑘𝑠 ∗ 𝑙𝑎𝑠𝑡 𝑠𝑖𝑥 𝑚𝑜𝑛ℎ𝑡𝑠 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑒𝑘𝑙𝑦 𝑢𝑠𝑎𝑔𝑒 

 

𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑                                                                                                                                      (3.5)

= 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑖𝑛 𝑤𝑒𝑒𝑘𝑠 ∗ 𝑙𝑎𝑠𝑡 𝑠𝑖𝑥 𝑚𝑜𝑛𝑡ℎ𝑠 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑒𝑘𝑙𝑦 𝑢𝑠𝑎𝑔𝑒 

 

 

The minimum safety stock in weeks is 4 for every item. The maximum safety stock in weeks value 

depends on the classification of the item. Table 3.2 shows which maximum safety stock in weeks 

value belongs to which item. 
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Table 3.2 - Maximum safety stock in week parameter 

 
Unfortunately, there is no explanation given in the purchasing model about the parameters of the 

minimum and maximum safety stock weeks. When asking the purchasing department, they 

explained that the one who made this model has left Rotork, so there is no one who can explain 

where the values of these parameters come from. Probably the 50% rule is applied here for the 

maximum safety stock in weeks, which is then accounted for importance of the items (class of the 

items) and the variation in demand of the items. The lead time for most products in RGBV is 12 

weeks. The 50% rule states that there should be enough safety stock to fulfil half of the orders during 

lead time. The lead time for most products within RGBV is 12 weeks.   

 
As can be seen in figure 3.3, the adjusted safety stock can take three different paths. The initial safety 
stock value is adjusted in two out of three paths.  We will now look at what percentage of time the initial 
safety stock value is adjusted. So, in what fraction of time the safety stock in weeks is not between the 
maximum and minimum safety stock value. This is done for the most recent advice that the purchasing 
model gave. The calculation is given below, with 928 the total number of items purchased and 272 the 
total number of items which safety stock level did not change cause of the adjusted safety stock.  
 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑡𝑖𝑚𝑒 𝑡ℎ𝑒 𝑠𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑣𝑎𝑙𝑢𝑒 𝑖𝑠 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 = ( 
(928 − 272)

928
) ∗ 100% = 70,1 % 

 

More than 70% of times the safety stock gets adjusted because the value of the safety stock in weeks 
is not between the minimum safety stock in weeks and the maximum safety stock in weeks. This is a 
high percentage, especially because the background for this calculation is unknown. Also, the 
calculation is not really tailored to the situation, the adjusted safety stock model does not consider to 
which extent the safety stock in weeks differs with the minimum and maximum safety stocks in 
weeks. For instance, it does not matter if the safety stock in weeks is 3,9 or 1,0, the same formula for 
the safety stock adjusted will be made into practice. 
 
Furthermore, this model sketches a wrong picture of the service level that the company is aiming to 

achieve. For the first formula, the service level is set at 95% for all products. This results in the 

company thinking that they have a service level of 95%. We already calculated which percentage of 

time the initial safety stock value is adjusted. The following calculation shows what percentage of 

time the adjusted safety stock is lower than the initial safety stock: 

 

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑙𝑒𝑣𝑒𝑙 𝑙𝑜𝑤𝑒𝑟 𝑡ℎ𝑎𝑛 95% (%) = ( 
(928 − 272 − 53

928
) ∗ 100% = 65,0 % 

 

In this calculation 928 is the total number of items purchased, 272 the number of items which safety 

stock level did not change cause of the adjusted safety stock, and 53 the number of items which got a 

high safety stock level cause of the adjusted safety stock. As you can see in the calculation, for 65% of 

the items required safety stock gets adjusted in a lower required safety stock. This has a result on the 

service level that the company is aiming to achieve. The company thinks they are getting a service 
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level of 95% for all items, but this is much lower for many items. As you can see in figure 3.4 the 

indicated service level is 0,95 = 95%, and the amount of safety stock which belongs to this service 

level is 1914 item. But this initial safety stock value is changed by the adjusted safety stock formula, 

which results in an adjusted safety stock of 1383 items.  

 

 
Figure 3.4 - Example calculation of safety stock for a product 

 

The service level which belongs to this level of safety stock is: 

 

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑙𝑒𝑣𝑒𝑙 =  
𝑆𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑

√𝐿𝑇∗𝜎𝑑
=  

1383

3,46∗335,90
= 𝜑(1,18997 ) = 88%                                       (2.9) 

 

The formula used to calculate this service level is the formula that RGBV uses to calculate the initial 

safety stock value. The service level which corresponds with the z-score is looked up in the normal 

distribution table. This calculation is done for all items of RGBV, the results of this calculation are 

plotted in Figure 3.5. To see the table that belongs to figure 3.5 see appendix B.  

 

 
Figure 3.5 - Distribution of Service Levels of all products 

Because this research is focussed on the class A items, the same analysis is done for the class A items. 

The results have been plotted in figure 2.11, and the corresponding table can be seen in appendix B. 

The actual average service level that RGBV has is 87%. 
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Figure 3.6 - Distribution of Service Levels of Class A products 

It is made clear by the distribution of the service levels of the class A products, that not only the 

lower-class items deviate from the 95% service levels, but that this is also the case with the class A 

items. The purchasing department thought they were getting a 95% level for every item while many 

items have a lower service level. The average service level of the class A items is 92%. 

 

3.3.2  Purchase required 
As you can see in figure 3.3, the purchase required formula consists of two parts. First, it determines 
if equation 3.6 is smaller than zero: 

𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑                                                                                                                                              (3.6)
= 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑠𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘 − (𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 −  𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑)  

 

If the outcome of equation 3.6 is greater than zero nothing will be ordered. If the outcome of 

equation 3.6 is bigger than zero, the amount which value of purchase required is the outcome of 

equation 3.6.  The purchase required depends on what is already in stock and what is already 

ordered for the coming weeks. Logically, if the adjusted safety stock goes up, the purchases required 

goes up as well.  

 

3.3.1  Adjusted purchase 
The adjusted purchase is then end advice that the model provides for the purchasing department.  

The value of the adjusted purchase is zero if the item in question is an old/obsolete item (class D 

item). This question is implemented to prevent items being bought that are not used anymore. 

The value for adjusted purchase is calculated by the following formula 3.7: 

 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 = (𝑟𝑜𝑢𝑛𝑑𝑒𝑑 𝑢𝑝 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 (
𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

𝑜𝑟𝑑𝑒𝑟 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒
)) ∗ 𝑜𝑟𝑑𝑒𝑟 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒       (3.7) 

 

Most suppliers only deliver at a minimum order quantity and with an order multiple. The order 

multiples of the suppliers of RGBV range from range from one item to five thousand items. The 
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adjusted purchase formula in the model takes this into account when giving an advice on how much 

to order.  

 

3.4  Summary and conclusions 
• RGBV classifies its items based on a combination of a distribution by value analysis and an 

XYZ classification.  

• RGBV makes use of an (R, S) policy with a review period of 2 weeks. 

• The purchasing model consists of the following important steps: safety stock adjusted, 

purchase required and the adjusted purchase. The adjusted safety stock changes the initial 

safety stock values in more than 70% of times. In 65% of times this results in a lower service 

level than 95%. The purchasing department was not aware of this. 
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4  The Model 
In this chapter, the simulation model will be built. The following subjects will be discussed: the con-
ceptual model, data for the model, the warmup period, the run length, the number of replications, 
validation and verification. 

4.1  Conceptual model 
In paragraph 2.7.4 is discussed which aspects should be included in a conceptual model. In this part 
the following subjects will be discussed: the goal of the simulation, the input and output variables, 
the scope of the simulation, and the assumptions and simplifications.  

4.1.1  Goal of the simulation 
The goal of the simulation is to simulate an alternative formula for the calculation of safety stock.  

The goal of the simulation is to test whether the selected safety stock formula is a better fit for 

RGBV. The current system will be simulated and then compared with the new system to find the best 

policy. Also, with the simulation will be found out if the optimal service level mostly depends on 

holding and shortage costs, because then the classification method of (Teunter et al., 2010) will be 

recommended to RGBV.  

 

4.1.2  Input and output variables  
The input and output variables are respectively the input and output of the simulation model. The 
input values consist of two types: the fixed and the variable input. The fixed input are the parameters 
you can use. These parameters will not be changed, for instance the cost of a product or the demand 
distribution of a product. The variable input are the variables which will be experimented with. The 
model input is how the goal of the simulation is to be achieved. The output of the simulation are the 
indicators used to determine whether a change in the experimental variable has a positive or nega-
tive effect (KPI’s). The input and output variables are shown in the table 4.1.   

Table 4.1 - Input and output variables 

Input/ experimental factors Output- outcomes 

Service level Handling costs 

Different safety stock formula Shipping costs 

 Holding costs 

 Shortage cost 

 Ordering costs 

 Total costs 

 Order fill rate 

 Product fill rate 

 Average ending inventory 

 Average inventory in transit  

 

When constructing the simulation model, we should use the right input variables and output varia-
bles. The choice for the input and output variables result from conversations held with stakeholders 
from the company. The variable input and the output will be explained be, the fixed output is de-
scribed in paragraph 5.2.  

Input 

• Service level 

Service level is the expected probability of not having a stock out in your replenishment cy-

cle. The service level marks a trade-off between opportunity cost (holding costs) and the cost 
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of operation (shortage costs). Reducing you service level will reduce your holding costs, be-

cause there is less safety stock in the warehouse, but will increase the probability of hitting a 

stock out, and therefore increase your total shortage costs within a replenishment cycle. It 

vital for the performance of organizations that they get their service levels right. In this simu-

lation, we will experiment with service levels from 85 – 99 % to see which is optimal.  

• Safety stock formula 

Safety stock is an important part of inventory and can be calculated with several formulas. 

The formula which is best according to literature will be compared with their current formula 

based on the output of the simulation model to see if it would benefit RGBV. 

The output variables are chosen in a way that you can see the effect of the experimental variables. 
The following output variables have been chosen:  

Output 

• Handling costs 

Handling costs are the costs associated with getting the item in the right place, This KPI 

measures the impact of the experimental factors on the handling costs.  

 

• Shipping costs 

The shipping costs measures the impact of the experimental variables on the costs of ship-

ping an item from the supplier to RGBV.  

 

• Holding costs 

This KPI measures the impact of input variables on the cost of holding inventory in stock. 

With this output variable, the impact of inventory management parameters on the cost of 

keeping an in stock can be measured.  

 

• Shortage costs 

This output variable measures the impact of experimental variables on the cost of not imme-

diately meeting demand from stock.  

 

• Ordering costs 

This KPI measures the effect of an input variable on number of times that is ordered, and the 

costs related to this.  

 

• Total costs 

This output variable measures the impact of the experimental variables on the total costs as-

sociated with inventory. This output variable is the sum of the other cost variables and there-

fore a very important KPI.  

 

• Order fill rate 

This output variable measures what percentage of the orders is immediately fulfilled from 

inventory. The order fill rate is calculated by dividing the total number of orders immediately 

fulfilled from inventory on hand by the total number of orders.  

 

• Product fill rate level  
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This output variable measures what percentage of the items is immediately fulfilled from the 

stock on hand. The product fill rate is calculated by dividing the number of products which 

are immediately fulfilled from inventory by the total number of products.  

 

• Average ending inventory 

This output variable measures the impact of experimental input on the average inventory in 

the warehouse. This is only the inventory, which is physically in the warehouse, so the inven-

tory on the boat is not considered.  

 

• Average inventory in transit 

This KPI measures which inventory the impact of experimental variables on the average in-

ventory in transit. Which is the lead time – 4 (this is the production time for most products in 

China) times the average of the column: average end inventory + orders in transit.  

 

4.1.3  Scope of the model 
In table 4.2 will be explained which to which extend each input variable will be experimented with, 
and the reason behind this.  

Table 4.2 - Scope of the model 

Part Range Reason 

Service level  0.85 – 0.99 The general leadership of Rotork has re-
stricted the individual establishments of 
Rotork to aim for a lower service level than 
85%.   

Safety stock formula - - 

 
 

4.1.4  Limitations 
Before constructing the model, we determine the limitations which limitations are applied in the sim-
ulation model. The limitations consist of assumptions and simplifications. The difference between an 
assumption and a simplification is that with assumptions the real situation is not known exactly and 
with a simplification the real situation is often known. Assumptions are therefore often made to fill 
up gaps in knowledge (Robinson, 2014). Simplifications are made to keep the model from becoming 
too complex, enable more rapid model development and use, and to improve transparency 
(Robinson, 2014). Below the assumptions and simplifications of the model are listed.  

Assumptions: 
1. Demand is assumed to have no serial correlation. This means that the demand in week t does 

not have influence on the demand in t + 1.  

2. Lead time is assumed to have no serial correlation. This means that the lead time in week t 

does not have any influence in week t + 1.  

3. Because of the lack of data, it is to be expected that some lead times of some items do not 

follow the normal distributions according to tests, still stakeholders within the company be-

lieve that the lead time of these items are normally distributed. 

4. The mean of the lead times is compared with the lead time used in the purchasing model. 

Because of the lack of data, the lead time used in the purchasing model will be used in the 

simulation.  
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5. The standard deviation is expected to be higher or lower than the real standard deviation of 

the lead time, because the lack of data concerning the lead time performance of suppliers. 

Therefore, the minimum standard deviation of the lead time is set at one week and the maxi-

mum standard deviation of the lead time is set at two weeks.  

Simplifications: 
1. RGBV only order once every two weeks. This is almost always the case, but the inventory lev-

els are checked every week, and if they foresee a big problem, there is ordered.  

2. In the calculation of the shortage costs, the reputational cost for not meeting demand imme-

diately from inventory is not considered.  

3. The purchasing department does not change the advice that the purchasing model provides.  

 

4.2  Data for the simulation model 
As mentioned in 5.1.2 the input data consist of the experimental input and the fixed input, both are 
needed to run the simulation. The experimental input is already explained in paragraph 5.1.2. The 
fixed data will be collected in this paragraph.  

4.2.1  Demand distribution  
To make the simulation run properly, demand of the items must be generated randomly. This is done 
by making a distribution of the historical demand of the item. First a histogram is made to visualize 
the distribution of demand for the items, which can be seen on the right. An example of one of the 
histograms made can be seen in figure 5.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

To determine if the data of the historical demand follow a specific distribution, the p-value is com-
pared to the significance level. The significance level, often referred to as 𝑎 or alpha indicates the risk 
that the data do not follow the distribution. If the p-value is smaller than alpha, which is 0.05 then 
the data do not follow that distribution. If the p-value is greater than a there cannot be concluded 
that the data do not follow that distribution.  

The historical data of the demand is tested on the distributions most commonly used in simulation: 
normal, exponential, Weibull and log-normal. The red line in the middle of every graph in figure 4.2 is 
the distribution line. The blue lines are of the historical data of the demand of the product. If the dis-
tribution was a perfect fit the blue data points would be exactly on the middle red line. The other red 
lines are the boundaries of the 95% confidence interval. The distribution is a good fit if the roughly 

Figure 4.1 - Histogram of the demand of item 
7777234A06M00 
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follow a straight line and the p-value is greater than 0.05. The AD value in the table next to the graph 
is short for the Anderson-Darling statistic and it measures how the data follow the distribution. The 
lower the AD value is the better the distribution fits the data. In figure 4.2 the data of the historical 
demand of the item 7777234A06M00 has been tested against the distributions, the identification of 
the distribution of the other items can be found in appendix B. The results of the analysis can be 
found in appendix C. Because the exponential, Weibull and log-normal cannot work with 0 values, 
the values for the weeks in which demand is 0 are changed to 1. If none of these distributions match 
the historical data of the item a discrete distribution is made based on the histogram of the product. 
An example of the probability plots made for each item can be seen below. 

 

 

 

4.2.2  Lead Time distribution 
To be able to simulate the current inventory management process, the lead time distribution is 
needed.  

To determine the distribution of the lead time an analysis of the delivery performance of the Chinese 
suppliers is done. The lead time is expected to be normally distributed, to see if this expectation is 
correct a probability plot of the normal distribution is made for the selected products. The data 
which is used to make these probability plots is all data which data from June 2018 till is now, which 
is all data available about the lead time performance of suppliers. An example of a probability plot 
can be seen in figure 4.3.  For the probability plots of the lead time of all the items can be seen in Ap-
pendix D.  

 

Figure 4.2 - Probability plots of the demand of item 
7777234A06M00 
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Figure 4.3 - Probability plot of the lead time of item 7777234A06M00 

For almost all products we could not conclude that the data does not follow a normal distribution 
with a significance level of 5%. According to the probability plots made, just for four products it could 
be concluded that the lead time is not normally distributed. The reason for this could be the lack of 
data, because RGBV tracks the delivery performance of the suppliers for a relatively short time.  

4.2.3  Average weekly demand and standard deviation 
The average weekly demand and standard deviation of products is needed to calculate the order up 
to level point of the company and the safety stock levels of the base model. The average weekly de-
mand and standard deviation of the items is calculated with data of historical demand of one year.  

4.2.4  Inventory cost 
In this chapter the costs associated with inventory management will be calculated. The following 

costs will be used as fixed input: Holding costs per item, shortage costs per item, shipping costs per 

item, handling costs per item and ordering costs per item. The holding, shortage, shipping, handling 

and total costs over one run length are output of the simulation model.  

 

Holding costs 
The holding costs are the sum of the opportunity cost and the occupancy costs. The opportunity 
costs represent the benefits that the company is missing out on. In this case, it means that every 
euro spend on inventory is a euro which will not yield interest. The occupancy costs are the costs 
which are associated with the space by items held in storage. Information about the average interest 
rate in 2019 can be found in table 4.3. 

 

The occupancy costs are calculated by dividing the yearly cost of the warehouse by the number of 

pallets in the warehouse. To get the occupancy costs per week per item we divide this by 52 and the 

number of items that fit in one pallet. The costs of the warehouse, the number of pallets which fit in 

the warehouse can be found in table 4.3.  
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The opportunity cost is calculated with the following formula: 

 

𝑂𝑝𝑝𝑜𝑟𝑡𝑢𝑛𝑖𝑡𝑦 𝑐𝑜𝑠𝑡

= (𝑝𝑟𝑖𝑐𝑒 𝑖𝑡𝑒𝑚 + 𝑠ℎ𝑖𝑝𝑝𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 + ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 + 𝑜𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦 𝑐𝑜𝑠𝑡)

∗ 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 

 

Table 4.3 - Information for the calculation of holding costs 

 
 

 

Because the calculation of the holding costs requires some time, a calculation is made to give the 
holding costs as a percentage of the unit costs. The holding costs are divided by the unit costs and 
multiplied by 100%. The average holding costs as a percentage of the unit price is taken, this resulted 
in an outcome of 0.37%. The holding costs per week can now easily be calculated by multiplying the 
price of an item by 0.37%. This calculation can be seen in table 4.4.  

Table 4.4 - Calculation holding costs as a percentage of the part costs 

 
 

Shortage costs 
The shortage costs are the costs that are associated with having a stock out. When a stock out occurs 

an emergency order will be placed, and this order will be brought by plane. The costs of an order per 

plane depends on the weight of the shipment. RGBV pays €3.50 per kilogram for an emergency flight. 
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The shortage costs of an item are calculated by multiplying the costs per kilogram and the weight of a 

product. The costs per kilogram when an emergency flight is needed can be found in table 4.5. 

 

Table 4.5 - Information for the calculation of shortage costs 

 
 

Shipping costs 
The shipping costs are the costs of shipping an item. These costs consist of the transportation by boat 
and on the import rates of an item.  

The shipping cost per pallet are calculated by dividing the total shipping costs of 2018 by the total 
pallets shipped in 2018. The shipping costs per item can be obtained by dividing the shipping costs 
per item by the number of items that fit on that pallet. Lastly the corresponding import rates of an 
item are multiplied with the shipping costs per item to get the total shipping costs of an item. In table 
4.6 the information which is used to calculate the shipping costs is given.  

Table 4.6 - Information for the calculation of shipping costs 

 

Handling costs 
Handling costs are the cost associated with getting the item in the right place. In this case this means 
unloading the container in the right place, transporting the items from the bulk storage to the right 
storage, and getting the necessary paperwork done. Unloading the container and getting the paper-
work done takes about 2 hours (120 minutes). The container consists of 30 pallets, so it takes on av-
erage 4 minutes to unload one pallet and do the paperwork. Driving a pallet from the bulk storage to 
the right storage place for an item takes about 1.2 minutes. This results in a total time of 5.2 minutes 
to handle one pallet. The employee which handles this process earns €35 per hour. This results in a 
total cost per pallet of €3.03. In table 4.4 the information which is used to calculate the handling 
costs is given.  

Table 4.7 - Information for calculation of handling costs 

 

Ordering costs 
Many costs with placing an order do not depend on the size of the order, these costs are called the  
Ordering and setup costs. An example of ordering and setup costs is the paperwork and billing which 
are associated when placing an order, these are costs that are there no matter how big the order is. 
Also, the time employees spend on how much they should order costs money. The combination of 
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time an employee spends on determining how much to order and the paperwork forms the total 
ordering costs.  
 
The purchasing employee looked in the system and saw that he did around 300 orders in four hours. 
The employee also earns €40 euro per hour, which means that the fixed ordering cost are: 
 

4 ℎ𝑜𝑢𝑟𝑠

300 𝑜𝑟𝑑𝑒𝑟𝑠
∗ €40 = €0.53 

 
As mentioned in paragraph 3.2, three employees from the purchasing department go through all the 
products individually which takes them 1 to 1.5 days. The hourly wages are €40, and their workday is 
7.5 hours per day, excluding the breaks. When the order they order on average around 300 products. 
This results in a fixed ordering cost of: 
 

3 ∗ (1 + 1,5) ∗ 0,5 ∗ 7,5 ∗ 40

300
+ €0.53 = €4.28 

 

Total costs 
The total cost of inventory is a factor of many different costs. In this research, it will be the sum of 
the: holding costs, shortage costs, shipping costs and handling costs and ordering costs. The total 
cost will be the most important output variable of the simulation.  

 

4.3  Implemented simulation model 
In the following chapter the explanation of the implemented simulation model will be given. The fol-
lowing topics will be covered: the software used, second the way the items can be selected in the 
simulation model, the steps taken by the simulation model and the calculation of the output varia-
bles.   

To make the simulation run, a code must be written. The programming langue in which this code is 
written is Visual Basic. The choice fell on this programming language because the author has experi-
ence with it, and because this way the code is easily executed in Excel, and Excel is widely used 
within RGBV.  

4.3.2  Item selection 
Figure 4.4 shows the product selection screen of the model. An item can be selected in the Combo 
box next to “item”. When the desired item is selected, the corresponding information of the item will 
appear automatically. The given information is linked with the simulation.  
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Figure 4.4 - Product selection screen of the model 

 

4.3.3  Steps taken by the simulation  
When the desired item is selected, the simulation can be used. This can be done by pressing the “Run 
Simulation” button, which is displayed in figure 5.5.  

 

    
                             

 

 

 

Figure 4.6 shows the ordering process of the simulation and the steps that the model takes during 
the ordering process are given through 1-14 below.  

Figure 4.5 - Start simulation 
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Figure 4.6 - The ordering process of the simulation 

 

Steps 1 to 7 of the ordering process of the simulation: 

1. Begin inventory 

The begin inventory in week t is the end inventory of week t-1. For instance, in week t -1 the 

end inventory for item 7777234A06M00 is 473, so the begin inventory in week t is also 473. 

2. Units received 

Units received in week t are the units that have arrived in week t. For instance, in week t, 219 

units have arrived.  

3. Available units 

The available units in week t are the begin inventory in week t plus the units received in week 

t. So, for example for item 7777234A06M00, the available units in week t are 473 + 219 = 692. 

4. Demand 

The Demand is drawn randomly from the distribution belonging to the item. The demand for 

item 7777234A06M00 in week t is 31 units.  

5. Demand filled 

Demand filled is the minimum of available units and the demand. If the demand is higher 

than the inventory level of an item, they can only fulfil a part of the demand with the availa-

ble units. Because the available units are bigger than the demand in week t, the demand 

which is fulfilled is the demand, which is 31 units.  

6. End inventory 

The End inventory is available units minus the demand filled, so in week t the end inventory 

is 692 – 31 = 661. 

7. Stock out 

The stock out is demand filled minus demand. In week t the demand which was filled was the 

same as the demand, so there was no stock out. 

 

Steps 1,2,3,4 and 6 can be given as inventory balanced equations. With a balance equation, the left 
side of the equation must be same value as the right-hand side of the equation. The inventory bal-
ance equation can be given by the following formula: 

𝐵𝑒𝑔𝑖𝑛 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦𝑡 + 𝑈𝑛𝑖𝑡𝑠 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑𝑡 − 𝐷𝑒𝑚𝑎𝑛𝑑𝑡 =  𝐸𝑛𝑑 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦𝑡+1 

𝑊𝑖𝑡ℎ, 
𝐵𝑒𝑔𝑖𝑛 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 ≥ 0 
𝑈𝑛𝑖𝑡𝑠 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 ≥ 0 

𝐷𝑒𝑚𝑎𝑛𝑑 ≥ 0 
𝐸𝑛𝑑 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 ≥ 0 
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The inventory levels cannot be below zero because, in case of a stock out an emergency order is 
done, and the items are delivered by plane. To visualize the balance equation figure 4.7 is made 
which can be seen below.  

 

Figure 4.7 - Visualization of the inventory balance equation 

Step 8 to 14 of the ordering process of the simulation: 

8. End inventory + orders in transit  

End inventory + orders in transit in week t are the end inventory of week t plus the orders 

that were ordered before week t but have not arrived yet. As mentioned in step 7, the end 

inventory in week t is 661. In week t there are 292 items underway to RGBV, so end inven-

tory + orders in transit for week t is: 661 + 292 = 953. 

9. End inventory + orders in transit – safety stock 

End inventory + orders in transit – safety stock in week X is made to see whether to order, 

and if it is necessary to order how much should be ordered. The number of items that are 

kept in safety stock for the item 7777234A06M00 are 308 items, therefor the value of end 

inventory + orders in transit – safety stock in week t is: 953 – 308 = 645. 

10. Place order 

The value in place order in week t can be either a “Yes” or a “No”.  If there was an order 

placed in week t - 1, the value of Place order in week X will always be “No”. If there is no or-

der placed in week t - 1, the model looks if the forecasted demand is higher than the end in-

ventory + orders in transit – safety stock. If this is the case an order will be placed. There is 

no order placed in week t – 1. The forecasted demand is 701, which is higher than 645. So, an 

order will be placed in week t, and the value in “Place order” in week t will be “Yes”. 

11. Quantity needed 

If the value in Place order in week t is “Yes”, the quantity needed in week t is calculated by 

subtracting the end inventory – orders in transit – safety stock of the forecasted demand. 

The forecasted demand is 701, and the end inventory + orders in transit – safety stock = 645, 

so the quantity which is needed is: 701 – 645 = 56. 

12. Quantity ordered  

The quantity ordered is the quantity needed adjusted for the order multiple of the item. The 

order multiple of item 7777234A06M00 is 73, and the quantity needed in week t is 56. Be-

cause of the order multiple 73 units will be ordered in week t.  

13. Lead time 
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The lead time is drawn randomly from the distribution belonging to the item. The lead time 

in week t is 13 weeks.  

14. Arrive in week 

The week in which the order arrives is Week t + the lead time. The lead time in week t is 13 

weeks, so the order will arrive in week t + 13.  

 

4.3.4 Calculation of the output  
In this part, will be explained how the output is calculated. Fist the costs per week will be explained 
then the output of the simulation. The costs per week are calculated with the following formulas: 

• 𝐻𝑎𝑛𝑑𝑙𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑋 = 𝐶𝑜𝑠𝑡 𝑜𝑓 ℎ𝑎𝑛𝑑𝑙𝑖𝑛𝑔 𝑖𝑡𝑒𝑚 𝑋 ∗ 𝑈𝑛𝑖𝑡𝑠 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑋 

• 𝑆ℎ𝑖𝑝𝑝𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑋 = 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑠ℎ𝑖𝑝𝑝𝑖𝑛𝑔 𝑖𝑡𝑒𝑚 𝑋 ∗ 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑟𝑑𝑒𝑟𝑒𝑑 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑋 

• 𝑆ℎ𝑜𝑟𝑡𝑎𝑔𝑒 𝑐𝑜𝑠𝑡𝑠 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑋 = 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑠ℎ𝑜𝑟𝑡𝑎𝑔𝑒 𝑓𝑜𝑟 𝑖𝑡𝑒𝑚 𝑋 ∗ 𝑆𝑡𝑜𝑐𝑘 𝑜𝑢𝑡 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑋 

• 𝐻𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑋 = 𝐶𝑜𝑠𝑡 𝑜𝑓 ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑖𝑡𝑒𝑚 𝑋 ∗ 𝐸𝑛𝑑 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑋 

• 𝑂𝑟𝑑𝑒𝑟𝑖𝑛𝑔  𝑐𝑜𝑠𝑡𝑠 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑋 = 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑖𝑛𝑔  

• 𝑇𝑜𝑡𝑎𝑙  𝑐𝑜𝑠𝑡𝑠 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑋 = 𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑐𝑜𝑠𝑡𝑠 𝑖𝑛 𝑤𝑒𝑒𝑘 𝑋 

 

The ordering costs in week X only occur if an order is placed in week X, if no order is placed in week X 
the ordering costs are 0. When the costs per week are calculated, the output variables can be 
calculated. All output variabels related to costs can be calculated by taking the sum of its associated 
costs. For instance, the output variabele handling costs is the sum of all handling costs per week. The 
other output variables are calculated by the follwing formulas: 

 

• 𝑂𝑟𝑑𝑒𝑟 𝑓𝑖𝑙𝑙 𝑟𝑎𝑡𝑒 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠 𝑖𝑚𝑚𝑒𝑑𝑖𝑎𝑡𝑙𝑦 𝑓𝑢𝑙𝑓𝑖𝑙𝑙𝑒𝑑 𝑓𝑟𝑜𝑚 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠
 

• 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑓𝑖𝑙𝑙 𝑟𝑎𝑡𝑒 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑡𝑒𝑚𝑠 𝑖𝑚𝑚𝑒𝑑𝑖𝑎𝑡𝑙𝑦 𝑓𝑢𝑙𝑓𝑖𝑙𝑙𝑒𝑑 𝑓𝑟𝑜𝑚 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦

𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 𝑖𝑛 𝑖𝑡𝑒𝑚𝑠
 

• 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑛𝑑 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 =
𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑒𝑛𝑑 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦

𝑅𝑢𝑛 𝑙𝑒𝑛𝑔𝑡ℎ
 

• 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑖𝑛 𝑡𝑟𝑎𝑛𝑠𝑖𝑡 =
𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑖𝑛 𝑡𝑟𝑎𝑛𝑠𝑖𝑡

𝑅𝑢𝑛 𝑙𝑒𝑛𝑔𝑡ℎ
 

 

As mentioned, this is the output for one replication, if multiple replications are performed, the aver-
age of the output of the replications is taken as the output of one experiment. The number of repli-
cations will be determined in the next chapter.  

4.5  Warm up time, run length and replications 
Before experimenting, it is important to know the time when you start keeping track of the statistics, 
how often the simulation should be running and for how long it should run. To determine this, it is 
important to know what type of output data we are dealing with. There are four types of output: 
Nonterminating & steady state, Non-Terminating & steady state cycles, Non-terminating & transient, 
terminating & transient. With non-terminating output data, the initial values of a simulation run 
should not be taken into account, with a terminating simulation they should be taken into account. 
The figure below displays the different kinds of output types. 
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Figure 4.8 - Types of output for simulations 

 
In figure 4.9 can be seen that we are dealing with a non-terminating & steady state output in this re-
search. Because of this a warmup period for the model must be determined, this will be done in the 
next chapter. 

 
Figure 4.9 - Total cost of item 7777234A06M00 for 100 weeks 

 

4.5.1  Warm up period 
The warmup period indicates the time after which it is relevant to keep track of the results of the 
simulation. When starting the simulation, there are no products in stock. This gives high total costs 
for the first weeks because there are extremely high shortage costs, because no demand can be met. 
This will be the case until the first delivery arrives.  

There are several ways to calculate the warm-up period, Time-Series Inspection method (Robinson, 
2014) will be used in this study. With this method, the time series or a key output is plotted. The first 
time when the line in the graph looks consistent is the end of the warmup period. The problem with 
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inspecting a time series or a single run is that the data can be very noisy and so it is difficult to spot 
any initialization bias. It is better, therefore, if a series or replications are run and the mean averages 
or those replications for each period are plotted on a time series (Robinson, 2014). That is why the 
average total cost per week of 10 replications is used, the result can be seen in figure 4.10. After 16 
weeks, the outcome appears to be in a steady state, at this point the data does not seem consistently 
higher or lower than their ‘normal’ level. According to the time series method the warmup period 
can be set at 16 weeks. But to be sure and not make sure there is no doubt about the quality of the 
research, the warmup period is set at 20 weeks.  
 

 

Figure 4.10 - Results from 10 replications of the total costs of item 7777234A06M00 

4.5.2  Run Length and replications 
The aim with both the run length and the number of replications is to ensure that enough output 
data is obtained from the simulation to estimate the model performance. The rule of thumb for the 
number of replications is that at least three to five replications should be performed (Law & 
McComas, 1990). Because in this simulation it takes relatively more time to perform multiple replica-
tions than to make the run length longer, we will make the run length so long that, according to the 
theory, 3 replications are justified.  

There are different methods for calculating the number of replications required. These are: the rule 
of thumb (Law & McComas, 1990), the graphical method and the confidence interval method. Be-
cause the graphical method and confidence interval method use the output data from the model to 
draw a conclusion about the number of replications required, they are preferred to the rule of thumb 
(Robinson, 2014). The graphical approach is used in this research because it is a good method and 
less time consuming then the confidence interval method. 

With this method the cumulative mean of the output data is plotted from a series of replications 
(Robinson, 2014). As more replications are performed the graph should become a flat line. The num-
ber of replications that is required to obtain that flat line, is the number of replications required to 
obtain enough output data to estimate the model performance. Performing more replications would 
only give marginal improvement, but will increase the process time of the simulation, and is there-
fore not optimal. The simulation was run 5 times with a run length of 1020 weeks. The cumulative 
mean of the mean total cost of a simulation was plotted. The result can be seen in the graph below. 
According to the graphical method the minimal number of replications is 3, see figure 4.11. Theoreti-
cally the number of replications required should be analysed for every experiment performed. In 
practice the number of replications analysis and then applied to all experiments.  
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Figure 4.11 - Graphical method: plot of cumulative mean of total cost of item 7777234A06M00 

 

4.4  Validation and verification 
As mentioned in paragraph 3.3.5, model validation is determining if the model is a representative 
representation of the real situation and model verification is determining if the simulation model is a 
sufficient representation of the conceptual model.  

4.4.1  Data validation 
Data are a very important element when making a simulation model and a potential source of inac-
curacy. That is why there has been consultation with management about the data used during this 
research. The assumptions and simplifications that were made were also made in consultation with 
the management. The used data can therefore be considered as valid. 

4.4.2  White box validation and verification 
In white-box validation, each component is viewed separately to see if it sufficiently matches reality, 
to achieve the goal of the simulation. The same is done for verification, only for the conceptual 
model. Although verification and white-box validation are conceptually different, they are often 
treated together. White-box validation and verification are both performed continuously throughout 
the model coding and they are both micro checks of the content (Robinson, 2014). Robinson lists 
three important methods of verification and white-box validation: Checking the code, visual checks 
and inspecting the output reports.  

During coding, there is always looked critically to see whether the steps taken were logical. Also, an 
explanation has been given for every piece of code, so that the logic and purpose of the code is not 
forgotten. Every piece of code has also been written out in a worksheet so that the values that the 
model provided could be checked and the model is often been stopped at every step so that the next 
value that the model would produce could be predicted. During coding, it is regularly checked 
whether the simulation model produced logical output values.  
 

4.4.3  Black box validation and verification  
In black box validation, the overall behaviour of the model is considered. This can be done by com-
paring the simulation with the real system.  For this reason, the simulation model is compared with 
the reality of the following components: Demand with Weibull distribution, demand with exponen-
tial distribution, demand with discrete distribution and lead time distribution.  
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The historical demand of the items below has been compared with the demand generated by the 
simulation. The average values of 3 replications for a run length of 1020 weeks have been taken. The 
same has been done for the standard deviation of the demand. The results can be seen in table 4.8. 

Table 4.8 - Comparison real demand with demand generated by the simulation 

 

When we compare the values of the demand distribution, we can see an average deviation from the 
historical demand of 1.41% and an average deviation from the historical standard deviation of 4.04%. 
We conclude that the behaviour of the demand distribution is sufficient for the purpose at hand.  

The average mean and standard deviation of 3 replications with a run length of 1040 weeks have 
been compared to the average historical lead time and standard deviation, the results can be seen in 
table 4.9.  
 
Table 4.9 - Comparison real lead time with lead time generated by the simulation 

 

The expected lead time and the lead time generated by the simulation differ with 1.69% and the ex-
pected standard deviation and the standard deviation generated by the simulation differ with 0.37%. 
We conclude that the lead times generated by the simulation are sufficient for the simulation. Be-
cause all lead times are normally distributed, the historical lead time and the generated lead time is 
compared once. 

The average historical end inventory of the item GB10000 is compared in table 4.10. The end inven-
tory is taken from every month for a time of two years, with this data the average is calculated. The 
average historical end inventory is 1214. As you can see in the base model, the average end inven-
tory of the model for the item GB10000 is 1298.   

Table 4.10 - Comparison average historical end inventory and average end inventory from simulation. 

 
The difference between the average historical end inventory and the average end inventory from the 
simulation can be explained by the fact that the decisions of the purchasing department cannot be 
included in the model. The purchasing department usually does not adhere to the model’s recom-
mended inventory levels. They usually use lower inventory levels than the model indicates. This ex-
plains the difference between the end inventory of the simulation and the real inventory.  
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When looking at appendix I, the service level that leads to the lowest cost of an item GB10000 is 
92%. Based on experience, the purchasing department had kept lower inventory levels then the pur-
chasing model advices. From this comparison can be concluded that the inventory levels which the 
purchasing department thinks are correct correspond to what the simulation indicates as the correct 
inventory level.  

The goal of the simulation is to get insight in the impact of service level and safety stock formula, and 
to see which result in the lowest total cost. Based on the data validation, white box validation and 
black box validation we conclude that the simulation model is valid.  

4.5  Sensitivity analysis 
In sensitivity analysis the consequences of changes in model inputs are assessed, in his context model 
inputs are interpreted more generally than just experimental factors and include all model data 
(Robinson, 2014). The main approach in performing a sensitivity analysis is to vary the model inputs, 
and to run the simulation and record the outputs. If the gradient is steep then the output is sensitive 
to the input and if the gradient is shallow the output is insensitive to the input (Robinson, 2014).  

 

4.5.1  Sensitivity analysis on lead times 
It is not within the scope of this research to look for alternative suppliers, but it is still interesting to 
know for the model user, and the company to know what the impact of lead time is on the output of 
the model. Therefore a sensitivity analysis is performed for the items 7777234A06M00 and 
7777600D03911. These items are chosen randomly. The impact of lead time on the total cost is plot-
ted in graphs. In figure 4.12 the result can be seen for item 7777234A06M00 and in figure 4.13 that 
of item 7777600D03911. In both figures the gradient is steep, so it can be concluded that the total 
costs are sensitive to the input of the lead times. The impact of the lead time on all the output is 
given in Appendix F. Because the same shipping cost per item is used, the model gives the same ship-
ping costs per item for all lead times. These shipping costs are a big part of the total cost of inven-
tory. It is very hard to know the impact of the lead times on the shipping costs, because no alterna-
tives are known. Still we came up with an approximation, just to give a bit of an estimate of the lead 
time on shipping costs: 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 2 = 𝑇𝑜𝑡𝑜𝑙 𝑐𝑜𝑠𝑡 − 𝑠ℎ𝑖𝑝𝑝𝑖𝑛𝑔 𝑐𝑜𝑠𝑡 +
𝑆ℎ𝑖𝑝𝑝𝑖𝑛𝑔 𝑐𝑜𝑠𝑡

(13 − 𝐿𝑒𝑎𝑑 𝑡𝑖𝑚𝑒)
  

So, the total cost line in the graph is the impact of lead time on with the same shipping costs and the 
total cost 2 line is made with use of the formula which is given above. It is to be noted that lead time 
variability has not been taken account in performing this sensitivity analysis. Because in this research 
all lead times are normally distributed, this can result in negative lead times when experimenting 
with the lower lead times.  
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Figure 4.12 - Sensitivity analysis of the input lead time on the output total cost of item 
7777234A06M00 

 

 

Figure 4.13 - Sensitivity analysis of the input lead time on the output total cost of item 
7777600D03911 

  

4.5.2  Sensitivity analysis on service level  
A sensitivity analysis has been performed on the service levels has been performed, with the results 
shown in figure 4.14 and figure 4.15. The gradient is steep in both figures, so it can be concluded that 
the total costs are sensitive to the input of the lead times 
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Figure 4.14 - Sensitivity analysis of the input service on the output total cost of item 7777234A06M00 

 

Figure 4.15 - Sensitivity analysis of the input service on the output total cost of item 7777600D03911 
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5  Interventions  
In this chapter there will be experimented with the simulation model. First the base model is given, 
second an example of the output generated by the simulation model, third the results are given and 
last, the order up to level values for the interventions are given.  

5.1  Base model 
In the table 5.1 the output of the base model is given. The base model are the values which corre-
spond to the current situation are given. The values are the averages of 3 replications, with a run 
length of 1015 weeks.  

Table 5.1 - Base model 

 

 

5.2  Output 
Table 5.2 and figure 5.1 provide an example of how the output is represented. The table shows all 
outputs and the graph shows the total costs against a service level. This output is generated with the 
new safety stock formula. To see the output of all items see appendix J.  
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Table 5.2 - Output simulation of item 10DN00M050M00 

 
 

 

Figure 5.1 - Total cost plotted against service level 

Because item 10DN00M050M00 is a very heavy item the shortage cost are a lot higher. This is 
because if a shortage occurs RGBV places an emergency order per plane. The costs of these ergency 
orders are paid per kilogram. Item 10DN00M050M00 is one of the heavier items of RGBV, which 
results in higher shortage costs.  
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5.3  Results 
5.3.1  Cost related results 
We define using the safety stock formula 2.2 as intervention 1. The service level used with 
intervention 1 is the same as the service level used in the base model. Intervention 2 makes use of  
the new safety stock formula, and using a service level between 85% and 99% which leads to the 
lowest total cost. 

The most important results are shown in table 5.3. The first column gives the item, and the second 
column the costs associated with the base model. These are the costs that the company incurs in the 
current situation, for a period of 1020 weeks. The third column indicaties how much costs the 
company would incur with intervention 1. Column four gives the difference between the costs made 
in the current situation and the costs made with intervention 1. The sum of the difference is shown 
in bold at the bottom of the column.  

Column 5 shows the amount of costs that the company would incur if they would use intervention 2. 
Column 6 indicates the difference between costs of intervention 2 and the costs incurrend in the 
current situation. The sum of this difference is shown in bold in the bottom of the column. To see the 
handling, shipping, shortage, holding and ordering costs of 1the interventions see appendix I 

Table 5.3 - Results of the experimentation on total costs 

 

So, using the new safety stock formula would result in a reduction of costs of €37,133 for 22 items 
over a period of 1020 weeks. Because the items chosen are a mix of different types of class A items, 
we can estimate the total cost saving if this formula were used for all a class items. In total there are 
195 class A items. So, the total cost saving for all class A items is given by the following calculation: 

𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑠𝑡𝑠 𝑖𝑛 1020 𝑤𝑒𝑒𝑘𝑠 =
€37,133

22
∗ 195 = €329,133 
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This results in a saving of the following amount of costs per year: 

𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑠𝑡𝑠 𝑖𝑛 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 =
€329,133

1020
∗ 52 = €16,779 

As you can see in the calculation above the new safety stock formula would result in a cost reduction 
of €16,779 per year, and this is only for the class A items. If the the new safety stock formula would 
be used for all products it is very likely that this would result in lower costs as well. With intervention 
2, a cost reduction of €100,686 could be made. This would be a cost reduction for all class A products 
of: 

𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑠𝑡𝑠 𝑖𝑛 1020 𝑤𝑒𝑒𝑘𝑠 =
€100,686

22
∗ 195 = €892,444 

This results in a saving of the following amount of costs per year: 

𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑠𝑡𝑠 𝑖𝑛 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 =
€892,444

1020
∗ 52 = €45,497 

It is likely that the total cost saving would be more, but it is not possible to estimate this because 
experiments have only been carried out with the A class items.  
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5.3.2  Non cost related results 
In table 5.4 the non-cost related output for intervention 1 is given. Column 1 gives the selected 
items, column 2 the average order fill rate for an item over the run length, column 3 the average 
product fill rate. The average ending inventory is given in column 4 and the average inventory is 
given in column 5.  

Table 5.4 - Non-cost-related output intervention 1 

 

The differences between the non-cost related output of the base model and intervention 1 will be 
discussed below. The first output that we will look at is the order fill rate. The order fill rate has in-
creased by: 

0.9897 − 0.9843

0.9843
∗ 100% = 0.55 % = 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑜𝑟𝑑𝑒𝑟 𝑓𝑖𝑙𝑙 𝑟𝑎𝑡𝑒 

Then we will look at the product fill rate. The order fill rate has increased by: 

0.9890 − 0.9835

0.9835
∗ 100% = 0.60% = 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑓𝑖𝑙𝑙 𝑟𝑎𝑡𝑒 

The average end inventory has increased with: 

16407 − 15641

15641
∗ 100% = 4,90% =  𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑛𝑑 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 

The average orders in transit have increased with: 

14248 − 14213

14213
∗ 100% = 0.25% =  𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑖𝑛 𝑡𝑟𝑎𝑛𝑠𝑖𝑡 

The average inventory position has increased with: 
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(16407 + 14213) − (15641 + 14213)

(15641 + 14213)
∗ 100% = 2.57%

=  𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 

The increase in the order en product fill rate can be explained by the fact that the new safety stock 
formula takes lead time varibility into account. Because the formula takes this into account, the 
chance that a stock out occurs decreases and therefore the product availability increases. The 
increase in inventory kept can be explained by the fact that extra safety stock is kept.  

Table 5.5 - Non-cost-related output intervention 2 

 

As you can see in table 5.5, for some items it is better to have a lower service level and for some 
items a high service level is better. The reason of this is the difference in holding and shortage costs 
of the items. A more extensive explanation of this is given in chapter 5.3.3. 

The differences between the non-cost related output of the base model and intervention 2 will be 
calculated below. The first output that we will look at is the order fill rate.  

The order fill rate has increased by: 

0.9927 − 0.9835

0.9835
∗ 100% = 0.94% = 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑜𝑟𝑑𝑒𝑟 𝑓𝑖𝑙𝑙 𝑟𝑎𝑡𝑒 

Then we will look at the product fill rate. The order fill rate has increased by: 

0.9941 − 0.9843

0.9843
∗ 100% = 1,00 % = 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑓𝑖𝑙𝑙 𝑟𝑎𝑡𝑒 

The average end inventory has decreased with: 
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15283 − 15641

15641
∗ 100% = 2,3% =  𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑛𝑑 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 

The average orders in transit have decreased with: 

14332 − 14213

14213
∗ 100% = 0.83% =  𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑖𝑛 𝑡𝑟𝑎𝑛𝑠𝑖𝑡 

The average inventory position has decreased with: 

(15283 + 14332) − (15641 + 14213)

(15641 + 14213)
∗ 100% = 0.8%

=  𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 

The increase in product availability can be explained by the fact that the extra safety stock is kept, 
because the new safety stock formula takes lead time variability into account. The decrease of aver-
age inventory position is because of the different service levels. Because the service level selected, 
on average less inventory is kept.   

 

5.3.3  Order up to level point 
The order up to level points are calculated with formula 2.6. The order quantity required can then be 
calculated by taking the order up to level and subtracting the inventory position of an item. This is 
the amount that they then need to order every two weeks.  

Table 5.6 - Order up to level points intervention 1 

 

In the last column the order up to level point S is given. This is the amount to which the inventory 
level should be raise every review interval. The other columns are given to give the reader more in-
sight into where the order up to level point comes from. For instance, item GB10000 has a high order 
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up to level point. This can be explained by the other columns, item GB10000 also has a high safety 
stock level and a high average demand.  

 

Table 5.7 -Order up to level points intervention 2 

 

In the last column the order up to level point S is given. This is the amount to which the inventory 
level should be raise every review interval. In the second column the service level which results in the 
lowest total cost of inventory is given. The other columns are given to give the reader more insight 

into where the order up to level point comes from.  



59 
 

5.3.3  Influence service level on partial costs 
The experiments showed that the handling, shipping and ordering costs remain fairly constant with 
different service levels. However, the service level has a major impact on holding and shortage costs. 
To illustrate this, the costs of inventory for the items 10DN00M050M00 and AB-133-L-1 are plotted 
in figure 5.4 and 5.5. It can be concluded that optimal service level mostly depends on holding and 
shortage costs. This is in line with the inventory classification of (Teunter et al., 2010), where the 
shortage and holding costs are vital factors for the determination of the service level. 

Also, it was noticed that heavy items have lower costs with a high service level. This is because when 
there is a shortage, the products are urgently transported by plane, and the costs made by these 
emergency planes are per kilogram. As a result, the stock out costs for heavier products are a lot 
higher than the costs for lighter products, while the holding costs are not necessarily higher for heav-
ier products because they mainly depend on the price of the item. It appears from the experiments 
that, for heavy products, it is therefore better to use a high service level.  

 

Figure 5.4 - Cost of inventory for item 10DN00M050M00 

  

 

Figure 5.5 - Cost of inventory for item AB-133-L-1 
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6  Conclusions and recommendations  
In this chapter, the conclusions and recommendations of the research will be presented. Besides 
that, a critical discussion will be made about this thesis. The conclusion will give an answer to the 
main question of the research:  

How can RGBV reduce the total cost of inventory by improving the inventory management of safety 

stock of the A class product range? 

 

Based on the results an answer to the research question can be given. The research proves that the 

inventory costs can be reduced by making use of an new safety stock formula which takes lead time 

into account. The research also shows that the classification of items based on costs will lower the 

total costs of inventory. If the new safety stock formula and new classification method would be 

used, the company would get the cost reduction of intervention 2, which is €45,497 per year. This is 

only the cost reduction of the class A items, if these methods would be used for all items the cost 

reduction would be much higher. The details of the interventions are given in chapter 6.1. 

 

6.1  Conclusion 
The following conclusions can be drawn based on the simulation model: 

Intervention 1 
• Over the run length (1020 weeks) of the model, the sum of the costs of 22 items will de-

crease by €37,133. The handling costs increase with €40, the shipping costs increase with 

€1065, the shortage costs decrease with €65,013, the holding costs increase with €26,719 

and the ordering costs increase with €57. 

• Intervention 1 will lead to a cost reduction of approximately €16,779 per year, if it were im-

plemented for all A class items. If the intervention for would be used for all items, the cost 

reduction would be much higher.  

• Product availability increases. The order fill rate increases by 0.55% and the product fill rate 

by 0.60%. 

• On average more stock is kept. The average inventory stored in the warehouse will increase 

by 4.90% and the average inventory in transit to RGBV will increase by 0.25%. The inventory 

position of RGBV will increase by 2.57%.  

 

Intervention 2 
• Over the run length of the model, the costs for 22 products will decrease by €100,686. The 

handling costs increase with €127, the shipping costs increase with €2309, the shortage costs 

decrease with €136,813, the holding costs increase with €33,791 and the ordering costs de-

crease with €100. 

• Intervention 2 will lead to a cost reduction of approximately €45,497 per year, if it were im-

plemented for all A class items. If the intervention for would be used for all items, the cost 

reduction would be a lot higher.  

• Product availability increases. The order fill rate increases by 0.94% and the product fill rate 

by 1.00%.  

• On average less tock is kept. The average inventory stored in the warehouse will decrease 

with 2.3% and the average inventory in transit tor RGBV will increase by 0.83%. The inven-

tory position of RGBV will decrease by 0.83%.  
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• If the service level is changed, the total costs change, in particular due to the changes in 

shortage and holding costs. The handling, shipping and ordering costs remain fairly constant.  

 

So both interventions will lead to a cost reduction, although the cost reduction of intervention 2 is 
much higher. It is to be noticed that these cost reductions are only the cost reductions for using 
these methods for the class A items. If these interventions were used on all items, the cost reduction 
would be much higher. With both interventions the product availability increases, although the prod-
uct availability of intervention 2 increases more. This means that with both interventions more de-
mand is filled immediately from stock on hand. With intervention 1 on average more stock is kept, 
this is because on average more safety stock is kept. With intervention 2 less stock is kept, this is due 
to the fact that the service levels of the items vary more, resulting in lower total average safety stock 
level. It is noticed that if the service level is changed, the total costs change, mostly due the changes 
of the shortage and holding costs.  

 

6.2  Recommendations 
To reduce the total costs of inventory we give the following recommendations: 

• Changing the current safety stock calculation in safety stock formula 2.2. The experiments 

prove that the new safety stock formula outperforms the current safety stock formula. 

• Changing the current classification method in the classification method of (Teunter et al., 

2010). (Teunter et al., 2010) proves that it outperforms the other classification methods. 

Also, RGBV now acquire methods to calculate inventory management costs, so it is feasible 

to use this method. If this classification method is used, they will approximately save the 

costs of intervention 2.  

• Make use of performance indicators. For instance, the order fill rate and product fill rate are 

not used. These are very important indicators in how well a company is performing. Also, 

they can provide insight in the impact of inventory management related decisions.  

• Conduct a research regarding the forecasting methods of RGBV. For instance, RGBV does not 

yet know if demand of their items depends on the season.  
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6.3  Discussion 
In this section, a discussion will be made about the potential shortcomings of this research. 

6.3.1  Impact of purchasing department  
The decisions that the purchasing department takes are not included in this research. This is not pos-
sible because they make decisions based on experience and gut feeling, and that cannot be mod-
elled. However, it is a simplification that has major consequences for the inventory levels of the 
items. This is because the purchasing department does not follow the majority of the end advices of 
the purchasing model regarding the safety stock and advice what to order exactly. This means that 
the values of the base model will not exactly match reality.  

6.3.1  Validation  
It is very important to validate a simulation model with real world data. However, due to the lack of 
data regarding the output of the model, this was very difficult. The model could not be validated 
based on total costs, order fill rate, or product fill rate. This is because RGBV does not keep track of 
this data. They do not keep track of when they were out of stock. They also do not keep track of any 
costs related to inventory management because RGBV did not yet have any methods for calculating 
inventory management costs.  

6.4  Contribution to practice 
The main goal of this research was to reduce the costs of inventory by improving inventory manage-
ment. In this research, the current situation has been analysed and the decisions made by the model 
and formulas used by the model have clearly mapped in this thesis. In addition, RGBV did not yet 
have a method for calculating costs related to inventory management. There were no methods avail-
able to calculate the handling, shipping, shortage, holding and ordering costs. During this research, 
methods have been developed to calculate these costs. In addition to these contributions, both inter-
ventions also save significant costs and both interventions improve the product availability of the 
products. With these interventions a new safety stock level is calculated as well as a new order up to 
level point. The company can use this order up to level point when deciding how much should be or-
dered.   
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Appendix A – Gantt chart thesis planning 
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Appendix B – Distribution tables of actual service levels 
Appendix B1- Distribution table service level all items 
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Appendix B2 – Distribution table service levels of class A items 
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Appendix C: Items selected by the company 
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Appendix D – Demand distribution analysis 
Item GB100000 
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item 10DN00M050M00 
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Item 44D0600C18001  
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Item 44EZ200000000 
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Item 50E0400000010 
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Item AB-00285-L-3 
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Item A0158716000A4 
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Item  44BZ200000005 
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Item  162C002600000 
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Item 22F0Z10000001 
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Item 270F000000000 
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Item PR-00099-3 
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Item AB-00133-L-1 
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Item 44CZ200000000 
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Item AB-02749-1 
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Item 21U4Z10000006 
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Item 7777600D03911 
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Item 22E2000K00002 
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Item 24U1600327000 
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Item H0PS01212DPC0 
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Item H0SG03015DPC0 
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Appendix E – Demand Distributions items 

C1 -  Items with Weibull distribution 

 

C2 -  Items with an exponential distribution  

 

C3 - Items with a discrete distribution 
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Appendix F – Lead time distribution analysis  
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Appendix G - Lead time distribution 
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Appendix H – Sensitivity analysis tables 
 
output sensitivity analysis of the lead time of item 7777234A06M00 

 
 

Output sensitivity analysis of the lead time of item 7777600D03911 

  



97 
 

Appendix I – Costs of interventions 

Appendix I1 - Output costs intervention 1 
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Appendix I2 - Output costs intervention 2 
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Appendix J – Output per item 
Item GB10000  
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Item PR-99-3 
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Item AB-2749-1 
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Item 24 U1600327000 
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Item H0PS01212DPC0 
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Item H0SG03015DPC0 

 

 

 


