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Abstract  
This master thesis project is executed at Royal Friesland Campina N.V. plant Nuenen which is a multi-

purpose batch plant that produces cream products in a make-to-order environment. 

FrieslandCampina plant Nuenen needs to get more insight in the potential capacity and the 

utilization degree of the current manufacturing process,  the possible investment options regarding 

the factory configuration, and the improvement opportunities in planning decisions. In order to 

provide these insights, a simulation model of the cream production process is created in this 

research. Multiple “what-if” scenarios are simulated and analyzed according to defined KPIs via an 

iterative process. It is found that improvement in the configuration of the factory can be obtained by 

increasing the flowrate of the pasteurizers with 50%, which increases the productivity with 8%. 

Furthermore, improvements can be obtained by changing the production schedule in such a way 

that the orders are balanced over the pasteurizers and the waiting times are decreased, which 

obtains an improvement of 25% in productivity.  
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Management Summary 
The research for this master thesis is executed at Royal FrieslandCampina N.V. plant Nuenen (FCN), 

which is a multi-purpose batch plant that produces cream products in a make-to-order environment. 

Due to confidentiality guidelines, the data described in this thesis is scaled and at some points graph 

axes details are left out.  

Problem definition  

Currently, only 50% of the theoretical capacity of the pasteurizers in the factory op plant Nuenen is 

used. The fact that this theoretical capacity differs much from the used capacity, raises questions. 

FrieslandCampina does not have insights in the actual capacity of the current configuration. 

Therefore, and to prevent unsatisfied customers due to late or short delivery, to optimize the 

capacity, and to consider different investment options, FrieslandCampina plant Nuenen needs to get 

more insight in: 

• The potential capacity and the utilization degree of the current manufacturing process 

• The possible investment options regarding the factory configuration 

• The improvement opportunities in planning decisions 
 
The main research question derived from the problem statement is: 

How could the cream production process of FrieslandCampina plant Nuenen be organized to 

improve its productivity and utilization? 

For this research the scope is set on the three cream pasteurization lines since 86% of the total 

volume is produced on these three lines 

Research design 

From literature is derived that building a simulation model is a suitable method to answer the 

research question and to provide more insights in the process. To create the simulation model, the 

current process, the configuration, and the restrictions are analyzed. The processes involved and 

analyzed are the production process, which contains a production and a filling part, and the planning 

process. The simulation model is created in Arena software an multiple “what-if” scenarios regarding 

the capacity and planning are evaluated in order to gain insights in improvements in the 

configuration. Scenario 1, the base scenario, represents the current configuration of the process and 

the other “what-if” scenarios are compared to the base scenario. As can be seen in Figure 1, at first 

scenarios 2 to 7 were designed in phase two, after evaluation of these scenarios, scenario 8 to 10 

were deigned and in the third phase, scenario 11 and the specified scenario 7 are designed in phase 

four.  
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Figure 1: Overview of created scenarios per phase 

 

The model provides output data form which multiple KPIs are calculated for each scenario. At first, 

scenario one, the current configuration, and later the other scenarios are evaluated on the following 

KPIs:  

1. Average total production hours  

2. Average total filling hours 

3. Total waiting times of equipment 

a. mix tanks 

b. buffer tanks 

4. Production efficiency of the equipment (%) 

a. mix tanks 

b. buffer tanks 

c. filling machines 

5. Average waiting times of production orders  

6. Average waiting times of filling orders 

7. Total man hours 

After the results of the “what-if” scenarios are evaluated, additional scenarios were created and 

evaluated.  

Results 

The current configuration is evaluated first and is used as base case to compare the other scenarios 

with. The productivity of the factory, the Utilization Degree (UD), and the Production Effectivity 

(PE%) of the equipment is calculated by the following formulas:  

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝐾𝑔 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟) =  
𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 (𝑘𝑔)

𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑘𝑒 𝑠𝑝𝑎𝑛 (ℎ𝑜𝑢𝑟𝑠)
 (1) 

𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑔𝑟𝑒𝑒 (%) =  
𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝑖𝑠 𝑐𝑙𝑎𝑖𝑚𝑒𝑑 (ℎ𝑜𝑢𝑟𝑠)

𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑘𝑒 𝑠𝑝𝑎𝑛 (ℎ𝑜𝑢𝑟𝑠)
∗ 100% (2) 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%) =
𝑇𝑜𝑡𝑎𝑙 ℎ𝑜𝑢𝑟𝑠 𝑡ℎ𝑒 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑖𝑠 𝑎𝑑𝑑𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 (ℎ𝑜𝑢𝑟𝑠)

𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑘𝑒 𝑠𝑝𝑎𝑛 (ℎ𝑜𝑢𝑟𝑠)
∗ 100% (3) 

The PE% represents the percentage of the total make span that the machine is effectively adding 

value to the product.  

Figure 2 provides an overview of the evaluated and compared scenarios per sub section of the result 

section. At first, the base scenario is evaluated. This figure provides an overview of the evaluated 

Phase 1

Scenario 1: Base 
case

Phase 2
S2:  2 FM/BT

S3: 2 PAST

S4: larger BT

S5: sequence

S6: increase flow rate
S7: 5% extra volume 

best scenarios

Phase 3
S8:  2 FM/BT and 
increase flow rate

S9: 2 FM/BT and  2 
PAST

S10: increase flow 
rate of PS2

Phase 4
Specified S7: S6 
and S8 with 5% 
extra volume

S11: Reduced 
waiting times 

BT315
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scenarios per sub-section(part). The color of the scenario block represents the level of improvement 

compared to the base scenario and to the other evaluated scenarios.  

Figure 2: Overview of the scenario comparison and improvement per sub-section 

 

The results show that the smaller buffer tanks have a lower PE% and UD than the larger tanks. For 

the mix tanks, the results show that on average, the mix tanks of pasteurizer two, have the highest 

PE% and UD. Results show that on average, pasteurizer two produces the largest volume of all 

pasteurizers, this explains why T101 and T102 have the largest PE% and UD. It is stated by Knessl and 

Tier (1998) and by Schweitzer and Serazzi (1993) that the machine with the largest busy/idle ratio is 

considered as the bottleneck. Furthermore, Wang et al. (2005) state that another way to define the 

bottleneck is to find the machine whose throughput mostly affects the overall process throughput. 

From the derived results, it is concluded that the bottleneck in the current configuration are the 

pasteurizers. An overview of the comparison of the proposed “what-if” scenarios on the defined KPIs 

is given in Figure 3. 

Figure 3: overview of KPI values per scenario 
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KPIs 1, 2, 3a, 3b, 5, and 7 are set out on the primary axis (on the left) and KPIs 4a, 4b, 4c, and 6 are 

set out on the secondary axis (on the right).  In Figure 3 it can be seen that overall the scenarios 2,3, 

and 6 score the best on the measured KPIs, these scenarios are further investigated. As a result of 

this, it is decided to design two more scenarios, scenario 8 and 9 which are combinations of the 

scenarios that scored the best on the measured KPIs. Scenario 8 is a combination of scenario 2 and 

6, and scenario 9 is a combination of scenario 2 and 3. The results of the newly designed scenarios 

are compared to the base scenario and scenario 2,3, and 6. From this comparison it is concluded 

that scenarios 6 and 8 have the overall best score for the defined KPIs, with an increase of 8% on the 

productivity. Based in this result, one extra scenario, scenario 10, is designed and evaluated. From 

the results of this evaluation is concluded that the scenario 6 and 8 score the overall best on the 

defined KPIs, nevertheless scenario 10 is also an improvement compared to the base scenario, with 

an increase of 5% on the productivity.  

Furthermore, scenario 7 is simulated in which the best performing scenarios, 6 and 8, are simulated 

with a 5% higher volume. It can be concluded that the make span for the production part and the 

filling part increases with on average 4%. The smaller buffer tanks are used less, since the run sizes 

are larger and do not fit in the small buffer tanks and the number of man hours increases with on 

average 4%.  

Lastly, derived from the results of the scenario evaluations, it is expected that changes in the 

schedule can improve the values of the measured KPIs. Especially a decrease of the waiting times 

per order, since the restriction of BT315 can be taken into account when creating the schedule, and 

a decrease of the total make span, because the orders can be divided more equally over the 

pasteurizers. This will also increase the utilization degree. One extra scenario is simulated in which 

the schedule is changed in such a way that the restriction of a required buffer tank is taken into 

account and in which the orders are equally divided over the pasteurizers. Results from testing this 

hypothesis are that the total operating hours decreased with 19,77% for the production part and 

with 19,72% for the filling part. And that the utilization degree of the buffer tank increases on 

average with 35%. The average waiting time per order decreased with 34%, and the productivity 

increased with 25%. 

Conclusion and recommendations 

After analyzing the current situation and running the multiple “what-if” scenarios, it can be 

concluded that the bottleneck of the current configuration are the pasteurizers. Furthermore, from 

the large average waiting times per order and the reasons for waiting, a hypothesis regarding the 

production schedule is derived. From the results of testing this hypothesis can be concluded that 

scheduling the orders differently, could improve the productivity with 25% and reduce the waiting 

times per order with about 34% 

From the calculated utilization degree of the buffer tanks can be concluded that the smaller buffer 

tanks have a lower utilization degree. This is due to the fact that most of the run sizes are larger than 

the volumes of the small buffer tanks. It is expected that the small buffer tanks will have a higher 

utilization degree when the volumes of some runs decrease, and availability of the larger buffer 

tanks will increase which can result in reduction of the waiting times for orders that need a large 

buffer tank.  

Furthermore, from the scenario comparison it is concluded that scenario 6 and 8 score the best on 

the defined KPIs. In both these scenarios the flowrate of the pasteurizer is increased with 50%.  From 
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the results of scenario 8 and 6, one more scenario is generated, scenario 10, in which only 

pasteurizer two has an increased flow of 50%. Scenario 6 and 8 score the best on the measured KPIs, 

increase of 8%  of the productivity, and scenario 10 is an improvement as well, with 5% increase in 

productivity. Therefore, improvements that could be made in the configuration are increasing the 

flowrate of the pasteurizers either for all or for several, or using two filling machines on one buffer 

tank in combination with the increased flowrates for the pasteurizers.  

Figure 4 provides an overview of the level of improvement compared to the base scenario and the 

other scenarios. The colors show the level of improvement, it is concluded that all the tested 

scenarios are am improvement of the base scenario when looking at the defined KPIs. 

Figure 4: Overview of the level of improvement compared to the base scenario 

 
Figure 5 provides an overview of the average production time per product for the current situation 

in the first timeline, and for scenario 6 in the second timeline. As can be seen, an average product in 

scenario 6 is finished 23% faster than in the base case.  

Figure 5: Average production time for a product in a. the base scenario, b. scenario 6 
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As can be derived from the results, the configuration will improve the most when changing the 

production schedule in such a way that the waiting times will decrease and the utilization degree of 

the pasteurizers increases. This can be executed by dividing the orders more equally over the three 

pasteurizer and by separating the orders with a required buffer tank. It is recommended to set up a 

team that specifies all the requirements to enable this improvement. When FCN wants to invest in 

the configuration of the production process, this study recommends to do this by increasing the 

flowrates of the pasteurizers. FCN can start with at first increasing the flowrate of pasteurizer two 

with 50% and in the future by increasing the flowrates of all pasteurizers. To reduce the man hours 

needed, the configuration should be changed to using two filling machines for emptying one buffer 

tank. On top of that, when changing the configuration, even more improvements can be made by 

changing the schedule such that the average waiting time per order is reduced and the orders are 

equally divided over the three pasteurizers.   
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1. Company description 
This section of the thesis provides background information about FrieslandCampina, plant Nuenen, 

and the processes relevant for this study. This contains the production process, the filling process 

and the planning process performed at plant Nuenen. 

1.1 Koninklijke FrieslandCampina N.V.  
This study is conducted at Royal FrieslandCampina N.V., that came to its formation after multiple 

merges and acquisitions took place in the field. Only two big dairy firms were left in the Dutch 

market: Campina and Royal Friesland Foods. Both companies merged in 2009 which resulted in one 

of today’s world’s leading dairy companies; Royal FrieslandCampina N.V. In 2018 FrieslandCampina 

had a yearly revenue of 11.6 billion euros, branches in 34 countries, 23,769 employees, and export 

to more than 100 countries, this endorsing their leading character. FrieslandCampina is fully owned 

by 18,261 member dairy farmers in the Netherlands, Germany and Belgium who are grouped in 

“Zuivelcoöperatie FrieslandCampina U.A.”. FrieslandCampina operates in four business groups, each 

group serves its own market with its own products. The four business groups that can be 

distinguished are: FrieslandCampina Consumer Dairy, FrieslandCampina Specialized Nutrition, 

FrieslandCampina Dairy Essentials, and FrieslandCampina Ingredients 

1.2 FrieslandCampina plant Nuenen 
This research is performed at Koninklijke FrieslandCampina N.V., business group Consumer Dairy at 

Plant Nuenen. The products produced at FCN are cream products mainly for industrial customers, so 

business-to-business (b2b). Products produced in this plant can be divided in two segments. The first 

segment contains bakery and savory cream, cream based on emulsions, and cream alternatives. The 

second segment contains whipped cream, gratin, blends, fillings, and crème patisserie. Most of the 

products are customer specific and have a short shelf life, which results in the fact that over 90% of 

the products are produced after the order is received, this process is called make-to-order. Lin and 

Floudas (2001) state that in multipurpose batch plants a wide variety of products could be produced 

via different processing recipes by sharing available pieces of equipment, raw materials and 

intermediates, utilities and production time resources. Hence, it can be concluded that 

FrieslandCampina plant Nuenen is a multipurpose batch plant.  The products produced in the plant 

have a limited shelf life of 10–25 days (fresh) or are UHT products which have an extended shelf life. 

The make-to-order environment in combination with the short shelf life of the products results in 

the fact that over 90% of the raw materials flow through the plant within one week. Since the 

production environment is make-to-order, there is a large collection of different recipes produced 

per shift. The orders consist of production orders and fill orders, also called the customer orders. 

Different customer orders containing the same recipe can be combined to one production order.  
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1.3 The Factory 
In the factory of FCN a wide range of products is produced. All products are produced on the seven 

production lines that the factory possesses. The production process is split into two parts: (1) the 

“make” part, and (2) the filling part. Line 1,2, and 3 are the pasteurization lines on which 86% of the 

production volume is produced. Furthermore, the factory has two high viscous lines and two UHT-

lines (pasteurization under Ultra High Temperature). All these lines are connected to filling machines 

of the filling part of the process. The complete configuration of the factory can be found in Appendix 

E.  Figure 6 provides an overview of the production lines in the plant, the green part of the figure 

shows which production lines and connected filling machines are in the scope of this research and 

the red part of the figure shows which production lines and filling machines are outside the scope. 

The filling machines connected to the three pasteurization lines are inside the scope. The reason 

that the pasteurization lines are inside the scope and the other lines are outside is because 86% of 

the production volume is produced on these three pasteurization lines.  

The factory is operating 24 hours a day, five days a week, with three eight hours shifts of twelve 

operators. Six operators work at the manufacturing side and six work at the filling side. The 

configuration of the factory is complex, since the factory grew over the years and is expanded with 

different tanks and machines. Figure 7 provides an overview of the factory configuration with line 

1,2, and 3 in the scope. As can be seen in Figure 7, the raw materials cream, sugar, fats and milk are 

stored in storage tanks, these tanks are linked to the three pasteurization lines. Nevertheless, the 

resources can be used by only one production line at the same time, since there is only one duct 

flowing from the tanks. All three production lines are connected to all 8 buffer tanks. The buffer 

tanks are connected to filling machines, as can be seen in Figure 7, buffer tanks 3.11 to 3.17 can be 

connected to filling machines 3.61 to 3.64. Buffer tanks 3.16 to 3.18 can be connected to filling 

machine 3.65. Which buffer tank and which filling machine is used, depends on the characteristics of 

the product order, the batch size and availability, since the buffer tanks have different sizes and 

some other features. For example, buffer tank 3.15 is able to push the product out under pressure, 

which makes this buffer tank suitable for high viscous products. Characteristics of the equipment will 

be described in the section 1.5, the planning methods, since these characteristics form planning 

restrictions that the schedulers need to take into account when scheduling the next production plan. 

Pasteurization 
line 1

•Buffertanks 
3.11-3.18

•Filling 
Machines 3.61-
3.65

•Relo

Pasteurization 
line 2

•Buffertanks 
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Figure 6: Overview of the production lines at Plant Nuenen and the scope of the research 
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Figure 7: Current configuration of the factory 

 

 

1.4 The production process 
The production system of FCN can be defined as multi-purpose batch production. The focus of this 

research is on the pasteurization lines 1,2, and 3. These lines have a similar way of operating which is 

described in Figure 8. This scheme shows the global production process on the pasteurization lines. 

At first, the raw materials have to be mixed according to the product recipe. When the recipe 

preparation is completed, the product will be pasteurized and homogenized. After that, the product 

is finished and is stored in a buffer tank. From the buffer tank, the end product flows to the filling 

machines and can be put into the requested customer container.  

Figure 8: overview of the production process 

 

The layout of the three pasteurization lines differs a little bit, Figure 9 shows the product flow of 

production line 2. Four cream storage tanks can supply cream to each of the production lines. The 

raw materials: sugar, milk, fats, and powders are added to the product via a circulation system. The 

milk is added from one of the two milk tanks, the sugar from the sugar tank and the fats from the fat 

tanks, each of these tanks can supply all seven production lines. As can be observed in Figure 9, the 
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process is as follows: At first, the dissolve tank will be filled with either water or cream or a 

combination of both, depending on the recipe. The dissolve tank is also called the mix tank, which 

will be the name in the model designed in this research. When the dissolve tank is filled with the 

right amount of water and cream, the substance will be circulated through the circulation system 

and the sugar and powders, milk, and fats will be added during the circulation. When the substance 

is mixed well, it will be pumped back into the dissolve tank. After that the product flows through the 

pasteurizer and homogenizer. There are eight buffer tanks in which the produced product can be 

stored before it flows to the filling machines. These buffer tanks are linked to the three 

pasteurization lines. The product is now produced and can either be stored in a buffer tank or 

immediately tapped into the tank truck or via a swing bend immediately into consumer containers. 

This last option is only possible for line 2 and in the future this might also be possible for line 3. At 

line 1, the product is either stored in a buffer tank before it can be tapped in the right container for 

the customer or is pumped directly from the pasteurizer into a tank truck.  

Figure 9: Product flow when producing on line 2 
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Product Product Product Product
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On production lines 1 to 3, about 120 different recipes are produced. None of the production lines is 

similar, and they all have unique characteristics which results in the fact that some products have a 

required production line.  
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1.5 Production planning method 
The department “Detailed scheduling”(DS) develops a production planning on a daily basis with a 

horizon of 24 hours. Creating the new planning for the day takes about three hours and the new 

planning schedule is handed over to the production around 03:00PM on the same day. 90% of the 

orders are produced according the make-to-order principle and mostly in batch runs ranging from 

3000KG to 25000KG. The short time horizon and the “A-to-C-principle” result in the fact that 

deadlines are crucial to fulfill the customer agreements. The A-to-C-principle can be defined as 

follows: day A is for ordering, day B is for producing and day C is for delivering to the customer. The 

schedule has fixed producing days per recipe. There are day-orders and week-orders. Large orders or 

orders with complex products which take a longer time to produce have to be ordered before 

Wednesday in week X, the order will then be scheduled for production in week X+1. Customers are 

aware of this rule, so they will order in time. For the daily orders, customers can order their product 

before 11:00AM on day A.   

The orders are received at the CSO department, they are in touch with the customers and try to 

combine several orders to determine the right run size for a recipe. There is a minimum run size, 

when the volume of the orders is below this minimum run size, the order is  either (1) delayed by 

one week, (2) the customers are asked to increase their order volume, or (3) other potential 

customers for the product are asked to order the product to produce on the planned day. CSO 

department releases the production orders at 11:59AM on day A. Then the DS department starts 

scheduling for the next 24 hours. There are many planning restrictions that the DS department 

needs to take in account when making the new planning, some of them are secured in the planning 

system but the majority is the specific knowledge and experience of the planner. Some global 

examples of planning restrictions are:  

• Cleaning of the lines after certain recipes 

• Cleaning of the lines after a certain time 

• Available operators 

• Available resources 

• Capacity restrictions of the machines 

• Batch sizes 
 

Another aspect that is taken into account when making the schedule is the recipe restrictions, as 

explained in the previous section, about 120 different recipes have to be produced on the 

pasteurization lines 1 to 3. None of the production lines is similar, and they all have unique 

characteristics which results in the fact that several products have a required production line.   
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2. Problem introduction 
Currently, only 50% of the theoretical capacity of the pasteurizers in the factory is used. The fact that 

this theoretical capacity differs much from the capacity used, raises questions. The problem 

statement will be further explained in section 2.1. 

2.1 Problem statement 
The previous chapter describes the relevant processes for this research performed at 

FrieslandCampina plant Nuenen. The production process of the products is not that complex, 

however, the current configuration of the process, the small batch sizes, and the production 

restrictions make the planning and scheduling of the production a challenging process. This 

complexity makes it difficult to determine the actual production capacity, especially since the 

demand volume and -mix have increased considerably. FrieslandCampina wants to improve the 

factory to gain more efficiency. To prevent unsatisfied customers due to late or short delivery, to 

optimize the capacity, and to consider different investment options, FrieslandCampina plant Nuenen 

needs to get more insight in: 

• The potential capacity and the utilization degree of the current manufacturing process 

• The possible investment options regarding the factory configuration 

• The improvement opportunities in planning decisions 
 

The insight in the potential capacity and utilization degree of the current manufacturing process will 

be useful for FrieslandCampina to map the current bottlenecks and identify improvement options, as 

well as determining improvements for the configuration.  

The insight in the effects of possible investment options will be essential for FrieslandCampina to 

make a well-considered decision when executing investments. This insight will as well be an input for 

determining an improved configuration and increasing the capacity. 

It is fundamental for FrieslandCampina to get insights in the effectivity of their planning to show 

possible capacity change options. It is crucial for FrieslandCampina to know how the current 

planning uses the current capacity. Determination of the optimal configuration cannot be based on a 

non-optimal planning method. But the quantity ordered by the customer may deviate from the 

optimal batch size from a production perspective resulting in sub-optimization of the plant. This is 

stated by Birewar and Grossmann (1989) and others who state the importance of incorporating the 

optimal planning and scheduling decisions into the design decision.  

It can be concluded that FrieslandCampina wants quantitative insight in: 

• The utilization of the current capacity of the factory 

• The effect of investment decisions on the productivity of the factory 

• The effect of planning decisions on the productivity of the factory 
 

Figure 10 shows an overview of the problem of FCN.  
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Figure 10: Overview of the problem 
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2.2 Research questions 
This section provides an overview of the research questions to be solved in this research. The section 

provides the main question and the sub-research questions as well as the research objectives asked 

for by FCN.    

Main Research Question 

The main research question can be defined as follows: 

How can the cream production process of FrieslandCampina plant Nuenen be organized to 

improve its productivity and utilization? 

Research Questions  

Besides the main research question, several additional research questions are added to contribute in 

solving the main question: 

1. What is the current configuration of the process? 
2. How can the productivity and utilization degree be defined to deliver the maximum amount 

of relevant information for FrieslandCampina plant Nuenen?  
3. What is the current state of the utilization degree and the productivity? 
4. What are the bottlenecks of the current process in several different scenarios?  
5. What insights from the literature can be gained that could lead to improvements in the 

scheduling process?  
6. What improvements could be made in the configuration taking into account the answers on 

the previous research questions.  
7. What improvements could be made in the sequencing of the mix of products to gain the 

higher productivity and utilization degree? 
8. What improvements could be made regarding the batch size to gain the higher productivity 

and utilization degree? 
9. How perform the improved scenarios with an increased volume of 5%? 

 

Research Objectives 
The research objectives that follow from the research questions are: 

• Analysis of resource capacity and demand  
• Analysis of sources of uncertainty 
• Analysis of the bottlenecks 
• Development of a model for the simulation that includes the sources of uncertainty  
• Testing whether the current and possible future capacity can handle the current and future 

mix  
• Validating the method of scheduling and identify potential improvement options  
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Scope 
As stated above, this research is conducted at FrieslandCampina plant Nuenen. Section 3.1 gives an 

overview of the problem FCN is dealing with. In order to provide solutions for this problem a scope is 

defined. The research will be performed in the production process executed on pasteurization lines 

1,2, and 3, since 86% of the total volume is produced on these three lines. Re-pasteurization is out of 

scope since this process varies every day and does not impact the process time. For the production 

process, the scope of this project starts at the storage tanks of the raw materials, and ends at the 

filling machines, which contains all the equipment visible in Figure 7. After the filling process the 

scope ends, availability of the different packaging materials is outside the scope, since providing the 

packaging materials is a different process. The type of packaging material in inside the scope since 

this is different for every customer order and influences the processing time of the filling process. 

Resources that are involved in the production process such as the cleaning system (CIP system) and 

the cream dosing system are taken inside the scope since they influence the productivity of the 

production process and are a limited utility. Nevertheless, some of these resources are shared. In 

this research these resources such as the CIP installation and the cream doser are assumed to be 

fully available for the equipment of the studied process. For the CIP installation this is assumed since 

the main equipment of the investigated process does not share the CIP installation with other 

equipment outside the scope. For the cream doser this assumption is made since the production 

lines outside the scope of this research only use the cream doser once a week and this can be timed 

in such a way that the other production lines do not have a delay of it. Resources as operators and 

raw materials are considered unlimited in this study, the number of operators needed will be an 

outcome variable in order to define the capacity possibilities of the factory equipment. The work 

shifts are set and will stay the way they are now, three 8 hour shifts a day, five days a week. 

Maintenance is outside the scope since this takes place during the weekends in which the factory is 

not operating. Contamination is not taken into account because when a product has to be 

reproduced, the plan is rescheduled which is doable because of the flexibility of the factory. Mostly 

these remakes are done at the same day. The cost prices and salaries are out of scope since this 

information is too confidential.  

2.3 Literature review 
For this research different literature related to capacity management has been evaluated. Several 

methodologies for the measurement of productivity for manufacturing systems are discussed in the 

literature review performed for the study. Four different types of methodologies were evaluated: (1) 

Operation research based methods, (2) system-analysis based methods, (3) continuous 

improvement methods, and (4) performance metrics-based methods (Muthiah and Huang, 

2006)(Singh and Singh, 2012).  

Link to the thesis 
In order to gain the requested insights for this study, different methods for answering the main 

question are evaluated. Not all the evaluated methods fit the situation at FCN. The system-analyzed 

based methods are not evaluated in detail since these methods are not designed to facilitate 

productivity measurement and analysis, these methods focus on the availability of the 

unit/equipment, which does not cover all the questions that need to be answered for the proposed 

thesis. The performance metrics-based methods answer the questions proposed in the thesis but do 

not fit the complexity of the factory. These methods can be applied when used in combination with 

simulation, as proposed by Huang et al. (2003). The continuous improvement methods evaluated in 

this review are applicable to the research questions proposed in the thesis, but these methods are 
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not able to deal with the complexity of this particular factory and its processes. The operation 

research methods proposed in this review are mathematical modelling methods which lead to the 

deepest understanding of the behavior of the manufacturing systems. PERT/CPM, linear 

programming and simulation are the most common used methods. Simulation methods have the 

feature to provide a direct improvement method as well as an support decision tool (Muthiah and 

Huang, 2006). Simulation models provide a way of experimenting with the current model of an 

organizational system in order to understand its behavior under different of scenarios (Greasley, 

2017). Manufacturing simulation models could perfectly be used to reduce the risk of failure when 

implementing innovations and significant changes in the existing manufacturing systems (Kikolski, 

2016). Hosseinpour and Hajihosseini (2009) present in their article a list of issues that are addressed 

to by simulation. This list contains all the issues posed in the problem statement of this thesis. Hillier 

and Lieberman (2001) state that simulation ranks very high among the most widely used of these 

techniques. Because the tool is flexible, powerful and intuitive, the method continuing to rapidly 

grow in popularity.  

Potential contribution to scientific literature 

Research gap 
Capacity management, determination and improvement are a widely interesting topic for 

manufacturers and many different methodologies can be used. Nevertheless, no articles were found 

that are similar to the problem and situation at FCN. For this study, a complex process and 

configuration are investigated, the products are produced in a make-to-order environment in a 

multi-purpose batch plant and the products produced at FCN have a short shelve-life. As reviewed in 

the sections above, most of the methodologies found in the literature are not fully applicable in this 

situation. According to the review, the best suiting methodology found in the literature is simulation. 

Simulation is widely used in different areas of manufacturing, in the literature simulation is used for 

complex configuration, nevertheless the literature does not describe a simulation model 

implemented at a dairy factory with a make-to-order environment and a multi-purpose batch plant. 

For this research a new simulation model needs to be developed to answer the research questions 

of this study, this will be a contribution to the existing literature since no literature can be found 

applicable to this situation.  

Potential Contribution 

Following on the problem stated in this proposal and the literature found on the topic, the potential 

contribution to the literature that will be made is: 

• The development of a novel simulation model applicable to the situation at FCN, and this 
the model is able to: 

- Evaluate the effect of investment options and planning changes 

- Evaluate different scenarios with the simulation tool 
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3. Research design 
In this section of the report, an overview is shown of how the research of this research is performed 

and which methodologies have been followed to answer the research questions.  

3.1 Research methods 
The model of Kempen and Keizer (2000) can be used as support for academic advisory studies, 

therefore this method is used as a guideline in this study. The method of Kempen and Keizer (2000) 

consists of three phases: orientation-, analysis & design- and implementation phase. Figure 11 

provides an overview of the method used in this study.  

 

Figure 11; structure of the study 

 

The three phases described by Kempen and Keizer (2000) will be further explained.  

Orientation phase 

The first phase in the method is the orientation phase, this phase was used to get basic insights in 

the production process of cream products at FCN. The company background, the production 

process, and the planning process were described to gain insight in the complexity of the problem. In 

this phase the initial problem was stated and the issues behind the problem were discussed in order 

to define a clear research question. Different methodologies to solve the research questions have 

been searched for in literature and the advantages and disadvantages were summed up. The process 

was visualized by figures to get a clearer understanding of the process. The suitable operation 

research based methodology was selected according to the literature review performed for this 

research. Since the process is complex and there is no insight in the current state of productivity and 

utilization, and possible improvement options have to be proposed, the most suitable operation 

research method for this research is simulation.  

Analysis and design 

The second phase, after gaining insights in the processes and the problem in phase one, provides an 

in-depth analysis to identify bottlenecks and opportunities.  

The process has been analyzed in order to establish the necessary understanding for a clear problem 

analysis and solution development. The main questions to be answered by this analysis were: 

• What is asked for by the customers? 

• How does FCN produce this? 

• When does FCN do this? 
 

These “what, how and when” questions can be mapped on the demand, production and planning 

process of FrieslandCampina plant Nuenen. Figure 12 provides a visual overview of this. 

Orientation
Analysis & 

Design
Implementation
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Figure 12: Analyzed processes of FrieslandCampina plant Nuenen 

 

The demand and the capacity of the current process were analyzed in order to use as input for the 

simulation. The capacity is analyzed and restrictions were found. In this phase, a design for the 

simulation model in a simulation tool has been developed. This is done according the methodology 

of Greasley (2017). To test the designed simulation and to find opportunities for capacity 

improvements, cyclic planning is designed based on the existing planning and the planning 

restrictions 

Methodology of developing a simulation model 

A difficult issue when modelling a complex manufacturing system is defining the appropriate level of 

the model details. These decisions were made before the model was built. The different levels of 

usage described in Greasley (2017) are: (1) problem definition, (2) demonstration, (3) scenarios, and 

(4) ongoing decision support.  

The different stages of the model design that are performed in the study are described below in 

Table 1. These stages are based on the methodology described by Greasley (2017). 

Table 1: stages of model design 

Stage Stage description 

1 Study objectives 

2 Data collection and process mapping 

3 Modelling input data 

4 Building the model 

5 Validation and verification 

6 Experimentation and analysis 

7 Implementation 

 

Stage one is defining the study objectives. Specific research objectives were derived to create a guide 

to the data needs of the model, to define the scope of the study, to define the level of modelling and 

to define the required experimentation analysis. These objectives were refined until the input and 

output variables were specified. The research questions and objectives of this research are described 

What

• Demand
Product orders; 
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Planning and 
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heuristics
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in section 2 of this report. Once the research objectives were defined, the scope and the level of 

detail were defined.  

In stage two the required data for the model building was specified. In this stage the source of the 

data was identified as well as its form and the employees that can provide the information. During 

this stage, a process map was created to define which processes should be mapped. The defined 

data of this stage is further explained in section 4 of this thesis.  

Stage three is about modelling the input data. The type of statistical analysis was specified for the 

modelling input variables.  

In stage four the model was built in the chosen simulation software package. This choice is also 

made in this stage and can be found in section 4.2 of this thesis.  

Stage five is about validation and verification of the model. It was analyzed after the constructed 

model provided a valid representation of the production process. Verification ensures that the 

constructed model is a representation of the process map. Validation was used to ensure that the 

assumptions made in the constructed model are acceptable.  

The next two stages are covered by the implementation section of the structure of Kempen and 

Keizer (2000). 

Implementation 

The stages six and seven of Greasleys (2017) methodology are covered by the implementation phase 

of Kempen and Keizer (2000). In this phase, stage six; experimentations and analysis, were 

performed on the model, the effects of changes in the input variables on the output variables were 

analyzed. The simulation tool has been used to evaluate the different configurations, planning mix 

and batch sizes and other “what-if”- scenarios regarding the capacity of the factory. These scenarios 

conforming the research questions were tested and analyzed. In this stage the research questions 

were answered. 

The last stage is about documenting and presenting the results and recommendations in this thesis.  
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3.2 Data collection 
To perform the research following the methodology structure described in the section above, data 

has been collected in several stages. Collecting data is one of the most important and also 

challenging aspects of the simulation modelling process. The output data is only useful and accurate 

when the input data is collected and analyzed in a proper way.  

The data required for stage one of the methodology of Greasley (2017) is data to define the research 

objectives as detailed as possible. To do this, conversations with stakeholders took place. 

Stakeholders who were involved in these conversations are the plant manager, the supply chain 

manager, the production manager, the logistic engineer, and the schedulers. This data was gained 

and combined to derive clear research questions and objectives. This information has also been 

crucial for defining the scope of the research. 

At first, the process, the demand, and the resource capacity were analyzed, data was collected to do 

so. Characteristics of the process and the machinery were gathered as well as information about the 

customer orders, such as their frequency and volume. For data collection and process mapping, 

most of the used data for this study was gathered. The required data for this study is split into two 

sections: 

• Logic data required for the process map 

- Process routing 

- Decision points 

• Additional data required for the simulation model 

- Processing times 

- Resource availability 

- Demand pattern/production schedule 

- Process layout 
 

Data was gathered from different sources; (1) historical records, (2) observations, (3) interviews, and 

from the (4) process owner. In the historical records, diagrams, schedules, and schematics were 

found. Time studies and walkthroughs were gathered by observations and interviews with the 

process owner. Different processing steps were defined via interviews and processing times and 

process characteristics were found at the process engineer or were gathered by observation.  

Data from historical records was found in the databases used at FCN, these programs are SAP, 

Wonderware and OMP. The observations took place in the factory at the production lines and the 

filling machines. Furthermore, interviews were held with the operators as well as the process 

engineer for information about the process and the machines. The plant manager was interviewed 

for the vision and ideas of the future investments and DS department and CSO department were 

interviewed for information about their processes: scheduling and order acceptance. The DS 

department and operators provided data about the process restrictions. The process owner 

provided information about the machinery and process characteristics. For the base scenario and 

the “what-if” scenario, five weeks are used to test the scenarios. The weeks used are: 
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• week 49 2018: a week with large volume 

• week 9 2019: a week with a large number of rescheduled orders 

• week 31 2019: a regular week 

• week 35 2019: a regular week 

• week 37 2019: a week with large volume 

To validate the model two different weeks were used since for these weeks the required data was 

available. To validate the processing times, week 29 2019 is used. And to validate the recorded man 

hours, week 43 2019 is used. The period over which the data described in this section is collected, is 

shown in Table 2.  

Table 2: The period over which the data is collected 

Data type Period  

Process routing Current state 

Decision points Current state 

Processing times Current state, Week 29 2019 

Resource availability Current state, Week 43 2019 

Demand pattern/production 

schedule 

Week 49 2018, Week 9 2019, Week 31 2019, Week 35 2019, 

week 37 2019 

Process layout Current state 

 

  



20 

 

4.  Simulation Model 
This chapter contains the description of the simulation model built in this study and discusses the 

input data and output results. Section 4.1 provides an overview of the input data needed to build 

the model and to run the model. In section 4.2 the chosen simulation software is described. Section 

4.3 provides the information of the model itself and how it is built. In section 4.4 the output 

variables of the model are defined and explained. Furthermore, in section 4.5 the model validation is 

described. In the last part of this chapter multiple “what-if” scenarios are formulated.  

4.1 Data required to build the model 
This section describes the collected data relevant for the simulation model which is built in this 

research. The data is split into five different parts. The first part describes data needed to define the 

equipment layout. The second part describes the data about the processing times for the production 

part and the filling part. Furthermore, the resource availability and the production schedule are 

described and in the last part of this section the production restrictions are defined.  

Equipment layout 

Connections between equipment are required to define the process map. Appendix E provides an 

overview of all equipment in the factory and its connections. Appendix E.1 provides an overview of 

the links between the main equipment of the production process the Mix tanks, pasteurizers, buffer 

tanks and filling machines.  

Processing times 

The processing times of the production process have a large influence on the total production time 

of the factory. To define the capacity and productivity of the factory, the processing times are 

defined. These processing times depend on the flowrates of the different products on different 

machinery. In this section the parameters that influence the processing times of the pasteurization 

process, the store process and the filling process are discussed. An overview of the flow process is 

shown in Figure 13.  

Figure 13: Overview of the flow process of the product, line 2 
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The pasteurization process 

As the processing time depends on several aspects and includes variable waiting times, it is not 

possible to determine a fixed processing time for the pasteurization process. Table 3 shows the 

pasteurization process steps and its parameters which influence the processing time. 

Table 3: Pasteurization process steps and parameters 

Process step Parameter Input data needed Processing time 

Collect and add raw 

materials (Out of scope) 

- Degree of automation 

- Availability cream, milk, 

sugar and fat dosing 

- Recipe 

- Batch size 

 Out of scope 

Raw materials are 

always available in the 

model 

Mix the ingredients - Degree of automation 

- Recipe 

- Batch size 

- Pump and pipes capacity 

- Availability raw material 

dozer  

- Bill of Material 

- Flowrates of raw 

materials 

- Batch size 

(Batch size * (Cream% 

BOM)*Cream flowrate) 

+  

(Batch size * (Milk% 

BOM)*Milk flowrate) +  

(Batch size * (Fat% 

BOM)*Fat flowrate) +  

(Batch size * (Sugar and 

powder% BOM) * Sugar 

and powder flowrate) 

+ 15 min mixing time 

Pasteurization Batch Size 

Viscosity 

Pump and pipes capacity 

- Batch size 

- Flowrates per product 

type for the pasteurizer 

 

Batch size * (pasteurizer 

flowrate of product 

type)  

Homogenization Batch Size 

Viscosity 

Pump and pipes capacity 

- Batch size 

- Flowrates per product 

type for the pasteurizer 

Batch size * (pasteurizer 

flowrate of product 

type) 

Clear and clean mix tank 

and pasteurizer 

Batch Size 

Viscosity 

Pump and pipes capacity 

Availability BT 

- Batch size 

- Flowrates per product 

type for the pasteurizer 

- Cleaning times per 

equipment 

- Changeover matrix for 

cleaning moments per 

equipment and product 

type 

Batch size * (pasteurizer 

flowrate of product 

type) + (Cleaning time 

equipment if cleaning 

needed) 
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Filling process 

As the processing time depends on several aspects and includes variable waiting times, it is almost 

impossible to determine a fixed processing time for the filling process. Table 4 shows the filling 

process steps and its parameters which influence the processing time. This time has a large variation 

since many parameters influence it. 

Table 4: Filling process steps and parameters 

Process step Parameter Input data needed Processing time 

Prepare packaging 

materials (Out of scope) 

Degree of automation 

Customer order 

Type of packaging material 

 Out of scope 

Packaging materials 

always available 

Set up filling line Customer Order 

Man capacity 

- Changeover matrix for 

cleaning moments for 

filling machines per 

product type 

- Cleaning time FM 

- set up time 

10 minutes or 30 

minutes depends if 

cleaning is needed 

Fill packaging materials Customer Order 

Man capacity 

Batch size  

Viscosity 

Pump and pipes capacity 

- Batch size 

- Packaging material 

- Flowrate matrix per 

product type per 

packaging material 

Batch size * flowrate 

packaging material and 

product type 

Clean filling machine Customer Order 

Capacity CIP 

- Changeover matrix for 

cleaning moments for 

filling machines per 

product type 

- Cleaning time FM 

 

30 minutes 

 

Resource availability 

The availability of resources is an important input parameter for the simulation since processes will 

be delayed when resources are not available. Within the factory some resources are used in 

different processes and by different equipment. The shared resources are listed below: 

- Cream dozer: Can only be used by 1 production line at once 

- Milk supply: Can only be used by 1 production line at once 

- CIP installation 1: Is shared by Buffer tanks 1 to 7 and all Mix tanks of lines 1 to 3 

and can only be used by one equipment at the time 

- CIP installation 2: Is shared by filling machines 1 to 5 and can only be used by 

one equipment at the time 

- The mix tanks, pasteurizers buffer tanks, and filling machines can only be 

claimed by one production- or filling order at once.  

- Number of operators is an output parameter of the model 
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Production schedule 

As input for the simulation model, a production schedule is required. In the base case, the schedule 

of 5 production weeks is applied. The weeks chosen as input are two weeks with high demand, two 

weeks with regular demand, and one week in which a lot of rescheduling took place. The chosen 

weeks are: week 49 2018, week 9 2019, week 31 2019, week 35 2019, and week 37 2019. As stated 

above, the schedule of these weeks is used in the base case. In other “what-if” scenarios, the 

schedule is changed, nevertheless the demand and type of products stay the same. As input data, 

the only schedule that is required, is the sequence of products per pasteurizer. The model will search 

for the mix tank, buffer tank and filling machine that will be used in the simulation. As an input, a 

mix-plan and a filling-plan are generated. The mix-plan contains all the mix orders and characteristics 

as order number, recipe, batch size, pasteurizer, total run size of the product, and an indication if the 

batch is the last batch of in run. The filling plan contains all filling orders, the so-called end products. 

The characteristics of these end products described in the filling plan are the following: the filling-

order number, the recipe of the semi-finished product, the quantity to fill, and the packaging 

material called the filling unit. Appendix B.1 and B.2 show an example of these input plans; a mix 

plan and a filling plan. Product recipes belong to a certain product family, all products of this family 

have similar characteristics such as flowrates and cleaning restrictions. An overview of the recipes 

with its product family can be found in appendix B.3 

In the literature different insights are found that could lead to improvements in the scheduling 
process. Potts and Kovalyov (2000) explain that for efficiency reasons, it can be convenient to 
process several orders in a batch instead of processing them individually since for example, setup 
times and cleaning times when switching between product families can be decreased since less 
changeovers might be needed. Different scheduling heuristics are found in literature which can be 
applied to the configuration of FCN. “Johnson's algorithm is perhaps the most classical algorithm in 
the scheduling area”(Allaoui and Artiba, 2009). Johnsons algorithm provides the optimal solution to 
a two machine flow shop to minimize the make span. This algorithm can as well be applied to the 
configuration of three machines, (Johnson, 1954) for which Johnson states that the third machine 
can use the same ordering as the first or the second machine. Furthermore, the Nawaz, Enscore, and 
Ham heuristic algorithm (NEH) proposes that a job with larger total processing time should have 
higher priority in the sequence (Nawaz et al., 1983). This heuristic algorithm organizes jobs in 
decreasing order of the total process time.  
 

Process layout 

The data about the layout of the process is of great importance when building the model. All orders 

need to follow the exact same process in the model as they do in real life. Thus, the data is the 

foundation of the simulation model. The data used to write section 1.4 “the production process” is 

used to build the model.  

Production restrictions 

There are several production restrictions for both the pasteurization, storing and filling process. 

These restrictions show the complexity of the process and provide insights in the necessity of certain 

design requirements. The restrictions are separated per process: pasteurizing, storing and filling. The 

restrictions are categorized in capacity and process restrictions. The list of restrictions used in the 

model can be found in appendix A3.1 and a list of the additional restrictions not used in the model 

because they were out of scope or assumptions were made can be found in appendix A.3.2. All the 

data collected in section 4.1 is used to define the current configuration of the process and this 

configuration is called the base scenario.  
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4.2 Simulation software 
The simulation model is built within Rockwell Arena software (ARENA). To select the right simulation 

tool, at first the required features of the simulation software have been defined. These are described 

in section 2: “Problem introduction”. Banks (1991) listed features that should be considered when 

choosing a simulation software. Banks structured the features in four categories: (1) Input features, 

(2) Processing features, (3) Output features, (4) Environmental features. A detailed description of the 

features defined by Banks (1991) are listed in appendix C. ARENA is selected since it meets the 

features and is supported by Eindhoven University of Technology.  

4.3 The model 
The data about the process and the factory is used as input for the design of the model. The base 

scenario of the model represents the current configuration of the production process, this 

configuration is described in this section. The model consists of two different parts: (1) the 

production part and (2) the filling part.  

Production 
The production part of the process will be described in this section, Figure 14 provides an overview 

of the process described below.  

The production part starts with loading in all orders listed in the mix plan, which is used as input 

data. Attributes such as batch size, run size, and order number are linked to the orders. The orders 

are set in a queue for each pasteurizer and are processed with according the First In First Out (FIFO) 

system. The first order in the queue goes further when out of the mix tanks belonging to the 

pasteurizer, either one mix tank is emptying and the others are idle or all the mix tanks are idle. The 

available mix tank is linked to the order and the mix tank is claimed. If the order is the only order in 

the set of mix tanks belonging to that pasteurizer, an extra operator is needed.  

The next step is choosing a buffer tank. Some orders have a required buffer tank such as the T315 

which is a high-pressure tank. Also, some orders are not stored in the buffer tank but are directly 

filled via the RELO or KB. To these orders, an attribute is linked with the required buffer tank or RELO 

or KB. The other orders which do not have a required buffer tank, will be linked to a buffer tank at 

this stage in the model. The orders are linked to a tank which (1) already has the same recipe in the 

tank and are from the same run, or which (2) is empty and clean and in which the whole run fits. 

There will always be looked for the smallest fitting sized buffer tank available. If there is no clean 

tank available, there will be searched for a dirty tank with the same criteria. If no tank is found, the 

order will be placed in a queue until a fitting tank becomes available. The waiting time for an 

available buffer tank is recorded and registered in an attribute linked to the order. Then a buffer 

tank is chosen, the buffer tank will be claimed and therefore not available for other orders to claim. 

The buffer tank number is linked to the order by an attribute.  

The following step which the order makes in the model, is the check for the cleaning of the mix tank 

and the pasteurizer. The mix tank has to be cleaned after 30 hours of operation and when needed 

according to the changeover matrix for the mix tanks which can be found in appendix B.4. When 

cleaning is needed, the order waits till the mix tank is cleaned. Then cleaning the mix tank, the tank 

claims the CIP installation and this resource cannot be used by other equipment during this period. 

When the CIP installation is not available, the order waits until the mix tank can be cleaned. At the 

same time, there is a check whether the pasteurizer is idle and whether it needs to be cleaned 
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according to the changeover matrix or the time passed since the last CIP. The order does not wait till 

the pasteurizer is cleaned but proceeds to the next step after the mix tank is idle.  

The mixing process is the next step for the order in the model. During the mixing process the raw 

materials are added to the mix tank. The amount of raw material depends on the batch size and the 

bill of material. The four different raw materials added are: cream, milk, sugar and powders, and fat. 

Only one raw material can be added at once and only one mix tank can make use of a raw material 

tank. After all raw materials are added, the product has to circulate and mix for 15 minutes. After 

this, the mixing process is completed. Within this process the start- and finishing time of the process 

are recorded and stored in an attribute linked to the order. The tank level of the mix tank is stored in 

a table as well. When the mixing process is completed, the product is ready to flow through the 

pasteurizer and homogenizer into the buffer tank or through the RELO or KB. In the model, the 

homogenizer will be included in the pasteurizer and the RELO and KB will be assumed as buffer 

tanks. The product waits until its pasteurizer and buffer tank are idle. The waiting time and waiting 

reason are recorded and stored in an attribute linked to the order. When both equipment is idle, 

they are checked whether cleaning is required either because of time limitations or changeover 

limitations according the changeover matrix for the pasteurizers and the buffer tanks, which can be 

found in appendix B.4. Pasteurizers either need a full CIP which takes about 85 minutes, need to be 

flushed with water which takes 30 minutes or no cleaning is required. Cleaning times and cleaning 

reasons of the pasteurizer are recorded. When both the pasteurizer and the buffer tank are idle, the 

order proceeds to the next phase in the model. 

The next phase is the pasteurization process. When the order is the last batch in the run, a signal is 

send to the filling part of the model to activate the filling orders. The flow process starts and the 

flowrate depends on the type of product, pasteurizer number, and buffer tank number. Tank 

regulators of the mix tank and buffer tank are claimed by the order. The tank levels of the mix- and 

buffer tank, and the start- and end times of the pasteurization process are stored in a table at the 

start and at the end of the pasteurization process. When the mix tank is empty and the 

pasteurization process is finished, the regulators of the mix- and buffer tank are released. A check is 

performed whether an operator should be removed depending on the state of the other mix tanks 

belonging to the used pasteurizer. The mix tank is cleaned if needed according to the time. At the 

end of this process, a signal will be given to the production orders so a new order can start since the 

mix tank and the pasteurizer are idle again. The total quantity produced is recorded and stored in a 

variable. When the buffer tank was RELO or KB, they are set idle and clean immediately after the 

pasteurization process. Figure 14 shows an overview of the steps in of the production process in the 

model.  
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Figure 14: Production process steps in the model 
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Filling 
The filling part of the process will be described in this section, Figure 15 provides and overview of 

the process described below.  

The filling part starts with loading in all filling orders listed in the fill plan, which is used as input data. 

Attributes such as quantity to fill, filling unit(packaging material), and filling order number are linked 

to the orders. All orders will wait in a queue till a signal is send from the production part that a 

buffer tank is almost filled or completely filled. When the signal is send, all orders in the queue will 

search for an idle buffer tank containing the same recipe as the filling order itself. When this buffer 

tank is found, the filling order claims this buffer tank and there will be searched for a suitable filling 

machine. The filling machine is searched by the following criteria: (1) if the buffer tank attached to 

this fill order is tank T318, only filling machine 365 can be used. (2) If the buffer tank attached to this 

fill order is tank T311, T312, T313, T314, or T315, only filling machines 361 to 364 can be used. (3) If 

the buffer tank attached to this fill order is tank T316 and T317, all filling machines can be used. The 

filling machine of which the last filled recipe is the same recipe as the fill orders has, is preferred. If 

this is not available, an idle and clean filling machine is chosen, and if this is not available, an idle and 

dirty filling machine is chosen. When no filling machine could be found, the filling order waits until a 

filling machine becomes available. The waiting time for the filling order is recorded and stored in an 

attribute. When an filling machines is chosen, it is claimed by the filling order and not available for 

other order to choose. The number of the filling machines is stored in an attribute of the filling 

order. Operators are added, the number of operators needed for the specific fill order will be found 

in the input table of filling units.  

The next step is that the filling machine is checked whether it has to be cleaned, either according the 

changeover matrix of because the due time expired. When no cleaning is needed, there will be a 

delay of 10 minutes because the filling machine needs to be set up. After this the filling order waits 

until the linked buffer tank is filled and ready to be emptied. In this case the filling order claims the 

buffer tank and the filling process starts. The flow speed of the filling process depends on the filling 

unit and the recipe of the product. This flow speed will be data in an input table and can be found in 

appendix A.2. At the start and the end of the filling process the tank level of the buffer tank and the 

start and the end time of the process are recorded and stored in a table. After the filling order is 

fulfilled, the filling machine is cleaned if the due time has expired and then the filling machine and 

the operators are released. When the buffer tank is empty, it will be cleaned as well. A signal will be 

send to the production part of the model when the buffer tank becomes idle again. When the buffer 

tank is not empty, a signal is send to the filling orders so the next filling order will search for the 

buffer tank. Figure 15 shows an overview of the steps in of the filling process in the model. 
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Figure 15: Filling process steps in the model 
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Figure 16: Visual overview of the model 

 

Model assumptions 
- The shared fat melter of line 1 and 4 is in the model always available for line 1. Since this 

restriction does not often cause waiting times and these waiting times can be prevent by 

scheduling the orders differently.  

- The raw materials and water are always available 

- Raw material dusts are only shared with line 1, 2, and 3 

- Production orders will start mixing only when the other mix tank of the assigned pasteurizer 

is either empty, cleaning of emptying, this to reduce the stand time of the product.  

- In the mixing process, water is assumed to be available and does not take time to flow in the 

tank, since this does not influence the process time.  

- Cleaning of the RELO is not visible in the model since there is enough time between the 

products to do the cleaning 

- Acid cleaning is done at the start and at the end of the week and does not affect the total 

production time, therefore not taken into account the model.  

- In the designed simulation model it is assumed that no clearing during filling takes place 

since this has many restrictions involving the type of tank, the type of product as well as the 

temperature of the product and the volume in the tank. In real life, some buffer tanks are 

able to start the filling process while the tank is still being filled, this decreases probably 

decreases the total make span.  

- The buffer tank is cleaned every time when it is empty again to reduce waiting times of the 

production orders and to arrange a better fit for the volume of an order and a buffer tank. 

- To reduce waiting times, the need for cleaning is checked frequently when equipment is idle 

and cleaning is performed when needed.  

- The model uses the push system, since all orders that need to be produced in that week are 

waiting in a queue to be produced in order to reduce the waiting times and the total 

production time and increase the productivity.  

- The model assumes that the volume produced in the production part for an order is the 

same amount that is filled in the filling part. In real life waste is taken into account and a the 
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volume of the production order is slightly higher than the filling order. The extra amount 

produced is chosen by the planners and differs per recipe. The maximum chosen extra 

volume is can make a difference of three minutes on the production time.  

All the data described in section 4.1 and 4.2 is used to define the current configuration of the 

process and this configuration is called the base scenario.  

4.4 Output of the model 
This section provides an overview of the output parameters generated by the model. For the 

equipment, several key performance indicators are defined and set by the model. The run length of 

the simulation is one production week starting on Sunday afternoon 14:30 PM and ending when all 

orders for the week are fulfilled. The output is divided into four sections parts: (1) output regarding 

the full simulation, (2) output regarding the equipment, (3) output regarding the orders, and (4) data 

required to build a Gantt chart. These sections are specified below. Appendix D shows an example of 

each output table and graph. The output values described in this thesis are scaled and axes details of 

the graphs in this thesis are left out due to confidentiality guidelines.  

Output regarding the full simulation 

The output generated regarding the full simulation is: 

• The total quantity produced (x1000KG) 

• The total quantity filled by the filling machines (x1000KG) 

• The hours the production part has been operating in the week (hours) 

• The hours the filling part has been operating in the week (hours) 

• The number of operators needed at different moments in time during the simulation 

An example of these output tables and graphs is shown in appendix D.1.  

The productivity used in this thesis will be defined as the amount of kilograms that can be produced 

per production hour. To calculate the productivity in this thesis to generate the most valuable 

information for FCN the following formula is used:  

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝐾𝑔 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟) =  
𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 (𝑘𝑔)

𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑘𝑒 𝑠𝑝𝑎𝑛 
 (1) 

 Output regarding the equipment 

During the simulation different equipment is used. The equipment of which the KPI’s are measured 

are: the mix tanks (tank T110, T111, T112, T101, T102, T107, and T108), the pasteurizers (PST1, PST2, 

and PST3), the buffer tanks (T311, T312, T313, T314, T315, T316, T317, T318, RELO and KB), and the 

filling machines (VM361, VM362, VM363, VM364, and VM365). The KPI’s generated for the 

equipment differs slightly per equipment type. An overview per equipment type is shown below. An 

example of the output generated for the equipment is shown in appendix D.2.  

KPI’s measured for all equipment; mix tanks, pasteurizers, buffer tanks, filling machines, are shown 

in Table 5.  
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Table 5: Overview of the KPIs measured per equipment 

KPI  Equipment 

The total quantity produced by the 

equipment(x1000KG) 

- Mix tanks 

- Pasteurizers 

- Buffer tanks 

- Filling machines 

The total time the equipment has been in use (hours) - Mix tanks 

- Pasteurizers 

- Buffer tanks 

- Filling machines 

The total time the equipment has been in CIP status 

(hours) 

- Mix tanks 

- Pasteurizers 

- Buffer tanks 

- Filling machines 

The total time the equipment has been mixing (hours) - Mix tanks 

The total time the equipment has been emptying  

(hours) 

- Mix tanks 

- Buffer tanks 

The total time the equipment has been waiting to be 

emptied (hours) 

- Mix tanks 

- Buffer tanks 

The number of times the equipment has been in CIP 

status  

- Mix tanks 

- Pasteurizers 

- Buffer tanks 

- Filling machines 

Production efficiency (%): the time the equipment has 

been in effective use as a percentage of the total 

production operating hours 

- Mix tanks 

- Pasteurizers 

- Buffer tanks 

- Filling machines 

Time the equipment has been claimed as a percentage 

of the total production operating hours (%) 

- Mix tanks 

- Pasteurizers 

- Buffer tanks 

- Filling machines 

Time the equipment has been in effective use (hours) - Mix tanks 

- Pasteurizers 

- Buffer tanks 

- Filling machines 

The total time the equipment has been in 

“nadruk/flushing” status (hours) 

- Pasteurizers 

The total time the equipment has been filled (hours) - Mix tanks 
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- Buffer tanks 

Time the equipment has been filled with product as a 

percentage of the total production operating hours (%) 

- Buffer tanks 

Time the equipment has been claimed as a percentage 

of the total fill operating hours (%) 

- Filling machines 

 

Furthermore, data about the cleaning process is stored per equipment. The parameters recorded 

are: 

• The type of equipment being cleaned (Mix tank, pasteurizer, buffer tank, filling machine) 

• The equipment number 

• The start time of the cleaning process 

• The end time of the cleaning process 

• The reason of cleaning (due time or changeover) 

• The duration in hours 

• The duration in minutes 

To generate the most valuable information for FCN, the utilization degree used in this thesis is 

defined as the percentage of time that the equipment has been claimed of the total production 

time. The time that the equipment is claimed includes the time that the equipment is not available 

for (other) orders. So the equipment is either operating, being cleaned, of reserved for an order that 

is at a previous stage of the process. To calculate the utilization degree in this thesis, the following 

formula is used:  

𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑔𝑟𝑒𝑒 (%) =  
𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑒𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝑖𝑠 𝑐𝑙𝑎𝑖𝑚𝑒𝑑 (ℎ𝑜𝑢𝑟𝑠)

𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑘𝑒 𝑠𝑝𝑎𝑛 (ℎ𝑜𝑢𝑟𝑠)
∗ 100% (2) 

Note that in this formula the total make span is the span that the factory has been producing the 

orders for the tested week. This formula is used since it is for FCN relevant to know which 

percentage of the time equipment is claimed because during that time the equipment cannot be 

used for other products.  

Furthermore, the production effectivity per equipment is calculated by the following formula:  

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%) =
𝑇𝑜𝑡𝑎𝑙 ℎ𝑜𝑢𝑟𝑠 𝑡ℎ𝑒 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑖𝑠 𝑎𝑑𝑑𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 (ℎ𝑜𝑢𝑟𝑠)

𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑘𝑒 𝑠𝑝𝑎𝑛 (ℎ𝑜𝑢𝑟𝑠)
∗ 100% (3) 

This percentage represents the percentage of the total make span that the machine is effectively 

adding value to the product.  

Output regarding the orders 

The output generated for every order is further specified in this section. The orders are divided into 

production orders and fill orders. For the production orders the following data is stored in a table, 

per column is explained what data is written. An example of this output table is shown in appendix 

D.3. 
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For the fill order the following data is stored in a table, per column is explained what data is written: 

Output data required to generate a Gantt chart 

The output generated for the process steps for the production- and fill orders is stored in a table of 

which a Gantt chart is generated. This output table is show in appendix D.4. The columns in the table 

for the steps of the production- and fill orders show values of the following variables:

Order number

Recipe

Batch size

Duration of the mix process (minutes)

Duration of the pasteurization process (minutes)

Time the order has to wait for the CIP of the mix tank (minutes)

Time the order has to wait for the cream dozer (minutes)

Time the order has to wait for the pasteurizer to be available (minutes)

Time the order has to wait for the buffer tank to be available (minutes)

Time the order has to wait for the CIP of the pasteurizer (minutes)

Time the order has to wait for the CIP of the buffer tank (minutes)

Mix tank used (mix tank name)

Pasteurizer used (pasteurizer name)

Buffer tank used (buffer tank name)

Start time of the order

End time of the order

Total waiting time of the order (minutes)

Total time the order is in effective action (minutes)

Order number

Recipe

Actual quantity filled

Quantity to fill

Filling machine used (FM name)

Duration of the filling process (minutes)

Time the fill order has to wait for to find an available filling machine (minutes)

Time the order has to wait for the CIP or preparation of the filling machine (minutes)

Start time of the fill order entering the process

Strat time of the filling process

End time of the filling process
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To generate the overview chart, the tank levels of the mix tanks and buffer tanks are evaluated after 

every step in the production process. These levels will be put in a table to use for the chart overview.  

Furthermore the cleaning processes are logged in a table since these processes are also needed for 

the Gantt chart. An example of this table is shown in appendix D.4. The table for the cleaning 

processes contains the following columns: 

 

The overall chart generated is shown in Figure 17. On the horizontal line the time is set out. The 

different colors in the Gantt charts represent the different recipes and the different colors in the line 

charts represent the different tanks. The top part provides an overview of the mix tank levels. The 

second chart shows the recipes and the tasks in the mix tanks. The length of the small block shows 

the duration that the mix tank was mixing, the larger block shows the duration the mix tank is in use. 

The small lines show the duration of the CIP process and the color of these small lines indicate the 

type of cleaning. The next chart shows the pasteurizers with its tasks and cleaning processes. The 

line chart below that shows the tank levels of the buffer tanks. Then the next Gantt chart show the 

tasks and cleaning processes of the buffer tanks. The last Gantt chart shows an overview of the 

activities of the filling machines. On the computer, the chart has an extra feature, when the mouse is 

on a task, the recipe and the batch size are shown. Furthermore, when the chart is zoomed in, within 

The recipe

The process step (Mix, Past, BT, or FM)

The resource number (number of the set of equipment belonging to the process step)

The start time of the process step

The end time of the process step

The name of the process step

The quantity produced

From; equipment type and number or recipe

To; equipment type and number or packaging material

Duration of the production process step in hours

Duration of the filling process step in hours

Equipment type

Equipment number

Start time of the cleaning process

End time of the cleaning process

Cleaning type/reason

Duration in hours

Duration in  minutes
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the task is shown from which equipment to which equipment the product flows. For example within 

the tasks of the pasteurizer, the mix tank number and the buffer tank number are shown.  

 

Figure 17: Overview chart of the output data generated by the model 
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4.5 Model validation 

Processing times 
To validate the model, the processing times of the mix process, the pasteurization process and the 

filling process of the real data and simulation are compared for all product groups. The same 

accounts for the number and length of the CIP processes and the set-up times on every equipment 

and process. Furthermore, the simulation model and its in- and output data has been validated by 

experts in the field; the scheduler, the process engineer, the technology specialist and the plant 

team. The processing times are compared to the processing times used by scheduling and the 

processing times used for calculating the cost price of products. This data is most accurate on how 

long a step takes, since the data logged in SAP during production are the times that the operator has 

registered. Because the times logged in SAP are not fully accurate for the production time only, since 

it can include a break or insecurities. The scaled data of week 29 2019 is used because this validation 

test is performed in week 30 and therefore the planning data of week 29 was still available. The 

processing times were matched with the planned processing times.  

Table 6 shows the actual processing hours, the processing hours of the simulation and the difference 

in hours. The accuracy is calculated using the formula: 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
(actual processing hours – difference in processing hours)

actual processing hours
 ∗  100% (4)  

Applying this formula results in 99% accuracy for the mix step and 99% accuracy for the 

pasteurization step.  

Table 6: Model validation; accuracy pasteurization process 

Equipment Actual processing 
hours 

Simulated processing 
hours 

Accuracy % 

PST1 97,2 97,2 99,9 % 

PST2 125,9 128,1 98,3 % 

PST3 38,2 38,3 99,9 % 

total 261,3 263,6 Avg:  99,4 % 

 

The mix tanks are compared with the total duration of the mixing processes in all mix tanks since the 

simulation model divides the order over the mix tanks so it is no set input. Table 7 shows the actual 

processing hours, the processing hours of the simulation and the difference in hours, formula 3 is 

used for the calculations.  

Table 7: Model validation; accuracy mix process 

 Actual processing 
time (hours) 

Simulated processing 
time (hours) 

Difference (hours) 

Mix tanks 195,8 194,4 1,4 

Accuracy   99,3 % 

 

For the filling machines applies the same as for the mix tanks that the model will choose the mix 

tank. For this reason the processing times cannot be compared per filling machine but will be 

compared by the total processing time of all filling machines. The accuracy is calculated using 

formula 3.  In Table 8 can be seen that the accuracy for the processing times of the filling machines is 
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95%. This is lower than production part, which is due to the fact that for the filling process, the data 

of the scheduling department includes some extra time for several orders. This is because the 

schedulers know that for these orders the process might require a little more time due to 

uncertainties while the model uses the flowrates from the database and does not take into account 

these uncertainties.  

Table 8: Model validation; accuracy filling process 

 Actual processing 
time (hours) 

Simulated processing 
time (hours) 

Difference (hours) 

Filling machines 240,7 228,8 11,9 

Accuracy   95,1 % 

 

From the calculated accuracies can be concluded that the processing times of the different 

processing steps are accurate.   

Man hours 
Another part of the model validation includes the man hours calculated by the model. To validate 

this, the man hours per shift for the production lines inside the scope of this research are measured 

in week 43 of 2019. Also, data about the orders and production schedule of this week are gathered 

and week 43 is simulated in the model. The model measures the operators needed per moment in 

the model. From this, the number of man hours needed in this week is calculated. What needs to be 

taken into account is that man hours needed in the real data is based on the number of operators 

scheduled per shift, while the simulation takes into account the time that the operator has been in 

action. What can be seen in Table 9 is that there is a difference in the volume produced and filled in 

the simulation and in real life, this is due to the fact that in the data collected in SAP some of the 

production orders and the fill orders could not be linked to each other.   

Table 9: Overview of man hours needed 

  SIMULATION REAL DIFFERENCE   % 

TOTAL MAN HOURS 1729,9 1964,6 235,0 88% 

MAN HOURS 
PRODUCTION 826,3 883,2 56,9 

94% 

MAN HOURS FILL 910,1 1081,4 171,4 84% 

TOTAL X1000KG 
PRODUCED 2146,8 2201,5 54,7 

  

TOTAL X1000KG 
FILLED 1584,0 1624,3 40,3 

  

     

As can be seen in Table 9, there is an accuracy of 88% for the total man hours, 94% for the man 

hours in production and 84% for the man hours in the filling part. This difference can mostly be 

declared by the fact that in real life data the hours are taken into account that people are present, 

not only actually busy, and the simulation data only takes in account the hours that people are 

needed. This is supported by a calculation made to define the number of man hours in the 

simulation that operators are not busy in the filling part. In total, 33,62 hours during the simulation, 

there is no operator busy in the filling part, nevertheless, these operators are present. On average, 

four operators are present. 33,62 hours times 4 operators is 134,50 hours that the operators are 

available but not busy, so not taken into account in the simulation but taken into account in the real 
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life data. Furthermore, the difference in volume should be taken into account. To fill the 40320KG 

difference, will take about 20,16 man hours.  

Furthermore, the difference in man hours needed in the production part is due to the fact that the 

simulation uses a push method for the orders, so in the simulation two orders will be produced at 

the same time by one operators. But in real life, the schedule has gaps, in which case the operator 

only produces one order at a time. Therefore more man hours can be needed in real life. Also there 

is a difference in volume in the production part which causes a difference in the man hours needed. 

No calculations were made for this part since there is not enough data available to calculate the gap 

in the hours.  

Taking into account the calculations made for the filling part, accuracy increases to 96% for the total 

man hours, 94% for the man hours needed in the production part, 99% for the man hours needed 

for the filling part.  

Table 10: Overview of the validation of the calculated man hours 

  SIMULATION REAL DIFFERENCE   % 

TOTAL MAN HOURS 1729,9 1964,6 (235,0 -134,5 
-  20,2) = 79,7 

96% 

MAN HOURS 
PRODUCTION 

826,3 883,2 56,9 94% 

MAN HOURS FILL 910,1 1081,4 (171,4 - 134,5 
-  20,2) = 16,1 

99% 

 

This shows that the calculated man hours for the filling part have a high accuracy when the right 

data is compared. The difference in the man hours for the production part is explained in this section 

and due to the fact that in real life, holes were scheduled.   
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4.6 What-if scenarios  
To search for improvements regarding the productivity and the utilization degree, different “what-if” 

scenarios are designed. The scenarios will be simulated by the model and the results will help to 

answer the research questions and to define improvements and recommendations. This section 

describes the different scenarios tested in this study.  

All scenarios are tested with the total of 5 test weeks:  

• week 49 2018: a week with large volume 

• week 9 2019: a week with a large number of rescheduled orders 

• week 31 2019: a regular week 

• week 35 2019: a regular week 

• week 37 2019: a week with large volume 

Figure 18 provides an overview of the designed scenarios and the order in which they were created. 

Since it has been an iterative process, different phases can be defined in which different scenarios 

were designed. As can be seen in phase one, scenario 1 is created, this scenario is the base case and 

represents the current process and configuration. In phase two “what-if” scenarios 2 to 6 were 

created. After evaluation of these scenarios, scenario 8 and 9 and 10 were created in phase three. 

Scenario 7 is created to provide insights in how the best scenarios perform when the volume 

increases with 5%. This scenario is tested in the last phase of the research. Furthermore, scenario 11 

is created in which one week of the base case is tested with a schedule in which the waiting times 

for the required buffer tank BT315 are decreased in order to test the hypothesis that a different 

planning can have a positive impact on the measured KPIs. Below, each scenario is further described.  

Figure 18: Overview of the designed scenarios per phase 

 

 

 

Phase 1

Scenario 1: Base 
case

Phase 2

S2:  2 FM/BT

S3: 2 PAST

S4: larger BT

S5: sequence

S6: increase flow 
rate

S7: 5% extra volume 
with best scenarios

Phase 3

S8:  2 FM/BT and 
increase flow rate

S9: 2 FM/BT and  2 
PAST

S10: increase flow 
rate of PS2

Phase 4

Specified S7: S6 and 
S8 with 5% extra 

volume

S11: Reduced 
waiting times 

BT315
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Designed in the first phase 

Scenario 1: Base scenario 
This scenario represents the current configuration of the process with the actual processing times 

and flowrates, as well as the actual sequence of the produced orders. Orders are produced in the 

actual batch sizes on the actual pasteurizers. The mix tank, buffer tank, and filling machine will be 

set by the simulation model.  

Designed in the second phase 

Scenario 2: two filling machines on one buffer tank 

To unburden the buffer tanks and to increase the utilization of the filling machines, this scenario is 

created in which two filling machines will be used to empty one buffer tank. Restrictions in this 

scenario are that two filling machines will be used when two filling machines are available. When 

only one filling machine is available, the buffer tank will be emptied by one filling machine. Another 

restriction is that fill orders with packaging material BIB and 250L boxes can only be filled by one 

filling machine. The production part of the configuration and the flowrates will remain the same as 

in the base case. As well as the sequence of the produced orders and the batch sizes. The mix tank, 

buffer tank, and filling machine will be set by the simulation model.  

Scenario 3: production with the configuration of two pasteurizers 

This scenario is created in order to decrease the waiting times of orders for a buffer tank. In this 

scenario, two pasteurizers will be available with an increased flowrate of 50%. The flowrates of the 

filling machines remain the same as in the base scenario as well as the batch sizes. The orders 

scheduled on pasteurizer one will be divided over the other two pasteurizers. The mix tank, buffer 

tank, and filling machine will be set by the simulation model.  

Scenario 4: increase the size of the small buffer tanks 

To increase the probability to find an available suitable buffer tank and to make the division of the 

buffer tanks more flexible, the size of the small buffer tanks is increased. The processing times and 

flowrates remain the same as in the base scenario as well as the sequence of the produced orders. 

The orders are produced in the actual batch sizes on the actual pasteurizers. The mix tank, buffer 

tank, and filling machine will be set by the simulation model.  

Scenario 5: change sequence of orders  

To decrease waiting times, and decrease the overall make span, a different schedule regarding the 

sequence of the orders are tested in this scenario. It is decided to use Johnson’s rule for this 

scenario, Johnson’s rule is a classical optimization algorithm for minimizing the make span. Brah and 

Loo (1999) state the optimizing techniques are usually more practical for small size flow shop 

scheduling problems, but that there are exceptions, which is the Johnson's rule. Furthermore they 

state that Johnson’s rule has been the basis of many m-stage flow shop scheduling heuristics. The 

new sequences are therefore generated according to Johnson’s rule (Johnson, 1954), where the 

sequence of the orders is generated by the length of production process, in this case the 

pasteurization process. The orders on pasteurizer one with a long production time are scheduled at 

the start of the week, the orders for pasteurizer two and three with a short production time are 

scheduled at the start of the week. Johnson (1954) states that the third machine can use the same 

ordering as the first or the second machine. This differs per measured week, the sequence with the 

lowest waiting times per equipment and per order are chosen.   
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The processing times and flowrates remain the same as in the base scenario as well as the sequence 

of the produced orders. The orders are produced in the actual batch sizes on the actual pasteurizers. 

The mix tank, buffer tank, and filling machine will be set by the simulation model.  

Scenario 6: increase the flowrate of pasteurizers 

To increase the utilization and the productivity, in this scenario the flowrate of the pasteurizers 

increases with 50% for every product. The sequence of the produced orders remain the same as in 

the base scenario and the orders are produced in the actual batch sizes on the actual pasteurizers. 

The mix tank, buffer tank, and filling machine will be set by the simulation model.  

Scenario 7: increase the volume of the orders 

This scenario is used to gain insights in the performance scenarios when the order volume increases 

with 5%. This scenario will only be tested with the “what-if” scenarios that show the largest 

improvement regarding the KPIs described in section 5.1. The processing times and flowrates remain 

the same as in each described scenario as well as the sequence of the produced orders. The orders 

are produced on the actual pasteurizers. The mix tank, buffer tank, and filling machine will be set by 

the simulation model.  

Designed in the third phase 

Scenario 8: combination of scenario 2 and 6 

Based on the results described in the next section, it is decided to create this scenario, which is a 

combination of scenario 2 and 6. This scenario will be evaluated in part 3 of the results section. In 

this scenario there are three pasteurizers operating of which the flowrate increases with 50% and 

two filling machines will be used to empty one buffer tank. Restrictions in this scenario are that two 

filling machines will be used when two filling machines are available. When only one filling machine 

is available, the buffer tank will be emptied by one filling machine. Another restriction is that fill 

orders with packaging material BIB and 250L boxes can only be filled by one filling machine. The 

sequence of the produced orders and the batch sizes remain the same as in the base scenario. The 

mix tank, buffer tank, and filling machine will be set by the simulation model.  

Scenario 9: combination of scenario 2 and 3 

Based on the results described in the results section part 2, it is decided to create this scenario which 

is a combination of scenario 2 and 3. This scenario will be evaluated in part 3 of the results section. 

In this scenario there are two pasteurizers operating of which the flowrate increases with 50% and 

two filling machines will be used to empty one buffer tank. Restrictions in this scenario are that two 

filling machines will be used when two filling machines are available. When only one filling machine 

is available, the buffer tank will be emptied by one filling machine. Another restriction is that fill 

orders with packaging material BIB and 250L boxes can only be filled by one filling machine. The 

sequence of the produced orders and the batch sizes remain the same as in the base scenario. The 

mix tank, buffer tank, and filling machine will be set by the simulation model.  

Scenario 10: increase flowrate of pasteurizer 2 

Since the utilization degree of pasteurizer two is higher than the utilization degree of the other 

pasteurizers, and scenario 6 scores high in the defined KPIs, it is decided to add another scenario, 

scenario 10. In this scenario the flowrate of pasteurizer two increases with 50% and the flowrates of 

pasteurizer one and three remain the same as in the base scenario. The sequence of the produced 

orders remain the same as in the base scenario. The orders are produced in the actual batch sizes on 

the actual pasteurizers. The mix tank, buffer tank, and filling machine will be set by the simulation 

model.  
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Designed in the fourth phase 

Scenario 11: Different planning made manually with decreased waiting times per order 
This scenario, in which one week of the base case is tested with a schedule in which the waiting 

times for the required buffer tank BT315 are decreased, is created in order to test the hypothesis 

that a different planning can have a positive impact on the measured KPIs. For this scenario week 49 

2018 is used which is a week with high volume. This week is tested in the base scenario with a 

manually changed planning with reduced waiting times for the orders. Line balancing is used to test 

the hypothesis. “Line balancing is the problem of assigning various tasks to workstations, while 

optimizing one or more objectives and satisfying some constraints and optimizing a performance 

measure”(Parvez, et al., 2017). From the results of this test conclusions can be drawn regarding the 

planning questions of this thesis.  

Scenario 7 specified: increase the volume of the orders for scenarios 6 and 8 

In this phase scenario 7 is specified to the scenarios that offer the best improvements regarding the 

KPIs described in section 5.1. The volumes of scenario 6 and 8 are increased with 5%. The processing 

times and flow rates remain the same as in each described scenario as well as the sequence of the 

produced orders. The orders are produced on the actual pasteurizers. The mix tank, buffer tank, and 

filling machine will be set by the simulation model.  
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5. Results 
In this chapter, the results of the simulations in the model are evaluated and scenarios are 

compared. The results are scaled, and axes details of graphs are left out due to confidentiality 

guidelines. In section 5.1 KPIs are defined on which the different scenarios are evaluated. Figure 19 

provides an overview of the evaluated and compared scenarios per sub section of this chapter. In 

section 5.2, the base scenario is evaluated. Section 5.3 is split into five parts, in each part different 

comparisons were made, Figure 19 provides an overview of the evaluated scenarios per sub-

section(part). The color of the scenario block in Figure 19 represents the level of improvement 

compared to the base scenario and to the other evaluated scenarios. The color purple means no 

comparison has been made between scenarios and the brighter the green color is, the larger the 

improvement and the darker the orange, the smaller the improvement.   

Figure 19: Overview of scenario evaluation and comparison per part of the results section 

 

  

5.2

Scenario 1: 
Base case

5.3

Part 1

S2:  2 FM/BT

S3: 2 PAST

S4: larger BT

S5: sequence

S6: increase 
flow rate

5.3

Part 2

S2:  2 FM/BT

S3: 2 PAST

S6: increase 
flow rate

5.3

Part 3

S2:  2 FM/BT

S3: 2 PAST

S6: increase 
flow rate

S8:  2 FM/BT 
incr flowrate

S9: 2 FM/BT 
& 2 PAST

5.3

Part 4

S10: inrease 
flowrate PS2

S6: increase 
flow rate

S8:  2 FM/BT 
incr flowrate

5.3

Part 5

S7 as 
combination 
of S6 and S8



44 

 

5.1 KPIs  
This section describes the most relevant output regarding the research questions of the different 

scenarios tested with the model. A full list of the output parameters can be found in appendix D. All 

scenarios were tested with five different production weeks and its schedules as described in the 

section above. These scenarios are compared on the KPIs defined below: 

1. Average total production hours  

2. Average total filling hours 

3. Total waiting times of equipment 

a. Mix tanks  

b. Buffer tanks 

4. Production Effectivity of the equipment (%) 

a. Mix tanks 

b. Buffer tanks  

c. Filling machines 

5. Average waiting times of production orders  

6. Average waiting times of filling orders 

7. Total man hours 

5.2 Results of the current configuration; scenario 1 
To answer the sub questions formulated in this research, the output parameters of the model from 

the current situation are evaluated. Table 11 provides an overview of the volumes produced and 

filled, and the hours produced and filled. The difference in volume produced and filled by the filling 

machines is due to the fact that not all production orders flow through the filling machines, some 

products are filled directly from the pasteurizer via the RELO of the KB in the containers. These 

quantities remain the same for all scenarios tested in the research, except for scenario 7 in which 

the volume increases with 5%.  

Table 11: Overview of the production- and fill quantity and the production- and fill hours 

WEEK 
NUMBER 

TOTAL QTY PRODUCED 
(X1000KG) 

TOTAL QTY FILLED BY FM 
(X1000KG) 

TOTAL 
PRODUCTION 
(HOURS) 

TOTAL 
FILLING 
(HOURS) 

09 - 2019 1973(medium high) 1392 298 310 
31- 2019 1346(regular) 874 264 250 
35- 2019 1709(regular) 1231 293 286 
37- 2019 2021(medium high) 1675 343 353 
49- 2018 2167(high) 1507 331 341 

 

 

Table 12 provides an overview of the production effectivity in percentage for every mix tank for the 

base scenario per measured week. As can be seen in the table, on average, the mix tanks of 

pasteurizer two, mix tank T101 and T102, have the highest PE%. On average, pasteurizer two 

produces the largest volume of all pasteurizers, this explains why T101 and T102 have the largest 

PE%. 
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Table 12: Production effectivity per mix tank 

PRODUCTION EFFECTIVITY% WEEK 9 WEEK 31 WEEK 35 WEEK 37 WEEK 49 AVERAGE 

T110 0,0 0,0 0,0 0,0 0,0 0,0 
T111 56,1 28,8 20,8 41,0 49,7 39,3 

T112 53,6 27,4 20,0 40,5 48,6 38,0 

T101 48,8 62,6 63,7 56,4 58,0 57,9 

T102 49,2 57,1 59,6 52,7 56,3 55,0 

T107 33,8 16,3 41,3 28,1 26,7 29,2 

T108 34,1 17,5 39,2 26,3 26,1 28,6 
 

Table 13 provides an overview of the production effectivity in percentage for every buffer tank for 

the base scenario per measured week. The production effectivity percentage is calculated by using 

formula 3. As can be seen in the table, the smaller buffer tanks; tank BT311, BT312, and BT318 have 

a lower PE% than the larger tanks.  

Table 13: Production effectivity per buffer tank 

PRODUCTION EFFECTIVITY% WEEK 9 WEEK 31 WEEK 35 WEEK 37 WEEK 49 AVERAGE 

BT311 28,8 24,9 19,2 16,1 27,3 23,3 
BT312 21,7 20,1 21,6 17,7 20,0 20,2 

BT313 43,6 35,3 39,9 47,3 49,7 43,2 

BT314 37,7 24,9 37,9 28,2 34,2 32,6 

BT315 35,2 18,6 35,1 44,3 29,7 32,6 

BT316 46,2 29,8 33,6 44,5 44,7 39,8 

BT317 21,3 17,0 28,3 68,9 33,9 33,9 

BT318 17,3 14,4 21,3 14,4 12,4 16,0 

 

To calculate the utilization degree, formula 2 described in section 4.4 is used. Table 14 provides an 

overview of the utilization degree per pasteurizer, per measured week. As can be seen in this table, 

pasteurizer two has a much higher utilization degree than pasteurizer one and three.  

Table 14: Utilization degree per Pasteurizer 

UTILIZATION DEGREE % WEEK 9 WEEK 31 WEEK 35 WEEK 37 WEEK 49 AVERAGE 

PASTEURIZER 1 89,2 47,0 33,4 33,4 77,6 56,1 
PASTEURIZER 2 76,2 90,7 90,9 90,9 83,6 86,5 

PASTEURIZER 3 55,1 26,6 64,3 64,3 41,7 50,4 
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Table 15 provides an overview of the utilization degree per buffer tank, per measured week. As can 

be seen in this table, the larger buffer tanks on average have an utilization degree than the smaller 

buffer tanks. 

Table 15: Utilization degree per buffer tank 

UTILIZATION DEGREE % WEEK 9 WEEK 31 WEEK 35 WEEK 37 WEEK 49 AVERAGE 

BT311 47,2 43,3 32,0 25,9 40,7 37,8 
BT312 34,7 31,3 32,6 29,1 36,1 32,8 

BT313 55,3 47,6 56,8 64,3 59,7 56,7 

BT314 51,4 38,8 49,4 38,5 44,9 44,6 

BT315 46,4 28,9 43,7 53,7 39,2 42,4 

BT316 62,1 37,6 47,2 50,1 56,4 50,7 

BT317 32,8 27,1 40,3 77,0 41,1 43,7 

BT318 22,8 21,8 27,6 18,5 14,8 21,1 
 

Table 16 provides an overview of the utilization degree per filling machine, per measured week. As 

can be seen in this table, the value of the UD of the filling machines is VM361 > VM362 > VM363  > 

VM364 > VM365. Since the model searches for the first filling machine available in the sequence of  

VM361, VM362, VM363, VM364, VM365.   

Table 16: : Utilization degree per filling machine 

UTILIZATION DEGREE % WEEK 9 WEEK 31 WEEK 35 WEEK 37 WEEK 49 AVERAGE 

VM361 59,3 41,8 48,6 66,7 53,4 54,0 

VM362 37,6 31,8 38,4 41,5 43,3 38,5 

VM363 33,4 19,0 27,2 28,2 24,7 26,5 

VM364 10,2 11,6 16,2 28,1 17,9 16,8 

VM365 11,2 11,6 12,6 9,4 12,8 11,5 

 

The average waiting time in minutes for a production order per measured week is visualized in Table 

17. The first row of the table shows the average waiting times for the production orders. Since buffer 

tank T315 is a special pressure tank, some products have the restriction that they can only be filled 

into buffer tank T315, this restriction might result in larger waiting times for orders that require this 

buffer tank. When not taking into account the waiting time of the orders being filled in T315, the 

average waiting time per production order decreases for week 9 with 46% and for week 49 with 

30%. For these weeks, the average waiting time was biased by the long waiting time for orders 

waiting for the required buffer tank T315. The average waiting time for the production orders 

without the influence of a few orders with a large waiting time is 44 minutes.  

Table 17: average waiting time for production order 

AVERAGE WAITING TIME (MIN) WEEK 9 WEEK 31 WEEK 35 WEEK 37 WEEK 49 

INCLUDING ORDERS IN BT315 198,8 103,0 94,1 104,3 169,9 

EXCLUDING ORDERS IN BT315 108,1 102,2 98,0 104,9 119,6 
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It is stated by Knessl and Tier (1998) and by Schweitzer and Serazzi (1993) that the machine with the 

largest busy/idle ratio is considered as the bottleneck. Furthermore, Wang et al. (2005) state that 

another way to define the bottleneck is to find the machine whose throughput mostly affects the 

overall process throughput. From the results described above, it can be concluded that the 

bottleneck in the current configuration are the pasteurizers, since the buffer tanks and filling 

machines have a lower idle/busy ratio and this equipment is waiting for product, while the 

pasteurizers are producing as many orders possible since the model uses a push system. 

Nevertheless, it can be seen in Table 14 that the orders are not equally divided over the pasteurizers. 

Therefore, it is expected that by dividing the orders more equally over the three pasteurizers, the 

average utilization degree of the pasteurizers will increase and more orders can be produced in the 

same production time, this hypothesis will be tested in section 5.4.  

5.3 Scenario comparison 
In this section the designed scenarios are evaluated and compared to the base case and the other 

scenarios. This section is split into five parts in which different scenarios are compared and 

evaluated, Figure 19 provides an overview the scenarios evaluated per part.  

Part 1 
In the first part of the scenario comparison, scenarios 2 to 6 are compared to the base scenario and 

to each other based on their values for the KPIs defined in the previous section.  

All scenarios will be compared to the base scenario: scenario 1. Table 18 shows an overview of the 

values of all the measured KPIs for the different scenarios. The green color shows that the KPI value 

is better than the KPI value of the base scenario, the light orange color indicates that the value is 

slightly better, the dark orange color indicates that the value is slightly worse, and the red value 

color shows that the value of the particular scenario is worse than the base scenario and if there is 

no color there is not a large difference between the value of the base scenario and the measured 

scenario. Figure 20 provides a visual overview of the different KPIs per scenario. 

Table 18: KPI overview of the what-if scenarios tested in part 1 

KPI / 
scenario 

1. 
Avg 
production 
duration  
(h) 

2. 
Avg 
filling 
duration 
(h) 

3a. 
total 
waiting 
time of 
Mix 
tanks 
(h) 

3b. 
total 
waiting 
time of 
buffer 
tanks 
(h) 

4a. 
Avg 
PE mix 
tanks 
% 

4b. 
Avg 
PE 
Buffer 
tanks 
% 

4c. 
Avg 
PE 
FM 
% 

5.  
Avg 
waiting 
times 
production 
order 
(min) 

6. 
Avg 
waiting 
times 
filling 
order 
(min) 

7. 
Avg 
man 
hours 
(h) 

scenario 1 
(Base) 

305,77 307,45 1211,83 320,23 35,43 30,17 27,14 134,05 2,13 1460,73 

scenario 2 302,44 302,88 1203,31 400,85 35,83 26,15 27,53 117,44 6,62 1373,47 

scenario 3 304,72 307,20 1002,48 337,63 45,01 27,78 27,39 90,82 1,86 1340,47 

scenario 4 301,12 303,36 1194,86 373,78 35,24 30,63 27,56 109,17 1,30 1441,33 

scenario 5 307,12 281,76 1212,46 532,30 35,59 30,25 27,20 175,59 0,90 1448,26 

scenario 6 282,04 284,64 935,04 341,42 34,56 29,83 29,38 105,36 2,40 1380,38 
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Figure 20: KPI visualization different scenarios 

 

Scenario 1 is the base scenario and the values of the other scenarios are compared to the values of 

the base scenario. As can be seen in Table 18 and Figure 20, different scenarios have different values 

per KPI, all KPIs are evaluated per scenario. In Figure 20, KPIs 1, 2, 3a, 3b, 5, and 7 are set out on the 

primary axis (on the left) and KPIs 4a, 4b, 4c, and 6 are set out on the secondary axis (on the right).  

For KPI 1 it can be seen in that scenario 2,3,4, and 6 have a better score on the KPI because the 

lower the value the better. Scenario 6 scores the best on this KPI. For KPI 2 scenario 2,3,4,5 and 6 

score better than the base scenario, especially scenario 5 and 6 score better since these scenarios 

need approximately 8% less filling hours than the base scenario. For KPI 3a and 3b applies: the lower 

the waiting times of the equipment, the better. The scenarios 2,3,4, and 6 have a lower waiting time 

then the base scenario for the mix tanks. For the buffer tanks the base scenario shows the lowest 

total waiting time and scenario 3 value compared to the other “what-if” scenarios. The fourth KPI is 

measured on a) the mix tanks, b) the buffer tanks, and c) the filling machines, for this KPI applies the 

higher the value the better. As can be seen there is hardly any difference in the values for the 

different scenarios. Except for scenario 3, which has a higher average PE% for the mix tanks, this can 

be explained by the fact that the same value is produced, but less mix tanks are available in this 

configuration. For the buffer tanks, scenario 2 and 3 show a little lower average PE% than the base 

scenario. For the filling machines, scenario 6 shows a higher average PE% then the base scenario. For 

KPI 5, it can be seen that scenarios 2,3,4, and 6 have a lower value than the base scenario and 

scenario 5 has a larger value. The average waiting time for the fill orders, KPI 6, is such a small value, 

only 0,35% of the total order duration, that it is not taken into account for the further evaluation. It 

can be seen that scenario 2 shows a larger waiting time for the filling machines, this can be 

explained by the fact that one buffer tank in this scenario can claim two filling machines, which 

results in the fact that the total time that a filling machine is claimed becomes longer so the 

availability decreases in comparison to the base scenario.  
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An overview of the level of improvement based on the KPI values compared to the base scenario and 

the other “what-if” scenarios is presented in Figure 21. As can be seen in Figure 20 and Table 18, 

scenarios 4 and 5 show the lowest improvement on the measured KPIs compared to Scenario 2, 3 

and 6. In order to narrow find the scenarios the perform the best compared to the base scenario, 

scenarios 4 and 5 are not further investigated and scenarios 2,3, and 6 are further evaluated in 

section 5.3 part 2.  

Figure 21: Level of improvement overview 5.3 part 1 
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Part 2 
Based on the results described above, the scenarios 2,3, and 6 are further investigated in this second 

part of the scenario comparison. These scenarios will be evaluated per test week and per KPI defined 

in section 5.1 and compared to the base scenario.  

The values of KPI 1, the total production hours per measured week and per scenario, are shown in 

Figure 22 and the values of KPI 2, the total filling hours per measured week and per scenario, are 

shown in Figure 23. As can be seen in these figures, scenario 6 has overall the lowest number of 

production hours and the lowest number of hours the filling part is operating.  

Figure 22: total production hours per scenario per measured week 
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Figure 23: total hours filling part in operation per scenario per measured week 

 

 

Figure 24 provides an overview of the total waiting hours for the mix tanks per scenario per 

measured week, and Figure 25 provides an overview of the total waiting hours for the buffer tanks 

per scenario per measured week. Evaluating the total waiting hours of the mix tanks, Figure 24 

shows that scenario 6 has the lowest number of waiting hours. The scenario with the lowest number 

of waiting hours for the buffer tanks varies per measured week. It is expected that this waiting time 

can be influenced by changing the production sequence.  

Figure 24: Total waiting hours of the mix tanks per 
scenario per measured week  

Figure 25: Total waiting hours of the buffer tanks per 
scenario per measured week  

  

KPI 5, the average waiting time for the production orders, is shown in Figure 26. The average waiting 

time for the fill orders is such a small value, only 0,35% of the total order duration, that it is not 

taken into account for the further evaluation. Overall the waiting time for the production orders is 
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the lowest for scenario 3, decrease of 32% compared to the base scenario, and scenario 6, decrease 

of 21% compared to the base scenario.  

Figure 26: Average waiting time per production order 

 

Since the Production Effectivity is measured per equipment type and number, this KPI will be further 

investigated on scenario level when the most suitable scenarios are selected. The KPI of the man 

hours needed for the operation is visualized in Figure 27. As can be seen in Figure 27 and in Table 19, 

scenario 2 and 3 are the scenarios with the lowest number of operators needed, which results in 

lower cost of labor. Compared to the base scenario, scenario 6 is an improvement as well regarding 

the man hours needed.  

Figure 27: Total man hours needed for the week 
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Table 19: Man hours needed per scenario per measured week 

 

Scenario 3 has integrated part of scenario 6 since the two pasteurizers in this scenario have an 

increased flowrate 50%, which is similar to scenario 6. Since scenario 2,3 and 6 are the scenario with 

the largest improvement on the measured KPIs, it is decided to add two extra scenarios that are a 

combination of these scenarios. As described in section 4.6, Scenario 8 is a combination of scenario 2 

and 6, in which two filling machines are used per buffer tank and in which the flowrate of the 

pasteurizers is increased with 50%. Scenario 9 is a combination of scenario 2 and 3, in which two 

filling machines are used per buffer tank and in which only two pasteurizers are used with an 

increased flowrate of 50%. 

An overview of the level of improvement compared to the base scenario and the other “what-if” 

scenarios of this part is presented in Figure 28. Scenario 2, 3 , 6, 8 and 9 are further evaluated in 

section 5.3 part 3.  

Figure 28: Level of improvement overview 5.3 part 2 
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Man hours 

needed (h) 

Week 9 Week 31 Week 35 Week 37 Week 49 

scenario 1 1537,4 966,1 1305,0 1822,2 1672,9 

scenario 2 1456,4 910,6 1225,2 1711,0 1564,1 

scenario 3 1382,4 922,8 1234,6 1655,9 1506,6 

scenario 6 1432,2 937,4 1251,5 1710,9 1570,0 
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Part 3 
In the third part of the scenario comparison, the newly formulated scenario 8 and 9 are evaluated 

and compared to the base scenario and to scenario 2,3, and 6. The tables below evaluate these two 

scenarios in comparison to the base scenario and scenarios 2,3 and 6. As can be seen in Figure 29 

and Figure 30, scenarios 6 and 8 have the lowest value for the first and second KPI. Overall Scenario 

9 has higher value than the base scenario for KPI 1 and 2.  

Figure 29: Total production hours per measured week with scenario 8 and 9 

 

Figure 30: Total hours filling part in operation per measured week with scenario 8 and 9 

 

Figure 31 provides an overview of the total waiting hours for the mix tanks per scenario per 

measured week. Evaluating the total waiting hours of the mix tanks, Figure 31 shows that scenario 6 

and 8 have the lowest number of waiting hours. The scenario with the lowest number of waiting 

hours for the buffer tanks varies per measured week and is therefore not taken into account for this 

evaluation.  
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Figure 31: Total waiting hours mix tanks with scenario 8 and 9 

 

KPI 5, average waiting time for the production orders, is shown in Figure 32. Overall the average 

waiting time for the production orders is the lowest for scenario 3 and 8.  

Figure 32: Average waiting time per production order with scenario 8 and 9 

 

KPI 7, average man hours needed for the operation, is visualized in Figure 33. As can be seen in 

Figure 33, scenario 8 and 9 are the scenarios with the lowest number of operators needed, which 

results in lower cost of labor. This can be explained by the fact that when operating with only two 

pasteurizers in the production part, only two operators are needed for the production part. And 

when operating with two filling machines on one buffer tank, there are less than two times the 

number of operators needed.  
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The productivity of the scenario is calculated by the use of formula 1, defined in section 4.4. The 

results of this calculation are shown in Figure 34 for the scenarios 1, 2, 3, 6, 8, and 9. As can be seen 

in this table, on average scenarios 6 and 8 have the highest productivity value.   

Figure 34: Productivity per scenario 

  

The results evaluated in this section show that scenarios 6 and 8 have the overall best score for the 

defined KPIs. For this reason, the utilization degree for the pasteurizers, buffer tanks and filling 

machines is calculated for these two scenarios. The tables with the results can be found in Appendix 

F. and Figure 35 and Figure 36 provide an overview of the average UD per equipment for scenario 6 

and 8. What can be seen in these figures is that pasteurizer two has a higher utilization degree than 

pasteurizer one and three. To increase the utilization degree of pasteurizers one and three, the 

orders can be divided better over the three pasteurizers. Furthermore, what can be derived from the 

tables in Appendix F, is that the larger buffer tanks are more used than the smaller buffer tanks. For 

the filling machines it can be seen that filling machine VM365 is used less than the other filling 

machines. This is due to the fact that this filling machines can only be connected to buffer tank T316, 

T317, and T318. What can be seen is that the value of the utilization degree for the filling machines 

is VM361 > VM362 > VM363  > VM364 > VM365. The differences are higher for scenario 6 than for 

Figure 33: Total man hours needed for the week with scenario 8 and 9 
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scenario 8. This is due to the fact that scenario 8 uses two filling machines at the same time if they 

are available.  

Figure 35: Average Utilization degree (%) per equipment scenario 6 

 

 

Figure 36: Average Utilization degree (%) per equipment scenario 8 

 

An overview of the level of improvement compared to the base scenario and the other “what-if” 

scenarios of this part is presented in Figure 37.  
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Figure 37: Level of improvement overview 5.3 part 3 
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Part 4 
As described in section 4.6, one more scenario is added after evaluation of the results described 

above. Since the utilization degree of pasteurizer two is higher than the utilization degree of the 

other pasteurizers, and scenario 6 scores high in the defined KPIs, it is decided to add another 

scenario, scenario 10. In this scenario, the flowrate of pasteurizer two increases with 50% and the 

flowrate of the other pasteurizers remains the same as in the base scenario. The results of this 

scenario are described below. This scenario is compared to the base scenario and scenarios 6 and 8 

since these scenarios show the highest improvement.  

Figure 38 and Figure 39 provide an overview of the total operating hours for the production part and 

for the filling part, as can be seen scenario 10 is a small improvement compared to the base case, 

and in some weeks it is an improvement compared to scenario 6, but overall scenario 6 and 8 score 

better on KPI 1 and 2.  

Figure 38: Total production hours (make span) including scenario 10 

 

Figure 39: Total hours filling part in operation including scenario 10 

 

As can be seen in Figure 40, scenario 10 has a lower average waiting time per order than the base 

scenario, nevertheless scenario 6 and 8 score better on this KPI.   
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Figure 40: Average waiting time per order including scenario 10 

 

When looking at the utilization degree of the pasteurizers which is shown in Table 20, it can be seen 

that the average utilization degree per pasteurizer is divided more equally then in the other 

scenarios.  

Table 20: Utilization degree pasteurizers scenario 10 

UD% 
SCENARIO 10 

WEEK 9 WEEK 31 WEEK 35 WEEK 37 WEEK 49 AVERAGE 

PASTEURIZER 1 89,13 48,77 48,77 62,77 86,71 67,2 

PASTEURIZER 2 64,56 88,07 88,07 73,05 85,15 79,8 

PASTEURIZER 3 54,88 27,59 27,59 41,01 45,61 39,3 

 

Figure 41 provides an overview of the man hours needed per scenario per week. As can be seen in 

this figure, scenario 10 is a small improvement compared to the base case regarding the man hours. 

Nevertheless, scenario 6 and 8 score better than scenario 10 on this KPI.  

Figure 41: Total man hours needed for the week including scenario 10 
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From the results described above can be concluded that the scenario 6 and 8 score the overall best 

on the defined KPIs, nevertheless scenario 10 is also an improvement compared to the base 

scenario. An overview of the level of improvement compared to the base scenario and the other 

“what-if” scenarios of this part is presented in Figure 42. Scenario 6, 8 will included in scenario 7 to 

give insights in how these scenarios perform when volume increases with 5%. This is evaluated in 

section 5.3 part 5.  

Figure 42: Level of improvement overview 5.3 part 4 

 
Table 21 provides an overview of the compared scenarios and their level of improvement per 

measured KPI. Scenario 7 is not included since this scenario is not created to be compared to the 

other scenarios but provides insights in the performance of the best scenarios with 5% more 

volume. As can be seen are scenario 6 and 8 the largest improvement, followed by scenario 10.  

Table 21: Overview of the compared scenarios and their level of improvement per measured KPI 

KPI / 
scenario 

1. 
Avg 
production 
duration  
(h) 

2. 
Avg 
filling 
duration 
(h) 

3a. 
total 
waiting 
time of 
Mix 
tanks 
(h) 

3b. 
total 
waiting 
time of 
buffer 
tanks 
(h) 

4a. 
Avg 
PE mix 
tanks 
% 

4b. 
Avg 
PE 
Buffer 
tanks 
% 

4c. 
Avg 
PE 
FM 
% 

5.  
Avg 
waiting 
times 
production 
order 
(min) 

6. 
Avg 
waiting 
times 
filling 
order 
(min) 

7. 
Avg 
man 
hours 
(h) 

scenario 1 
(Base) 

305,77 307,45 1211,83 320,23 35,43 30,17 27,14 134,05 2,13 1460,73 

scenario 2 302,44 302,88 1203,31 400,85 35,83 26,15 27,53 117,44 6,62 1373,47 

scenario 3 304,72 307,20 1002,48 337,63 45,01 27,78 27,39 90,82 1,86 1340,47 

scenario 6 282,04 284,64 935,04 341,42 34,56 29,83 29,38 105,36 2,40 1380,38 

scenario 8 282,91 283,68 937,13 438,53 44,77 22,81 27,06 88,75  1300,99 

scenario 9 310,06 310,56 1003,06 638,18 35,56 30,59 28,18 87,65  1278,89 

scenario 10 291,41 296,16 1112,74 424,30 35,83 26,15 27,53 100,68  1441,58 
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Part 5 
In this part scenario 7 is evaluated to gain insights in how the improved configurations perform 

regarding the defined KPIs. The volume of the five test weeks is increased with 5% and then the 

scenarios7, 7_6, and 7_8 are simulated. As can be seen in Figure 43, the base case with a 5% extra 

volume is called scenario 7, scenario 6 with 5% extra volume is called scenario 7_6, and scenario 8 

with 5% extra volume is called scenario 7_8. Scenario 1 is compared to scenario 7, scenario 6 to 

scenario 7_6, and scenario 8 to scenario 7_8. 

Figure 43: Overview of the scenario comparisons for part 5 

 

The total operating hours for the production part increase on average for the base case with 3,84%, 

for scenario 6 with 3,46% and for scenario 8 with 4,77%. For the filling part, the operating hours 

increased on average with 3,91% for the base case, 3,64% for scenario 6 and with 4,43% for scenario 

8. Result tables of this comparisons can be found in appendix G. The average waiting times per order 

decreased for the base scenario, since this scenario had large waiting times due to the required 

buffer tank BT315 for some orders, which is different in scenario 7 due to the fact that orders arrive 

in a different order at the storage part.  For the other scenarios, the average waiting time per order 

increased with respectively 10,18% and 10,84%. When evaluating the utilization degree of the buffer 

tanks, it can be concluded that the smaller buffer tanks; BT311, BT312, BT318 are used less, since 

their utilization degree decrease, which can be explained by the fact that the run size of the order 

increased till a larger volume than the smaller buffer tanks can store. The number of man hours 

needed is relevant as well to know for the future when the demand increases. For the base scenario 

the number of man hours needed increases on average with 3,85%, for scenario 6 the number of 

man hours needed increases with 4,03%, and for scenario 8 this increases with 5,35%. An overview 

of the comparison can be found in appendix G. 
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5.4 Extra scenario to test planning hypothesis; scenario 11 
As described in section 4.6, one more scenario is created in order to test a hypothesis drawn from 

the results described above. In the results section it can be seen that the waiting times per order 

differs per scenario due to some restrictions in the process. Also it can be seen that the utilization 

degree of the pasteurizers differs strongly per pasteurizer. Therefore, it is expected that changes in 

the schedule can improve the values of the measured KPIs, especially decrease the waiting times per 

order, since the restriction of BT315 can be taken into account when creating the schedule, and 

decrease the total make span, since the orders can be divided more equally over the pasteurizers, 

which also will increase the utilization degree. This is supported by Parvez, et al. (2017) who state 

that line balancing can improve the machine efficiency and productivity.  

This section is used to test one more scenario in which the schedule of the base case is manually 

changed to a schedule in which the same amount of orders with their original size are scheduled in 

such a way that the orders are more equally divided over the pasteurizers and the restriction of the 

required buffer tank BT315 is taken into account so that orders with the restricted buffer tank are 

broadly spread over the operation time. The waiting times per order due to this restriction are 

decreased by taking this restriction into account when making the schedule. Since making a weekly 

schedule is outside the scope of this thesis, but this test supports the hypothesis about planning 

improvements, this test is performed for only one test week; Week 49 2018 since this is the week 

with the highest demand. This test is performed with the current configuration, scenario 1. 

Therefore, this test will be compared to the base scenario of week 49 2018. The schedule created for 

this test is not an optimal schedule, but a schedule with large improvements regarding the waiting 

times per order and measured KPIs. When comparing Figure 45 to Figure 44 and looking at Figure 

46, it can be seen that the total operating hours decreased with 19,77% for the production part and 

with 19,72% for the filling part.  

Figure 44: Overview of the tasks performed with the regular schedule 
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Figure 45: Overview of the tasks performed with the improved schedule 

 

What can be seen in Figure 44 and Figure 45 is that the tasks are more equally divided over the 

pasteurizers in the new schedule, this results in a higher and more equally divided utilization degree 

for the three pasteurizers, which can be seen in Table 22. On top of that, the utilization degree of the 

buffer tank increases on average with 35% with the improved schedule. Furthermore, when creating 

the new schedule, attention is paid to the average waiting time per order. In the improved schedule, 

the average waiting time per order decreased with 34% as can be seen in Figure 46.  

Table 22: Utilization degree per pasteurizer Week 49 

UTILIZATION 

DEGREE % 
REGULAR 

SCHEDULE 
IMPROVED 
SCHEDULE 

INCREASE 
IN % 

PST1 77,6% 87,2% 12,4% 
PST2 83,6% 86,0% 2,8% 
PST3 41,7% 82,6% 98,3% 
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Figure 46: KPI comparison for the base case and scenario 11 for week 49 

 

The number of man hours needed stays approximately the same: a decrease of 0,14%. Nevertheless, 

the make span decreased and since operators are scheduled for a whole shift, it can be concluded 

that the efficiency of the operators present increases which results in lower costs of labor. The 

productivity for the improved schedule increases with 25% compared to the productivity of the 

regular schedule. From the results described above, it can be concluded that the schedule has a 

large impact on the performance of the factory and can improve the values of the measured KPIs.  
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6. Conclusion and recommendation  
In this chapter, answers are provided to the research questions formulated in chapter 2 of this 

report. Furthermore, recommendations for the management team of FrieslandCampina plant 

Nuenen, as well as directions for future research are presented. The research question formulated in 

section 2.2 is as follows: 

How can the cream production process of FrieslandCampina plant Nuenen be organized to improve 

its productivity and utilization ? 

6.1 Conclusion 
For this research a simulation model is built to generate more insight in the current configuration 

and to test several “what-if” scenarios regarding the configuration of the process and the sequence 

of the mix. A base scenario is developed, which contains the current configuration of the process. To 

develop this scenario, the demand, production process and planning were analyzed. This scenario is 

tested in the model and the output parameters have been analyzed. From these results, the current 

state of productivity, utilization degree and production effectivity were calculated. From the output 

results of the model, it can be concluded that the bottleneck of the current configuration are the 

pasteurizers. Furthermore, from the large average waiting times per order, and the difference in 

average waiting time when including or excluding orders stored in BT315, a hypothesis regarding the 

production schedule is derived. This hypothesis is tested in section 5.4. From the waiting times and 

waiting reasons per order can be concluded that when orders are scheduled differently, the 

productivity can improve and the waiting times can reduce. Also, from literature different insights 

are gained to improve the sequencing of orders. The results show that the waiting times of the 

orders are due to the restriction that some orders are required to use buffer tank T315. When this 

tank is occupied, the order has to wait until this tank is available. When taking this restriction into 

account during the scheduling process, waiting times can be reduced and herewith the total 

production time as well. From the utilization degree of the pasteurizers and from the Gantt chart can 

be concluded that the tasks are not equally divided over the pasteurizers. When dividing the orders 

more equally over the pasteurizers, the total production time will decrease and the utilization 

degree and the Production Effectivity percentage of the pasteurizers will be more equally and the 

values will be higher. The productivity increases with 25%. Furthermore, this results in the fact that 

the number of operators needed will be more balanced over the production period.  

From the calculated difference in utilization degree per buffer tank it is concluded that the smaller 

buffer tanks have a lower utilization degree. This is due to the fact that most of the run sizes are 

larger than the volume of these small buffer tanks, so these buffer tanks can only be used by part of 

the orders. When decreasing the volumes of some run sizes, for example by splitting one larger run 

into two smaller ones, the smaller buffer tanks can be used more frequently and the larger buffer 

tanks will become available more often which can result in reduction of the waiting times for orders 

which need a large buffer tank.  

Several “what-if” scenarios were tested in the model and compared to the base scenario. The 

scenarios were compared on different KPIs defined in section 5.1. The scenarios with increased 

flowrate for the pasteurizers and the configuration of two filling machines per buffer tank and two 

pasteurizers, scenarios 2,3, and 6, show the largest improvements based on the measured KPIs. 

Scenario 4 and 5 do not show much improvement compared to the other tested scenarios. As a 

result of this comparison, two more scenarios, scenario 8 and 9, were developed, evaluated and 
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compared to the other scenarios on the KPIs defined. From these results it can be concluded that 

scenario 6 and 8 score the best on the defined KPIs. In both scenarios the flowrate of the pasteurizer 

is increased with 50%. In scenario 8 the number of filling machines per buffer tank increased from 

one to two. From the results of scenario 6 and 8, one more scenario is generated in which only 

pasteurizer two has an increased flow of 50%. It can be concluded that this scenario is an 

improvement compared to the base scenario, but not compared to scenario 6 and 8. Also scenarios 

2,3,4 and 5, score higher than the base scenario on the defined KPIs. Scenario 6 and 8 score the best 

and scenario 10 is also a large improvement. Therefore, improvements that could be made in the 

configuration are increasing the flowrate of the pasteurizers either for all pasteurizers or for several, 

or using two filling machines on one buffer tank in combination with the increased flowrates for the 

pasteurizers.  

Since scenario 6 and 8 show the largest improvements, these scenarios, together with the base 

scenario were simulated with an increase in volume of 5%. From this test, described in part 5 of the 

previous section, it can be concluded that the make span for the production part and the filling part 

increases with on average 4%. The smaller buffer tanks are used less, since the run sizes are larger 

and do not fit in the small buffer tanks. The number of man hours increases with on average 4%.  

Figure 47 provides an overview of the level of improvement compared to the base scenario and the 

other scenarios. The colors show the level of improvement, it is concluded that all the tested 

scenarios show improvements on the defined KPIs. As can be seen is scenario 6 shows the largest 

improvement followed by scenario 8, evaluated on the defined KPIs. Increasing the flowrate of the 

pasteurizers with 50% is the best improvement in the configuration regarding the productivity and 

the utilization degree. The productivity increases with 8% in scenario 6 and 8. Figure 48 provides an 

overview of the average production time per product for the current situation in the first timeline 

and for scenario 6 in the second timeline. As can be seen, an average product in scenario 6 is 

finished 23% faster than in the base case.  

Figure 47: Overview of the order and level of improvement compared to the base case 

 

Figure 48: Average production time for an order, a. Current situation(base case), b. Scenario 6 
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6.2 Recommendations 
This section presents the recommendations derived from the research conducted for this thesis. As 

can be derived from the results, the configuration will improve the most when changing the 

production schedule in such a way that the waiting times will decrease and the utilization degree 

increases. This can be executed by dividing the orders more equally over the three pasteurizers and 

by separating the orders with a required buffer tank. It is recommended to set up a team that 

specifies all the requirements to enable this improvement.  

When FCN wants to invest in the configuration of the production process, this study would 

recommend to do this by increasing the flowrates of the pasteurizers, in this research scenario 6. 

This can start with at first increasing the flowrate of one pasteurizer with 50% and in the future by 

increasing the flowrates of all pasteurizers, since this is the major bottleneck. When FCN is 

interested in reducing the man hours needed, the configuration should be changed to using two 

filling machines for emptying one buffer tank. On top of that, also when changing the configuration, 

even more improvements can be made by changing the schedule such that the average waiting time 

per order is reduced by taking into account the restriction of the required BT315 and the orders are 

equally divided over the three pasteurizers. Furthermore it is recommended to analyze the costs and 

the proceeds of the implementation of the new configuration, so this improvement can be 

expressed in terms of profit as well.  

6.3 Limitations and future research 
In this section, the limitations and suggestions for future research are discussed. 

In this research assumptions have been made which are limitations of the model. The first limitation 

of the model is that the model assumes that raw materials are always available, in reality, this might 

not be the case. The second limitation is that the model assumes that available operators are 

unlimited, which is not the case in real life. The model calculates the required operators as an output 

value while in real life the availability of operators is a restriction that is taken into account when 

making the production schedule. Furthermore, resources and utilities used in this model are in the 

model assumed to be only used by the machinery inside the scope, in reality, some utilities are 

shared with more production lines. An example of this is the cream dozer, which is also used by line 

four, which is out of scope for this research, and the fat melter for line one, which is actually shared 

with line four. Also, the model uses a push method for the production process, in which the product 

waits in a queue and will be produced as soon as the next equipment and resources become 

available. In real life, some orders are scheduled on a particular day and will not be produced earlier 

even if that is possible. Lastly, the model does not take failures or maintenance into account.  

For future research it is recommended to solve the limitations described above. Furthermore, the 

model can be used for further research by testing more scenarios. These scenarios should be tested 

with a production schedule that suits the configuration of the designed scenario and limits the 

waiting times. Furthermore, operators can be set as a limited resource to further specify the 

improvement possibilities. On top of that, it might be interesting to further specify the type of 

operators needed, for example production operators and fill operators. By this division it can be 

further specified which operators are most productive and which operators could be further 

investigated on their improvement opportunities regarding efficiency.  
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