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This study investigates the inbound supply chain of a consortium of traders in the floriculture sector, 

with a focus on a common inbound hub. First, through a qualitative approach using a number of 

interviews, more insight in the goods flowing through this hub is gained. Then, a mathematical 

optimization model is built to find the optimal route for the delivery of goods.  

At this moment, there exists a thread that this common inbound hub will shut down. Therefore, 

this study develops an alternative. Using qualitative interviews with the logistic managers and managers 

of the traders, a number of possible options are given. The costs of these options are found with a 

mathematical high level decision making model. Finally, the processes at the logistics hub are 

investigated, analyzed and improved using a simulation model.  

This result of the study is that the common inbound hub adds value to the traders, and is required 

to continue being exploited as done currently, with the support of the traders. Moreover, the simulation 

model shows that improvements in the processes at the hub are possible.  
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This report presents the result of a master thesis project conducted at the IPCW in Honselersdijk. The 

IPCW is a consortium of four traders in the floriculture sector. The focus of this study lies on the inbound 

supply chain of the IPCW.  

This project studies the inbound supply chain of the IPCW, a consortium of traders in the floriculture 

sector. Their customers require earlier deliveries and later order moments. Furthermore, trends in the 

market result in placing more and smaller orders. These demands and market trends cause more pressure 

on their inbound supply chain. At this moment, the IPCW has limited insight in the inbound supply 

chain and almost no control. An important link in the inbound supply chain for small orders are common 

inbound hubs. For the IPCW the most important hub is called Sierteelt Direct. At these common inbound 

hubs, trucks containing plants with a number of different destinations can be unloaded. The hubs make 

sure that the goods are delivered at the right locations. At this moment, the hub is failing to become 

profitable, and is considering a shutdown. The IPCW is investigating how to respond, in case Sierteelt 

Direct decides to stop. Furthermore, the IPCW wants to gain more insight in the plants going through 

this hub. Finally, the IPCW experiences that the processes at Sierteelt Direct are uncontrolled and 

believes that these can be improved. 

The main research question to be answered is: How can the operations at the common inbound hub be 

designed in the most efficient way for the IPCW, what are the impacts on cost and performance (e.g. 

throughput times), and how does a grower/group transporter decide on their transportation process to 

the trader? To answer this question, the following sub research questions are given: 

 What are the current processes in the logistics hub, what are the bottlenecks, what are the cost 

components (including costs for rent, power, gas, insurances, and other costs) and what are the 

throughput times? 

 What are the available resources, their cost, capacity, utilization and what are their effects on 

service times? 

 What processes can be improved, how should these processes be redesigned, and what are the 

impacts on cost and performance? 

 How can the current logistics hub be efficiently designed to serve as a transportation hub for 

the IPCW members, and what is the impact on cost and performance? 
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 What factors and cost components are involved in the decision making process for the transport 

to the traders by the growers/group transporters, and more specific what are the reasons to use 

the logistics hub? 

The delivery decision making process to the trader is different for every transportation party. However, 

cost perspective is the most important reason. A delivery optimization tool is developed, to optimize the 

decision making process for the delivering parties. This tool gives insight in costs, capacity and service 

for the transportation parties, but also for the IPCW. This tool was programmed using Gurobi in Java 

Eclipse. 

If Sierteelt Direct decides to shut down, the IPCW should prevent this. The best option is 

described as follows: FloraHolland continues operating Sierteelt Direct, however, in addition to the 

current situation traders will also pay for the service. The loss Sierteelt Direct currently faces will be 

shared among all traders using Sierteelt Direct. In return, Sierteelt Direct and the traders sign Service 

Level Agreements (SLA), in which terms and conditions can be discussed. In this way, traders get 

something in return. Besides that, Sierteelt Direct adds value to their company in terms of cost savings 

and service. Moreover, trends in the market cause the number of trolleys or cc containers (see Figure 

1-1 and Appendix A for more information) handled at hubs to increase. This effect makes the hubs more 

important for the traders, and control over the inbound flow is required and becomes more important. 

Moreover, if the IPCW is able to achieve an internal performance increase of 2.5% or more by making 

agreements in the SLA. This option is even financial beneficial, compared to the current situation. In 

this option, the service level and throughput times remain the same as the current situation. The 

throughput time is here defined as the time it takes to deliver the plants at the trader from the moment 

the plants arrive at the logistics center. Furthermore, the business processes at the traders can remain the 

same. However, there is one problem that needs to be overcome, that is the fact that all traders should 

be willing to pay for this service. This can only be achieved when they realize this is the best option 

available. 

Simulation shows that the processes at Sierteelt Direct can be improved. The largest 

improvement can be made if the largest bottleneck is tackled. Moderate improvements can be made by 

changing the processes, with available resources at this moment. Large improvements can be made if 

Sierteelt Direct can find a new method to connect trolleys together. Another large improvement can be 

made when using RFID technology. At this moment, all trolleys already contain a RFID tag. However, 

this RFID tag is not linked to the current contents of the trolley. If growers couple these together, 

Sierteelt Direct can make significant savings.  
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If Sierteelt Direct decides to shut down, the IPCW has to prevent is. The best possible option is: 

FloraHolland continues operating Sierteelt Direct. However, in addition to the current situation traders 

will also pay for using the hub. The next step is to create an implementation plan. This involves working 

together with Sierteelt Direct and the traders using Sierteelt Direct to realize the option. Furthermore, 

the IPCW has to investigate what service they want Sierteelt Direct to achieve against what price, and 

how they can improve their control on Sierteelt Direct using a contract or a Service Level Agreement. 

“Innovations in the logistics process and disclosure of information in the sector make it possible 

to stay ahead of the competition.” (Rabobank, 2012) A considered option is: Centralize logistics inbound 

decision making process, this is an innovative logistics option. Further research for this option is 

required. Furthermore, this option requires collaboration and information sharing in the sector. At this 

moment, the floriculture sector is quite conservative when it comes down to these topics. The RFID 

technology solution as described is another example of a logistics innovation. In this approach the entire 

supply chain benefits, not only Sierteelt Direct. The Van Plant tot Klant project shows this. (Interaxi, 

2013). This IPCW will benefit when collaborating and sharing of information. However, this requires 

other companies in the sector to do the same. In the end, all companies benefit from these collaborations. 

The simulation shows that a number of improvements are possible. The IPCW can present these 

improvements to Sierteelt Direct, and can collaborate together with Sierteelt Direct to improve the 

service and control on the supply chain. The IPCW should aim for a close collaboration with Sierteelt 

Direct, and other parties in the inbound supply chain to improve their control on the inbound supply 

chain. 

 

  



 

1 

 

 

This chapter gives an introduction to the master thesis. Section 1.1 gives an introduction to the 

organization where the project is conducted. Section 1.2 describes the problem statement. Section 1.3 

gives a description of the internal process at the traders. Section 1.4 states the scope of the project and 

the research questions. Section 1.5 explains the methodology and techniques used in the project. Finally, 

Section 1.6 gives an overview of the contents in the thesis. 

 

The International Plant Center Westland (IPCW) is a consortium of four plant traders: Hamiplant BV, 

Vida Verde Export BV, Noviflora Holland BV and Moterra International. The traders export plants to 

different countries in Europe. Table 1-1 gives general information about the IPCW members, the number 

of inbound cc containers and the turnover in 2013. A cc container is the most commonly used container 

by the IPCW members. Figure 1-1 gives an image of a cc container, also known as a Danish trolley, see 

Appendix A for more information. The number of employees is the current number of employees. Most 

of the companies work with temporary workers, the number in the table has excluded these workers. 

 

Figure 1-1: Image of a cc container or Danish trolley 

Company Number of employees Number of handled cc containers 

Noviflora 105 160,000 

Vida Verde 50 50,000 

Hamiplant 130 200,000 

Moterra 35 57,000 

Table 1-1: Table providing general information of the IPCW members 
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All members are located nearby each other at the Trade Parc Westland II (TPW II) located in 

Honselaardijk. Figure 1-2 shows the location of the TPW II. 

 

Figure 1-2: Location of the Trade Parc Westland II (Venus) 

A close-up with the key areas is shown in Figure 1-3. All separate buildings are connected through 

tunnels or bridges for the internal transport. Figure B-1 contains a more detailed photo of the complex. 

The building of FloraHolland contains the auction, in this building plants and flowers can be delivered 

at Fase G. The TPW II building contains mainly plant traders, the TPW I building contains mainly 

flower traders and the Strijp building contains a mixture of plant and flower traders. The four buildings 

together are called the FloraHolland Naaldwijk area. 

 

Figure 1-3: Overview of the interesting flowers/plants area for the logistics hub at Honselersdijk 
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The IPCW members collaborate on activities where they do not compete with each other. At this 

moment, the main focus of the IPCW is the inbound logistics (Zandi, 2013). 

 

The Trade Parc Westland II, also known as Venus, was built in 2005. At that time, FloraHolland together 

with DeWinter Logistics decided to set up a common logistics inbound hub called Sierteelt Direct, where 

plants and flowers with different destinations at FloraHolland Naaldwijk can be delivered. In this way, 

a truck only has one delivery location and Sierteelt Direct takes care of the internal transport.  

 In 2013, the total inbound of the TPW II were about 1,000,000 cc containers (cc’s), while only 

310.244 cc’s were handled by the logistics hub (Sierteelt Direct, 2014). At this moment, there is a 

possibility that FloraHolland and DeWinter decide to stop their activities at Sierteelt Direct. The most 

important reason for this possible closure is the fact that they fail to make the hub profitable. A potential 

closure of the logistics hub would mean a step back in the logistics process, while “innovations in the 

logistics process and disclosure of information in the sector make it possible to stay ahead of the 

competition” (Rabobank, 2012). Since the IPCW members are dependent on the hub and innovations in 

the logistics process are required to stay ahead of the competition, the IPCW members investigate 

whether they could exploit the logistics hub themselves. This means that the IPCW takes over the 

activities currently performed by Sierteelt Direct. However, the IPCW is also considering to use the 

logistics hub as their own internal private transportation hub. This option would mean that only plants 

for IPCW members can be delivered at the logistics hub. Naturally, other different solutions may be 

possible as well. Moreover, the IPCW members want more insight in their logistics inbound process and 

costs and want to investigate whether they could save on transportation cost by exploiting the logistics 

hub themselves. Furthermore, the IPCW aims at improving their control on the supply chain, especially 

on the inbound supply chain. Having direct control over the logistics hub could be an important step in 

this direction. The logistics hub can be used to balance the workload during the day and serve as a buffer. 

During busy periods the amount of cc’s at the trader is so high that this becomes a bottleneck in the 

process. During these busy periods the logistics hub can buffer a number of cc’s and deliver them at the 

moment the trader is able to handle them. The IPCW members would like to have control over this 

buffer function of the logistics hub. The problem that has to be solved is to find a solution which is most 

beneficial for the inbound logistics of the IPCW. In the future, the logistics hub could also help the 

outbound logistics, but this topic is considered out-of-scope for this thesis. 

To be able to improve the logistics hub and more important, the entire inbound logistics flow of 

the IPCW, insight about the transportation decision making process to the traders is required. This 

process determines the delivery sequence and delivery locations of the truck load. Only when this 

process is studied relevant conclusions and effects of different possible options can be drawn. At this 

moment the traders have limited insight in this process, therefore studying this process is necessary. 
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Therefore the project consists of two main topics. Both the transportation decision making process and 

the common logistics inbound hub are studied. 

 

This section describes the internal process of the IPCW members. These processes all have the same 

basic characteristics. Three major departments can be distinguished, sales, purchasing and logistics.  

 

The sales department sells plants to their customers. There exist a number of different customers, 

wholesalers, retailers/supermarkets and Do-It-Yourself stores. Orders can be placed using telephone, 

fax, email and webshops of the traders. If an order is confirmed, the sales department enters a purchase 

requirement into the system together with the required delivery date of the customer.  

In general there exist two types of orders: 

Non-Daily Orders (NDO’s) are orders received by traders at least one working day in advance, or one 

working day in advance before 14.00. 

Daily Orders (DO’s) are orders received one working day in advance after 14.00, before 10.00 on the 

delivery day. 

The sales department is also responsible for the assortment of plants that are sold. During the 

year the assortment changes and is adjusted to the season and requirements of customers. 

 

When the sales department has closed a sale, the purchasing department receives a purchase 

requirement. The task of the purchasers is to place purchasing orders at the growers. The IPCW members 

do business with over 1 000 growers every year (80% of the orders are placed at about 200 commonly 

used growers), so this is a complex process. Depending on the needs and delivery date required by the 

customers, the purchasing department places an order at a grower. The growers have fixed time frames 

for receiving orders with corresponding delivery time. For example: An order placed before 10.00 at a 

grower will be delivered in the box of the trader before 14.00. However, sometimes these time frames 

are not known at traders, or wrong time frames are used. When the correct timeframes are used, growers 

sometimes fail to meet their time frames.  

 

The logistics department is dependent on the orders placed by purchasing and the orders received by the 

sales department. The orders have to be combined and sorted, the main process of the logistics 

department is to combine the purchasing orders to the required placed sales order. In fact, the traders act 

as cross docks. “Cross docking is a warehouse management concept in which items delivered to a 

warehouse by inbound trucks are immediately sorted out, reorganized based on customer demands, 

routed and loaded into outbound trucks for delivery to customers without the items being actually held 

in inventory at the warehouse. If any item is held in storage, it is usually for a brief period of time that 
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is generally less than 24 hours.” (Yu & Egbelu, 2008) Figure 1-4 shows an illustration of a cross docking 

process.  

  

Figure 1-4: Illustration of a cross docking process. In this figure the gray box illustrates the box of a trader. (ORTEC) 

Logistics is responsible for ensuring the goods are delivered on time at the customer, including 

placing outbound transportation orders. An order can only be shipped if all individual items of an order 

are received, combined and/or sorted. Therefore, receiving a purchasing order late bottlenecks the entire 

process and has a large influence on the service perceived by the customers. Therefore, the IPCW is 

interested in options to improve the throughput times of the logistics hub. The throughput time of the 

logistics hub is defined as the time it takes to deliver the plants at the trader from the moment the plants 

arrive at the logistics center. 

 

The goal of the project is to develop relevant options in case Sierteelt Direct closes. These options are 

examined for feasibility, performance and costs. The most relevant options will be discussed in detail. 

The scope of the project is limited to the inbound logistics of the traders, and does not include the process 

at the growers, nor the internal process at the traders. The project focusses on the relevant options IPCW 

can undertake in case Sierteelt Direct closes. Moreover, the internal process at Sierteelt Direct is 

examined and the inbound logistics are studied to give insight in the effects of specific options. 

As the main research question implies the project consists of two separate topics. The 

transportation process at growers and group transporters. First insight in this process is gathered and 

then a manager decision making tool is developed to optimize the decision making process. 

In the second topic the common logistics inbound hub is studied. First, the current situation is studied, 

including the current processes, their costs and throughput times and the bottlenecks in the process. 

Then, possible future options for the logistics hub are given and are studied from IPCW perspective to 

show to impact on the logistics inbound process. Finally, a number of possible improvements of the hub 

are given, including their influence on costs and throughput times. 
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A number of research questions for these processes are set-up. The main research question is: 

How can the operations at the common inbound hub be designed in the most efficient way for the 

IPCW, what are the impacts on cost and performance (e.g. throughput times), and how does a 

grower/group transporter decide on their transportation process to the trader? 

To find an answer for this main research question a number of sub research questions are developed: 

 What are the current processes in the logistics hub, what are the bottlenecks, what are the cost 

components (including costs for rent, power, gas, insurances, and other costs) and what are the 

throughput times? 

 What are the available resources, their cost, capacity, utilization and what are their effects on 

service times? 

 What processes can be improved, how should these processes be redesigned, and what are the 

impacts on cost and performance? 

 How can the current logistics hub be efficiently designed to serve as a transportation hub for 

the IPCW members, and what is the impact on cost and performance? 

 What factors and cost components are involved in the decision making process for the transport 

to the traders by the growers/group transporters, and more specific what are the reasons to use 

the logistics hub? 

 

The thesis includes three quantitative models, two models are based on mixed-integer programming and 

one is a simulation model. The thesis also included a number of interviews to collect information, these 

interviews were conducted using a semi-structured approach. These models are built according to the 

qualitative research model by Mitroff, Betz, Pondy, & Sagasti (1974). The research model is shown in 

Figure 1-5. 

 

Figure 1-5: Quantitative research model by Mitroff, Betz, Pondy, & Sagasti (1974) 

According to Bertrand & Fransoo (2002) the model describes four phases: Conceptualization, Modeling, 

Model Solving, and Implementation. Bertrand & Fransoo (2002) give the following explanation of the 

phases: 
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Conceptualization: A conceptual model of the problem is made and decisions about the variables and 

the scope of the problem and model are addressed. 

Modeling: In this phase the actual model is built, this means that the causal relationship between 

variables are defined. 

Model Solving: The model solving phase solves the model, mathematics usually play an important role 

here.  

Implementation: According to the model the results are implemented. Due to the limited available time 

for this project this phase is out-of-scope. However, the results of the model solving are described and 

possible implementations are addressed. 

The conducted interviews are based on a semi-structured approach. The goals of these 

interviews are to gain insight in the transportation decision making process, the process at Sierteelt 

Direct and the process at traders. “In semi-structured interviewing, a guide is used, with questions and 

topics that must be covered. The interviewer has some discretion about the order in which questions are 

asked, but the questions are standardized, and probes may be provided to ensure that the researcher 

covers the correct material.” (Harrell & Bradley, 2009) 

 

The contents of this thesis are as follows: Chapter 2 describes the current situation. Chapter 3 describes 

the transportation decision making process of growers and group transporters. Chapter 4 develops a 

model to improve this decision making process.  Chapter 5 describes a number of criteria the hub has to 

satisfy and gives a number of possible options for the future of the hub, based on the current situation 

and the decision making process of growers and group transporters. Chapter 6 calculates the effects of 

implementing the options developed in the previous chapter. Chapter 7 improves the process at Sierteelt 

Direct through simulation. Finally, Chapter 8 gives a conclusion of the project. Figure 1-6 shows the 

structure of the thesis. 

Chapter 2
Current situation at 

the logistics hub

Chapter 4
Decision making 

process tool

Chapter 3
Transportation 

decision making 
process

Chapter 5
Conceptual design

Chapter 6
Inbound logistics cost 

calculations

Chapter 7
Improving the 

process at Sierteelt 
Direct

Chapter 8
Conclusion

 

Figure 1-6: Scheme showing the structure of the thesis 
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This chapter describes the current situation. First, Section 2.1 describes the different inbound flow of 

trolleys (to the traders) in detail, also known as the inbound plant supply chain. Then, the internal process 

at Sierteelt Direct is studied in Section 2.2. The focus lies on the costs and throughput times (service) of 

the system. Section 2.3 describes the performance of Sierteelt Direct. Section 2.4 describes the important 

relevant market trends. Finally, Section 2.5 gives an overview of important values, costs and other 

characteristics.  

 

The logistics hub is part of the plant supply chain from grower to trader. Figure 2-1 gives a simplified 

visual representation of the inbound supply chain of the IPCW. It shows that there are four different 

transportation method for plants from grower to trader which are discussed in this paragraph. The plants 

bought at the auction of FloraHolland are considered out-of-scope for the project and therefore not 

included. This is because the far majority of the goods that run through the logistics hub are not bought 

through the auction and the trolleys used by the auction have different dimensions (L x W x H: 1310 x 

1020 x 1900 mm) than the cc’s. 

 

Figure 2-1: A simplified representation of the supply chain from grower to trader 

The inbound supply chain for the IPCW is the process from the moment an order is placed at the grower 

until the moment the plants arrive at the trader. This process starts at the grower which produces the 

plants. When a trader places an order at the grower the plants have to be transported from the grower to 

the trader. This transport can be performed by the growers themselves, when they own transportation 

resources, or by group transporters. Group transporters are logistics service providers which perform the 
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transportation from the growers to the traders. A group transporter combines different transportation 

orders from growers in one truck to optimize his process. 

When transporting the goods to the trader, the grower or group transporter has to decide which 

option from Figure 2-1 he chooses. Table 2-1 gives an overview of all possible delivery possibilities, 

the responsible parties for the internal transport and refers to the corresponding figures and flowcharts. 

Delivery location 
Location of 

delivery location 
Transporter  

Internal 

transport 
Figure/Flowchart 

Fase G FloraHolland Group transporter FloraHolland 
Figure C-1/Figure 

C-3* 

  Grower FloraHolland 
Figure C-1/Figure 

C-4* 

Group 

transporter 

Dependent of 

group transporter 
Group transporter Group transporter 

Figure 

2-4*/Figure C-3* 

  Grower Group transporter 
Figure 

2-4*/Figure C-4* 

Sierteelt Direct Venus Group transporter FloraHolland 
Figure 2-4/Figure 

C-3 

  Grower FloraHolland 
Figure 2-4/Figure 

C-4 

Trader 
Dependent of 

trader 
Group transporter - 

Figure 2-2/Figure 

C-2  

  Grower - 
Figure 2-2/Figure 

2-3 

Table 2-1: Table showing the different delivery possibilities. * Denotes that the figure or flowchart is not exactly correct in 

that particular situation. Figures starting with a letter are located in the corresponding Appendix. 

 Figure 2-2 shows the transportation process from grower to trader when the transport is performed 

directly to the trader. In this figure a close-up of the TPW II has been made to show the last step of the 

transportation process. In this process a truck unloads his plants at the trader. 



2. Current Situation 

 

10 
 

 

Figure 2-2: An overview of the transportation process when transporting directly to the trader 

Figure 2-3 and Figure C-2 show the cross-functional flowcharts describing the process. Figure 2-3 shows 

the process when the grower performs the transport directly himself. The process starts when a trader 

places an order. The grower handles the order according to his internal process, when the grower finishes 

the order the transport is prepared and performed. Figure C-2 shows the process when a group 

transporter performs the transport directly to the trader on behalf of the grower or on behalf of the trader. 

In this situation a grower contacts a transporter which transport the goods from the grower to the trader. 

In this situation the grower also has to pay the transporter as shown in the figure. 

The payment is the same for both situations, however it depends on the type of the order, 

whether it is a so called BVO-order or a regular order. A BVO-order means “Buiten de Veiling Om” or 

order outside of the auction. At this moment, most orders are regular orders, but the BVO market is 

increasing. A regular order is an order that goes though the auction, this does not mean that the goods 

are really auctioned, but they are handled through the administration system of the auction. The 

advantage of using the system is the fact that FloraHolland controls the flow of the money and 

standardization of the process. FloraHolland acts as some kind of bank which is able to transfer the 

money from trader to grower, in this way payment problems are prevented. The standardization of the 

process is achieved through the auction letter and the Florecom system. An auction letter is a 

standardized paper showing information of an order, including buyer, seller, contents, an identification 

number and a barcode. The Florecom system is an IT-protocol allowing traders to place orders online 

in their own IT-system, automatizing the ordering process. 
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Figure 2-3: Cross-functional flowchart of the direct transportation process from grower to trader, performed by the grower 
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Figure 2-4 shows the transportation process when the logistics hub Sierteelt Direct is used. In this 

process a truck unloads his plants at Sierteelt Direct. These plants make an extra step at the logistics 

hub, which incurs an additional throughput time. At first sight this process seems inefficient, however 

in general, a truck contains plants which have to be delivered at different traders. When all the plants 

would be delivered directly to all these traders, this would take more time due to the fact that every stop 

costs an amount of time. 

 

Figure 2-4: An overview of the transportation process when transporting to the trader through the logistics hub 

Figure C-3 and Figure C-4 show the cross-functional flowcharts describing the process. Figure C-3 

shows the transportation process from grower to trader, when a group transporter is used which delivers 

the goods through Sierteelt Direct. Figure C-4 shows the transportation process from grower to trader, 

when a grower delivers the goods through Sierteelt Direct himself.  

As mentioned before, some growers have their own transportation resources, others use a group 

transporter. In general, when a grower uses a group transporter the grower always works together with 

the same group transporter. If a grower uses his own transportation resources, the grower decides on the 

transportation process. Based on his preferences and characteristics of the order, he decides whether the 

plants are delivered directly at the trader, indirectly using Sierteelt Direct, indirectly using Fase G, or 

indirectly using the hub of a group transporter.  

Fase G is the logistics hub in the FloraHolland building, at this location both plants and flowers 

can be delivered. In the case the goods are delivered at Sierteelt Direct or Fase G, FloraHolland takes 

care of the internal transport. This internal transport process is similar to the process shown in Figure 

2-4. The difference with Figure 2-4 is that the internal transport is performed from Fase G to the traders 
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(See Figure C-1 for this exact process). The flowchart for this process similar to Figure C-3 or Figure 

C-4, depending on the delivering party. Figure C-3 in case of a group transporter and Figure C-4 in case 

of the grower. In these flowcharts Sierteelt Direct have to be replaced with Fase G. The traders do not 

prefer this option, because this throughput time (the time between unloading the plants at Fase G until 

they are delivered at the trader) is much higher (about an hour) than the throughput time Sierteelt Direct 

achieves (about half an hour). In the case the plants are delivered at the logistics hub of the group 

transporter, the group transporter takes care of the internal transport. This process is similar to the 

process shown in Figure 2-4, however the goods are transported from the group transporters to the 

traders. The flowcharts for these process are similar to the flowcharts shown in Figure C-3 and Figure 

C-4. However, in this situation, Sierteelt Direct has to be replaced by the group transporter and a group 

transporter does not charge himself for the internal transportation process, as shown in Figure C-4. 

When a group transporter performs the transport, he decides whether the plants will be 

transported directly to the trader, indirectly using Sierteelt Direct, indirectly through Fase G, or 

indirectly through his own logistics center. In the case he uses his own logistics center, the group 

transporter unloads the plants at his own logistics center and the group transporter takes care of the 

internal transport himself. This process is also similar to the process shown in Figure 2-4, however the 

goods are transported from the group transporters to the traders. The group transporters are located all 

over the FloraHolland Naaldwijk area, therefore these throughput times vary.  

Figure 2-5 shows a chart which contains the market shares of the transportation to Noviflora 

and gives an indication of the transportation market shares in the TPW.  

 

Figure 2-5: Market share transport of plants to Noviflora 

The IPCW members are interested in the decision making process of the grower/group transporter for 

the transport, they are in particular interested in the decision whether or not to use Sierteelt Direct. At 

this moment there exists a lack of information and transparency on inbound flows. This is caused by a 

number of reasons. Some examples are: A lack of information sharing, grower/group transporter 

TRANSPORT MARKET SHARE 2013
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optimizing their own processes or this can be the result of shipment terms. These aspects will have to 

be investigated further to gain more insight in the inbound transport (decision making) process. 

 

This paragraph describes the process at Sierteelt Direct. Figure 2-6 shows a cross-functional flowchart 

showing the actions required for every individual trolley. The main process at Sierteelt Direct is like the 

process at the traders a cross docking process, trucks containing trolleys for multiple traders are sorted 

out and transported in trains to the individual traders. Appendix B contains pictures which illustrate the 

process. 

The process at Sierteelt Direct is as follows: Trucks arrive at Sierteelt Direct without having to 

register or notify in advance. The truck driver randomly chooses an available dock, connects his truck 

to the dock and unloads a desired number of trolleys. When his trolleys are unloaded, or still being 

unloaded, workers of Sierteelt Direct check whether the trolley belongs to a BVO-order (Buiten de 

Veiling Om / Order not through the auction) or the trolley is delivered by a group transporter. In one of 

these cases, the trolley has to be registered manually, and an invoice is later generated, also manually. 

When the trolley comes from a regular order, a worker scans the trolley and places a sticker on the 

trolley, meaning that this trolley has been scanned. In this case, the money flow can be handled 

automatically. 

After the scanning process the trolley is checked through an RFID scan to examine its validity. 

In the floriculture business, every party has bought a number of trolleys, which they own and are allowed 

to use. Throughout the entire supply chain trolleys constantly change position. Therefore the current 

user of a trolley is monitored. This is done for all trolleys and parties. The total number of trolleys in 

use by a party is called the trolley balance. Parties are allowed to use all trolleys, as long as they stay 

below their balance. If a grower or exporter uses more trolleys or shelves than his balance, a fee will be 

paid. After the RFID-tag has been validated, a worker drags the trolley to the sorting gate containing 

trolleys for the associated trader. Because walking is an important element of the process, all trolleys at 

a dock are scanned together, also tagging and sorting occurs together. This means that the process is not 

entirely FIFO, however this improves the throughput rate of the system.  

Workers on electric tractors then connect the trolleys together, to form a train, and transport this train to 

the trader. When the worker arrives at the right trader, he decouples the trolleys and makes a delivery 

scan. 

In addition to the operations department there is a planning and control department. This 

department is responsible for the forecasts of the workload and the availability of the resources, workers, 

electric tractors, scanners, stickers, etc. FloraHolland does not give information about this process, 

therefore comparing and improving this process is not possible in this master thesis.  
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Figure 2-6: Process at Sierteelt Direct  
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The process at Sierteelt Direct has to be flexible, since the floriculture sector has multiple seasonal 

patterns, which can be seen in the amount of trolleys throught the year, week and day. Appendix E 

contains a number of graphs showing the number of trolleys handled at Sierteelt Direct and showing the 

seasonal patterns. Furthermore, peaks in demand occur before Holidays, such as Eastern, International 

Women’s Day, etcetera.  

The service times are difficult to measure, since the service times are low and walking is an 

important aspect in the process. These numbers come from measurements performed by Interaxi (2013) 

and from own observations. The number of observations all show a value which is close to the expected 

value, with some deviation in both directions. Since the time for conducting the project is limited, 

generating an exact distribution is difficult. However, a simulation model in which processes have no 

distribution is not realistic. Therefore, a uniform distribution is used in to approximate the processes in 

the simulation. 

Process Expected value Distribution 

Arrival scan & Sticker 8.5 seconds Uniform(5, 12) 

RFID scan & Sticker 8.5 seconds Uniform(5, 12) 

Sort trolley 30 seconds - 

Connect trolleys 27 seconds Uniform(22, 32) 

Delivery, including scan 25 seconds Uniform(20, 30) 

Transport (to Venus) ~ 6 minutes 
Train drives 2 m/s, at bridges 

speed limit is 1 m/s 

Transport (to Jupiter) ~ 15 minutes  

Transport (to FloraHolland 

and Strijp building) 
~ 25 minutes  

Table 2-2: Table showing the process performed at Sierteelt Direct, with corresponding expected value of service time and 

distribution 

Table 2-3 gives information about some additional important costs and capacities. 

Process Costs 

Worker 25.50 euros/hour 

Worker 50,000 euros/year 

Rent (incl power/gas etc.) 250,000 euros/year 

Overhead 100,000 euros/year 

Capacity of tractor 26 trolleys 

Table 2-3: Table showing information about a number of processes and resources at Sierteelt Direct 
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This paragraph looks more detailed at the service times and distribution of the service times. Figure 2-7 

shows the average throughput time. The data consists of 125 543 trolleys, after filtering 112 627 trolleys 

(all trolleys arriving from 17.00 until 9.00 are not promised to have a throughput time of 30 minutes), 

handled at Sierteelt Direct from the 12th of March 2013 until the 11th of March 2014. 

 

Figure 2-7: Average throughput times achieved at Sierteelt Direct throughout the year 

The average throughput time is higher during busy months. Also the percentage of trolleys not satisfying 

the promised throughput time, shown in Figure 2-8, is higher during busy months. During the busiest 

month of the year, May, traders sometimes request Sierteelt Direct to buffer trolleys, the data is not 

corrected for these request, since they are not monitored. Therefore the data during May can be 

influenced by this effect.   
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Figure 2-8: Overview of the percentage of the (filtered) trolleys which having a throughput time higher than 30, 45, 60, 75 and 

90 minute throughout the year. 

Figure 2-7 and Figure 2-8 indicate that the throughput time increases when the arrival rate of trolleys 

increases. This naturally occurs when the utilization of the system increases, however interviews with 

Sierteelt Direct managers indicate that they allocate more workers during busy days/periods to keep the 

utilization stable. Therefore, an explanation for this increase is searched for in the process itself. Figure 

2-9 shows the distribution of the throughput time, this graph is a histogram containing bars with a width 

of one minute and their number of occurrences. The distribution appears to be gamma distributed, and 

has a high variability.  

 

Figure 2-9: Distribution of the throughput time 
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The IPCW data is used to analyze the size of a train. This is done by grouping trolleys having 

about the same delivery date and time (timespan of 20 minutes is used). Figure 2-10 shows this data in 

a graph. About 7,200 trolleys were delivered in a train with train size 8, therefore there were about 900 

trains with a size of 8. These data show an average train size of 7.59 trolleys per train, while the capacity 

of a train is about 26 trolleys. This assumes that no trolleys having different destinations are combined 

in a train, however this occurs sometimes, but this is not the standard process. 

 

Figure 2-10: Graph showing the number of trolleys transported in a train of a certain size 

Again, the IPCW data is used to analyze the order size of orders passing through Sierteelt Direct. From 

this point on an order is defined as the (number of) trolleys ordered by the same trader and delivered in 

the same truck. The order size of the trolleys arriving at Sierteelt Direct. This is done by grouping trolleys 

having about the same arrival date and time at Sierteelt Direct (timespan of 60 minutes is used). The 

results are shown in, about 26,000 trolleys arrived with an order size of 2, so about 13,000 orders placed 

by an individual IPCW member were having an order size of 2 trolleys. The average order size is 2.02 

trolleys. 

  

Figure 2-11: Graph showing the number of trolleys in an order 
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When orders are considered to be the number of trolleys ordered by the IPCW and delivered in the same 

truck, some orders are merged. This combined number of trolleys in a truck is described as an IPCW 

order in this context. The result of this analysis is shown in Figure 2-12, the average number of IPCW 

trolleys in an IPCW order passing through Sierteelt Direct is about 4.06 trolleys. 

 

Figure 2-12: Graph showing the number of IPCW trolleys in an IPCW order 

 

In the floriculture sector there exist two important trends which are relevant for the project. First, the 

direct transport from grower to trader with transportation vehicles owned by growers is increasing. 

Second, orders become smaller and are required to be delivered more frequent.  

Growers using their own transportation vehicles to deliver their plants state that they are more 

flexible, can provide better service and are not dependent. They have more flexibility, since they can 

choose to deliver plants using a group transporter or use their own transportation vehicles. When the 

transportation vehicles are used properly they can plan their own optimal delivery route. The growers 

claim that they can provide a better service than group transporters in this way. The floriculture sector 

has seasonal patterns. During busy periods group transporters are unable to deliver all trolleys on time. 
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the process at the grower to be dependent on the planning of the group transporter. The group transporter 

decides when he visits a grower to load the trolleys. 

The second trend is that the orders are becoming smaller and are required to be delivered more 

frequent. The risk of having stock is shifted upstream, towards the trader. When an order is placed the 
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earlier. To be able to realize this, growers have to deliver their plants more frequent to the traders. The 

smaller the individual orders, the higher the need for a common inbound hub. This is supported by 

Figure E-1, this figure shows the number of trolleys handled at Sierteelt Direct in 2012, 2013, and 2014 

is increasing every year. 

 

This section gives a number of assumptions, costs and other aspects, which are used in performing the 

analysis and modeling. 

 

First an overview of a number of known properties is given. Then based on this properties an estimation 

is given of the number of trolleys delivered at an average stop at Sierteelt Direct. The section concludes 

with an overview of the internal transportation handling fees per hub.  

Table 2-4 gives an overview about a number of important properties and their corresponding 

values. 

Property Value 

Total number of inbound IPCW trolleys/year 495.000 cc 

Trailer A trailer is a large truck 

Capacity of a trailer 43 trolleys 

Costs of operating a trailer €65 euros/hour 

City truck A city truck is a medium size truck 

Capacity of a city truck 35 trolleys 

Costs of operating a city truck €60 euros/hour 

Small truck A small truck is the smallest truck used 

Capacity of a small truck 27 trolleys 

Costs of operating a small truck €55 euros/hour 

Constant time of a stop 15 minutes 

Table 2-4: Table containing information about a number of key properties and values 

The calculations assume an average truck costing €60 euros/hour with a capacity of 35 trolleys. The 

time of a stop is assumed to be constant and takes 15 minutes, including average traveling time. This 

results in an average costs of a stop of 
15 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

60 𝑚𝑖𝑛𝑢𝑡𝑒𝑠
∗ €60 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 = €15 𝑝𝑒𝑟 𝑠𝑡𝑜𝑝. 

Currently, 25.6% of the total amount of IPCW trolleys are handled at Sierteelt Direct. The 

average load of a truck will more or less be distributed in the same way. The average truck stopping at 

Sierteelt Direct delivers an estimated number of 9.06 trolleys, with an average order size of 2.02 trolleys. 

This value of 2.02 is the average order size of IPCW, we assume that this number is generalizable for 

Sierteelt Direct. An order is defined here as an order placed by an individual IPCW member, delivered 

in the same truck.  
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This number is estimated in the following way: First all order sizes of the individual IPCW 

members are examined, then this data is grouped to see the number of orders that was unloaded in during 

the same (Sierteelt Direct) truck stop. Information about these order sizes are shown in Table 2-5. 

IPCW member Number of orders Number of trolleys Number of trolleys per order 

Noviflora 17,609 34,011 1.93 

Hamiplant 20,883 49,523 2.37 

Moterra 10,527 18,023 1.71 

Vida Verde 13,013 23,986 1.84 

Totals 62,032 125,543 2.02 

Table 2-5: Data showing the number of orders and trolleys handled at Sierteelt Direct per year 

The combined data results in 125,543 trolleys in 30,884 trucks/orders. The average number of IPCW 

trolleys per truck (which contains at least one IPCW trolley) is 4.06. Appendix F estimates that an 

average of 9.06 trolleys are delivered by a truck at an arbitrary stop at Sierteelt Direct.  

Table 2-6 shows the internal transportation costs to be paid per trolley. The costs for a group 

transporter are about €2.60 per trolley. There is no promised throughput time for the trolleys to be 

auctioned, they will be delivered on time for the next auction day. 

Unloading from truck at Destination of 

trolley 

Party Costs (EUR) Throughput time 

(min) 

Venus / Sierteelt Direct Venus FloraHolland 1.60 30 

Venus / Sierteelt Direct Jupiter FloraHolland 2.60 60 

Venus / Sierteelt Direct Fase G FloraHolland 3.90 60 

Venus / Sierteelt Direct Auction FloraHolland 1.30 On time 

Fase G Venus FloraHolland 3.90 60 

Fase G Jupiter FloraHolland 2.60 60 

Fase G Fase G FloraHolland 2.60 60 

Fase G Auction FloraHolland 0.00 On time 

Dock of group transporter Venus Group transporter 2.60 Dependent on 

group transporter 

Table 2-6: Internal transportation costs per trolley 

 

This section gives information about the costs of operating Sierteelt Direct. First the budget of 2012 is 

given, and based on Table 2-2 and Table 2-3 an estimation of the handling cost per trolley is given. 

Table 2-7 shows the approximate budget of Sierteelt Direct in 2012. These numbers were 

presented by Sierteelt Direct to the IPCW. This budget was based on 300 000 trolleys. 
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Turnover € 600 000 

Labor costs (€500 000) 

Other costs (€60 000) 

Result before rent €40 000 

Rent (€250 000) 

Total result (€210 000) 

Table 2-7: Sierteelt Direct budget 2012 

Another way of looking at the costs of operating Sierteelt Direct is by looking closely at all 

processes. Appendix F provides the calculations used for the results in Table 2-8. 

Process Costs (EUR) 

Handling 0.701 

Transport (Venus) 0.336 

Transport (Jupiter) 0.840 

Transport (FloraHolland/Strijp) 1.160 

Allocated overhead/Idle costs per trolley 0.516 

Allocated rent costs per trolley 0.806 

Total costs (Venus) 2.362 

Total costs (Jupiter) 2.863 

Total costs (FloraHolland/Strijp) 3.183 

Table 2-8: Costs of individual processes at Sierteelt Direct 

FloraHolland aims at increasing the number of trolleys handled at Sierteelt Direct, reducing the 

allocation of costs to individual trolleys. The break-even point can be calculated. These calculations are 

given in Appendix F. The break-even point approximately lies between 440,000 and 510,000 trolleys. 

 

The total product costs (𝑇𝑃𝐶) consist of product value (𝑃𝑉), inbound logistics costs (𝐼𝐿𝐶) and a profit 

for the grower (𝑃): 

𝑇𝑃𝐶 = 𝑃𝑉 + 𝐼𝐿𝐶 + 𝑃  

The inbound logistics cost consist of the transportation costs (𝑇𝐶) and the internal transportation costs 

(𝐼𝑇𝐶): 

𝐼𝐿𝐶 = 𝑇𝐶 + 𝐼𝑇𝐶  

For analysis, this thesis assumes that an increase in the 𝐼𝑇𝐶 will be shifted to the traders by the growers 

or group transporter. 
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This chapter discusses the decision making process for the last step in the transportation process from 

grower to trader. A number of reasons to use Sierteelt Direct are given, and a number of reasons not to 

use Sierteelt Direct are given. These reasons have been obtained by a number of interviews. These 

interviews have been conducted with the logistics managers of two group transporters, and with the 

logistics managers of four growers owning transportation vehicles. The importance of this chapter and 

also the next chapter is to gain insight into the flow of trolleys to the traders. This insight is required to 

show the flow of trolleys in different to be developed situations. 

 

This section focus on the most important motives to choose Sierteelt Direct as the delivery location for 

an order. Five possible motives are given. 

 

All growers using their own transportation vehicles have calculated a tipping point. This tipping point 

determines whether a truck should deliver this number of trolleys directly to the trader or indirectly 

using a specific logistics hub. All traders use a constant tipping point. However, since every logistics 

hub calculates different costs for internal transportation to specific locations the real tipping point is 

dependent of the specific truck load and their destinations. Moreover, the routing costs of travelling 

from a dock to another dock are not always incurred when calculating this tipping point. Another 

remarkable fact is the difference in tipping points used by growers. The numbers varied from 3 trolleys 

to 12 trolleys. 

Figure 3-1 shows a graph showing the savings when using Sierteelt Direct for the delivery of 

the contents of a trailer. Instead of delivering all trolleys in the trader’s box directly. This graph ignores 

travelling times between different destinations, so in reality the cost savings can be higher. The situations 

where no savings are achieved are filtered out of the graph. Figure G-1 and Figure G-2 show the graph 

from a 2D perspective. The cost savings are linear decreasing with the number of trolleys that have to 

be delivered. The number of trolleys that have to be handled at Sierteelt Direct are €1.60 per trolley. 

Therefore, the costs increase linear with the number of trolleys in a truck, and the cost savings decrease.  

The cost savings are linear increasing with the number of different destinations that a truck load has. 

This is caused by the fact that the number of different destinations truck contents have determines the 

number of stops a truck has to make.  

In the entire floriculture sector the average order size is decreasing. This trend causes the 

probability that an order overshoots the tipping point to decrease. This trend is a result of the wholesalers 

(customers of the exporters) decreasing their stock. They prefer to shift the stock risk upstream in the 

supply chain, at the cost of more orders with a smaller order size, and therefore an increase in logistics 
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costs per orders. This aspect has opportunities for Sierteelt Direct, since this will result in an increasing 

number of trolleys to be handled at logistics hubs. This is supported by Apte and Viswanathan (2000): 

“In today’s distribution environment, the pressure is on to make the operations more efficient. 

Companies are cutting costs by reducing inventory at every step of the operation, including distribution. 

Customers are demanding better services, which translate into more accurate and timely shipments. One 

innovative warehousing strategy that has great potential for controlling the logistics and distribution 

costs while simultaneously enhancing the level of customer service is cross docking.” 

Another possible opportunity is to shift the tipping point. For example, lower the price for the 

n-th trolley to the same destination. These trolleys can all be sorted in pairs and transported in the same 

internal transportation train. These trolleys cost less than an order line of just one trolley.  

 

Figure 3-1: Graph showing the possible cost savings when using Sierteelt Direct, for a trailer with a constant stop cost of 

€16.25 

 

During the peak season the capacity of the transportation vehicles can become too low to use the tipping 

point strategy. In that case, they can decide to deliver their truck load at a logistics hub, and they can 

return earlier back to the grower to pick up the next goods that have to be delivered. By doing so, their 

transportation capacity is increased. However, this also increases the transportation costs per trolley for 

the grower. 

 

Building on the previous argument, there are traders who prefer one stop docking over calculating the 

optimal route, for the reason of increasing the transportation capacity. Moreover, they are better able to 

plan their transportation tours. These kind of growers use a tight predefined ‘bus schedule’ from which 

they only seldom deviate. In Aalsmeer one-stop docking is used by a lot of growers. Another advantage 
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of one-stop docking is that loading sequence of the truck does not have to be planned, because all trolleys 

are unloaded at the same location. 

 

Some traders do not have docks available for inbound goods, or require a reservation when an inbound 

dock has to be used. In this way traders are sometimes forced to use a logistics hub. 

 

This argument was given by Sierteelt Direct, no trader uses this argument at this moment. They argued 

that when a grower has goods for a lot of different locations and use a low tipping point, some traders 

have to wait long before their goods are delivered. A constant stop time of 15 minutes, a constant travel 

time of 5 minutes between each stop is assumed. In this situation a truck containing 5 orders of 5 trolleys 

is used for the calculation. 

Time Number of trolleys unloaded Cumulative throughput time 

20 minutes 5 100 minutes 

40 minutes 5 300 minutes 

60 minutes 5 600 minutes 

80 minutes 5 1000 minutes 

100 minutes 5 1500 minutes 

Table 3-1: Table showing the total throughput time of the trolleys, when delivering them directly to the trader. 

Time Number of trolleys unloaded Cumulative throughput time 

20 minutes 5 250 minutes (20 + 30) * 5 

20 minutes 5 500 minutes 

20 minutes 5 750 minutes 

20 minutes 5 1000 minutes 

20 minutes 5 1250 minutes 

Table 3-2: Table showing the total throughput time of the trolleys, when delivering them through Sierteelt Direct. 

This example shows that the throughput time is lower when less than four destinations have to be visited 

directly. When more than four destinations have to be visited directly, the total throughput time is lower 

when using Sierteelt Direct. This implies that there exists a throughput tipping time. The calculation of 

this tipping point is truck load dependent, however a feeling for this tipping point can be given. This 

tipping point is located at 4 stops, assuming that at every stop an equal amount of trolleys is unloaded. 

Figure 3-2 shows these calculation for a number of possible different truck compositions, note that 

situations where no savings are achieved are filtered out of the graph. Figure G-3 and Figure G-4 show 

this graph from a 2D perspective. 
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Figure 3-2: Savings in total throughput time when using Sierteelt Direct 

 

This section focus on the most important motives not to choose Sierteelt Direct as the delivery location 

for an order. Four possible motives are given. 

 

Some growers consider their trucks and drivers as sunk costs and plan accordingly. This means that on 

quiet days more trolleys are delivered at the docks of traders than in case of the tipping point approach. 

When a truck driver is employed, they can save on internal transportation costs. However, when this 

happens often, it is worth considering another transportation strategy.  

 

Some traders require trolleys to be delivered at the dock, for example trolleys which are delivered during 

the night. These traders want to start working before Sierteelt Direct is delivering trolleys. It may also 

occur that a trolley has a high priority for a trader, since it is delaying an entire truck load. In this case a 

trader can contact the transporter to request a dock delivery. 

 

Growers have a schedule during the day for delivering their trolleys. It can occur that for a number of 

reasons trolleys having a destination at Venus are delivered in another logistics hub, since this truck 

contains far more trolleys that have destinations other than at Venus. From transportation planning 

perspective this can be a better decision. 

 

At some growers the truck driver is fully responsible on delivering the trolleys. He can decide to deliver 

trolleys not at Sierteelt Direct, because of a various number of reasons. (e.g. because he is used to a 

certain pattern) 
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This chapter contains a model that optimizes the decision making process for growers/group transporters 

to deliver their trolleys. This model focuses on the logistics hubs of FloraHolland, Fase G and Sierteelt 

Direct. The model can optimize from cost perspective and from throughput time perspective. Also time 

windows and delivery location constraints per order can be taken into account. This model is beneficial 

for the IPCW, because the deliveries can be improved in terms of costs and throughput times. 

Furthermore, the model provides insight to the IPCW in the delivery decision making process. The 

model is based on the VRPTW model as proposed by Cordeau, Laporte, Savelsbergh, & Vigo (2007). 

 

 𝑐𝑇 Costs of operating a truck per hour, including wages, fuel, taxes etc. 

 𝑠 Service time required for a stop 

 𝑥𝑖𝑗 Binary decision variable, determines whether a route travels from 𝑖 to 𝑗 {0, 1} 

 𝑡𝑖𝑗 Travel time from 𝑖 to 𝑗 

 𝑢𝑘𝑖 Binary unloading decision variable, determines whether order 𝑘 is unloaded at 𝑖 {0, 

1} 

 𝑜𝑘 Number of trolleys in order 𝑘 (order size) 

 𝑐𝑐𝑘 Destination location of order 𝑘 

 𝐶 Set of orders in a truck {1,2,…,c} 

 𝑦 Size of the set of orders:  |𝐶| 

 𝐷 Set of possible destinations {1,2,…,d} 

 𝑛 Size of the set of possible destinations |𝐷| 

 

𝐵𝑖  

Continuous decision variable which takes care a truck arrives after the arrival of a 

previous location, plus service time and travel time, and therefore preventing 

subtours 

 𝐵𝑈𝑘  Continuous decision variable, similar to variable 𝐵𝑖, but defined for order 𝑘, to 

handle time windows of the trolleys. 

 𝑎𝑘 Lower bound of time window of order 𝑘 

 𝑏𝑘 Upper bound of time window of order 𝑘 

 𝑀 A large number 

 𝑁𝑜𝑑𝑒 0 Starting point of the route 

 𝑁𝑜𝑑𝑒 𝑛 + 1 Ending point of the route 

 𝑁𝑜𝑑𝑒 1 Sierteelt Direct 

 𝑁𝑜𝑑𝑒 2 Fase G 
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𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 

𝑐𝑇 (∑ ∑ 𝑥𝑖𝑗 ∗ 𝑡𝑖𝑗

𝑛+1

𝑗=1

𝑛

𝑖=0

+ 𝑎 ∑ ∑ 𝑥𝑖𝑗

𝑛

𝑗=1

𝑛

𝑖=0

) + ∑ ∑ 𝑜𝑘 ∗ 𝑢𝑘1

𝑛

𝑖=1

𝑦

𝑘=0

∗ 𝑐1,𝑖 + ∑ ∑ 𝑜𝑘 ∗ 𝑢𝑘2

𝑛

𝑖=1

𝑦

𝑘=0

∗ 𝑐2,𝑖 

 

(4.1) 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

 
∑ 𝑥0,𝑗

𝑛

𝑗=0

= 1  (4.2) 

 
∑ 𝑥𝑖,0

𝑛

𝑖=0

= 0  (4.3) 

 
∑ 𝑥𝑖,𝑛+1

𝑛+1

𝑖=1

= 1  (4.4) 

 
∑ 𝑥𝑛+1,𝑗

𝑛

𝑗=1

= 0  (4.5) 

 
∑ 𝑥𝑖,𝑗

𝑛

𝑗=1

− ∑ 𝑥𝑗,𝑖

𝑛

𝑗=1

= 0 𝑖 = 1, … , 𝑛  (4.6) 

 
𝑢𝑘1 + 𝑢𝑘2 + 𝑢𝑘,𝑐𝑐𝑘

= 1  𝑘 = 1, … , 𝑦 (4.7) 

 
𝑢𝑘𝑗 ∈ {0, 1} 𝑘 = 1, … , 𝑦  ;  𝑗 ∈ {1, 2, 𝑐𝑐𝑘} (4.8) 

 
𝑢𝑘𝑗 − ∑ 𝑥𝑖𝑗

𝑛

𝑖=1

≤ 0 𝑘 = 1, … , 𝑦;  𝑗 = 1, … , 𝑛 (4.9) 

 
𝐵𝑗 ≥ 𝐵𝑖 + 𝑡𝑖𝑗 + 𝑠 − 𝑀(1 − 𝑥𝑖𝑗) 𝑖 = 0, … , 𝑛;  𝑗 = 1, … , 𝑛 + 1 (4.10) 

 
𝐵𝑈𝑘 ≥ 𝐵𝑖 + 𝑑𝑙𝑡𝑖,𝑘 − 𝑀(1 − 𝑢𝑘𝑖) 𝑖 = 1, … , 𝑛;  𝑘 = 1, … , 𝑦 (4.11) 

 
𝐵𝑈𝑘 ≥ 𝑎𝑘  𝑘 = 1, … , 𝑦 (4.12) 

 
𝐵𝑈𝑘 ≤ 𝑏𝑘  𝑘 = 1, … , 𝑦 (4.13) 

 

 
𝑥𝑖𝑗 ∈ {0, 1};  𝐵𝑈𝑘 ∈  ℝ+;  𝐵𝑖 ∈  ℝ+ 

𝑖 = 0, … , 𝑛;  𝑗 = 1, … , 𝑛 + 1;  𝑖

≠ 𝑗;   𝑘 = 1, … , 𝑦 
(4.14) 
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The first part of the equation calculates the travelling costs, according to the original Traveling Salesman 

Problem. 𝑡𝑖𝑗 Is the matrix containing the traveling time from location 𝑖 to 𝑗. When these values are 

multiplied with 𝑐𝑇 they result in the traveling costs associated with a trip from location 𝑖 to 𝑗. The second 

part contains the costs for every stop, this model assumes that a stop takes a constant amount of time (in 

the sector it is common to calculate the costs in this way). When a truck travels from a location to a non-

depot location (This is the reason why the summation of 𝑗 goes to 𝑛 and not to 𝑛 + 1) the truck makes 

a stop there and therefore incurs service time costs. The last two parts take the internal routing costs into 

account. Every cc’s unloaded at a logistics hub incurs additional internal transportation costs (ITC), 

these ITC are dependent of the location of the logistics hub and the destination of the cc. 

 

The first 4 constraints (4.2 – 4.5) state that a route has to start in the start depot and a route has to end in 

the end depot. Constraints (4.6) ensure route connectivity, through so called flow constraints. 

Constraints (4.7) state that every cc has to be unloaded at Sierteelt Direct, Fase G, or directly at the 

destination. Constraints (4.8) state that the variables 𝑢𝑘𝑗 are binary and only defined for relevant 

situations. Constraints (4.9) are the constraints that link the route to the cc’s. These constraints state that 

a route must travel through every location where a cc is unloaded. This is done in the following way: If 

a cc is unloaded at 𝑗 the route must travel through 𝑗. The reason why the equation has to be lower than 

or equal to 0, and not just equal to zero is due to the fact that the route would not be allowed to travel 

through 𝑗 if a cc is not unloaded at that location (i.e. this would make the model infeasible in almost all 

instances). For example: If 𝑐𝑐0 = 3, and 𝑢0,1 = 1 (i.e. a cc with destination 3 is unloaded at logistics 

center 1) and 𝑐𝑐1 = 4 the route would not be allowed to travel through 4, because of constraint: 𝑢0.4 −

∑ 𝑥𝑖,4
𝑛
𝑖=1 = 0. Therefore, the constraints have to be smaller than or equal to 0. Constraints (4.10) state 

that the arrival order integer 𝐵𝑖 have to be in order with the route, these constraints prevent subtours. 

The time a truck arrives at a location has to occur after the arrival at the previous location plus the 

traveltime and servicetime at the previous arc (the servicetime is everywhere the same, except at the 

depot, where no service occurs). Constraints (4.11) build on the same principal as (4.10) but are defined 

for every individual container. In this way time windows for every individual cc can be added. These 

time window constraints are stated in (4.12) and (4.13). Constraints (4.14) state that variables 𝑥𝑖𝑗 and 

are binary and only defined for relevant locations (i.e. a route cannot travel through itself and 𝑥𝑖𝑗 is only 

defined for relevant tour posibilities) and variable 𝐵𝑗 is continuous.  

Another objective that can be minimized is the total throughput time of all cc in one truck. For 

this model the objective function changes and is stated in (4.15) and an additional constraint is added. 

 
∑ 𝐵𝑈𝑘

𝑦

𝑘=0

 

 

 

(4.15) 
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𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

 
∑ 𝑢𝑘𝑗

𝑦

𝑘=1

− ∑ 𝑥𝑖,𝑗

𝑛+1

𝑖=0

≥ 0 𝑗 = 1, … , 𝑛 (4.16) 

Constraint (4.16) prohibits unnecessary traveling, a side effect of the simple minimization objective 

(4.15). A truck wants to leave the complex ASAP when done with all jobs. Objective states that the total 

or average throughput time has to be minimized. 

 

Chapter 3 gives a number of reasons what influences the transportation planning decisions of growers 

and group transporters. The three most important variables these decisions are based on are: costs of 

delivering the trolleys, the service of delivering the trolleys and the capacity of the transporter. Since 

the reason a specific truck has to be decided on can vary based on external factors, a tool for a manager 

or transportation planner is developed based on the model. This tool generates feasible and optimal 

solutions, using Gurobi (Gurobi Optimization, 2014). In busy periods the capacity can be a bottleneck, 

while in other circumstances a planner wants to have a delivery which fits its business vision: tradeoff 

between costs and service. Figure 4-1 shows the triangle which shows the three-way tradeoff. 

Costs

ServiceCapacity  

Figure 4-1: Figure showing the three-way tradeoff of the transportation decision maker 

The capacity can be optimized by minimizing the time a truck has to spend at the Tradeparc, the service 

can be optimized by minimizing the total or average throughput time of all trolleys in the truck and the 

costs can be optimized by minimizing all costs associated with delivering the truckload at the Tradeparc. 

First a choice have to be made for the tradeoff between costs and service or the tradeoff between 

costs and capacity. The tool then finds the optimal solutions on the corners of the triangles and then 

finds a number of solutions on the chosen tradeoff edge. Figure I-1 shows the optimal route when 

minimizing the throughput times to the traders. Figure I-2 shows a tradeoff graph, this graphs gives a 

tradeoff between the total throughput times of the trolleys and the costs associated with the deliveries. 

This gives a manager more options to decide on the delivery, and to differentiate on service. Figure I-3 

shows the optimal route when minimizing the costs.  Figure I-4 shows a tradeoff graph, this graphs gives 

a tradeoff between time a truck requires for a certain delivery sequence and the costs associated with 

these delivery sequences.  This allows a manager to use the most optimal delivery sequence when a 

limited time is available.
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This chapter discusses a number of options at conceptual level which can be applied in the future in the 

case Sierteelt Direct will cease to exist. These options are compared based on a number of criteria, also 

given in the chapter. For a number of options a cost estimation is given, based on historic data. 

 

To compare all options a set of options and constraints are considered. Based on interviews with the 

logistics managers of the IPCW members four criteria have been set up and are as follows: 

Applicable for all IPCW members 

All IPCW members have their own logistics inbound strategy and agreements with growers and logistics 

service providers. The IPCW collaboration requires all options to be applicable in practice for all 

members. Therefore the new situation should be applicable for all IPCW members, and no large 

differences in preferences for a solution and no large differences in required relative investments are 

allowed.  

Cost efficient solution 

The IPCW is only interested in a solution if it is beneficial from a cost perspective. Therefore, the IPCW 

demands an option to be cost efficient. This criteria states that the new situation has to be the same or 

better than the baseline solution. 

Throughput time should remain at the same level 

The current process at the traders is tight, especially for the daily orders. The market requires 

improvements in logistics, as referred to in Section 2.4 and by the Rabobank (Rabobank, 2012). 

Therefore the performance of the supply chain, in terms of throughput times has to remain at (almost) 

the same level, or has to be decreased. 

Changing the ordering and transportation process is not allowed 

Changing the ordering and transportation process requires a complete change of the business process of 

four firms. The project focusses on the problem what the IPCW should do when Sierteelt Direct shuts 

down to continue their current business process. This is a problem on the short term, and the inbound 

logistics of the IPCW should continue. Therefore completely changing the ordering and transportation 

process is not feasible. However, on the long term, this may be necessary to keep improving their 

inbound logistics process. 
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This option can be seen as the baseline option, to which all other options have to be compared. Since 

this will be the situation when Sierteelt Direct closes. First, the option will be described, then a cost 

indication of the option will be given. 

 

In case FloraHolland decides to stop their activities at Sierteelt Direct, the IPCW takes no action to 

control the inbound logistics of the trolleys currently handled at Sierteelt Direct.  

Positive aspects: 

 Some trolleys arrive sooner, because they will be delivered at the dock of the trader directly. 

Negative aspects: 

 More (inbound) docks required, for all exporters this will be a bottleneck and some exporters 

already closed all their inbound docks. 

 More goods will be handled through Fase G or at docks of group transporters, resulting in 

higher costs and longer throughput times.  

The positive aspect is marginal and not valid for all trucks. There will be a small number of extra 

trolleys which will be delivered at the docks of the traders. However, compared to the current situation, 

this will result in additional costs and as shown before, when a truck has trolleys for a large number of 

delivery locations, the average throughput time will go up. 

In this option more trolleys will be delivered at the trader’s docks. This effect requires traders to 

have more docks available for inbound logistics. Since this is almost impossible, queues at the traders 

can occur. Moterra closed all their inbound docks and other traders have no space for extra docks, 

therefore this option is undesirable.  

The other negative aspect, an increase in costs and an increase in throughput times at other 

logistics hubs make this option even more unwanted. As shown in Section 3.1, delivering every trolley 

at the trader’s dock does not automatically result in a decrease in total throughput time. Since more 

delivery locations have to be visited, the last traders which are visited have a high throughput time. 

Moreover, this situation increases the variability in delivery time of the trolleys. 

 

This cost calculations assumes that growers and group transporters focus on the same average tipping 

point and are based on the IPCW data. Transporters will be forced to deliver at Fase G or at a group 

transporter. Every trolley shifted to Fase G from Sierteelt Direct has an increase in logistics costs of 2.30 

euros/trolley. The calculations are shown in Appendix F. These calculations shown an increase in costs 

of €234 075/year for the IPCW. In case a group transporter is used the increase in logistics costs are 

€110,682/year. 

The logistic cost advantage that Sierteelt Direct creates by serving as a common inbound hub at 

Venus benefits the IPCW members €110,682 − €234,075 per year. Furthermore, Sierteelt Direct 
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lowers the throughput time for a large number of trolleys, compared to Fase G or a group transporter. In 

addition to this, all parties (growers, traders and group transporters) are positive about Sierteelt Direct. 

Moreover, there is a risk of a lower efficiency. Zandi (2013) estimated an efficiency increase of 

25% has a value of 1 million euros/year. Therefore a 1 percent loss of efficiency results in an additional 

cost factor of €40.000/year. 

 

This option is presented by the IPCW itself to be investigated. Again, first a description of the option is 

given and some cost calculations are presented. 

 

In this option the IPCW owns a common inbound hub, where only IPCW trolleys are allowed to be 

delivered. The hub can be exploited by the IPCW themselves or a group transporter/logistics service 

provider can be used to exploit the hub on behalf of the IPCW. 

Positive aspects: 

 More control over the inbound logistics 

 Less docks, space, investments, workers required to execute the hub 

 Easier to implement, since IPCW is already working together 

 Combining ordering data to forecast workload accurately  

 Being able to use a labor pool 

Negative aspects: 

 Difficult to bring in trolleys 

The advantage of this option is having more control on the inbound logistics. In this way the processes 

of the traders can be integrated with the process at the hub, for example trolleys can be buffered and be 

delivered just-in-time at the trader. Another advantage is that less space, docks and resources are 

necessary to operate this hub, because less trolleys will be handled at this hub. Since the IPCW is already 

collaborating on inbound logistics, this hub can be considered a natural move, which can be important 

in the implementation phase. The IPCW is able to forecast the workload for the next day using already 

placed orders more accurately. The final advantage is the fact that the IPCW can use a labor pool for 

operating the hub, because of the daily pattern the utilization of the workforce is not optimal. When 

using a labor pool, workers can be used in the box of the traders during periods with less workload in 

the logistics hub. 

The difficulty to bring in trolleys is due to a cannibalization effect. In this situation, a 

cannibalization effect means that trolleys currently being handled at Sierteelt Direct are no longer 

handled at Sierteelt Direct, because the optimal transportation decision for the entire truck load has 

shifted to another logistics hub or to the dock directly. This shift occurs when the price is changed or 

the hub is closed for trolleys with specific destinations. These prohibited trolleys have to be delivered 
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somewhere else, in this new situation, it is possible that trolleys currently handled at Sierteelt Direct will 

also be delivered at this other location, because a new stop at the hub has to be economically beneficial. 

 

This hub is economically beneficial for the transportation party in the following situation: A truck has 

to deliver at least two IPCW members, both order sizes have to be below the individual tipping point, 

and the combined number of trolleys have to be above the tipping point for using the IPCW hub, or all 

other trolleys in the truck have to be delivered directly. The number of trolleys handled at this hub will 

be approximately between 20,000 and 50,000 trolleys. 

These estimations show that the cannibalization effect is a problem. Logistic managers agree 

that this option not profitable, and also irrelevant. This option creates another flow of trolleys, and does 

not improve the control on the inbound flow of trolleys as required. The most important reason is not 

the fact that too less trolleys have a destination at an IPCW trader, but forbidding trolleys with different 

destinations than IPCW is the bottleneck. This is the result of the fact that the logistics costs have to be 

lower than direct delivery and lower than delivering all trolleys at another logistics hub. 

This option is only possible when the IPCW is able to control the flow of trolleys. This can for 

example be done in the way Zandi (2013) suggests, this solution suggests the IPCW arranges the 

transport. The IPCW can use a group transporter to deliver the goods to the Trade Parc Westland, to the 

hub. However, this solution is only possible on the long term.  

 

This section describes the third possible option. Section 5.4.1 describes the option and describes the 

positive and negative aspects. Chapter 6 provides cost calculations for this option. 

 

This solution has a number of similarities with option 2. However, there is one major difference, in the 

previous option only IPCW trolleys are allowed, in this option trolleys having a destination at Venus 

are allowed. As in the previous options, the IPCW can decide to exploit this hub, or a group 

transporter/logistics service provider can be used to exploit the hub on behalf of the IPCW. 

Positive aspects: 

 Supply chain efficiency remains at almost current level 

 Process more standardized, no long distances to be travelled 

Negative aspects: 

 Administration problems 

 Hub is nog longer independent 

 Cannibalization effect 

This hub is more feasible than Option 2, since the number of trolleys that will be handled at this 

new hub will be larger than the previous option. This is due to the fact that the cannibalization effect 
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will be smaller. An advantage with exploiting the hub in this way is the fact that the transportation 

process will be more standardized, only small distances will have to be travelled.  

Two important challenges that have to be overcome in this situation are administration 

problems, all growers and group transporters are charged for using the service of the hub. In the current 

situation FloraHolland is able to control the money flow, and FloraHolland controls the system of the 

auction letters. Another difficulty is the fact that the hub is no longer operated by an independent party. 

The floriculture sector is conservative when it comes down to sharing information. For example, the 

auction letter attached to the trolleys shows information about the price. The traders consider this 

information sensitive. This attitude causes resistance among competing traders, in the case the IPCW 

will exploit the hub.  

The costs of exploiting will be close to the costs of operating Sierteelt Direct. However, the 

exact costs will be dependent of the cannibalization effect to determine the turnover and costs. 

 

This section describes the fourth option. Section 5.5.1 describes the option, cost calculations for this 

option are given in Chapter 6. 

 

In this option the IPCW members exploit the logistics hub themselves or they use a group transporter 

which exploits the logistics hub. 

Positive aspects: 

 Supply chain efficiency remains at current level 

 Process can be optimized 

Negative aspects: 

 Administration problems 

 Hub is no longer independent 

The positive and negative aspect are similar to the option 3, with one difference. In this situation there 

will be no cannibalization. The costs of exploiting this hub are close to the current costs of exploiting 

Sierteelt Direct. However, the process can be redesigned to achieve a better performance. 

 

This section elaborates Option 5. Section 5.6.1 describes the option and Section 5.6.2 gives a cost 

calculation for the option. 

 

This option is described as follows: FloraHolland continues operating Sierteelt Direct, however, in 

addition to the current situation traders will pay for the service. This can for example be done using a 

Service Level Agreement (SLA), this SLA contains information about the amount of money a traders 
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has to pay and what the service level has to be (percentage of trolleys delivered within a specified 

throughput time). This agreement assures that the new situation is beneficial for both FloraHolland and 

the traders.  

Positive aspects: 

 Supply chain efficiency remains the same 

 Independent party runs the hub 

 Process can be optimized 

Negative aspects: 

 Traders are not used to pay for this service 

The positive aspects are mainly due to the fact that FloraHolland remains the responsible party for 

executing the logistics hub. In addition to this, the process can also be optimized. 

The previous solutions have shown that the logistics hub creates value for the traders. Therefore 

this option is realistic, if all traders, not only IPCW traders, come to the insight that Sierteelt Direct 

creates value to their business. The main problem are the costs of rent, they are allocated about 0.70 

euro per trolley. Traders are not used to pay for the service at Sierteelt Direct, therefore this solution 

requires insight of all traders that the logistics hub is necessary and has value for the traders. A former 

manager of Sierteelt Direct tried this solution but encountered incomprehension and opposition, this gap 

has to be bridged. 

A difference in the future with this solution are the shipping terms. Two main methods can be 

distinguished, delivery to the box of the trader or the trader arranges the transport. When the first method 

is used, the trader and grower agree on a price for an order, including delivery to the box. In this new 

situation, an additional fee to the trader applies when the trolleys are handled through Sierteelt Direct. 

However, the flow of a trolley depends on the internal process of the trader.  

 

If the loss is allocated to the traders, the total costs for the IPCW will be about 125,543/310,224 * 

€210,000 = €84,983.85 per year. When assuming that the costs of rent are allocated to the traders. The 

total costs for the IPCW will be about €0.806 * 125,543 = €101,187.66 per year. This can be executed 

in several ways, with a constant cost factor and a variable cost factor. The exact distribution for this cost 

function, where all traders (small and large) can agree upon is a challenge. As described in the previous 

paragraph, this solution requires a collaboration between FloraHolland and all traders, not only IPCW 

members.  

 

This section describes the sixth and final option. Section 5.7.1 gives a description of the option.  
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At this moment traders and group transporters decide on the transportation process to the traders. In 

addition to this, there are multiple different logistics hubs at the Trade Parc. A number of group 

transporters operate their own hub. They are all optimizing their own process, while they could all 

benefit from optimization of the entire supply chain. This can be achieved when a central party decides 

and plans the transportation processes. 

This option will be hard to apply in practice, since a collaboration in the entire sector is required. 

Hubways is a collaboration in the floriculture sector to optimize the logistics. They are also experiencing 

difficulties while implementing their solutions. 

The main benefit of this solution is the aim of optimizing the entire supply chain, instead of 

every individual party optimizing their individual process. This collaboration can result in larger 

benefits.  

 

All options seem to increase the inbound logistics costs compared to the current situation, this can easily 

be explained using the fact that FloraHolland currently bears the loss. In the end a supply chain can only 

be efficient and persistent if all links add value and/or can make a profit. Therefore, as described in the 

criteria the options are compared in terms of costs with the baseline option. Option 1 is the baseline 

option, which can occur when no action is taken. All other options have to be compared to this option. 

Option 2, 3 and 4 have in common that a common inbound hub remains active at Venus, which is 

controlled by the IPCW. Option 5 also ensures an active common inbound hub at Venus. However this 

one is controlled by FloraHolland as in the current situation. Option 6 proposes a centralized decision 

making unit which opens or closes the available hubs and assigns orders to locations to optimize the 

entire supply chain. Table 5-1 shows an overview of all options and their performance in terms of the 

criteria. The fourth criteria, changing the ordering and transportation process is not allowed, is named 

No Change in the table. 

 Applicable for all traders Throughput time Cost efficient No Change 

Option 1 No Increase Equal Yes 

Option 2 No Increase No Yes 

Option 3 Yes Small increase Yes/No Yes 

Option 4 Yes The same/Improvement Yes/No Yes 

Option 5 Yes The same/Improvement Yes Yes 

Option 6 Yes/No - - No 

Table 5-1: Table showing an overview of all options and their performance in terms of the criteria. 

When comparing the options, option 3, 4 and 5 can be found feasible to meet the requirements 

as stated in the criteria of Section 5.1. 
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To compare the options proposed in the previous chapter, a high level decision making model is 

proposed. First the model is explained for option 6, then some adjustments are shown to make the model 

useful for options 1 to 5. This model decides which hubs should be opened and decides to which location 

an orders has to be delivered. The model assumes that every hub a maximum capacity and different 

costs for delivering an order. This model assumes constant costs for incurring an extra stop in a route of 

a truck. 

 

 𝑂𝑡𝑘 Destination of order 𝑘 in truck 𝑡 

 𝐶𝑂,𝑖 Additional costs associated with operating hub 𝑖 

 𝐶𝐷,𝑖,𝑗 Costs of delivering a trolley from location 𝑖 to location 𝑗 

 𝑐𝑆 Constant costs of a stop at a dock or hub 

 𝑥𝑖 Binary decision variable, determines whether hub 𝑖 is opened 

 𝑢𝑡𝑘𝑖 Binary unloading decision variable, determines whether order 𝑘 in truck 𝑡 is 

unloaded at 𝑖 

 𝑇𝑡𝑖 Truck 𝑡 stops at 𝑖 

 𝑛𝑡 Number of orders in truck t 

 𝑜𝑠𝑘 Order size of order 𝑘 (number of trolleys) 

 𝑦 Number of locations 

 𝑣 Number of trucks 

 𝐻 A Set which contains all hub locations 

   

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 

∑ 𝑥𝑖 ∗ 𝑐𝑂,𝑖

𝑦

𝑖

+ ∑ ∑ ∑ 𝑜𝑠𝑘 ∗ 𝑢𝑡𝑘𝑖 ∗ 𝑐𝐷,𝑖,𝑂𝑡𝑘

𝑦

𝑖

𝑛𝑡

𝑘

𝑣

𝑡

+ ∑ ∑ 𝑇𝑡𝑖

𝑦

𝑖

𝑣

𝑡

∗ 𝑐𝑆 (6.1) 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 

 
∑ ∑ 𝑢𝑡𝑘𝑖 ∗ 𝑜𝑠𝑘

𝑛𝑡

𝑘=0

𝑣

𝑡=0

≤ 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑖 𝑖 = 0, … , 𝑦 (6.2) 

 
𝑢𝑡𝑘𝑖 − 𝑇𝑡𝑖 ≤ 0 

𝑡 = 0, … , 𝑣;  𝑘 = 0, … , 𝑛𝑡;   𝑖

= 0, … , 𝑦 
(6.3) 

 
𝑇𝑡𝑖 − 𝑥𝑖 ≤ 0 𝑡 = 0, … , 𝑦;   𝑖 = 0, … , 𝑦 (6.4) 
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∑ 𝑢𝑡𝑘𝑖

𝑖 ∈ 𝐻 ∪ 𝑂𝑡𝑘

= 1 𝑡 = 0, … , 𝑣;   𝑘 = 0, … , 𝑛𝑡 (6.5) 

 
∑ 𝑢𝑡𝑘𝑖

𝑦

𝑖=0

= 1 𝑡 = 0, … , 𝑣;   𝑘 = 0, … , 𝑛𝑡 (6.6) 

 

 
𝑥𝑖 ∈ {0, 1};  𝑢𝑡𝑘𝑖 ∈ {0, 1};  𝑇𝑡𝑖 ∈ {0, 1} 

𝑖 = 0, … , 𝑛;  𝑘 = 0, … , 𝑛𝑡;   𝑡

= 0, … , 𝑣 
(6.7) 

The objective function to be minimized are the costs for opening and operating a hub on a certain 

moment in time, the costs of the internal transportation of the trolleys, and the costs of the truck stops. 

Constraint (6.2) state that every hub or delivery location has a maximum capacity of trolleys that can be 

handled (for a certain throughput time) which may not be exceeded. Constraint (6.3) states that every 

location where trolleys are delivered by a certain truck has to be visited by the same truck. Constraint 

(6.4) states that only opened hubs are allowed locations to be visited. Constraint (6.5) states that all 

orders have to be delivered at the destination dock directly or at a logistics hub. Constraint (6.6) states 

that all orders have to be delivered at least once, this prohibits that orders are delivered at multiple 

locations, which is not allowed. Also splitting up orders is not possible in this model. Constraint (6.7) 

states that all decision variables are binary. The transportation costs are based on distance, and these 

costs are allocated as if the train size is always equal and when a train has to cross a bridge an additional 

200 meters is incurred. This is to correct for the lower speed at bridges. Note that opening a hub incurs 

a constant cost in this model, however, in practice, this is not entirely true since a hub can vary the 

capacity and cost at a certain moment in time. 

The adjustments to use this model for options 1 to 5 is to drop the capacity constraint (6.2). In 

the current situation capacity constraints do not play a role, and all hubs are opened. Therefore the new 

objective function is shown as Objective function (6.8). The internal transportation costs are the costs 

as shown in Table 2-6. This model can optimize the supply chain from a costs perspective for the current 

situation, and is able to make adjustments to the supply chain and look at the effects. An important 

notion is the fact that this model optimizes from a cost perspective, and does not take the entire 

transportation decision into account.  

  

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 

∑ ∑ ∑ 𝑜𝑠𝑘 ∗ 𝑢𝑡𝑘𝑖 ∗ 𝑐𝐷,𝑖,𝑂𝑡𝑘

𝑦
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𝑛𝑡

𝑘

𝑣

𝑡

+ ∑ ∑ 𝑇𝑡𝑖

𝑦

𝑖

𝑣

𝑡

∗ 𝑐𝑆 (6.8) 
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All detailed results are found using Gurobi (Gurobi Optimization, 2014) and can be found in Appendix 

I. The results for option 6 show that improvements are possible, especially during quiet periods. The 

option has potential for the future, however, future research is required. 

The results from the IPCW model show a number of results. The model makes a distinction 

between a situation with and without hubs from group transporters. Growers prefer Fase G and group 

transporters prefer their own hub. However, sometimes, group transporters decide to use Sierteelt Direct, 

or growers use the hubs of group transporters. Therefore, both calculations have been performed, and 

can be seen as upper- and lower bounds. Also, the randomness is not exactly determined. Each truck has 

a preferred destination area. The randomness term describes the chance that an order has a random area. 

Modeling and estimations of logistics managers shows that the randomness approximately lies between 

0.1 and 0.2. Note that this model assumes that all delivery decisions are made by optimizing costs. 

Table 6-1 shows the increase in costs in euros/year, compared to the current situation. 

Option All hubs 

R 0.1 

Only Fase G and SD 

R 0.1 

All hubs 

R 0.2 

Only Fase G and SD 

R 0.2 

Option 1: Hub is closed €117,156 €237,758 €138,598 €222,974 

Option 2: IPCW Hub €121,793 €167,367 €128,009 €165,372 

Option 3: Venus only 

hub 

€12,028 €6,436 €26,434 €23,719 

Option 4/5: Hub 

remains and accepts all 

trolleys 

0 0 0 0 

Table 6-1: Table showing the increase in inbound logistics costs per year compared to the current situation. R means 

Randomness. 

The costs as shown in Table 6-1 are excluding the costs of operating the hubs. The results show that the 

increase in inbound costs for a closure of the hub and for the opening of an IPCW hub are high, and are 

relatively low for a Venus hub and show no increase in inbound logistics costs for remaining the current 

hub. 

 For the hubs the amount of handled trolleys is also important. This determines the magnitude of 

the cannibalization effect. The magnitude of this effect is dependent of the randomness. Since this term 

is not exactly known, the results vary. For the Venus hub, the number of lost trolleys lies between 15 

and 48 percent. For the IPCW hub the cannibalization effect is a higher, between 91 and 97 percent. 

These results strengthens the earlier observations, and make an IPCW hub impossible.  

The model also calculates the effects, in case the IPCW forces their trolleys to the IPCW direct 

docks or to Sierteelt Direct. This shows that a number of trolleys from other destinations are forced to a 

non-optimal delivery locations. Only in case of a hub similar to the current situation, this option is 

considerable. However, depending on the randomness, an increase from €30,000 to €80,000 per year 

for the inbound logistics can be expected. 
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Option 6 indicates that by collaboration of multiple hubs savings can be achieved, especially during 

quiet periods. This model results from rough estimations in parameters. Therefore, further research is 

required to confirm these claims, and to show the amount of savings that can be achieved. 

Option 1 causes the logistics costs to increase by about €117,000 to €238,000 per year. No other 

investment is required for this option.  

Option 2 causes the logistics costs to increase by about €120,000 to €165,000 per year. Besides 

these increase in logistics costs, an investment and operating costs for the IPCW only hub are required.  

Option 3 causes only a small increase in logistics costs of €6,000 to €26,000 per year. This 

option also requires an IPCW hub to be opened. However, the exact operating costs are difficult to 

estimate. Because, the expected decrease in trolleys lies between 15 to 48 percent. Sierteelt Direct 

requires an increase in trolleys to be break even. Therefore, a decrease in trolleys can actually mean an 

increase in costs compared to Option 4.  

In option 4 the logistics cost do not increase, because the logistic situation remains unchanged. 

The additional costs for operating the hub are estimated at the same profit and loss balance of Sierteelt 

Direct and are €210,000 per year. 

In option 5 the logistics costs remain at a constant level, for the same reason as in option 4. The 

additional costs for the IPCW to remain Sierteelt Direct in the current composition, are estimated at 

€85,000 to €101,000 per year.  
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This chapter focusses on the processes performed at Sierteelt Direct. First, Section 7.1 describes some 

bottlenecks in the process. Section 7.2 presents a number of possible improvements. Section 7.3 

describes the simulation model which is used for the analysis. Section 7.4 presents the results of this 

analysis and draws conclusions based on these results. Finally, Section 7.5 proposes a number of 

improvements, which are currently infeasible, but might be possible in the future. 

 

There are a number of causes for the distribution and high variability in the throughput times of Sierteelt 

Direct as shown in Figure 2-9. First, there is no control and monitoring over the order of the 

transportation of the trolleys from the sorting gates to the traders. Second, the process itself causes a 

significant amount of variability. A third factor for variability is the arrival process of the trolleys.  

The first two aspects can be controlled when redesigning the process, the last aspect is a natural 

variability cause and therefore difficult to control. The effect of the first cause is difficult to estimate, 

but does not have a large influence on the average throughput time. However, the process itself is a 

significant factor.  

One aspect of the process increasing variability is the fact that trains are loaded by the driver of 

an electric tractor. Therefore, the loading time of a train is equal to the sum of loading all trolleys 

individually. Therefore the transportation time of a trolley coming from a train of size x the throughput 

time cannot be below x * loading time + transport time to the corresponding location. This effect can be 

reduced if the trolleys are connected before the tractor arrives. In this case, the loading time is only the 

connection time of the train to the tractor. This causes the number of trips a tractor is able to make in a 

certain time period to increase, and therefore increases the capacity of the system. 

Figure 7-1 shows the average throughput time of trolleys delivered in a train with a certain size. 

The loading effect causes the upward trend, having a slope of 0.41 minutes or 25 seconds. The 

measurements of this process resulted in 27 seconds, which is close to this slope value. This implies that 

the train being loaded by the driver is a bottleneck at Sierteelt Direct. 
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Figure 7-1: Figure showing the relation between the throughput time of a trolley and the number of trolleys the train consisted 

up. 

Furthermore, trolleys are sorted on delivery location, and then delivered separately to the traders. An 

important result from this aspect in processing the trolleys is that the process is not First-In-First-Out 

(FIFO) from trolley perspective. This aspect accounts for a large variability effect and can cause trolleys 

just arriving to be transported before trolleys which are waiting for an hour already. This process can be 

improved by coordinating the composition of the trains. 

 

Live monitoring of the process is necessary, at this moment the delivery of the trolleys is promised to 

have a throughput time of 30 minutes. Furthermore, Sierteelt Direct wants to deliver trolleys in a FIFO 

way. Since transporters decide which trolleys to load and to deliver this cannot be guaranteed, because 

this process is not monitored. However, this project assumes that the transportation is always done in a 

FIFO way. 

The current situation indicated that there might exists a bottleneck in the loading/unloading 

process of the trolleys in a train. Therefore, improvements in this process are considered. There are two 

possible improvements developed, which focus on this possible bottleneck. The first solution uses the 

employees who currently do the scanning and sorting tasks to connect the trolleys. The second solution 

uses a separate employee who is only connecting trolleys. 

The train composition can possibly be improved when the composition of trains are planned and 

optimized. Since the trolleys that have to be delivered are constantly changing this is a difficult process. 

This can be done using a VRP approach.  

Every trolley has an RFID-tag, however this tag is only used to verify the validity of a trolley. 

When growers would make a “connection-scan” of the auction letter and the RFID-tag a number of 

savings can be made according to the “Van plant tot klant” project. At Sierteelt Direct this would mean 

that the delivery scan, the validity check of a trolley can be combined to a visual control on the screen 
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and all delivery scans can be automated. A departure scan and delivery scan occur automated. The 

challenge is to make this the new standard and traders have to be willing to pay for this additional process 

at the grower.  

 

Appendix H contains screenshots of the simulation model used for the current situation. The model is 

built in Enterprise Dynamics 8.2 Logistics Suite. All runs are done on an average arrival of trucks, in all 

simulations an arrival rate of 20 trucks per hour is used. This results in, on average, an arrival rate of 

about 180 trolleys per hour. The simulation time involves 100 hours of simulation. The first 1,000 

trolleys of the estimated 18,000 are used as a warm up sample and are filtered out of the results. The 

simulations are indications, and have to be seen as a high-level simulations. The simulation is based on 

the average number of trolleys per hour (i.e. the seasonal patterns re not included). Five different models 

are proposed: 

Model 1: The current situation 

This model is behaving in the same way as the current process at Sierteelt Direct. 

Model 2: Sorters Connect 

In this model sorters also connect the trolleys. In the current situation the train drivers connect the 

trolleys. To better use the transportation capacity, workers which currently drag the trolleys to the gates 

are used to connect the trolleys together and form a train. 

Model 3: Connecter 

In this model one or more workers are assigned to connect all trolleys together. This model is similar to 

model 2, however in this model the connecter is not allowed to perform other tasks than connect the 

trolleys. 

Model 4: FIFO approach  

In this model, the entire internal transportation process is changed. In this model, trolleys for Jupiter and 

further are grouped, and trolleys for Venus are split up based on their locations. In total three different 

delivery gates are formed, which are delivered FIFO.  

Model 5: RFID 

This model represents a possible future situation where all RFID tags of the trolleys have been coupled 

to the auction letter. It shows what the effects will be at Sierteelt Direct when this will be done. 

 

The results for Model 2 and Model 3 indicate that the throughput time and percentage of trolleys too 

late can both decrease. The results having the lowest average throughput time per number of workers 

are compared. In Model 2 the throughput times are lower for 10 and 12 workers, all variances of the 
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throughput times are lower than the current situation. Figure 7-2 shows a graph with the simulation 

results for the throughput times in the specific situations. 

 

Figure 7-2: Graph showing the resulting throughput times of the simulations 

Figure 7-2 shows a graph with the simulation results for the percentage of trolleys too late in the specific 

situations. The percentage of trolleys too late shows a decrease in all situations for Model 2, from 

25.16% to 20.13% with 10 workers, from 4.99% to 4.29% with 11 workers and from 2.09% to 0.61% 

with 12 workers. The results for Model 3 have lower throughput times in all situations, lower variances 

in all situations. The throughput times are 6% lower with 10 workers, 5% lower with 11 workers and 

2.5% lower with 12 workers. Again, the increase in percentage of trolleys too late shows a decrease in 

all situations, from 25.16% to 20.64% with 10 workers, from 4.99% to 2.25% with 11 workers and from 

2.09% to 0.98% with 12 workers. 

The FIFO approach does not lower the throughput time or reduces the percentage of trolleys too 

late at the current load times, or at half load times. Only when no load times apply, the FIFO approach 

is able to produce some small improvements. Therefore, a FIFO approach is considered inefficient for 

Sierteelt Direct. 

The RFID approach produces significant improvements. The approach performs similar to the 

current situation with one worker more, in terms of throughput times and percentage of trolleys too late, 

for all situations. In the RFID approach 3 sorter workers are sufficient. While in the current situation at 

least 4 sorter workers are required. This indicates that one worker costing €50,000 per year can be saved. 

If a new method or technique for loading and unloading trains (coupling and decoupling trolleys 

together) would be developed or used, there are also significant improvements possible. Comparing the 
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results of the current situation with the simulation having 50% lower loading and unloading times, shows 

that this new situation performs similar to the current situation with two more workers. This indicates 

that two workers can be saved. When removing all loading times, the system performs similar to the 

current system having three more workers. However, a situation without loading times is not realistic. 

 

The efficient operation of such a system (cross dock) requires an appropriate coordination of inbound 

and outbound trucks, e.g. by computerized scheduling procedures.” (Boysen, Fliedner, & Scholl, 2010) 

At this moment Sierteelt Direct does not coordinate inbound or outbound trucks/trains. Therefore a 

solution in this direction can be considered and requires further research. The most efficient situation 

from Sierteelt Direct perspective can be achieved when Sierteelt Direct can control the inbound flow of 

their goods. In this way the outbound trains can be optimized, where throughput times are minimal. This 

can be realized using models like described in Boysen, Fliedner and Scholl (2010) or Yu & Egbelu 

(2008). These papers focus on minimizing the makespan (i.e. the total completion time of operations). 

Furthermore, controlling the inbound flow is not realistic, at this point in time, for Sierteelt Direct. 

A situation where Sierteelt Direct is not controlling the inbound flow, but have information 

about the inbound flow can also improve the system. In the future, if tracking and tracing becomes 

available, Sierteelt Direct has information over their inbound flow. In this case, Sierteelt Direct is able 

to plan and optimize the trains. This would give Sierteelt Direct the direction over the delivery process, 

instead of uncontrolled responding to the demand.  
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This chapter describes the conclusions and recommendations of the project. First, Section 8.1 answers 

the research questions. Second, Section 8.2 provides the recommendations for the IPCW. 

 

The main research question to be answered is: How can the operations at the common inbound hub be 

designed in the most efficient way for the IPCW, what are the impacts on cost and performance (e.g. 

throughput times), and how does a grower/group transporter decide on their transportation process to 

the trader? To answer this question, the sub research questions are answered one by one. 

 

What are the current processes in the logistics hub, what are the bottlenecks, what are the cost 

components (including costs for rent, power, gas, insurances, and other costs) and what are the 

throughput times? And What are the available resources, their cost, capacity, utilization and what are 

their effects on service times? 

Section 2.2 focuses entirely on the internal process at Sierteelt Direct. In this section the processes are 

described in a workflow diagram and per individual process the service times are given. Furthermore, 

this section gives information about the resources and their costs. Section 2.5 focuses on the costs of 

operating Sierteelt Direct and answers the question regarding the cost components. Section 7.1 gives the 

bottlenecks in the process. The most important elements in both sections are the fact that at this moment 

Sierteelt Direct makes a loss of approximately €200.000 euros/year. The most important reason for this 

loss is the costs of rent and overhead in the processes. The most important bottleneck in the process is 

the fact that the transporters connect the trolleys. During this process all trolleys have to wait, and the 

electric tractor is idle. 

 

What factors and cost components are involved in the decision making process for the transport to the 

traders by the growers/group transporters, and more specific what are the reasons to use the logistics 

hub? 

The decision making processing is different for every grower and group transporter. However, cost 

perspective is the most important reason, however when constrained by capacity, this has to be taken 

into account and the planning is adjusted accordingly. An important notion is that all growers have a 

tipping point, but the values differ. For certain deliveries the transportation decision occurs based on a 

certain habit or high-level decision. For example: some growers prefer one stop docking, and some 

traders force their inbound trolleys to be delivered at a logistics hub. The transportation time to the trader 

seems to be less relevant in this process, however Flora Holland and the traders would like to see more 

emphasis on this aspect.  
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How can the current logistics hub be efficiently designed to serve as a transportation hub for the IPCW 

members, and what is the impact on cost and performance? 

Options 1 and 2 are no reasonable options, as was already shown in Chapter 5. This chapter confirms 

these statements. Option 6 indicates that by collaboration of multiple hubs savings can be achieved, 

especially during quiet periods. This option does not meet the criteria, however, in the future, it can be 

a serious option. Future research is required, to confirm the claims, for the feasibility and whether there 

is enough willingness to cooperate. Therefore the focus lies on options 3, 4 and 5. 

For Option 3, operating a Venus hub, the expected number of trolleys shows a decrease of 15 to 

50%, compared to the current situation. However, this also results in 15 to 50% less turnover. The 

operating costs will also decrease, however there are constant costs which probably will not go down as 

much, and have to be decided on advance. Furthermore, the outcome of this option is uncertain if it 

would be applied in practice, both in terms of costs and service. If this option is compared to option 4 

and 5, these options have the preference. 

When the IPCW decides to operate a hub similar to Sierteelt Direct themselves (Option 4), they 

will have about the same profit and loss balance as Sierteelt Direct currently. To make the hub profitable, 

SLA’s are required. Furthermore, they will face difficulties. First, they will face resistance, since the 

hub will no longer be independent. To cope with this problem, SLA’s or other contracts have to be used. 

However, this does not guarantee that this will solve the resistance problems. Second, unlike 

FloraHolland, the IPCW does not control the money flow of the growers and group transporters. 

Therefore, they will face administration difficulties.  

The option, support FloraHolland (Option 5), is the option which aims to keep the situation as 

close to the current situation as possible. The loss Sierteelt Direct currently faces will be shared among 

all traders using Sierteelt Direct. In return, Sierteelt Direct and the traders sign SLA’s, in which terms 

and conditions can be discussed. In this way, traders get something in return. Besides that, Sierteelt 

Direct adds value to their company in terms of costs and service as shown in Section 5.2 and 6.2. Since 

the IPCW brings in 40% of the Sierteelt Direct volume, they are an important party for Sierteelt Direct. 

Therefore, they should be in a position to make proper agreements and they can use the SLA to increase 

their control over the inbound supply chain. Moreover, trends in the market cause the number of trolleys 

handled at hubs to increase, this effect makes the hubs more important for the traders and control over 

the inbound flow is required and becomes more important. 

In this option, the service level and throughput times remain the same as the current situation. 

The costs are lower than the baseline option, in fact are the lowest of all possible solutions. Moreover, 

if the IPCW is able to achieve an internal performance increase of 2.5% or more by making agreements 

in the SLA, this option is even financial beneficial, compared to the current situation. The business 

processes at the traders can remain the same. Therefore, based on the research, this is the best option to 

be applied, in case Sierteelt Direct shuts down. There is one problem that needs to be overcome, that is 
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the fact that all traders should be willing to pay for this service. This can only be achieved when they 

realize this is the best option available. 

 

What processes can be improved, how should these processes be redesigned, and what are the impacts 

on cost and performance? 

The sorting process can be improved by using the RFID approach as described in Chapter 7. In this 

approach all trolleys and auction letters are coupled at the grower. Using this approach, at average trolley 

arrival, Sierteelt Direct requires one worker less, which costs €50,000 per year. 

The transportation process can be improved in two ways. The first way is to use to let the sorters 

connect the trolleys or to use a worker as a trolley connecter, they both perform similar. The average 

savings in throughput time lie at about 3%. However, the variance in the throughput time can be 

decreased significantly, which is one of the problems at this moment. Furthermore, percentage of 

trolleys arriving too late can be decreased significantly. The second way is to develop a new loading 

and unloading method. Simulation shows that reducing the loading time by 50%, and therefore save 

only 26 seconds per trolley, can save 2 workers with an average trolley arrival. This can save Sierteelt 

Direct about €100,000 per year. 

 

If Sierteelt Direct shuts down, the best possible option is Option 5, which is described as: FloraHolland 

continues operating Sierteelt Direct. However, in addition to the current situation traders will pay for 

using the hub. The next step is to create an implementation plan. This involves working together with 

Sierteelt Direct and the traders using Sierteelt Direct to realize the option. Furthermore, the IPCW has 

to investigate what service they want Sierteelt Direct to achieve against what price, and how they can 

improve their control on Sierteelt Direct using a contract or a Service Level Agreement. 

“Innovations in the logistics process and disclosure of information in the sector make it possible 

to stay ahead of the competition.” (Rabobank, 2012) Option 6: Centralize logistics inbound decision 

making process, is an option which is an innovation in the logistics. Further research for this option is 

required. Furthermore, it requires collaboration and information sharing in the sector. Another logistics 

innovation is the RFID approach. In this approach the entire supply chain benefits, not only Sierteelt 

Direct. The Van Plant tot Klant project shows this. (Interaxi, 2013). This IPCW will benefit when 

collaborating and sharing of information. However, this requires other companies in the sector to do the 

same. In the end, all companies benefit from these collaborations. 

The simulation shows that a number of improvements are possible. The IPCW can present these 

improvements to Sierteelt Direct, and can collaborate together with Sierteelt Direct to improve the 

service and control on the supply chain. The IPCW should aim for a close collaboration with Sierteelt 

Direct, and other parties in the inbound supply chain to improve their control on the inbound supply 

chain. 
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The IPCW members mainly use the cc container, also referred to as Danish trolley. Table A-1 gives 

information about the cc container. The table is retrieved from the website of Container Centralen. (CC 

Container, 2014) 

Specifications: CC Container 

External dimensions (L x W x H) 1350 x 565 x 1900 mm 

Internal dimensions (L x W x H) 1270 x 545 x 1735 mm 

Weight 

Base: 20.4 kg 

Base + 4 corner posts: 34.2 kg 

Corner Post: 3.45 kg 

Shelf: 6.5 kg 

Carrying capacity 
Total: 450 kg UDL* 

Each Shelf: 60 kg UDL* 

Materials 
Metalwork: Hot dip galvanised steel 

Shelves: Resin impregnated ply board 

 Table A-1: Table giving information about a cc container



 

54 

 

 

Figure B-1 shows a photo retrieved from Google Earth showing the entire complex. On this photo the 

connecting bridges between Venus, Jupiter and Fase G are visible. Figure B-2 to Figure B-6 show 

images of Sierteelt Direct and the process at Sierteelt Direct. 

 

 Figure B-1: Google Earth image showing the FloraHolland Naaldwijk area 

 

 Figure B-2: A truck driver is unloading his truck and places the trolleys in the unloading area 
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 Figure B-3: A Sierteelt Direct employee is scanning the RFID-tag of a trolley. Afterwards, when successful, he places an 

orange sticker on the auction letter 

 

 Figure B-4: Photo showing the sorting gates at Sierteelt Direct. Above the gates signs containing the trader names denote to 

which trader these trolleys have to be delivered 
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 Figure B-5: A Sierteelt Direct tractor driver is connecting trolleys to make a train. On the background a train which is ready 

is departing 

 

 Figure B-6: Photo giving a visual representation of the internal highway inside Venus 
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Figure C-1 shows the internal transport when performed indirectly using Fase G. 

 

 Figure C-1: The internal transport performed indirectly using Fase G  
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 Figure C-2: Cross-functional flowchart of the direct transportation process from grower to trader, performed by the group transporter 
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Group transporter through SierteeltDirect
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 Figure C-3: Cross-functional flowchart of the indirect transportation process from grower to trader, through Sierteelt Direct, performed by a group transporter 
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Grower delivers through SierteeltDirect
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 Figure C-4: Cross-functional flowchart of the indirect transportation process from grower to trader, through Sierteelt Direct, performed by a grower
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This appendix contains the current sorting gates at Sierteelt Direct. Sierteelt Direct has 15 different 

delivery sorting gates for Venus, two different sorting gates for Jupiter and one gate for others. 

Exporter Location 

Hami Venus 

Novi Venus 

Javado Venus 

Horticept Venus 

Moterra Venus 

JV 

Amaplant 

Venus 

 

Duyvenbode  

Dames 

Venus 

 

Gimall 

Den Haan 

Venus 

 

Vikoplant 

Verdel 

Ovibell 

Venus 

 

Vide Verde 

Thermex 

Venus 

 

Lievaart Venus 

Hamiplant 

HamiUK 

Venus 

 

HamiXL Venus 

Noviflora Venus 

Javado Venus 

Vd Eijk  

Junior  

Mark 

Venus 

  

Oskam 

Jovi 

Vd Ven 

Flamingo 

Superflora 

Heijl 

Jupiter 

  

Qualifor 

V Dijk Flora 

Jupiter 

  

Diversen 

Floreac 

Valor 

Others 

  

Table D-1: Sorting gates at Sierteelt Direct
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This appendix contains information about the total number of trolleys handled at Sierteelt Direct, per 

period (a period lasts four weeks). And shows the number of IPCW trolleys handled at Sierteelt Direct, 

from 12 march 2013 until 11 march 2014. 

 

Figure E-1: Graph showing the number of handled trolleys per year, per period. A period is a time period of four weeks, 

Year Total number of trolleys 

2012 278,022 

2013 310,244 

2014 First 6 periods 192,270 

2014 Estimated based on 

growth in first 6 months 
395,000 

Table E-1: Total number of trolleys per year 
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Figure E-2: Number of handled trolleys per week 

 

Figure E-3: Number of handled trolleys per hour of the day 
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Figure E-4: Number of handled trolleys per day of the week
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Number of trolleys delivered at an arbitrary Sierteelt Direct stop 

To estimate the total number of trucks which delivered the total number of 310 244 trolleys, the number 

of trucks which did not contain any trolleys for the IPCW has to be estimated and this number has to 

correspond with the number of trucks which did not contain any trolleys for the individual IPCW 

members. The number of orders handled at Sierteelt Direct is: 
310 244

2.02
= 153 293 orders. The chance 

that an arbitrary order is an IPCW order is: 
62 032

153 293
= 0.404, therefore the chance that an arbitrary truck 

stopping at Sierteelt Direct contains no IPCW orders is: (1 − 0.404)𝑛, where 𝑛 is the number of orders 

in a truck. This assumes that orders are independent of each other. This claim can be made, because the 

orders are placed by individual traders and these traders all operate independent of each other. This 

claim is also made by (Zandi, 2013).  The fraction of the trucks containing at least one trolley destined 

for an IPCW member is: 1 − (1 − 0.404)𝑛: 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑢𝑐𝑘𝑠 =
30 884

(1 − (1 − 0.404)𝑛)
  

The number of trolleys in a truck, multiplied with the number of trucks has to be equal to the total 

number of trolleys handled at Sierteelt Direct: 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑖𝑒𝑟𝑡𝑒𝑒𝑙𝑡 𝐷𝑖𝑟𝑒𝑐𝑡 𝑡𝑟𝑜𝑙𝑙𝑒𝑦𝑠 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑜𝑙𝑙𝑒𝑦𝑠 𝑖𝑛 𝑡𝑟𝑢𝑐𝑘 ∗ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑢𝑐𝑘𝑠 

310 224 = (𝑛 ∗ 2.02) ∗ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑢𝑐𝑘𝑠 

310 224 = (𝑛 ∗ 2.02) ∗
30 884

(1 − (1 − 0.404)𝑛)
  

When these equations are solved, the following results are obtained. Solving these equations lead to 𝑛 =

4.48, 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑢𝑐𝑘𝑠 = 34 244.54 and 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑜𝑙𝑙𝑒𝑦𝑠 𝑖𝑛 𝑡𝑟𝑢𝑐𝑘 = 9.06.  

This number of 9.06 is 25.8% of the number of 35 trolleys per truck (with a full truck load). The 

average truck load is very dependent of the season and business type. A logistic managers from the 

group transporter estimated this value to be 90% and a sample at a grower showed a truck load of 33%. 

The same group transporter estimated that about 30% of the trolleys were handled at Sierteelt Direct, 

30% * 90% * 35 trolleys = 9.45 trolleys. The same grower used Sierteelt Direct for almost all trolleys 

(assume 90%), 33% * 90% * 35 trolleys = 10.40 trolleys. Sierteelt Direct accounts for 25.6% of the 

number of inbound trolleys delivered at the IPCW members. This number is very close to the 25.8%, 

when this number is corrected with a truck load of 90% this number becomes 23.2% or 8.12 trolleys. 

Comparing these numbers show that the number of 9.06 is a plausible estimation. 

Costs of individual processes at Sierteelt Direct 

When allocating the time required for a transport to Venus to a trolley in an average train (7.59 trolleys), 

the total time for handling an order is about: 146.43 seconds. A FloraHolland employee costs 25.50 
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euros/hour, therefore the handling costs per trolley are: 
146.43

3600
∗ 25.50 = 1.04 𝑒𝑢𝑟𝑜𝑠. To Jupiter: 217.58 

(1.54 euros) and to FloraHolland: 262.83 (1.86 euros). When the distribution of destinations is assumed 

to be 80% to Venus, 10% to Jupiter and 5% to FloraHolland/Strijp building and the average train size 

to be independent of the destination. The average cost per trolley is 0.85 ∗ 1.04 + 0.1 ∗ 1.54 + 0.05 ∗

1.86 = 1.131 𝑒𝑢𝑟𝑜𝑠. Other costs and overhead/idle personnel costs (estimated at about 100,000 euros) 

allocated to individual trolleys result in 
160 000

310 224
= 0.516. The rent costs allocated to an individual trolley 

is: 
250 000

310 224
= 0.806. The total costs of handling a trolley, including all cost factors, result in 2.362 euros 

per trolley (destined for Venus) and 2.543 euros for an arbitrary trolley. 

Break-even point calculations 

FloraHolland aims at increasing the number of trolleys handled at Sierteelt Direct, reducing the 

allocation of costs to individual trolleys. According to these assumptions, the break-even point can be 

calculated in the following way:  

600,000

310,224
𝑥 − 1.131 ∗ 𝑥 − 160,000 − 250,000 = 0 (𝑤ℎ𝑒𝑟𝑒 𝑥 𝑖𝑠 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑜𝑙𝑙𝑒𝑦𝑠) 

Resulting in a break-even point of 510,530 trolleys. This calculation assumes no increase in space is 

required and the overhead costs remain at the same level.  

When also assuming that an increase in trolleys leads to an increase in the average train size (i.e. 

the transportations costs remain the same), the increase in variable costs are only the individual handling 

costs per trolley. These handling costs per trolley cost 
99

3600
∗ 25.50 𝑒𝑢𝑟𝑜𝑠 = 0.701 𝑒𝑢𝑟𝑜𝑠. The 

transportion costs become a constant cost factor of: 
0.85∗6∗60+0.1∗15∗60+0.05∗25∗60

3600∗7.59
∗ 310,224 =

132,018.91 𝑒𝑢𝑟𝑜𝑠. The break-even point becomes, under these assumptions: 

600,000

310,224
𝑥 − 0.701 ∗ 𝑥 − 132,018.91 − 160,000 − 250,000

= 0 (𝑤ℎ𝑒𝑟𝑒 𝑥 𝑖𝑠 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑜𝑙𝑙𝑒𝑦𝑠) 

Solving this equation leads to a break-even point of 439,563 trolleys to be handled at Sierteelt Direct. 

Cost calculations for Option 1: Hub is closed 

This cost calculations assumes that growers and group transporters focus on the same average tipping 

point and are based on the IPCW data. Transporters will be forced to deliver at Fase G or at a group 

transporter. The costs for delivering at Fase G is €3.90 per trolley. The tipping point for Fase G is  

€15.00

€3.90/trolley
 =  3.85 trolleys, resulting in a tipping point of 4 trolleys. Note that the stop at Fase G also 

costs €15.00, so the real tipping point lies a little lower, depending on the number of orders in the truck. 

In reality, this is the tipping point, when the truck already decided, based on other orders, to go to the 

hub. So order lines with 1,2 or 3 trolleys will be delivered at Fase G. About 87% of the orders, and 64% 

of the trolleys, comes from orders currently delivered at Sierteelt Direct containing less than 4 trolleys. 
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Every trolley shifted to Fase G from Sierteelt Direct has an increase in logistics costs of 2.30 

euros/trolley. This shows an increase in costs of €183 825/year for the IPCW.  

Moreover, the remaining trolleys, coming from orders with a size of more than four trolleys will 

be delivered directly at the trader. For the IPCW orders handled at Sierteelt Direct, 13% consist of orders 

with four or more trolleys. These are 8 216 orders and 45 619 trolleys every year, which all have to be 

delivered at the box directly. Every stop at a dock costs €15, however these trolleys are not incurred the 

€1.60 ITC costs. The cost associated with delivering these orders in the box are 8 216 ∗ €15 −

 45 619 ∗ €1.60 = €50 250/𝑦𝑒𝑎𝑟. These both cost elements result in an increase in costs of €234 

075/year.  

In the case a group transporter is used, the tipping point lies at 
€15.00

€2.60/trolley
 =  5.77 trolleys. Last year 

102 958 IPCW trolleys were coming from orders having less than 6 trolleys, resulting in 102,958 ∗

(€2.60 − €1.60) = €102 958. The remaining 22,585 trolleys were coming from 2,924 orders, these 

additional dock deliveries cost: 2,924 ∗  €15 − 22 585 ∗ €1.60 = €7,724. This results in a total 

increase in costs of €102,958 + €7,724 = €110,682. 

The logistic cost advantage that Sierteelt Direct creates by serving as a common inbound hub at Venus 

benefits the IPCW members €110,682 − €234,075 per year. 

Cannibalization effect for Option 2: IPCW only logistics hub 

The combined tipping point is considered as the number of trolleys delivered at the current price of 

€1.60 to justify an additional stop, assuming that the other trolleys are delivered at the logistics hub of 

a group transporter, at a rate of €2.60 per trolley. So the combined tipping point in this case is: 

€15

€2.60−€1.60
= 15 𝑡𝑟𝑜𝑙𝑙𝑒𝑦𝑠. Figure 2-12 shows the sizes of the combined orders, the number of trolleys 

coming from IPCW orders of 15 trolleys or more are: 19,493. Performing the same calculation for Fase 

G: 
€15

€3.90−€1.60
= 7 𝑡𝑟𝑜𝑙𝑙𝑒𝑦𝑠. The number of IPCW trolleys coming from combined orders is: 63,238 – 

15,652 = 47,586 trolleys.
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Figure G-1: Graph showing the costs savings when using Sierteelt Direct. The cost savings are graphed as a function of the 

number of different destinations that a truck has. This is done for five different number of different destinations. 

 

Figure G-2 Graph showing the costs savings when using Sierteelt Direct. The cost savings are graphed as a function of the 

number of trolleys contained in a truck. This is done for four different number of trolleys in a truck. 
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Figure G-3: Graph showing the throughput time savings when using Sierteelt Direct. The time savings are graphed as a 

function of the number of different destinations that a truck has. This is done for five different number of different destinations. 

 

Figure G-4: Graph showing the throughput time savings when using Sierteelt Direct. The time savings are graphed as a 

function of the number of trolleys in a truck. This is done for five different number of trolleys in a truck.
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A simulation model is built in Enterprise Dynamics. This model allows to analyze the current process 

and is able to validate possible improvements. Figure H-1 shows an overview of the (as-is) model built 

in Enterprise Dynamics. The green lines is the network/highway available for the trains to drive on. The 

grey lines are also part of this network, however these are the bridges, here a speed limit of 1m/s is 

assumed. The speed on the green lines is assumed to be 2 m/s. The figures show the model of the current 

situation, occupied with 5 workers and 8 transporters. 

 

 Figure H-1: Overview of the model built in Enterprise Dynamics 
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 Figure H-2: Screenshot 1 of the simulation inside Sierteelt Direct 
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 Figure H-3: Screenshot 2 of the simulation inside Sierteelt Direct 
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 Figure I-1: Optimal route when optimizing the total throughput times 

 

 Figure I-2: Tradeoff graph, showing possible options with throughput times and corresponding costs 
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 Figure I-3: Optimal route when optimizing the costs 

 

 Figure I-4: Tradeoff graph, showing possible options with time truck requires for all deliveries and corresponding costs 
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Workers Sorters Transporters 

Throughput time 

Venus 

Throughput time 

Jupiter, etc. 

Variance 

Throughput time 

Venus 

Variance 

Throughput time 

Jupiter, etc. 

Average 

Throughput time 

Venus 1-

Service level 

Jupiter etc. 1-

Service level 

Average 1-

Service 

level 

Original situation (Dispatch time 1800) 

9 4 5 2109.34 3691.64 656183.52 1632798.55 2357.69 62.69% 52.06% 61.02% 

           

10 3 7 9009.90 11178.29 28706073.89 28270985.64 9342.16 99.59% 98.91% 99.49% 

  4 6 1467.02 3037.99 361346.44 990269.72 1705.57 23.45% 34.68% 25.16% 

  4 6 (1 JUP) 1117.61 5262.39 165266.21 4127533.23 1740.85 5.15% 75.80% 15.77% 

  4 6 (2 JUP) 1766.25 2488.67 478635.21 591116.02 1881.59 45.61% 8.32% 39.66% 

  5 5 1896.78 3574.47 508404.60 1390213.07 2171.49 54.39% 51.67% 53.94% 

              

11 4 7 1001.21 2730.27 151114.63 709683.43 1270.81 3.13% 15.06% 4.99% 

  4 7 (2 JUP) 1218.47 2536.59 200725.45 687484.94 1420.69 9.94% 12.00% 10.25% 

  5 6 1319.21 2935.76 216884.50 845444.40 1563.52 16.10% 29.32% 18.09% 

              

12 4 8 800.03 2504.01 104074.07 987906.37 1069.81 1.48% 5.36% 2.09% 

  4 8 (2 JUP) 889.11 2483.41 118680.93 658565.41 1135.78 1.48% 9.14% 2.66% 

  5 7 951.84 2663.73 98964.05 673121.49 1220.60 0.89% 11.60% 2.57% 

              

13 4 9 712.13 2319.52 97017.42 728492.21 963.81 0.95% 4.84% 1.56% 

  5 8 703.62 2387.77 60348.40 795880.44 970.70 0.06% 3.48% 0.60% 

  6 7 898.78 2685.17 83161.09 615201.75 1190.47 0.15% 11.27% 1.96% 

Original situation (Dispatch time 1500) 

10 4 6 1478.93 2967.85 277150.94 761716.24 1722.68 25.95% 26.73% 26.08% 

              

11 4 7 1010.47 2533.48 129441.80 519894.90 1253.49 2.60% 5.65% 3.08% 
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12 4 8 831.39 2323.94 111307.27 534768.92 1046.25 1.39% 1.80% 1.45% 

                      

Original situation (Dispatch time 1200) 

10 4 6 1487.44 2769.75 297259.70 673740.64 1690.39 27.45% 16.87% 25.78% 

              

11 4 7 1176.78 2569.10 239202.77 509875.86 1402.96 9.31% 7.15% 8.96% 

              

12 4 8 843.39 2182.16 125745.56 392059.97 1056.29 1.21% 1.24% 1.22% 

FIFO 

10 4 6 1644.43 2117.72 385652.62 527720.44 1718.50 37.63% 3.07% 32.22% 

              

11 4 7 1450.39 1937.86 402766.90 463229.26 1526.05 25.80% 1.84% 22.08% 

              

12 4 8 1156.40 1687.32 278478.64 338046.04 1240.60 11.34% 0.55% 9.63% 

Load by sorters 

10 6 4 1514.28 3001.84 326520.31 1020518.95 1753.94 32.67% 34.27% 32.93% 

  5 5 1377.21 2913.17 322032.20 932838.80 1622.12 19.24% 26.04% 20.33% 

              

11 5 6 1160.24 2805.75 707408.54 1042740.12 1402.51 14.03% 15.65% 14.27% 

  6 5 1039.11 2626.84 132615.64 654633.70 1295.60 2.86% 11.72% 4.29% 

              

12 6 6 796.41 2446.96 73937.52 489237.87 1055.65 0.28% 2.37% 0.61% 

  7 5 1005.18 2614.80 109233.60 651983.89 1261.01 0.53% 11.01% 2.19% 

Connecter 

10 5 (1 CON) 5 1355.00 2920.81 251529.43 961138.69 1603.07 19.11% 28.74% 20.64% 

  6 (1 CON) 4 1849.11 3368.69 554282.63 1465799.13 2080.12 52.87% 48.49% 52.20% 

              

11 5 (1 CON) 6 973.35 2580.60 103461.46 661638.45 1209.44 1.17% 8.52% 2.25% 

  6 (1 CON) 5 1247.07 2802.59 201887.15 829741.35 1494.87 11.97% 23.04% 13.73% 
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12 5 (1 CON) 7 777.09 2375.73 80229.41 576160.45 1044.70 0.59% 2.90% 0.98% 

  6 (1 CON) 6 917.83 2494.03 89207.92 592351.74 1170.04 0.51% 4.91% 1.21% 

RFID 

9 3 6 1355.30 3006.80 228089.80 849748.88 1617.40 16.58% 30.90% 18.86% 

              

10 3 7 1082.28 2804.00 183939.80 628369.70 1356.50 5.65% 15.54% 7.23% 

  4 6 1269.15 2930.99 201819.36 887036.72 1530.83 12.26% 29.59% 14.99% 

              

11 3 8 831.66 2544.42 137517.31 699691.29 1109.08 2.18% 7.85% 3.10% 

  4 7 855.21 2596.37 86796.69 601129.73 1140.24 0.12% 8.39% 1.47% 

              

12 3 9 727.39 2362.27 100065.44 896082.59 980.85 1.20% 4.72% 1.75% 

  4 8 703.59 2470.46 53164.02 710786.24 985.00 0.01% 4.03% 0.65% 

                      

 Table J-1: Simulation results with normal loading times. Dispatch time is the time that is added to the arrival time of the trolleys not having a destination at Venus. This new time is compared to 

other dispatch times and in this way the FIFO procedure is applied on these dispatch times. A trolley having a destination at Venus has a dispatch time equal to the arrival time. 

Workers Sorters Transporters 

Throughput time 

Venus 

Throughput time 

Jupiter. etc. 

Variance 

Throughput 

time Venus 

Variance 

Throughput time 

Jupiter. etc. 

Average 

Throughput time 

Venus 1-

Service level 

Jupiter etc. 1-

Service level 

Average 1-

Service 

level 

Original 

8 4 4 1551.90 3064.34 399812.31 1165390.80 1797.75 36.64% 37.14% 36.72% 

            

9 4 5 1028.93 2630.92 153986.51 685406.84 1280.96 3.04% 11.41% 4.36% 

           

10 4 6 819.58 2472.02 99538.11 618341.16 1082.03 0.80% 4.35% 1.37% 

              

11 4 7 631.14 2204.74 61917.91 606555.80 878.66 0.34% 1.38% 0.50% 
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12 4 8 575.64 1988.25 57127.69 596135.96 801.05 0.26% 0.81% 0.34% 

FIFO 

8 4 4 2882.92 2170.67 4371140.25 511377.60 2770.99 58.45% 2.98% 49.73% 

              

9 4 5 1215.56 1787.13 240391.80 346700.11 1301.32 11.64% 0.19% 9.93% 

              

10 4 6 954.24 1585.99 147993.36 284183.51 1046.81 2.60% 0.32% 2.27% 

              

11 4 7 817.45 1464.54 122050.31 259713.54 922.60 1.24% 0.07% 1.05% 

              

12 4 8 719.76 1392.58 112798.71 242856.14 831.47 0.96% 0.11% 0.82% 

 Table J-2: Simulation results with normal loading times decreased by 50% 

 

Workers Sorters Transporters 

Throughput time 

Venus 

Throughput time 

Jupiter. etc. 

Variance 

Throughput time 

Venus 

Variance 

Throughput time 

Jupiter. etc. 

Average 

Throughput time 

Venus 1-

Service level 

Jupiter etc. 

1-Service 

level 

Average 

1-Service 

level 

Original 

7 4 3 1239.88 2637.43 318660.16 1083273.80 1459.08 15.55% 22.22% 16.60% 

              

8 4 4 842.20 2318.90 142758.95 763543.04 1061.80 1.61% 4.10% 1.98% 

              

9 4 5 636.01 2185.28 91612.35 567648.41 881.64 0.59% 1.24% 0.69% 

           

10 4 6 527.04 1947.59 73394.53 527930.03 759.95 0.37% 0.88% 0.45% 

              

11 4 7 501.74 1797.61 69889.09 518209.80 711.15 0.29% 0.57% 0.34% 

              

12 4 8 472.31 1583.89 68714.66 417896.97 648.14 0.43% 0.40% 0.43% 

FIFO 
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7 4 3 1144.77 1857.60 333101.12 409699.73 1252.66 10.93% 0.57% 9.36% 

              

8 4 4 734.45 1527.84 99684.41 249021.28 858.97 0.58% 0.04% 0.50% 

              

9 4 5 609.75 1372.22 73256.86 222438.54 736.30 0.32% 0.07% 0.28% 

           

10 4 6 594.73 1313.09 90278.21 222576.27 707.99 0.65% 0.11% 0.56% 

              

11 4 7 525.83 1219.13 64007.41 176451.92 638.20 0.19% 0.00% 0.16% 

              

12 4 8 507.71 1124.41 67369.07 149635.26 600.97 0.26% 0.08% 0.23% 

 Table J-3: Simulation results without loading times 
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 Figure J-1: Graph showing the simulation results of the percentage of trolleys too late 
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Randomness Objective Opened hubs Venus IPCW 
SD 
Trolleys 

Venus 
Direct 

IPCW 
Direct 

Venus 
SD 

IPCW 
SD 

IPCW 
HUBS 

IPCW 
SD OS 

IPCW 
DIRECT OS 

IPCW 
HUB OS 

Costs 
IPCW (€) 

Costs 
IPCW/year (€) 

Costs 

increase (€) 

SD 
Constraint IPCW Constraints 

0.2 83593,5 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8130 3491 2687 5677 2477 2148 879 135 2.41 11.68 1.42 6159.80 873417.56    

0.2 84909,4 0, 1, 2, 3, 4, 5, 6, 7, 8 8130 3491 0 6649 2860 0 0 631 NaN 9.57 1.69 7137.26 1012015.37 138597.81   

0.2 83901,8 0, 9 8130 3491 2901 5715 2486 2239 916 89 2.37 11.67 1.22 6221.58 882177.67    

0.2 86505,6 0 8130 3491 0 7252 3126 0 0 365 NaN 8.10 1.28 7794.11 1105151.83 222974.15   

0.2 84187,8 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8130 3491 1406 5989 2599 1406 578 314 2.44 11.11 1.56 6346.22 899851.27 26433.71 ONLY VENUS  

0.2 84873,5 0, 9 8130 3491 1785 6012 2599 1785 746 146 2.36 10.92 1.24 6388.86 905896.90 23719.23 ONLY VENUS  

0.2 84876 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8130 3491 79 6633 2830 79 79 582 2.55 9.76 1.66 7062.59 1001426.71 128009.14 ONLY IPCW  

0.2 86377,1 0, 9 8130 3491 261 7068 2933 261 261 297 2.49 8.97 1.24 7387.87 1047549.68 165372.01 ONLY IPCW  

0.2 84162,9 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8130 3491 3200 5712 2512 2276 979 0 2.23 10.83 NaN   80737.04  FORCE IPCW DIRECT OR SD 

0.2 84308,6 0, 9 8130 3491 3277 5735 2510 2318 981 0 2.22 10.87 NaN   57681.47  FORCE IPCW DIRECT OR SD 

0.2 85492,8 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8130 3491 1910 5982 2689 1910 802 0 2.27 8.43 NaN   211473.81 ONLY VENUS FORCE IPCW DIRECT OR SD 

0.2 85735,4 0, 9 8130 3491 1966 6030 2662 1966 829 0 2.25 8.76 NaN   145930.77 ONLY VENUS FORCE IPCW DIRECT OR SD 

0.2 86956,8 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8130 3491 623 6716 2868 623 623 0 2.33 7.08 NaN   423052.40 ONLY IPCW FORCE IPCW DIRECT OR SD 

0.2 87817,9 0, 9 8130 3491 623 7036 2868 623 623 0 2.33 7.08 NaN   369667.62 ONLY IPCW FORCE IPCW DIRECT OR SD 

0.1 82682,2 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8456 3551 2247 6309 2676 2001 811 64 2.19 11.29 1.42 6154.13 857869.98    

0.1 84180,2 0, 1, 2, 3, 4, 5, 6, 7, 8 8456 3551 0 7124 2948 0 0 603 NaN 9.93 1.70 6994.58 975026.00 117156.02   

0.1 82831,5 0, 9 8456 3551 2264 6336 2689 2038 823 39 2.18 11.20 1.15 6156.17 858154.34    

0.1 85612,3 0 8456 3551 0 7701 3213 0 0 338 NaN 8.01 1.35 7861.78 1095911.86 237757.51   

0.1 83083,6 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8456 3551 1689 6409 2711 1689 674 166 2.20 11.07 1.64 6240.42 869898.29 12028.32 ONLY VENUS  

0.1 83388,8 0, 9 8456 3551 1924 6394 2715 1924 772 64 2.18 11.04 1.23 6202.35 864590.68 6436.34 ONLY VENUS  

0.1 84140,6 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8456 3551 67 7115 2927 67 67 557 2.09 10.02 1.70 7027.84 979662.49 121792.52 ONLY IPCW  

0.1 85472,8 0, 9 8456 3551 223 7575 3068 223 223 260 1.91 8.92 1.36 7356.82 1025520.96 167366.61 ONLY IPCW  

0.1 82991,4 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8456 3551 2397 6321 2696 2058 855 0 2.15 10.57 NaN   43101.66  FORCE IPCW DIRECT OR SD 

0.1 83067,6 0, 9 8456 3551 2380 6341 2694 2075 857 0 2.15 10.65 NaN   32911.72  FORCE IPCW DIRECT OR SD 

0.1 83685,2 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8456 3551 1957 6390 2759 1957 792 0 2.16 9.65 NaN   95889.76 ONLY VENUS FORCE IPCW DIRECT OR SD 

0.1 83802 0, 9 8456 3551 1985 6417 2749 1985 802 0 2.16 9.82 NaN   64035.33 ONLY VENUS FORCE IPCW DIRECT OR SD 

0.1 85632 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 8456 3551 529 7263 3022 529 529 0 1.97 7.89 NaN   329689.73 ONLY IPCW FORCE IPCW DIRECT OR SD 

0.1 86343,3 0, 9 8456 3551 529 7560 3022 529 529 0 1.97 7.89 NaN   288712.01 ONLY IPCW FORCE IPCW DIRECT OR SD 

 Table K-1: Results of the high-level decision model, with a number of different situations. Testing the options 1,2,3,4 and 5 for two different randomness terms. 
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Randomness Each truck has a preferred destination area. The randomness term describes the chance that an order has a random area. 

Objective Costs of objective function to deliver all trolleys. 

Opened hubs Hubs opened in a specific situation. 

Venus Number of trolleys having a delivery destination at Venus. 

IPCW Number of trolleys to be delivered at an IPCW member. 

SD Trolleys Total number of trolleys handled at Sierteelt Direct 

Venus Direct Number of Venus trolleys that are delivered directly in the optimal solution. 

IPCW Direct Number of IPCW trolleys that are delivered directly in the optimal solution. 

Venus SD Number of Venus trolleys that are delivered at Sierteelt Direct in the optimal solution. 

IPCW SD Number of IPCW trolleys that are delivered at Sierteelt Direct in the optimal solution. 

IPCW HUBS Number of IPCW trolleys that are delivered at all hubs other than Sierteelt Direct in the optimal solution. 

IPCW SD OS Average number of trolleys (Order Size) in an IPCW order delivered at Sierteelt Direct 

IPCW DIRECT 

OS 

Average number of trolleys (Order Size) in an IPCW order delivered directly at the dock of the IPCW trader 

IPCW HUB OS Average number of trolleys (Order Size) in an IPCW order delivered directly at the hubs (not Sierteelt Direct) 

Costs IPCW Costs for delivering the IPCW trolleys. Constant stopping costs at a hub are allocated by number of trolleys. 

Costs IPCW/year The costs from this model are scaled to the number of trolleys yearly delivered at the IPCW, and this are the resulting costs. 

Costs increase The increase in costs for the IPCW, compared to the situation with or without hubs. In case of the IPCW constraint, all costs are allocated 

to the IPCW, since they only benefit from this constraint. 

SD Constraint Determines what trolleys the hub, currently known as Sierteelt Direct, accepts 

IPCW Constraint Constraint which states that the IPCW only allows their trolleys at the hub or directly at their dock 

 Table K-2: Legenda for Table K-1 
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 Hubs Hubs Travel Operating Capacity Costs GAP Trolleys to hub Hubs free Costs avg Diff  

1.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 2485.27 0.01% 501 0  1628.39 190.04% 

2.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 2551.49 0.00% 520 0  1654.73 184.52% 

3.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 2529.40 0.00% 494 0  1660.40 191.07% 

4.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 3228.41 0.00% 1489 0  809.41 33.46% 

5.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 3315.32 0.00% 1448 0  919.23 38.36% 

6.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 3337.11 0.01% 1409 0  961.63 40.48% 

7.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4194.17 0.40% 2159 0  258.18 6.56% 

8.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4170.56 0.69% 2158 0  214.84 5.43% 

9.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4223.84 0.12% 2167 0  341.29 8.79% 

10.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 5573.01 0.18% 2193 0  0.00 0.00% 

11.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 5638.38 0.21% 2194 0  6.45 0.11% 

12.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 5673.46 0.49% 2174 0  8.27 0.15% 

13.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 7354.21 0.40% 2188 0  0.00 0.00% 

14.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 7240.92 0.31% 2198 0  0.00 0.00% 

15.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 7396.56 0.74% 2196 0  0.00 0.00% 

16.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4466.42 0.16% 2189 0  257.82 6.13% 

17.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4451.02 0.50% 2158 0  224.15 5.30% 

18.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4446.54 0.08% 2171 0  314.19 7.60% 

19.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4186.02 0.38% 2164 0  203.48 5.11% 

20.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4257.54 0.33% 2174 0  250.71 6.26% 

21.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4170.66 0.25% 2176 0  249.60 6.37% 

22.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 2496.39 0.00% 501 0  1595.33 177.05% 

23.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 3326.34 0.01% 1504 0  706.25 26.96% 

24.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4412.39 0.92% 2175 0  12.37 0.28% 

25.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 6523.02 0.31% 2194 0  0.00 0.00% 

26.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 9503.57 0.67% 2198 0  0.00 0.00% 

27.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4733.39 0.71% 2181 0  0.00 0.00% 

28.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4647.56 0.45% 2191 0  0.00 0.00% 

29.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4609.12 0.77% 2183 0  0.00 0.00% 
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30.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4487.61 0.53% 2184 0  0.00 0.00% 

31.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4402.72 0.53% 2176 0  0.00 0.00% 

32.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4272.44 0.76% 2180 0  28.18 0.66% 

             

1.txt 2 1, 5 1 1 1 856.88 0.00% 300 1    

2.txt 2 1, 6 1 1 1 896.76 0.00% 300 1    

3.txt 2 1, 6 1 1 1 869.00 0.00% 299 1 874.21   

4.txt 3 0, 1, 9 1 1 1 2418.99 0.00% 949 1    

5.txt 3 0, 1, 9 1 1 1 2396.09 0.00% 950 1    

6.txt 3 0, 1, 9 1 1 1 2375.48 0.00% 948 1 2396.85   

7.txt 5 0, 1, 7, 8, 9 1 1 1 3935.98 0.10% 1449 1    

8.txt 6 0, 1, 5, 6, 8, 9 1 1 1 3955.71 0.12% 1499 1    

9.txt 5 0, 1, 5, 8, 9 1 1 1 3882.56 0.17% 1349 1 3924.75   

10.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 5573.01 0.18% 2193 0    

11.txt 9 0, 1, 2, 3, 5, 6, 7, 8, 9 1 1 1 5631.94 0.44% 2031 1    

12.txt 9 0, 1, 2, 3, 5, 6, 7, 8, 9 1 1 1 5665.19 0.56% 2039 1 5623.38   

13.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 7354.21 0.40% 2188 0    

14.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 7240.92 0.31% 2198 0    

15.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 7396.56 0.74% 2196 0 7330.56   

16.txt 6 0, 1, 5, 6, 8, 9 1 1 1 4208.60 0.13% 1497 1    

17.txt 6 0, 1, 6, 7, 8, 9 1 1 1 4226.87 0.31% 1592 1    

18.txt 6 0, 1, 5, 6, 8, 9 1 1 1 4132.35 0.01% 1500 1    

19.txt 6 0, 1, 3, 6, 8, 9 1 1 1 3982.54 0.18% 1496 1    

20.txt 6 0, 1, 5, 6, 7, 9 1 1 1 4006.83 0.46% 1497 1    

21.txt 5 0, 1, 7, 8, 9 1 1 1 3921.06 0.18% 1448 1    

22.txt 3 1, 5, 6 1 1 1 901.07 0.00% 448 1  26.85 3.07% 

23.txt 5 0, 1, 6, 8, 9 1 1 1 2620.09 0.60% 1341 1  223.23 9.31% 

24.txt 9 0, 1, 2, 3, 5, 6, 7, 8, 9 1 1 1 4400.01 0.65% 2036 1  475.26 12.11% 

25.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 6523.02 0.31% 2194 0  899.64 16.00% 

26.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 9503.57 0.67% 2198 1  2173.00 29.64% 
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27.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4733.39 0.71% 2181 0  524.79 12.47% 

28.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4647.56 0.45% 2191 0  420.68 9.95% 

29.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4609.12 0.77% 2183 0  476.77 11.54% 

30.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4487.61 0.53% 2184 0  505.08 12.68% 

31.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 1 1 4402.72 0.53% 2176 0  395.89 9.88% 

32.txt 9 0, 1, 2, 3, 5, 6, 7, 8, 9 1 1 1 4244.26 0.91% 2017 1  323.20 8.24% 

             

7.txt 7 0, 1, 5, 6, 7, 8, 9 0.25 1 1 3469.00 0.42% 1739 1  -466.98 -11.86% 

7.txt 6 0, 1, 6, 7, 8, 9 0.5 1 1 3623.54 0.01% 1600 1  -312.44 -7.94% 

7.txt 5 0, 1, 6, 8, 9 1.5 1 1 4214.07 0.26% 1346 1  278.08 7.07% 

7.txt 5 0, 1, 6, 8, 9 2 1 1 4462.34 0.13% 1346 1  526.36 13.37% 

7.txt 6 1, 3, 5, 6, 8, 9 4 1 1 5267.63 0.01% 1149 1  1331.65 33.83% 

7.txt 5 1, 3, 6, 8, 9 10 1 1 6981.26 0.00% 912 1  3045.27 77.37% 

8.txt 7 0, 1, 5, 6, 7, 8, 9 0.25 1 1 3502.48 0.52% 1736 1  -453.23 -11.46% 

8.txt 6 0, 1, 6, 7, 8, 9 0.5 1 1 3660.33 0.33% 1594 1  -295.38 -7.47% 

8.txt 5 0, 1, 6, 8, 9 1.5 1 1 4220.69 0.01% 1350 1  264.98 6.70% 

8.txt 5 0, 1, 5, 6, 9 2 1 1 4450.98 0.00% 1250 1  495.26 12.52% 

8.txt 5 1, 5, 6, 8, 9 4 1 1 5241.01 0.02% 999 1  1285.30 32.49% 

8.txt 4 1, 5, 6, 8 10 1 1 6688.20 0.01% 700 1  2732.49 69.08% 

9.txt 6 0, 1, 6, 7, 8, 9 0.25 1 1 3457.80 0.31% 1593 1  -424.76 -10.94% 

9.txt 5 0, 1, 7, 8, 9 0.5 1 1 3604.71 0.08% 1449 1  -277.85 -7.16% 

9.txt 5 0, 1, 5, 8, 9 1.5 1 1 4123.05 0.04% 1350 1  240.49 6.19% 

9.txt 5 0, 1, 5, 6, 9 2 1 1 4343.06 0.10% 1250 1  460.50 11.86% 

9.txt 5 1, 5, 6, 8, 9 4 1 1 5030.74 0.04% 1000 1  1148.19 29.57% 

9.txt 4 1, 5, 6, 9 10 1 1 6415.17 0.01% 710 1  2532.62 65.23% 

             

7.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 0.25 1 2621.00 0.87% 2138 1  -1314.99 -33.41% 

7.txt 9 0, 1, 2, 3, 5, 6, 7, 8, 9 1 0.5 1 3132.78 0.89% 2025 1  -803.21 -20.41% 

7.txt 4 0, 1, 8, 9 1 1.5 1 4573.65 0.03% 1200 1  637.67 16.20% 

7.txt 3 0, 7, 9 1 2 1 5087.90 0.13% 1049 1  1151.92 29.27% 
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7.txt 2 0, 1 1 4 1 6558.27 0.49% 650 1  2622.29 66.62% 

7.txt 1 0 1 10 1 9311.13 0.02% 500 1  5375.15 136.56% 

8.txt 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 1 0.25 1 2580.58 0.73% 2171 1  -1375.13 -34.76% 

8.txt 9 0, 1, 2, 3, 5, 6, 7, 8, 9 1 0.5 1 3112.69 0.79% 2028 1  -843.03 -21.31% 

8.txt 4 0, 1, 8, 9 1 1.5 1 4564.63 0.01% 1199 1  608.91 15.39% 

8.txt 3 0, 8, 9 1 2 1 5067.29 0.02% 1050 1  1111.57 28.10% 

8.txt 2 0, 1 1 4 1 6596.40 0.09% 650 1  2640.69 66.76% 

8.txt 1 0 1 10 1 9541.14 0.00% 500 1  5585.42 141.20% 

9.txt 9 0, 1, 2, 3, 5, 6, 7, 8, 9 1 0.25 1 2635.05 0.44% 2024 1  -1247.51 -32.13% 

9.txt 8 0, 1, 2, 5, 6, 7, 8, 9 1 0.5 1 3109.24 0.44% 1886 1  -773.32 -19.92% 

9.txt 4 0, 1, 8, 9 1 1.5 1 4479.29 0.01% 1200 1  596.73 15.37% 

9.txt 3 0, 1, 9 1 2 1 4980.04 0.01% 950 1  1097.48 28.27% 

9.txt 2 8, 9 1 4 1 6391.04 0.01% 550 1  2508.48 64.61% 

9.txt 1 9 1 10 1 8767.48 0.00% 300 1  4884.92 125.82% 

             

7.txt 4 0, 1, 8, 9 1 1 1.5 3395.22 0.21% 1794 1  -540.76 -13.74% 

7.txt 5 1, 6, 7, 8, 9 1 1 2 3112.98 0.88% 2179 1  -823.01 -20.91% 

7.txt 3 1, 8, 9 1 1 4 2720.17 0.00% 2267 1  -1215.82 -30.89% 

7.txt 2 5, 9 1 1 10 2532.35 0.01% 2280 1  -1403.63 -35.66% 

8.txt 5 0, 1, 5, 8, 9 1 1 1.5 3424.63 0.19% 2015 1  -531.08 -13.43% 

8.txt 4 0, 1, 5, 9 1 1 2 3117.90 0.09% 2199 1  -837.81 -21.18% 

8.txt 3 1, 6, 8 1 1 4 2637.70 0.00% 2196 1  -1318.02 -33.32% 

8.txt 2 1, 6 1 1 10 2345.28 0.00% 2415 1  -1610.43 -40.71% 

9.txt 5 0, 1, 5, 6, 9 1 1 1.5 3356.19 0.01% 1872 1  -526.37 -13.56% 

9.txt 5 1, 5, 6, 8, 9 1 1 2 3035.51 0.24% 1992 1  -847.05 -21.82% 

9.txt 3 1, 5, 9 1 1 4 2607.67 0.00% 2322 1  -1274.89 -32.84% 

9.txt 2 1, 9 1 1 10 2393.55 0.00% 2391 1  -1489.00 -38.35% 

 Table K-3: Results for the modeling of the centralized hub 
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Datafile Capacity Truckload Randomness Granularity  
1.txt 0.1 0.9 0.2 1 
2.txt 0.1 0.9 0.2 1 
3.txt 0.1 0.9 0.2 1 
4.txt 0.3 0.9 0.2 1 
5.txt 0.3 0.9 0.2 1 
6.txt 0.3 0.9 0.2 1 
7.txt 0.5 0.9 0.2 1 
8.txt 0.5 0.9 0.2 1 
9.txt 0.5 0.9 0.2 1 

10.txt 0.7 0.9 0.2 1 
11.txt 0.7 0.9 0.2 1 
12.txt 0.7 0.9 0.2 1 
13.txt 0.9 0.9 0.2 1 
14.txt 0.9 0.9 0.2 1 
15.txt 0.9 0.9 0.2 1 
16.txt 0.5 0.9 1 1 
17.txt 0.5 0.9 0.8 1 
18.txt 0.5 0.9 0.6 1 
19.txt 0.5 0.9 0.4 1 
20.txt 0.5 0.9 0.1 1 
21.txt 0.5 0.9 0 1 
22.txt 0.1 0.9 0.2 2 
23.txt 0.3 0.9 0.2 2 
24.txt 0.5 0.9 0.2 2 
25.txt 0.7 0.9 0.2 2 
26.txt 0.9 0.9 0.2 2 
27.txt 0.5 0.9 1 2 
28.txt 0.5 0.9 0.8 2 
29.txt 0.5 0.9 0.6 2 
30.txt 0.5 0.9 0.4 2 
31.txt 0.5 0.9 0.1 2 
32.txt 0.5 0.9 0 2 

 Table K-4: Information about the used data files  
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Hubs Opened hubs in the simulation. 0 is Fase G, 9 is Sierteelt Direct. The other hubs are hubs belonging to group transporters.  

Travel Cost coefficient of traveling, 1 means 0.0001 euros/meter per trolley displacement. These are the current costs for Sierteelt Direct 

considering the IPCW trolley data. 

Capacity hubs Capacity coefficient of the hubs, 1 means the current capacity of the hubs, in number of trolleys per hour. These are estimations of the 

real capacity that a hub has. (Fase G=500 trolleys/hour, 6 hubs have capacity of 150 trolleys/hour, 2 hubs capacity of 250 trolleys/hour, 

SD has capacity of 300 trolleys/hour, docks of traders are estimated to have a capacity of 50 trolleys per hour) 

Capacity data file This is the total capacity used by the data file considering all generated trucks. 

Costs Result of the simulation. The costs for opening a hub are estimated based on the costs of Sierteelt Direct. (Costs FG estimated at 50 

euros/hour, 6 hubs of 150 trolleys/hour 150 euros/hour, 2 hubs of 250 trolley/hour 240 euros/hour, SD 275 euros/hour, docks of traders 

are considered free and always opened). 

GAP GAP between optimal solution and objective solution. 

Trolleys to hubs Number of trolleys sent to the hubs. 

Hubs free Hubs can be opened or closed in the model. (1=Yes, 0=No) 

Costs avg Average costs, when using multiple simulation with the same parameters. 

Diff Cost difference with the relevant alternative. 

 Table K-5: Legenda for Table K-4. Note that most numbers are rough estimations 


