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Management summary 
In this report, the results are provided of the master thesis project concerning deviations in the 
planning and transport process. This project was conducted at logistic service provider Van den Bosch 
Transporten. 

Problem statement 
In transport systems many uncertainties arise, as a result many variables are able to cause a disruptive 
event in the order process and can require performing these tasks again. To prevent frequently 
rescheduling of tasks, Van den Bosch Transporten makes their planning less than 24 hours in advance 
of the execution of an order. According to the company less deviations occur in this time period, which 
results in less rescheduling. The disadvantage of this short time period is that decisions are less 
efficient (Figure 1).  

 
Figure 1 Problem Van den Bosch Transporten 

Project objective 
Providing support for a more robust planning by preventing deviations, adapting the planning to 
deviations, and supporting ad-hoc modifications, such that the costs and the required time decrease 
and the timeliness of orders improves. 

Research questions 
Based on the problem statement and the objective, the following research questions are formulated: 
1. What is the order process in the current situation? 

1.1. Which information is ideally required at what moment in time to execute this process? 
2. Which deviations can occur in the planning and transport process? 

2.1. What is the frequency of these deviations? 
2.2. What is the impact on the planning and transport process when a deviation occurs? 
2.3. Is it possible to prevent these deviations? If yes, what kind of information is required? 

3. Does the offline planning require any adjustments based on these deviations? If yes, does the 
offline planning need to be adapted? 
3.1. What patterns of deviations can be distinguished? 
3.2. How does it affect the time-horizon to plan an order? 

4. What is required to real-time monitor performance? 

Methodology 
To achieve the objective of this thesis and answer the research question, a methodology was 
constructed. First, the whole order process was mapped with BPMN. To determine which information 
is ideally required at what moment in time, the data flow and business artifacts within the order 
process are indicated. Next, the frequency and impact of deviations were derived from analyzing data 
and through observations. Furthermore, the information and communication flow was mapped based 
on use cases. A possible gap in the information and communication flow was identified based on these 
use cases. In addition, patterns were identified within the historical data. Based on the patterns, 
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several scenarios were considered and recommendations were made for adapting the offline planning 
with time buffers. Furthermore, it was determined which variables needs to be real-time monitored. 

Findings 
It was found in historical data that at least 30% of each main action type had a longer duration than 
scheduled. The deviations that occurred the most had to do with the actions pickup and delivery. 
Considering the business unit department “IML”, which concerns intermodal transport of liquid 
products, on average 62% of the pickups and 48% of the deliveries were executed longer than 
scheduled with an average extra time of 58 and 55 minutes, respectively. Furthermore, a driver was 
often unable to pick up or deliver goods at a customer. Reasons for this include that products were 
not ready, products did not have the right quality, or the company had technical problems. Out of all 
26 countries, an overdue delivery mostly occurred in Ireland, while a longer pickup and delivery 
duration mostly occurred in the Benelux, North-France, and Germany. It was found that when these 
deviations occurred, no communication was between the customer and the planner before a driver 
arrived at the customer. As a result, when drivers arrive at the customer, they were only then informed 
about a deviation. 

Furthermore, it was found that in the months March and April the duration of a pickup and delivery 
was relatively lower compared to the remaining months. On Thursday and Friday the duration peaked 
compared to the remaining days. Additionally it was found that the average duration per starting hour 
was mostly above the norm time and was significantly different between locations and between the 
products at a location. According to these patterns, the norm times are adjusted. Based on multiple 
regression, models were developed that best predict the duration of a pickup and delivery. In addition, 
the impact of adding buffer time to the adjusted norm times was examined. 

For a pickup, the total costs of remaining and extra time besides the fixed pickup costs currently are 
between €55-€194 per pickup. The expected total costs of remaining and extra time for the model 
with the adjusted norm times are between €60-€150 per pickup. The model increases the remaining 
time. As a result, in the best-case scenario the number of pickups with a longer duration decreases, 
but it increases the costs of the remaining time. Moreover, the optimal buffer time for this model is 
between 0 and 80 minutes. This is a large interval, which is due to the fact that in this case, for every 
action with a longer duration the total planning and cancellation costs are taken into account. As a 
result, the average costs of extra time per pickup are very high. The expected total costs of the 
remaining and extra time for the model with buffer time are between €60-€108 per pickup and the 
number of pickups with a longer duration is between 9%-39%. 

For a delivery, the total costs of remaining and extra time besides the fixed delivery costs currently 
are between €67-€170 per delivery. The expected total costs of remaining and extra time for the 
model with the adjusted norm times are between €57-€123 per delivery. Moreover, the optimal buffer 
time for this model is between 0 and 40 minutes. The expected total costs of remaining and extra time 
for the model with buffer time are between €57-€96 per delivery and the number of deliveries with a 
longer duration is between 9%-29%. 

Finally, an important KPI is the on-time performance of shipments. This KPI is influenced by the on-
time delivery and pickup. Furthermore, it is influenced by the actual duration of an action. The 
attributes for these metrics are the PlannedStartDate, PlannedEndDate, PickupDate, DeliveryDate, 
ActualStartDate, and ActualEndDate. The progress of the latter two should be monitored to determine 
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if the planned end date of an action is still feasible. Furthermore, it is important to monitor the status 
of the company where the goods are picked up or delivered. By monitoring this, it can be prevented 
that a driver is unable to pick up or deliver goods due to deviations at the customer. 

Recommendations 
- Before adapting the norm times, it is recommended to further research the exact costs of extra 

and remaining time. For this project, several percentages were considered for the planning and 
cancellation costs, which resulted in an interval of the optimal buffer time. Furthermore, the 
reputation risk was out of scope. However, it is important to take into account when a customer 
decides to switch to another company. Therefore, further research is necessary to determine how 
reputation risk can be expressed in terms of costs. 

- In addition, many deviations within the pickup or delivery of goods occurred due to lack of 
communication. Therefore, it is recommended to increase the communication between Van den 
Bosch Transporten and the customer, such that some deviations can be known in advance or be 
prevented. 

- Further research is required to determine if variables, such as human factors, weather, and at the 
pickup or delivery company, are correlated to the duration of a pickup or delivery, such that the 
models for the duration can be optimized. Furthermore, a subject for further research concerns 
the communicated norm times to the drivers. When allocating norm times to actions with no buffer 
time, the duration of many actions will be longer than scheduled. However, it is important to 
determine how this will influence the behavior of the drivers. It is possible that the drivers will work 
harder to reach the given time. On the other hand, it is also possible that drivers will work slower, 
because the given time is unable to reach. 

- Unfortunately, no patterns were found at which time or for which product all locations have a 
longer pickup or delivery duration. This resulted in a different norm time for each location, product, 
and date combination. This will make it hard for planners to get a feeling with the time that is 
planned for a pickup or delivery. It is recommended to increase the intuition of planners when the 
duration of an action exceeds the norm time, by showing the norm time or indicating when the 
duration is exceeded with a symbol in Quintiq. 

- It is recommended to implement an alarm system, which can real-time monitor the progress of the 
ActualStartDate and ActualEndDate and immediately when the planned end date of an action is 
not feasible anymore. Furthermore, it is recommended to monitor the status of the company 
where the goods are picked up or delivered. By monitoring this, it can be prevented that a driver 
is unable to pick up or deliver goods at a customer due to deviations at the customer. It can be 
chosen to monitor these flexible, which only closely observe the critical lanes. However, it is 
recommended to periodically check if these lanes are still critical lanes. 
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1. Introduction 
In this chapter, the subject of this master thesis project is introduced. The project is conducted at 
logistic service provider Van den Bosch Transporten. First, a description of the company is presented 
in Paragraph 1.1. Thereafter, the context of this project is given and the problem of Van den Bosch 
Transporten is described in Paragraph 1.2. Subsequently, the objective of this project is elaborated 
upon in Paragraph 1.3 and the research questions are described in Paragraph 1.4. The general 
methodology to solve the research questions is given in Paragraph 1.5 and finally the outline of this 
thesis is presented in Paragraph 1.6. 

1.1. Van den Bosch Transporten 
Van den Bosch Transporten is a logistic service provider of bulk goods, which means that it manages 
the flow of bulk goods between the start and end location of the goods. Initially, the focus of Van den 
Bosch Transporten was on moving these goods by road transport. Over time, other forms of transport, 
such as boat and train, were discovered, which enabled intermodal transport. Intermodal transport 
involves transporting the same container by multiple modes in one shipment. Using other forms of 
transport has several advantages with respect to road transport, such as lower emissions and higher 
payloads. As a result, Van den Bosch Transporten executes more intermodal transport than road 
transport since 2011. However, both transport types require a type of container. To select the best 
container, the condition and nature of the product are also important to consider. Therefore, a 
distinction is made between: 
- The type of transport: road or intermodal. 
- The conditions of the product: heated, cooled, dangerous (ADR), or animal byproducts. 
- The nature of the product: dry or liquid bulk; food or nonfood. Examples of the products Van den 

Bosch Transporten transports are cocoa, sugar, rice, beer, oils, and glucose. 

For each combination, different containers are used, such that the products are transported with the 
required level of service. In total over 4,000 specialized containers are used in daily operation. These 
containers are daily moved with more than 1,000 trucks (Company presentation, Van den Bosch 
Transporten, 2016). When the equipment of Van den Bosch Transporten is not sufficient or the order 
cannot be completed within the planning horizon, an order is completed by a charter company. 
Furthermore, Van den Bosch Transporten only executes orders that are Full Truck Load (FTL), which 
means that one container transports the products of only one order. As a result, each shipment only 
consists of one pickup and one delivery location. 

In addition, noticeable is the fact that trucks do not start and end at their headquarter in Erp, but all 
have their own start and end location. Most of the drivers own a personal truck, therefore the trip of 
a truck starts and ends at the location where the driver parks the truck. When the planning is made 
one day in advance, the driver receives all information from the fleet planner and then knows where 
to clean the container, (dis)mount the container or chassis, and (un)load the goods. However, the 
planning changes throughout the day. 

1.2. Project context 
When the movement of goods and vehicles are considered, many uncertainties arise in these 
transport systems. For example in road accidents, transport demand, transport planning problems, 
route choice, modal choice, and travel time (Pas, Augusdinata, Walker, & Marchau, 2006). 
Uncertainties are possible due to insufficient information provision or no awareness of a possible 
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occurrence of an event (Ashinder, Kanda, & Deshmukh, 2008). Due to these uncertainties many 
deviations occur along the way in the process, which negatively affect a supply chain schedule. 
Furthermore, they negatively affect the coordination of a supply chain, which ensures that the 
resources of a company are efficiently used by synchronizing and integrating activities with all 
stakeholders of the process. Other terms used for these deviations are disruptive events or 
unexpected events. The consequences of these disruptive events in the process can require 
rescheduling of resources, which possibly results in more costs and requires more time, because the 
planners need to reschedule tasks (Fernandez, Salomone, & Chiotti, 2012; Fernandez, Bogado, 
Salomone, & Chiotti, 2016). The consequences of disruptive events are schematically presented in 
Figure 2 (Hopmans, 2017). 

 
Figure 2 Consequences of disruptive events (Fernandez et al. (2012); Fernandez et al. (2016)) 

To discover causes for these disruptive events in road and intermodal transport, several planners at 
Van den Bosch Transporten were asked what they experience as major cause for rescheduling. The 
asked employees are dispersed throughout the organization, namely two master planners trucking 
from the dry department; and a master trucking planner, fleet planner, and team leader from the 
intermodal liquid (IML) department. To give a good overview of the mentioned causes, the causes and 
effect are presented in an Ishikawa diagram (Figure 3). As the mentioned causes are based on limited 
conversations, they should be interpreted carefully. Still, this is a good direction to further explore 
possible causes in this master thesis project (Dumas, Rosa, Mendling, & Reijers, 2013; Aken, Berends, 
& Bij, 2012). 

The mentioned causes of disruptive events are divided in several categories: mode, employee, service 
supplier, load unit, and customer. Important to notice is that these categories are not strictly 
independent of each other, some causes can influence other causes. In Appendix A, each category is 
established in detail. 
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Figure 3 Ishikawa diagram, which gives the possible causes of a disruptive event 

As can be seen in Figure 3, many variables are able to cause a disruptive event in the process, which 
occur in different tasks in the order process and can require performing these tasks again. To prevent 
frequently rescheduling of tasks, Van den Bosch Transporten makes their planning less than 24 hours 
in advance of the execution of an order. According to Van den Bosch Transporten less deviations occur 
in this time period, which results in less rescheduling. The disadvantage of this short time period is 
that decisions are less efficient. For example, it is possible that a container or truck is already allocated 
to an order, while maybe the next day it turns out that it was cheaper to allocate this container or 
truck to another order. A schedule or resource allocation that is not optimal result in more costs 
(Figure 4). 

 
Figure 4 Problem Van den Bosch Transporten 

To know if a disruptive event occurs, the performance of the process needs to be monitored. By 
monitoring this process, the progress of activities can continuously be observed and measured over a 
period of time to ensure that activities are executed on time and the objectives and performance 
targets of Van den Bosch Transporten are reached. In the current literature, monitoring performance 
in the supply chain is a very recent topic. According to Souza (2014), analytical tools can be used to 
understand the performance of the process and to improve the decision-making when the planning is 
made. These analytical tools can be divided in three types (Souza, 2014): 

- Descriptive analytics, which derive information from data and answer the question of what is 
happening. 

- Predictive analytics, which discover patterns based on historical data and answer the question 
of what will happen in the future and why this will happen. 

- Prescriptive analytics, which focus on mathematical optimization and simulation techniques to 
provide decision-support tools. This analytic is based on both the descriptive and predictive 
type. 
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Based on this information can be decided how deviations should be monitored within the process. 
Deviations can be monitored in three ways: 

- Reactive monitoring, which is able to detect a disruptive event when it occurred (Fernandez, 
Toledo, Galli, Salomono, & Chiotti, 2015). 

- Flexible monitoring, which only monitors orders that have a high probability of a disruption 
during their process (Bodendorf & Zimmermann, 2005). 

- Predictive monitoring, which is able to predict a disruptive event when there is enough 
information and evidence of its occurrence (Fernandez et al. (2015)). 

However, it is also possible that a system automatically recognizes a disruptive event. According to 
Bearzotti et al. (2012), a distinction can be made between systems based on its automation level. The 
lowest level of automation is a monitoring system. This system is an extension of the traditional track 
and trace system, which just monitor the planning. The next level is an alarm system, which can detect 
deviations in the planning and notify these deviations to key employees. A decision support system 
not only can detect a deviation in the planning, but also advise employees with a possible solution to 
minimize the impact of the deviation on the planning. The highest level of automation is an 
autonomous corrective system, which can detect deviations, propose a solution, and implement this 
solution if possible (Bearzotti, Salamone, & Chiotti, 2012). 

Currently, Van den Bosch Transporten uses the software Quintiq for the order process. The software 
allows planners to allocate resources to orders and adapt this allocation during the execution of an 
order. It also allows planners to communicate with drivers, so that drivers are up-to-date when the 
planning changes (Quintiq, n.d.). This software monitors the planning like a monitoring system. In 
addition, it can detect if an order will arrive late at the pickup or delivery location and is able to notify 
this to the planner with a symbol. However, not all deviations can be detected by the software. 
Therefore, this software is between a monitoring system and an alarm system. 

According to the literature, it is also possible to monitor performance based on business artifacts. 
According to Nigam and Caswell (2003), business artifacts are information entities that a business 
produces and modifies during its operation. It consists of a data model and a lifecycle model. A data 
model represents data attributes that are necessary to execute activities, while a lifecycle captures 
the process of an artifact from begin to end. A business artifact registers all information that is 
required for analyzing the progress towards a goal. Therefore, by inspecting these business artifacts, 
information to measure performance can be collected and monitored. These artifacts are 
incorporated in an artifact-centric process model, which integrates both data and functional 
perspective. The data perspective is focused on what kind of information is required and produced 
when an activity is executed in the process, while a functional perspective is focused on what kind of 
activities should occur in the process (Nigam & Caswell, 2003).  

Monitoring performance based on business artifacts can be done in several ways. The performance 
can be measured by Key Performance Indicators (KPIs), which quantifiably measure the progress of 
performance towards business goals (Kumaran, et al., 2007). Furthermore, performance can be 
measured based on metrics, which are also quantifiable measurements. However, it not measures the 
progress towards a goal, but it measures other relevant aspects of performance (Liu, Vaculín, Shan, 
Nigam, & Wu, 2011). In addition, events and monitoring contexts can be used to develop monitoring 
models. The events can be derived from the lifecycle of a business artifact, which represent key points 
in the progress towards operational goals. To make decisions based on these monitored events, 
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monitoring contexts are composed which aggregate all relevant data elements to measure and 
monitor metrics (Liu et al (2011)). 

1.3. Project objective 
The aim of this project is to improve the performance of the order process by reducing costs and 
increasing the timeliness of orders (Zimmermann, 2006). Furthermore, the performance can be 
increased by improving the coordination between all stakeholders that are involved in the order 
process. It can be improved  by increasing communication and sharing information. When the order 
process is more coordinated, it enables higher levels of service and also reduces costs (Ashinder et al. 
(2008). In Figure 5, the methodology to achieve this objective is schematically presented.  

When the planning for an order is made more in advance, the time-horizon is longer and the quality 
of decisions can be improved regarding to resource allocation. For example, a longer time-horizon 
may prevent that a container is positioned incorrectly. When the allocation of resources is improved, 
it positively affects the performance of the order process. However, as previously mentioned, the 
longer the time-horizon the more deviations might occur that can require rescheduling of tasks. This 
may result in higher costs and requires more time, because the planners need to reschedule tasks. 
Therefore, a trade-off between longer time-horizon and rescheduling should be made.  

 
Figure 5 Project objective 

To reduce frequently rescheduling of tasks, a more robust planning is required, which is a planning 
with buffers that can absorb the consequences of disruptive events (Fernandez et al. (2015)). A 
planning can be divided in an online and offline planning. An online planning takes into account real-
time information during the execution of the transport process (Treitl, et al., 2014), while an offline 
planning is made before the execution of the transport process and is based on available data. This 
data can be divided in deterministic data and stochastic data. Deterministic data includes all 
information that is correct and given before the execution of the transport process, such as 
information about the received orders. Stochastic data is based on historical data about the 
occurrence of disruptive events (Treitl, et al., 2014). 

Furthermore, disruptive events can be divided in preventable and in frequency: 
- If preventable, the deviation needs to be excluded, such that the online planning is not affected 

at all. 
- If not preventable, frequently occurring, and with a high impact, the offline planning needs to 

be adapted to this deviation, such that the impact on the online planning is minimized. 
- If not preventable and frequently occurring, but with a low impact, the online planning can be 

adapted when the deviation occurs. 
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- If not preventable and not frequently occurring, the online planning can be adapted when the 
deviation occurs. 

Therefore, based on the type of disruptive event, the disruptive event is prevented, the offline 
planning is adapted, or the online planning is modified ad-hoc. As a result, the impact on the planning 
is minimized, which increases the robustness of the planning. With a robust planning, the time horizon 
of an order can be longer, which possibly improves the allocation of resources. In the end, this should 
increase the performance of Van den Bosch Transporten in terms of costs, timeliness of orders, and 
required time of the planners. 

To summarize, the objective of this master thesis project is: 

Providing support for a more robust planning by preventing deviations, adapting the planning to 
deviations, and supporting ad-hoc modifications, such that the costs and the required time decrease 

and the timeliness of orders improves. 

1.4. Research questions 
Based on the problem statement (Paragraph 1.2) and the objective (Paragraph 1.3), the following 
research questions are formulated: 
5. What is the order process in the current situation? 

5.1. Which information is ideally required at what moment in time to execute this process? 
6. Which deviations can occur in the planning and transport process? 

6.1. What is the frequency of these deviations? 
6.2. What is the impact on the planning and transport process when a deviation occurs? 
6.3. Is it possible to prevent these deviations? If yes, what kind of information is required? 

7. Does the offline planning require any adjustments based on these deviations? If yes, does the 
offline planning need to be adapted? 
7.1. What patterns of deviations can be distinguished? 
7.2. How does it affect the time-horizon to plan an order? 

8. What is required to real-time monitor performance? 

1.5. Methodology 
To achieve the objective of this thesis (Paragraph 1.3) and answer the research questions (Paragraph 
1.4), a methodology was constructed. An overview of the methodology can be found in Figure 7 and 
is generally described in this paragraph. In the subsequent chapters, the methodology per research 
question is described in detail. 

First, to give a good overview of the order process, the whole process was mapped with Business 
Process Modeling Notation (BPMN). Furthermore, to determine which information is ideally required 
at what moment in time, the data flow and business artifacts within the order process are indicated. 
The order process can be separated in an order entry process, planning process, transport process, 
and invoice process. The scope of this project is on the planning and transport process. Therefore, the 
deviations were determined for only these parts of the order process.  
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As described in the previous paragraph, analytical 
tools can be divided in three types, which are 
descriptive analytics, predictive analytics, and 
prescriptive analytics. First, descriptive analytics 
was applied to determine the frequency and 
impact of the deviations. However, not all 
deviations could be derived from analyzing 
historical data, therefore observations were 
made. Based on these observations, the frequency 
and impact of the remaining deviations were 
determined. Supported by the frequency and 
impact of a deviation, the relevance of each 
deviation was calculated, such that could be 
established which deviation frequently occurred 
with a high impact on the planning. 

To determine if a deviation can be prevented by 
improving the information flow or communication 
flow around the planning and transport process. 
The current information and communication flow 
around the occurrence of a deviation was mapped 
based on use cases. The use cases were executed 
for the most relevant deviations. Based on these 
uses cases, a possible gap in the information and 
communication flow was identified. By closing this 
gap, the planning is affected less or not affected at 
all when this deviation occurs 

Furthermore, the second type of analytical tools 
was applied on the data, which is predictive 
analytics. Based on this, patterns were identified 
within the historical data. According to the results 
of the descriptive and predictive analytics, several 
scenarios were considered and recommendations 
were made for adapting the offline planning with 
time buffers.  

In addition, it could be necessary to ad-hoc adapt the online planning when deviations occur. To 
determine if a disruptive event occurs, the performance of the process needs to be monitored. 
Monitoring performance can be based on Key Performance Indicators and metrics (Kumaran, et al., 
2007). Based on these, recommendations are proposed about which variables require monitoring to 
ensure that the order still meets their pickup and delivery deadline. Finally, an overall conclusion is 
drawn and general recommendations are made. 

  

Figure 6 Methodology 
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1.6. Thesis outline 
The remaining of this thesis is structured as follows: 
- In Chapter 2, the current order process at Van den Bosch Transporten is given. 
- In Chapter 3, the available data is described and analyzed. 
- In Chapter 4, the deviations that can occur in this order process are elaborated upon. 
- In Chapter 5, use cases are executed to determine if deviations can be prevented. 
- In Chapter 6, a review is given on whether the offline planning can be adapted based on found 

patterns and considered scenarios. 
- In Chapter 7, a description is given of the variables that require monitoring and when an action is 

required to ensure that the order still meets their targets. 
- In Chapter 8, overall conclusions and recommendations based on the results are presented. 
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2. Order process 
This chapter covers the first research question concerning the order process in the current situation. 
To give a good overview of the order process, the whole process was mapped with Business Process 
Modeling Notation (BPMN). Furthermore, to determine the information that is ideally required at 
what moment in time to execute this process, the data flow and business artifacts within the order 
process are indicated.  

To establish the order process and required information, first, the methodology to map the order 
process is described in Paragraph 2.1, followed by the results in Paragraph 2.2. Finally, in Paragraph 
2.3 a sub-conclusion of this chapter is provided. 

2.1. Mapping methodology 
To map the current process of an order at Van den Bosch Transporten, first, the main tasks to fulfill 
an order and the stakeholders that are involved in the order process are determined. Furthermore, 
observations and unstructured interviews with planners are conducted to determine all tasks that 
need to be executed to complete an order. When all tasks and stakeholders are indicated, the order 
process is mapped with Business Process Model and Notation (BPMN), which is a standardized process 
modeling language. The possibility of a deviation is not taken into account when mapping the process 
to ensure the readability of the process. Finally, the mapped order process is validated by the business 
unit manager of intermodal liquid (IML), which is a business department of Van den Bosch Transporten 
concerning the transport of liquid products by intermodal transport. 

Furthermore, the data flow within the process is determined. A data flow can differentiate data 
objects and data stores. A data object represents information that is necessary to perform a task or 
information that is the result of a task, while a data store contains data objects that are persisted after 
the process is completed (Dumas et al. (2013)). 

Based on the data flow of the process, the information that is needed to execute the process is 
identified. An artifact-centric approach is considered to indicate and describe the key business 
artifacts, which are data objects that the business produces and modifies during its operation. As 
explained in Paragraph 1.2, the advantages of this approach are the integration of both data and 
functional perspective; the flexible representation of the model; the convenient way to gather 
information with the artifacts; and the possibility to automate several functions of the business 
process (Nigam & Caswell, 2003). 

A business artifact consists of a lifecycle and an information model. A lifecycle captures the process of 
an artifact from begin to end, while an information model represents data attributes that are required 
to execute the activities (Nigam & Caswell, 2003). Therefore, the lifecycle and information model of 
the main business artifact are developed. 

2.2. Results order process 
The main tasks to fulfill an order at Van den Bosch Transporten are order acceptance, order entry, 
path planning, load unit planning, truck planning, executive planning, feedback provision, and 
invoicing. In Figure 7, the order process is given with the main sub-processes in which the main tasks 
are executed. For each sub-process, a BMPN model is composed which is presented in more detail in 
Appendix B. 



10 
 

 
Figure 7 Order process 

Based on the BPMN models can be seen that several databases are required for the order process. 
These databases are listed and briefly described below: 
- Order database, which stores all received orders and data about these orders. 
- Load unit database, which consists of all possible load units with their state, such as if it is in use, if 

it is kosher or not, if the container needs a service, and where it is stored. 
- Charter database, which consists of all possible charters with their state, such as their availability 

and costs. 
- Truck, chassis, and driver database, which consists of all possible trucks, chassis, and drivers with 

their states, such as their current location and if they are in use. 
- Subcontractor database, which consists of all possible subcontractors with their state, such as their 

availability and costs. 

Furthermore, this order process requires the data object “order”. In Figure 9 and Figure 10, the 
lifecycle and information model of the business artifact “order” are represented and briefly described 
below.  

Initially, when an order is received from 
a customer, the order consists of the 
following information: 
- The product that needs to transport 

and its requirements. 
- The pickup location and the date 

when the goods can be picked up. 
- The delivery location and the 

deadline to deliver the goods. 
- The weight of the product. 
- The temperature of the product. 

An order mostly arrives on Thursday or Friday with the order 
requirements to pick up goods in the subsequent week. Based on the order information is decided if 
the order is accepted or rejected. An order can be rejected when the order specification is not feasible 
or the required resources are not available. If the order is accepted, the order is allocated to a business 
unit based on the type of transport, the nature of the product, and the pickup and delivery location. 
All possible business units are presented in Appendix C. Furthermore, a shipment number, a load unit, 
and a path are allocated to the order. Van den Bosch Transporten executes intermodal transport, 
which means that the same load unit is used for the entire order.  

The path of an order can be divided in several legs. Each leg consists of an action type that needs to 
be executed to deliver the goods, such as cleaning the container, loading the goods, or mounting the 
container. Furthermore, the leg consists of a planned start and end date and the location where the 

Figure 8 Lifecycle of “Order” 
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action is executed. In addition, a transport 
mode, service, or subcontractor can be 
assigned to a leg if it is necessary. A transport 
mode can be a truck, boat, or a train. When a 
truck is used, a driver and, if necessary, a 
chassis is assigned to the leg.  

As can be seen in Figure 9, these tasks occur 
independent of each other, but are principally 
executed top-down.  

On average, a truck is allocated to the 
shipment within 1-3 days in advance of the 
execution. The whole planning of the 
shipment is made less than 24 hours in 
advance. 

When the resources are allocated, the 
transport of the order can be executed. After 
the execution, the actual start and end date 
are added to the database. The lifecycle ends 
when the order is paid by the customer. In the 
next chapter, the average duration of the 
execution of an order is determined. 

2.3. Sub-conclusion 
In conclusion, the order process of Van den 
Bosch Transporten generally consists of four 
sub-processes: order entry, planning, 
transport, and invoicing. To execute these 
processes, information is required.  

Currently, information about resources, products, actions, charters, subcontractors, mode companies, 
and service suppliers is acquired for the planning and transport process. The resources of Van den 
Bosch Transporten consist of the load unit, truck, chassis, and driver. For these resources, their current 
location, availability, and status are identified, such that can be determined which of each resource 
can be best allocated to an order. For the moved product, the requirements, volume, and required 
temperature are determined. Furthermore, for each action type the planned start and end dates with 
corresponding location is determined. For the action types “delivery” and “pickup”, the timeslots are 
also stored. In addition, a list is kept of the possible subcontractors, charters, mode companies, and 
service suppliers. In the remainder of this project is determined if more information is required. 

Furthermore, the planning horizon of an order is indicated. Most orders arrives on Thursday or Friday 
with the order requirements to pick up goods in the subsequent week. On average, a truck is allocated 
to the shipment within 1-3 days in advance of the executed. The whole planning is made less than 24 
hours in advance. 

Figure 9 Information model of “Order” 
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3. Data analysis 
In this chapter, the used data to determine the frequency and impact of the deviations is described 
and analyzed. Data from 1 November 2016 until 30 May 2017 was considered for the analysis. Before 
November, another software program was used to store the data of an order, which resulted in a 
different way of storing variables and could not be combined with the current data. Therefore, data 
since 1 November 2016 was taken into account. 

The collected data consists of the following variables: 
- The shipment number, which is a unique ID of an order. 
- The allocated container, chassis, truck, and trailer type. 
- The business unit. 
- The product type that is moved with corresponding weight and required temperature. 
- The resource type, which indicates if the shipment is stored in a container or in a trailer. 
- The pickup country, city, and company name. 
- The delivery country, city, and company name. 
- The dates when the goods can be picked up and until when the goods can be delivered. 
- The action that is performed with corresponding country, city, and company name of where the 

action is executed. Furthermore, the actual start and end date of the action is given. 

In Paragraph 3.1, the methodology for the data analysis is described, followed by the results in 
Paragraph 3.2. 

3.1. Methodology data analysis 
First, the data was prepared with VBA, which is a programming language of Excel. The data was 
prepared by adjusting the action types, begin date, and end date to the same format. Furthermore, 
the duration of each action was determined by calculating the difference between the end and start 
date, after which the duration was rounded to the nearest five minutes’ interval. When the duration 
of an action was negative or zero, the row was deleted. Also, duplicate transitions and outliers were 
deleted from the database. The outliers were determined by considering the interquartile range (IQR) 
rule for each action type, which means that all values that were more or less than three times the 
interquartile range are extreme values and were deleted from the database. The interquartile range 
is the difference between the first (𝑄𝑄1) and third quartile (𝑄𝑄3) of the data. Quartiles are the three 
values that divide sorted data into four equal parts. To summarize, the following formulas were used 
to determine if a value was an outlier: 

𝐼𝐼𝑄𝑄𝐼𝐼 = 𝑄𝑄3 − 𝑄𝑄1 

𝑥𝑥𝑖𝑖 ≥ 𝑄𝑄3 + 3 ∙ 𝐼𝐼𝑄𝑄𝐼𝐼 

𝑥𝑥𝑖𝑖 ≤ 𝑄𝑄1 − 3 ∙ 𝐼𝐼𝑄𝑄𝐼𝐼 

Next, missing values in the data were found for the container number, product type, and 
corresponding weight and temperature of the product. These missing values were pairwise deleted, 
which means that only for the calculations involving the variables, the values were excluded. For the 
remaining calculations, the values from the other variables were still taken into account. 

In addition, the norm times for the actions “pickup”, “delivery”, “mount”, “dismount”, and “cleaning” 
were derived from Quintiq. The norm times for the action type “drive” were derived from the database 
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“KM Matrix Euro 6”. Based on this data, the norm times were allocated to all actions in the database. 
Per action, a briefly description is given on how the company determines the norm time: 

- Cleaning. The norm time for a cleaning action is in general one hour. For a few products and 
locations, a longer or shorter cleaning time is scheduled based on experience. 

- Pickup or delivery. The norm time for loading or unloading a product was calculated per location 
and product type. Last year, the company calculated the time for a pickup and delivery per location 
and per product group. Half a year of data was used for this calculation. If more than ten 
observations per location-product combination was found in the data, the mode of the lognormal 
distribution was calculated as the norm time for that location-product type combination. 
Otherwise, the mode of the lognormal distribution was calculated per location or per product type. 

- Mount or dismount. The norm time is based on what is mounted or dismounted and if the location 
is a terminal or something else: 
o If a load unit is mounted or dismounted at a terminal, the norm time is thirty minutes. 

Elsewhere, the norm time is ten minutes. 
o If a chassis is mounted or dismounted, the norm time is ten minutes.  
o If a trailer, which is a fixed load unit and chassis, is mounted or dismounted at a terminal, the 

norm time is thirty minutes. Elsewhere, the norm time is ten minutes. 
- Move. The norm time for a movement by boat or train is determined per lane and differs per mode 

supplier. Unfortunately, only a few norm times for this action were saved in a database, which 
made the results unreliable for this action type. Therefore, the action type “move” was not taken 
into account when analyzing the data. 

- Drive. The norm time for a movement by truck was calculated per lane and was based on the 
software “PTV xServer”, which calculates the driving time between two locations. 

After the data preparation, the data was analyzed again with VBA. For each main action type the 
following was calculated: 
- The total frequency of each action type within the data.  
- The total average and standard deviation of the duration of each action type. 
- The difference between the actual time and the norm time for each action. Based on this, the 

number of actions longer than scheduled (actual time > norm time), shorter than scheduled (actual 
time < norm time), and the same as scheduled (actual time = norm time) were counted. When the 
actual time only differed one minute from the norm time, it was also considered as the same as 
scheduled. Furthermore, the required average extra time in case the action was longer than 
scheduled and the remaining time in case the action was shorter than scheduled, were calculated 
with the following formulas: 

𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =
∑ (𝐴𝐴𝑐𝑐𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖 − 𝑁𝑁𝑑𝑑𝑑𝑑𝑁𝑁 𝑡𝑡𝑑𝑑𝑁𝑁𝑡𝑡𝑖𝑖)𝑛𝑛
𝑖𝑖=1

𝑇𝑇𝑑𝑑𝑡𝑡𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑁𝑁𝑛𝑛𝑡𝑡𝑑𝑑 𝑑𝑑𝑜𝑜 𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎 𝑐𝑐𝑑𝑑𝑑𝑑𝑙𝑙𝑡𝑡𝑑𝑑 𝑡𝑡ℎ𝑐𝑐𝑑𝑑 𝑎𝑎𝑐𝑐ℎ𝑡𝑡𝑑𝑑𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑
 

𝑡𝑡𝑒𝑒𝑒𝑒𝑟𝑟𝑒𝑒𝑖𝑖𝑛𝑛𝑖𝑖𝑛𝑛𝑟𝑟 =
∑ (𝑁𝑁𝑑𝑑𝑑𝑑𝑁𝑁 𝑡𝑡𝑑𝑑𝑁𝑁𝑡𝑡𝑖𝑖 − 𝐴𝐴𝑐𝑐𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖)𝑘𝑘
𝑖𝑖=1

𝑇𝑇𝑑𝑑𝑡𝑡𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑁𝑁𝑛𝑛𝑡𝑡𝑑𝑑 𝑑𝑑𝑜𝑜 𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎 𝑎𝑎ℎ𝑑𝑑𝑑𝑑𝑡𝑡𝑡𝑡𝑑𝑑 𝑡𝑡ℎ𝑐𝑐𝑑𝑑 𝑎𝑎𝑐𝑐ℎ𝑡𝑡𝑑𝑑𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑
 

With 𝑑𝑑 the total number of actions longer than scheduled and 𝑘𝑘 the total number of actions shorter 
than scheduled. 

- The number of shipments that were picked up early or delivered late. For each action that had a 
longer duration than scheduled, it was determined if the shipment eventually was picked up early 
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or delivered late. If a shipment was picked up early, it was calculated by counting the shipments of 
which the end date of the pickup was earlier than the planned pickup date. Furthermore, the 
average time that a shipment was picked up early was calculated by the following formula: 

𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑝𝑝𝑖𝑖𝑝𝑝𝑘𝑘𝑝𝑝𝑝𝑝 =
∑ (𝑃𝑃𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑 𝑝𝑝𝑑𝑑𝑐𝑐𝑘𝑘𝑐𝑐𝑝𝑝 𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡𝑖𝑖 − 𝐸𝐸𝑑𝑑𝑑𝑑 𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡 𝑝𝑝𝑑𝑑𝑐𝑐𝑘𝑘𝑐𝑐𝑝𝑝𝑖𝑖)𝑒𝑒
𝑖𝑖=1

𝑇𝑇𝑑𝑑𝑡𝑡𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑁𝑁𝑛𝑛𝑡𝑡𝑑𝑑 𝑑𝑑𝑜𝑜 𝑎𝑎ℎ𝑑𝑑𝑝𝑝𝑁𝑁𝑡𝑡𝑑𝑑𝑡𝑡𝑎𝑎
 

If a shipment was delivered late, it was calculated by counting the shipments for which the end 
date of the delivery was after the planned delivery date. In addition, the average time that a 
shipment was delivered late was calculated by the following formula: 

𝑡𝑡𝑜𝑜𝑜𝑜𝑒𝑒𝑒𝑒𝑜𝑜𝑝𝑝𝑒𝑒 𝑜𝑜𝑒𝑒𝑒𝑒𝑖𝑖𝑜𝑜𝑒𝑒𝑒𝑒𝑒𝑒 =
∑ (𝐸𝐸𝑑𝑑𝑑𝑑 𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡 𝑑𝑑𝑡𝑡𝑐𝑐𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑𝑑𝑑𝑖𝑖 − 𝑃𝑃𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑 𝑑𝑑𝑡𝑡𝑐𝑐𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑𝑑𝑑 𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡𝑖𝑖)𝑒𝑒
𝑖𝑖=1

𝑇𝑇𝑑𝑑𝑡𝑡𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑁𝑁𝑛𝑛𝑡𝑡𝑑𝑑 𝑑𝑑𝑜𝑜 𝑎𝑎ℎ𝑑𝑑𝑝𝑝𝑁𝑁𝑡𝑡𝑑𝑑𝑡𝑡𝑎𝑎
 

In both formulas, 𝑐𝑐 is the total number of shipments. 

Furthermore, the shipments with more than one container were determined. Van den Bosch 
Transporten executes intermodal transport, which means that only one container is used for a 
shipment. If more than one container was used, it can imply that the container was damaged and 
another container was allocated to the shipment. In addition, the shipments with more than one 
cleaning action were determined. In general, a container requires only one cleaning action prior to a 
pickup. If more than one cleaning action occurred prior to a pickup, it can imply that the cleaning 
action was rejected by the customer or the container was too dirty that it required an extra cleaning 
to ensure the service requirements. For both deviations, the number of actions that were picked up 
early and the number of actions that were delivered late were also calculated. In addition, the required 
average extra time (𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒) and average remaining time (𝑡𝑡𝑒𝑒𝑒𝑒𝑟𝑟𝑒𝑒𝑖𝑖𝑛𝑛𝑖𝑖𝑛𝑛𝑟𝑟) was calculated based on the 
previously described formulas. 

Next, the time horizon of a shipment was identified. Based on the previous chapter, information about 
the planning horizon was taken into account. Furthermore, the average duration of a shipment was 
calculated with the formula below. In this formula, 𝑐𝑐 is the total number of shipments.  

𝑡𝑡𝑠𝑠ℎ𝑖𝑖𝑝𝑝𝑟𝑟𝑒𝑒𝑛𝑛𝑒𝑒 =
∑ (𝐸𝐸𝑑𝑑𝑑𝑑 𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡 𝑐𝑐𝑐𝑐𝑎𝑎𝑡𝑡 𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖 − 𝑆𝑆𝑡𝑡𝑐𝑐𝑑𝑑𝑡𝑡 𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡 𝑜𝑜𝑑𝑑𝑑𝑑𝑎𝑎𝑡𝑡 𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖)𝑒𝑒
𝑖𝑖=1

𝑇𝑇𝑑𝑑𝑡𝑡𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑁𝑁𝑛𝑛𝑡𝑡𝑑𝑑 𝑑𝑑𝑜𝑜 𝑎𝑎ℎ𝑑𝑑𝑝𝑝𝑁𝑁𝑡𝑡𝑑𝑑𝑡𝑡𝑎𝑎
 

Moreover, the reliability of the data was tested with a non-parametric Mann Whitney test, such that 
could be established if the average time of the variables was the same if the data was separated. A 
non-parametric test was chosen, since the actual duration of each action was not normally distributed. 
This test was executed with the software IBM SPSS Statistics 23 (Field, 2009). The data was separated 
based on a median split, such that each group contained an equal number of actions. The following 
hypothesis were generated:  

− Null hypothesis: the group means are equal. 
− Alternative hypothesis: the group means are different. 

If the test was significant, the null hypothesis was rejected and a significant difference between the 
groups was concluded. First, the test was executed on all data, where after it was separately executed 
for the main action types. 

3.2. Results data analysis 
Initially, the data consisted of 803,977 actions to execute 47,198 shipments. After the data was 
prepared, it resulted in a remaining of 604,601 actions. From the data, nineteen different action types 
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were derived. Furthermore, the orders were dispersed throughout thirteen business units. It is 
decided to focus on only the main action types: cleaning, delivery, dismount, drive, mount, move, and 
pickup. In Figure 12 and Figure 12, the frequency of the main action types and business units within 
the data are shown. In total, the data contains 472,906 main actions of which the norm time of 
370,442 actions was known. In this paragraph, first, the focus is on all data, after which the focus is on 
the largest business unit “intermodal liquid” (IML). 

 

On average, the duration of an action was 3.3 hours with a standard deviation of 10.8 hours. From the 
actions with a known norm time, 35% were executed longer than scheduled, 41% were executed 
about the same as scheduled, and 25% were executed shorter than scheduled. When an action was 
executed longer than scheduled, the extra time was on average 41 minutes. When an action was 
executed shorter than scheduled, the remaining time was on average 31 minutes. Furthermore, from 
the actions that had a longer duration, 2% of the orders picked up their goods earlier than expected. 
However, 17% of the shipments were delivered after their deadline. When the goods were delivered 
late, they needed on average 1.33 days extra. 

The results of the analysis per deviation are presented in Table 1. For each main action type was 
determined how often the action had a duration longer than scheduled compared to the total number 
of the action type in the data. This is given in the first column. However, each action did not occur 
evenly in the data. For example, a pickup and delivery principally occur only one time per shipment, 
while a driving action can occur more than once. Therefore, for each main action type, it was also 
determined how often the action had a duration longer than scheduled, compared to the total number 
of deviations in the data. This is given in the second column. 

When for example a cleaning action is considered, on average the duration was 1.13 hours with a 
standard deviation of 0.41 hours. In general, one hour was scheduled for a cleaning action. However, 
still 33% of the cleaning actions were executed longer than scheduled. When this occurred, the extra 
time was on average 31 minutes. When the duration of a cleaning action was longer than scheduled, 
5% of the orders were still picked up earlier than scheduled. However, when the duration of a cleaning 
action was longer than scheduled, 48% of the shipments were delivered after their deadline. 

Based on the data analysis, it was indicated if more causes of a disruptive event exist than determined 
in the Ishikawa diagram in Paragraph 1.2. It was mentioned by the planners that a cleaning action or 
transport delay often occurred. Furthermore, it was mentioned that it was often not possible to pick 
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Figure 11 Frequency business units within database Figure 10 Frequency main action types within database 
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up or deliver goods at the customer due to waiting time or production fault. Based on the data 
analysis, the causes a longer mounting and dismounting duration than scheduled should be added to 
the Ishikawa diagram. 

Table 1 Frequency and impact of deviations for all data 

 
Longer 

duration 
(%) 

Frequency 
compared to 

total 
deviations 

(%) 

𝒕𝒕𝒆𝒆𝒆𝒆𝒕𝒕𝒆𝒆𝒆𝒆 
(minutes) 

If longer 
duration, 

shipments 
picked up early 

(%) 

If longer 
duration, 

shipments 
delivered late 

(%) 

Shorter 
duration 

(%) 

𝒕𝒕𝒆𝒆𝒆𝒆𝒓𝒓𝒆𝒆𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 
(minutes) 

Drive 28% 27% 55 4% 32% 34% 45 
Cleaning 33% 7% 31 5% 48% 18% 21 
Mount 37% 19% 21 5% 37% 17% 7 

Dismount 38% 18% 21 6% 40% 16% 7 
Pickup 40% 12% 55 5% 51% 27% 29 

Delivery 46% 13% 52 6% 53% 24% 28 
Cleaning 
rejected 

9% 3% 76 7% 49% - - 

Change in 
container 
number 

0.09% 0.03% - 2% 45% - - 

Total  100%      
 
The business unit department “IML” appeared the most in the database (Figure 12). It is decided to 
narrow the scope and only focus on this department in the remainder of this thesis. The data of the 
department “IML” consists of 10,400 shipments. Considering only the department “IML”, the duration 
of an action was on average 4.3 hours with a standard deviation of 14.0 hours. From the actions with 
a known norm time, 36% were executed longer than scheduled, 42% were executed the same as 
scheduled, and 22% were executed shorter than scheduled. When an action was executed longer than 
scheduled, the extra time was on average 37 minutes. When an action was executed shorter than 
scheduled, the remaining time was on average 24 minutes. Furthermore, from the actions that had a 
longer duration, 2% of the orders picked up their goods earlier than expected. However, 15% of the 
shipments were delivered after their deadline. When the goods were delivered late, they needed on 
average 2.34 days extra. The results of the analysis per deviation are presented in Table 2. 

When the results of all business units are compared to the results of only the business unit “IML”, it 
can be seen that the averages and standard deviations of each main action type were about the same. 
Furthermore, the frequency of each action with a longer duration were broadly similar. In addition, 
these results were also compared to the results of only the business unit “Dry”, which is the second 
largest business unit. It appeared that also the results of the business unit “Dry” were about the same 
as the results of all business units and the results of only the business unit “IML”. Therefore, it can be 
said that the results of the remainder of this thesis about the business unit “IML” also gives an 
indication of the results of when the same methodology was used for the remaining business units. 
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Table 2 Frequency and impact of deviations for the department “IML” 

 
Longer 

duration 
(%) 

Frequency 
compared 

to total 
deviations 

(%) 

𝒕𝒕𝒆𝒆𝒆𝒆𝒕𝒕𝒆𝒆𝒆𝒆 
(minutes) 

If longer 
duration, 

shipments 
picked up early 

(%) 

If longer 
duration, 

shipments 
delivered late 

(%) 

Shorter 
duration 

(%) 

𝒕𝒕𝒆𝒆𝒆𝒆𝒓𝒓𝒆𝒆𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 
(minutes) 

Drive 26% 24% 42 5% 35% 31% 30 
Cleaning 29% 6% 28 7% 54% 16% 20 
Mount 37% 20% 21 7% 39% 15% 6 

Dismount 40% 21% 23 7% 44% 12% 7 
Pickup 62% 15% 58 7% 60% 27% 25 

Delivery 48% 11% 55 9% 64% 22% 37 
Cleaning 
rejected 

16% 4% 76 10% 55% - - 

Change in 
container 
number 

0.14% 0.03% - 0% 67% - - 

Total  100%      
 

In addition, the duration of a shipment is determined. On average, the duration of a shipment is 10.4 
days. When the durations of a shipment per business unit are indicated, it can be seen in Figure 13 
that when intermodal transport is used, the duration of a shipment is on average longer. For example 
at the business unit department “intermodal liquid” (IML), the average duration of a shipment is 15.1 
days, while at the business unit department “liquid freight road” (LFR) the average duration of a 
shipment is 4.2 days. Remarkable is the average duration of the business department “jumeirah lake 
towers” (JLT). This department is responsible for the transport in South-Africa. The long average 
duration of 62.3 days per shipment is due to the long waiting times at terminals in South-Africa. 
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In addition, the time horizon of a shipment is presented in Figure 13. As explained in the previous 
chapter, an order mostly arrives on Thursday or Friday with the order requirement to pick up goods 
in the subsequent week. After an order arrives, a container is allocated to the shipment. Furthermore, 
a truck is allocated within 1-3 days in advance of the start of the transport process. The whole planning 
of the shipment is made less than 24 hours in advance. When all resources are allocated and the 
planning is made, the transport process is started. As described before, the duration of the transport 
process is on average 10.4 days. 

 

Figure 13 Time horizon shipment 

Reliability data 
The data was separated by a median split, such that could be established if the duration of the action 
types was the same if the data was divided. On average, within the action types “drive”, “mount”, 
“dismount”, and “delivery” a significant difference in duration between the two groups was found 
(𝑝𝑝 < 0.05), which means that more data is required to ensure reliable data. However, as previously 
explained, before November the variables were stored in a different way, therefore only data since 
November was used for the analysis. Despite issues with the reliability, the data still provides an 
indication of which deviations occur in the order process. For the remaining actions, no significant 
difference between the two groups was found. For these actions can be concluded that the data is 
reliable. The output from SPSS for all tests are given in Appendix C. 

Furthermore, the drivers employed by Van den Bosch Transporten own a board computer, on which 
the start and end of a task is manually registered. The computer automatically adds the time to the 
task. The remaining drivers, such as the not fully integrated subcontractors, manually transmit their 
task and time to the database. Therefore, this data is less accurate than the data from the board 
computers, but was still taken into account when the deviations were determined, because it still 
provides a good direction of the occurrence of a deviation. 
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4. Deviations within the planning and transport process 
This chapter covers the second research question concerning which deviations can occur in the 
planning and transport process. In the previous chapter, some deviations were already determined 
based on analyzing data. However, not all deviations could be determined by analyzing data, therefore 
observations were made to fill in the missing values. Table 3 shows if the frequency and impact of a 
deviation was determined by analyzing data or through observations. Based on the frequency and 
impact of each deviation, the relevance of each deviation was calculated, such that could be 
established which deviation frequently occurred with a high impact on the planning. 

In Paragraph 4.1, the methodology for the observations and the results are described. After which, in 
Paragraph 4.2 the relevance of each deviation is calculated. 

Table 3 Method to determine the deviations 

Deviations Data Observations 

Mode 

Boat delay X  
Train delay X  
Truck delay X  

Boat is defect  X 
Train is defect  X 
Truck is defect  X 

Chassis is defect  X 

Employee 

Driver is ill  X 
Employee enters wrong order information  X 

Bad intern communication  X 
Documents not complete  X 
Allocates wrong container  X 

Cleaning 
Duration of a cleaning action is longer than scheduled X  

Cleaning is rejected (extra cleaning is required) X  

Load units 

Container is damaged (container change) X  
Container is dirty (extra cleaning is required) X  

Container is unavailable  X 
Unable to maintain temperature  X 

Customer 
Customer changes order  X 

Unable to (un)load at customer  X 
Error in system at customer  X 
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4.1. Observations 
4.1.1. Methodology observations 

For the observations, three fleet planners from the business unit department “IML” were observed 
three times per day for sixteen days in the period from 22 May 2017 through 16 June 2017. Each fleet 
planner is responsible for the communication with a group of drivers. Each driver executes a certain 
path of actions to pick up or deliver an order. The possible actions are presented in Appendix C. 

During each observation, an unstructured interview was conducted with the fleet planners. Together 
with each fleet planner, the path of the drivers was reviewed. During the observation, the focus was 
on the deviations that could not be determined by the data. When a deviation that was named in the 
Ishikawa diagram (Figure 3) occurred in the path of a driver, the cause and the required extra time 
were entered to a list (Appendix D). In addition, it was noted if the goods were picked up or delivered 
on time. Furthermore, when a timeslot for a pickup or delivery was missed, which is indicated in the 
software with a symbol, the cause was searched and noted. After the observations, the reliability of 
the results of the observations was determined. 

4.1.2. Results observations 
During the observations, 273 deviations were identified in the planning and transport process 
(Appendix D). However, the focus was on only 104 deviations, because the remainder were deviations 
that were already determined by the data, that rarely occur, or caused by a shortage of resources as 
a result that the order was picked up or delivered late. 

In Table 4, the results of the selected deviations are presented. For each deviation, the frequency, the 
average extra time, and the number of shipments that were picked up or delivered late due to that 
deviation are given. During the observations, only the deviations were identified, therefore it is 
unknown how many actions are executed without deviations. Due to this, the frequency of a deviation 
was determined based on the total number of deviations.  

The deviation that occurs the most was “unable to load or unload”. Reasons for this are that the 
product was not ready yet, the product did not have the right quality, or it was too crowded at the 
location. When this deviation occurred, 81% of the orders were late for a pickup or delivery with an 
average extra time of 239 minutes. 

Reliability observations 
The possible causes for a disruptive event were indicated in the Ishikawa diagram (Figure 3). However, 
not all causes mentioned in this diagram could be derived from the data, therefore observations were 
necessary to add the missing causes. During the observations, the focus was on the deviations that 
could not be determined by the data. The remaining deviations were only noted when they had a 
major impact on the schedule. However, when for example a truck, boat, or train was only five minutes 
late, this was not noted during the observations while this was taken into account when analyzing the 
data. Therefore, the results of the data and observations could not be compared for the overlapping 
deviations. 

Furthermore, the results of the observations should be interpreted with care, because it is only based 
on four weeks of observations. However, it gives a good direction of which deviations frequently occur 
and which rarely. Therefore, the results will be further discussed in the next paragraphs. 
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Table 4 Frequency and impact of a deviation based on observations for the department “IML” 

Deviations 
Frequency 

compared to total 
deviations (%) 

Shipments late for 
pickup or delivery 

(%) 

Average extra 
time (minutes) 

Unable to (un)load 45.2% 81% 239 
Container damaged 9.6% 80% 101 

Documents not complete 9.6% 70% 403 
Chassis defect 8.7% 44% 192 

Bad intern communication 6.7% 71% 181 
Container unavailable 4.8% 100% 290 

Error in system at customer 4.8% 20% 128 
Truck defect 2.9% 33% 920 

Unable to maintain temperature 2.9% 67% 859 
Employee enters wrong order 

information 
1.9% 100% 90 

Customer changes order 1.9% 100% 246 
Unexpected ill driver 1.0% 100% 300 

Boat/Train defect 0% - - 
Wrong container allocated 0% - - 

Total 100%   
 

4.2. Relevance 
4.2.1. Methodology relevance 

Based on the results of the data analysis and the observations, the relevance of each deviation was 
determined. By calculating the relevance of each deviation, it could be established which deviation 
frequently occurred with a high impact on the planning. In the remaining chapters, the focus is on the 
most relevant deviation. 

The impact of a deviation was identified based on the required average extra time and the number of 
shipments that had an overdue delivery or pickup. The relevance was calculated by multiplying the 
frequency by the impact. However, before the relevance was calculated, normalization of the results 
was required due to different variable sizes. Furthermore, the relevance is more meaningful when 
normalization is applied, because the range is from 0 to 1,000, where 0 represents less relevant and 
1,000 represents very relevant. The min-max normalization is calculated with the formula below 
(Wilbik & Kaymak, 2013). In this formula, 𝑥𝑥 is the value that is required to normalize, the 𝑥𝑥𝑛𝑛𝑜𝑜𝑒𝑒𝑟𝑟 is the 
normalized value, 𝑁𝑁𝑑𝑑𝑑𝑑 is the smallest number in the set of values, 𝑁𝑁𝑐𝑐𝑥𝑥 is the highest number in the 
set of values, and the interval [𝑐𝑐; 𝑛𝑛] with 𝑐𝑐 zero and 𝑛𝑛 ten. 

𝑥𝑥𝑛𝑛𝑜𝑜𝑒𝑒𝑟𝑟 =
𝑥𝑥 −𝑁𝑁𝑑𝑑𝑑𝑑

𝑁𝑁𝑐𝑐𝑥𝑥 −𝑁𝑁𝑑𝑑𝑑𝑑
∙ (𝑛𝑛 − 𝑐𝑐) + 𝑐𝑐 

4.2.2. Results relevance 
The results of the normalization are given in Appendix E. According to the normalized results of the 
data analysis, the most relevant deviations were the longer pickup and delivery duration. When 
considering the results of the observations, it appeared that the deviation “unable to (un)load” was 
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the most relevant deviation. Reasons for this deviation were that the product was not ready yet, the 
product did not have the right quality, or it was too crowded at the location which resulted in a longer 
pickup or delivery duration. 

In conclusion, in both the data analysis and during the observations, the most relevant deviation had 
to do with the actions pickup and delivery. Therefore, the focus in the remainder of this thesis is on 
the pickup and delivery of goods. 
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5. Preventing deviations 
This chapter covers if deviations can be prevented by improving the information flow or 
communication flow around the planning and transport process. To determine the current 
information and communication flow around the occurrence of a deviation, use cases were executed 
for the most relevant deviation. Based on the results of the previous chapter, the most relevant 
deviations had to do with the pickup and delivery of goods. Therefore, use cases were executed for 
the lanes on which often an overdue pickup, overdue delivery, longer delivery duration, or longer 
pickup duration occurred. Based on the use cases, a possible gap in the information and 
communication flow was identified. By closing this gap, the planning is affected less or not affected at 
all by this deviation. 

In Paragraph 5.1, the methodology to execute use cases are described. After which, in Paragraph 5.2 
the results of the use cases are elaborated. In Paragraph 5.3, a sub-conclusion is provided 

5.1. Methodology use cases 
To discover use cases, it was identified on which lanes the most deviations in pickup and delivery 
occur. A lane is a path between the pickup country and city and the delivery country and city. First, 
the occurrence of each lane in the data from Chapter 7 was determined. In addition, within Van den 
Bosch Transporten, the planning of a shipment in each country is the responsibility of a country 
specialist. Therefore, each pickup country and delivery country were allocated to groups based on the 
division of these country specialists (Appendix F), such that variances between planners are 
diminished. For all pickup and delivery country group combinations, the number of each deviation was 
determined. Use cases were executed for the lanes on which the most deviations in pickup and 
delivery occurred.  

The use cases were composed based on real cases and by observing the planning and transport 
process. By observing these lanes in Quintiq, it was determined if an overdue delivery, overdue pickup, 
longer delivery duration, or longer pickup duration occurred. When this appeared, an unstructured 
interview with the corresponding country specialist was conducted. Through these interviews was 
determined why the deviation occurred and when and how this was communicated to the planner. 
Based on these results was determined if and how the deviation could be prevented.  

5.2. Results use cases 
In total, the data consists of 2,687 unique lanes on which on average 51.4 deviations per lane occurred 
in the period from 1 November 2016 until 30 May 2017. Within the business unit department “IML”, 
462 unique lanes on which 97.3 deviations per lane were found. Each pickup and delivery country was 
categorized to a country group, which resulted in 48 unique pickup-delivery groups. 

In Table 5, the group lanes are given for which often a longer pickup duration, longer delivery duration, 
or an overdue delivery occured. As can be seen, an overdue delivery mostly occurred in Ireland, while 
a longer pickup and delivery duration mostly occurred in the Benelux, North-France, and Germany. 
The lanes that are allocated to each group are elaborated upon in Appendix F. 
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Table 5 The focused pickup – delivery groups 

Pickup group - Delivery group Count 
#Longer 
pickup 

#Longer 
delivery 

#Overdue 
delivery 

Benelux, North France, 
Germany 

-  Ireland 1,763 216 854 1,319 

Great-Britain -  Ireland 160 147 105 124 
Benelux, North France, 

Germany 
-  Spain + Portugal 357 158 231 219 

Benelux, North France, 
Germany 

-  North-Europe 213 18 153 131 

Spain + Portugal -  Great-Britain 102 41 49 80 
Benelux, North France, 

Germany 
-  

Benelux, North-France, 
Germany 

1,737 733 1,092 302 

South-East Europe -  
Benelux, North-France, 

Germany 
585 263 338 138 

Benelux, North France, 
Germany 

-  Great-Britain 1,036 214 414 348 

Benelux, North France, 
Germany 

-  South-East Europe 580 427 550 339 

Several causes were indicated that resulted in a longer pickup duration, longer delivery duration, or 
overdue delivery, such as a too heavy loaded container, the product did not have the right quality, the 
company had technical problems, the customer did not pay yet, or an oil leak occurred at the 
company.  

An example of a timeline when the product did not have the right quality is given in Figure 14. As can 
be seen, the container arrived just before seven o’clock as planned. However, at the pickup location 
the driver was informed by the customer that the product did not have the right quality. As a 
consequence, the driver had to wait until the product was ready, which resulted in a pickup duration 
of almost seven hours instead of 52 minutes. It is remarkable that there was no communication 
between the customer and the planner before the driver arrived at the pickup location. The driver had 
to communicate it to the planner. When earlier communication was provided, the status of the 
product could have been communicated to the planner. The planner then could have decided to 
change the schedule and send the driver to another order instead of waiting at the pickup location. 

 
Figure 14 Timeline of an example case when the product did not have the right quality 

  

03-08-2017 06:00:00 03-08-2017 14:00:00

07:00 08:00 09:00 10:00 11:00 12:00 13:00

06:57 - 13:54
Actual pickup duration

07:00
Planned pickup time

06:57 - 07:49
Norm time

07:00
Product quality not good

13:00
Product ready
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On the other hand, in Figure 15 an example timeline is given of a case when the container was too 
heavily loaded. As can be seen, the driver arrived at the pickup location after the planned time slot, 
which was due to previous actions. Despite this late arrival, a deviation occurred while loading the 
goods at the customer, which resulted in a too heavily loaded container. As a consequence, the 
container needed to be unloaded, which required extra time. As a result, the pickup duration was 
more than three hours, while only 1.25 hours was scheduled. 

 
Figure 15 Timeline of an example case when a container was too heavy loaded 

 

5.3. Sub-conclusion 
Based on use cases the information flow and communication flow around the planning and transport 
process around a deviation were determined. It appeared that an overdue delivery, longer pickup 
duration, or longer delivery duration are possible results of, for example, a too heavily loaded 
container, a wrong product quality, a technical problem at the company. An overdue delivery mostly 
occurred in Ireland, 75% of the deliveries in Ireland were late. A longer pickup and delivery duration 
mostly occurred in the Benelux, North-France, and Germany. In the lanes to and from the Benelux, 
North-France, and Germany, 42% of the pickups and 63% of the deliveries were executed longer than 
scheduled.  

In some cases, the deviations can be prevented by providing better communication between Van den 
Bosch Transporten and the pickup or delivery location of the customer. Communication about the 
status of the product and factory is required to prevent long waiting times. However, the deviation 
can also occur during a pickup or delivery, then it cannot be prevented by communication and ad-hoc 
modifications to the planning are required. 

03-08-2017 08:00:00 03-08-2017 16:00:00

09:00 10:00 11:00 12:00 13:00 14:00 15:00

12:15 - 15:37
Actual pickup duration

08:00 - 12:00
Planned pickup timeslot

13:10
Loading did 
not go well

14:19
Container 

too heavy loaded,
unloading

12:15 - 13:31
Norm time
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6. Adjustments offline planning 
This chapter covers the third research question concerning the needs for adjustments to the offline 
planning. Based on the results of the previous chapters, patterns of deviations are identified for the 
delivery and pickup duration. For the found patterns it is determined if the offline planning can be 
adapted with time buffers, such that the impact of deviations is minimized. In Paragraph 6.1, the found 
patterns are explained, after which in Paragraph 6.2 scenarios are conducted based on these patterns. 
Finally, a sub-conclusion and recommendations are provided about adapting the offline planning in 
Paragraph 6.3. 

6.1. Patterns 
6.1.1. Methodology patterns 

Based on the data from Chapter 7, patterns of deviations are identified for the duration of a delivery 
and pickup. This is determined by searching for correlations between the following variables: the 
duration, location, product type, month, weekday, starting hour, product weight, and the extra time 
for an overdue pickup or delivery. 

Subsequently, the average duration per month, weekday, and starting hour is plotted, to determine 
how the average duration is related over time. However, to indicate how the average duration is 
related to the norm time, the variables have to be plotted per location and product type combination 
since the norm time is determined per combination. The focus is only on the combinations that had a 
confidence interval of 95% to ensure the reliability of the results. Furthermore, when a starting hour 
occurred less than five times per location-product type combination, the average actual time is 
omitted. To determine which combinations should be the focus, the frequency of each location-
product type combination is established. Furthermore, the required sample size to achieve a 
confidence interval of 95% is calculated. As a result, all combinations that occurred more than 566 and 
467 times for respectively the actions delivery and pickup are taken into account. 

In addition, the duration is examined in more detail by considering the duration for the same product 
type at several locations and vice versa. 

6.1.2. Results patterns 
When the duration of a delivery and pickup is considered, a correlation is found between the duration 
and the location, product type, month, and starting hour. Furthermore, a correlation is found between 
the pickup duration and weekday. However, only low correlations between the variables are found 
(𝑑𝑑 < 0.20). No significant correlation is found between the delivery or pickup duration and the 
product weight and extra time for an overdue pickup or delivery. 

When the correlations are identified, the months and the weekdays are plotted against the duration, 
which are given in Appendix G. On average, the duration is relatively lower in the months March and 
April and peaks on Thursday and Friday. In this paragraph, the duration of a delivery is firstly 
elaborated upon, after which is focused on the duration of a pickup.  

Delivery 
As can be seen in Figure 16, the average duration of a delivery increases between 01:00 AM and 05:00 
AM to on average 2.43 hours, after which the duration slowly decreases over time.  

Based on the considered location-product type combinations, it can be concluded that the average 
delivery time per starting hour is constantly above the norm time. Only for the combination “Pratau – 
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UBFD Pratau – Vegetable oils cold” it is about the same as the norm time. However, when other 
location-product type combinations are considered it appeared that the latter is an exception and the 
average delivery duration is mostly above the norm time. 

 
Figure 16 Average delivery time per starting hour for all 
locations 

 
Figure 17 Average delivery time per starting hour for the 
combination: Macroom – Nutraco SA – Vegetable oils 
warm 

As can be seen in Figure 16 and Figure 17, the average duration at Nutraco SA for the product type 
vegetable oils warm does not behave the same as the overall average duration. Therefore, the 
duration is examined in more detail by considering the duration for the same product type at several 
locations and vice versa. As a result, the delivery time per starting hour is significantly different 
between the considered locations and significantly different between the products per location. In 
conclusion, no pattern can be found for which product or location or at which time the duration is 
relatively shorter or longer. 

Pickup 

As can be seen in Figure 18, the average duration of a pickup peaks at 03:00 AM and 09:00 AM with a 
duration of on average 2.32 hours and 2.43 hours, respectively. When considering the average 
duration compared to the norm time, it can be concluded that the average pickup duration is mostly 
above the norm time. Furthermore, significant difference is found in the pickup duration, for example 
at the combination “Martfu – FCA Martfu – Vegetable oils cold”. Between 05:00 AM and 13:00 AM, 
the duration of a pickup is about three hours, while after 13:00 AM the duration of a pickup is less 
than 2.37 hours (Figure 19).  

The average pickup duration at FCA Martfu for the product type vegetable oils warm behaves slightly 
the same as the overall average duration. However, still differences are found. Therefore, the duration 
is examined in more detail by considering the duration for the same product type at several locations 
and vice versa. It was found that the pickup time per starting hour is significantly different per location. 
Furthermore, a significant difference in pickup time is found between the products per location. 
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Figure 18 Average pickup time per starting hour for all 
locations 

 
Figure 19 Average pickup time per starting hour for the 
combination: Martfu – FCA Martfu – Vegetable oils cold 

In conclusion, a significant correlation is found between the pickup and delivery duration and the 
location, product type, month, and starting hour. In addition, a correlation is found between the 
pickup duration and weekday. However, no significant correlation is found between the delivery and 
pickup duration and the product weight and extra time for an overdue pickup or delivery. 
Furthermore, the pickup and delivery duration are on average lower in the months March and April 
and peaks on Thursday and Friday. Moreover, the duration per starting hour is mostly above the norm 
time and is significantly different between the considered locations and the same products per 
location. 

6.2. Scenarios 
6.2.1. Methodology scenarios 

The results of the previous paragraph have shown that the average duration is mostly above the norm 
time. Therefore, several scenarios are considered to determine if a different norm time positively 
affects the planning. First, multiple regression is used to predict the duration of a pickup and delivery 
as best as possible. Based on the significantly correlated variables from the previous paragraph, the 
predictors that are used are:  

- The location where the product is picked up or delivered. 
- The moved product type. 
- The month the action is executed. 
- The weekday the action is executed. 
- The starting hour of the action. 

For these predictors, except product weight, dummy variables are created. The number of created 
variables is one less than the number of groups within each predictor, which resulted in many 
variables. Due to this large number, forward selection is chosen to select which variables were used 
in the model. All predictors were entered in the software IBM SPSS Statistics 23 (Field, 2009), after 
which linear regression with forward selection was chosen. For each possible combination of 
predictors, the software conducted a model that best predicts the duration of a pickup and delivery. 
For both durations, the model with the highest explained variance in the duration is chosen. 

To determine the impact on the longer executed actions of this model compared to the current 
situation, a discrete event simulation is built within Excel. Before the simulation could be build, the 
frequency of each location-product combination is needed to be determined, based on the historical 
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data from Chapter 7. Furthermore, the occurrence of each month, weekday, and starting hour for 
each location-product combination was indicated. In addition, for each variable combination the 
average duration and standard deviation was calculated.  

The simulation was built for both the actions “pickup” and “delivery” and generated 10,000 location-
product combinations based on their occurrence in the historical data. In addition, for each generated 
location-product combination, a month, weekday, and starting hour was allocated according to their 
frequency. Based on these variables, a number was generated with corresponding average and 
standard deviation. However, the duration of a pickup and delivery is not normally distributed, 
therefore the average and standard deviation were firstly scaled from a lognormal distribution to a 
normal distribution. In the end, the simulation was iterated 50 times to produce accurate results. 

The simulation was firstly tested by considering the norm times that Van den Bosch Transporten uses 
for a pickup and delivery. These results were compared to the results of the data analysis. When these 
are similar, the simulation was correctly executed. This simulation is used as base scenario, such that 
remaining scenarios can be compared to the current situation. Then, the model that best predicts the 
duration of a pickup and delivery, according to multiple regression, is entered in the simulation. 
Furthermore, time buffers are added to this model to determine the impact on the planning in terms 
of: 

- The number of pickups and deliveries if the actual time is greater than the norm time. 

𝐴𝐴𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎 𝑐𝑐𝑑𝑑𝑑𝑑𝑙𝑙𝑡𝑡𝑑𝑑 𝑡𝑡ℎ𝑐𝑐𝑑𝑑 𝑎𝑎𝑐𝑐ℎ𝑡𝑡𝑑𝑑𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑 (%) =
𝑇𝑇𝑑𝑑𝑡𝑡𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑁𝑁𝑛𝑛𝑡𝑡𝑑𝑑 𝑑𝑑𝑜𝑜 𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎 𝑐𝑐𝑑𝑑𝑑𝑑𝑙𝑙𝑡𝑡𝑑𝑑 𝑡𝑡ℎ𝑐𝑐𝑑𝑑 𝑎𝑎𝑐𝑐ℎ𝑡𝑡𝑑𝑑𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑

𝑇𝑇𝑑𝑑𝑡𝑡𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑁𝑁𝑛𝑛𝑡𝑡𝑑𝑑 𝑑𝑑𝑜𝑜 𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎
∙ 100%  

- The average extra time per action, which is the average time that the duration of an action is 
longer than the time that is scheduled for the action. 

𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =
∑ 𝐴𝐴𝑐𝑐𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖 − (𝑁𝑁𝑑𝑑𝑑𝑑𝑁𝑁 𝑡𝑡𝑑𝑑𝑁𝑁𝑡𝑡𝑖𝑖 + 𝐵𝐵𝑐𝑐𝑜𝑜𝑜𝑜𝑡𝑡𝑑𝑑 𝑡𝑡𝑑𝑑𝑁𝑁𝑡𝑡𝑖𝑖)𝑛𝑛
𝑖𝑖=1

𝑇𝑇𝑑𝑑𝑡𝑡𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑁𝑁𝑛𝑛𝑡𝑡𝑑𝑑 𝑑𝑑𝑜𝑜 𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎 𝑐𝑐𝑑𝑑𝑑𝑑𝑙𝑙𝑡𝑡𝑑𝑑 𝑡𝑡ℎ𝑐𝑐𝑑𝑑 𝑎𝑎𝑐𝑐ℎ𝑡𝑡𝑑𝑑𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑
 

With 𝑑𝑑 the total number of actions longer than scheduled. 
- The average remaining time per action, which is the average time that the duration of an action 

is shorter than the time that is scheduled for the action. 

𝑡𝑡𝑒𝑒𝑒𝑒𝑟𝑟𝑒𝑒𝑖𝑖𝑛𝑛𝑖𝑖𝑛𝑛𝑟𝑟 =
∑ (𝑁𝑁𝑑𝑑𝑑𝑑𝑁𝑁 𝑡𝑡𝑑𝑑𝑁𝑁𝑡𝑡𝑖𝑖 + 𝐵𝐵𝑐𝑐𝑜𝑜𝑜𝑜𝑡𝑡𝑑𝑑 𝑡𝑡𝑑𝑑𝑁𝑁𝑡𝑡𝑖𝑖) − 𝐴𝐴𝑐𝑐𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑘𝑘
𝑖𝑖=1

𝑇𝑇𝑑𝑑𝑡𝑡𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑁𝑁𝑛𝑛𝑡𝑡𝑑𝑑 𝑑𝑑𝑜𝑜 𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎 𝑎𝑎ℎ𝑑𝑑𝑑𝑑𝑡𝑡𝑡𝑡𝑑𝑑 𝑡𝑡ℎ𝑐𝑐𝑑𝑑 𝑎𝑎𝑐𝑐ℎ𝑡𝑡𝑑𝑑𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑
 

With 𝑘𝑘 the total number of actions shorter than scheduled. 

To determine the optimal buffer time, costs are allocated to the extra and remaining time. However, 
these costs are difficult to determine. Therefore, these are based on estimations. The costs consist of: 

- Hourly wage of a driver. 
- Equipment costs, which consist of container, chassis, and truck costs. 
- Planning costs, which are the costs of the planners. 
- Cancellation costs, which occur when a boat, train, or subcontractor is cancelled. 
- Reputation risk, which is the risk of losing a customer due to reduced performance. For 

example, when a container often arrives late at a company, the customer can decide to change 
to another transport company. However, this loss is difficult to determine. Furthermore, it 
appeared that it only occurred three times in the last few years. Therefore, it is decided to 
leave these costs out of scope. 
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By adding costs to the extra and remaining time, it can be determined at which buffer time the costs 
of extra and remaining time are the lowest. Based on these result, it can be determined how the offline 
planning should be adapted. 

6.2.2. Results scenarios 
Based on multiple regression, the models that best predicts the duration of a delivery and pickup were 
composed. For a delivery, the predictor variables “location”, “product type”, and “starting hour” best 
predicts the duration. This model explains almost 50% of the variances in the duration. When the 
duration of a pickup is considered, the predictor variables “location”, “product type”, “month”, 
“weekday”, and “starting hour” best predict the duration. This model explains 28% of the variances in 
the duration. The results of the remaining models are elaborated on in Appendix H. In all models, still 
unexplained variances in the duration of a delivery and pickup exist, which can be due to the fact that 
human factors were not taken into account. Human factors can be important as many people are 
involved in the process, such as planners, drivers, and employees at the pickup or delivery company. 
Furthermore, weather and variables at the pickup or delivery company possibly also have an influence 
on the duration of an action. 

Finally, the adjusted norm times for a delivery and pickup (in days) can be calculated as follows: 

𝐷𝐷𝑡𝑡𝑐𝑐𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑𝑑𝑑 𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 = 0.08511 + 𝑛𝑛1𝑋𝑋1 + ⋯+ 𝑛𝑛163𝑋𝑋163 

𝑃𝑃𝑑𝑑𝑐𝑐𝑘𝑘𝑐𝑐𝑝𝑝 𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 = 0.10710 + 𝑛𝑛1𝑋𝑋1 + ⋯+ 𝑛𝑛102𝑋𝑋102 

𝑛𝑛𝑛𝑛 is the coefficient of the nth variable. 𝑋𝑋𝑛𝑛 = [0; 1] is the nth variable, which is in the first formula a 
location, product, or starting hour and in the latter a location, product, month, weekday, or starting 
hour. In Appendix H, the coefficients values are given. For example, the predicted delivery duration of 
glucose at UBFD Pratau at 5 PM is 1.94 hours (or 0.08068 days). 

The adjusted norm times, as a result of these formulas, are entered in the simulation. However, first, 
the simulation is tested with the norm times Van den Bosch Transporten currently uses. According to 
the simulation, 45% of the deliveries and 61% of the pickups are executed longer than scheduled. 
These results are almost similar to the results of the data analysis. Therefore, it can be said that the 
simulation is correctly executed. 

After testing the simulation, the adjusted norm times determined by multiple regression are entered 
in the simulation. As a result, the number of pickups and deliveries that are executed longer than 
scheduled are reduced to 29% and 38%, respectively. This number can be decreased by adding buffer 
time to the adjusted norm times. As can be seen in Figure 20, when adding buffer time to the model, 
the number of longer durations exponentially decreases. However, the extra time slowly increases, 
while the remaining time considerably increases. 
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Figure 20 Plots of the frequency, extra time, and remaining time against the buffer time 

To determine the optimal buffer time, the following costs are added to the model: 
- Hourly wage of a driver, which is on average €22.55. 
- The costs of a truck, chassis, and container are on average €19,716; €4,535; and €5,167 per 

year, respectively. 
- The total planning costs are on average €12,5023.54 per month. However, in this number the 

costs of rescheduling are also included, which should decrease when the norm time better fits. 
Unfortunately, it is unknown how the costs of scheduling and rescheduling are allocated within 
the total planning costs. Therefore, several percentages of the total planning costs were taken, 
such that the impact could be determined. 

- On average, the costs of cancelling a space for one container on a boat or train are €40.28. 
When cancelling a subcontractor, the subcontractor charges on average half a day (5.5 hours) 
of the costs of hiring a truck, chassis, and driver. Furthermore, 68% of the number of required 
trucks are subcontractors. Unfortunately, the probability of cancelling a boat, train, or 
subcontractor was unknown. Therefore, several probabilities were used to determine the 
impact on the optimal buffer time. 

The costs are further elaborated in Appendix H. Eventually, the average costs of extra and remaining 
time for a pickup and delivery can be calculated as follows: 

𝐶𝐶𝑑𝑑𝑎𝑎𝑡𝑡𝑎𝑎𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑖𝑖𝑟𝑟𝑒𝑒  (€) = 𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ∙ €0.55 + 𝐴𝐴𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎 𝑐𝑐𝑑𝑑𝑑𝑑𝑙𝑙𝑡𝑡𝑑𝑑 𝑡𝑡ℎ𝑐𝑐𝑑𝑑 𝑎𝑎𝑐𝑐ℎ𝑡𝑡𝑑𝑑𝑐𝑐𝑐𝑐𝑡𝑡𝑑𝑑 ∙ (𝑥𝑥% ∙ €73.58 + 𝑑𝑑% ∙ €157) ) 

𝐶𝐶𝑑𝑑𝑎𝑎𝑡𝑡𝑎𝑎𝑒𝑒𝑒𝑒𝑟𝑟𝑒𝑒𝑖𝑖𝑛𝑛𝑖𝑖𝑛𝑛𝑟𝑟 𝑒𝑒𝑖𝑖𝑟𝑟𝑒𝑒  (€) = 𝑡𝑡𝑒𝑒𝑒𝑒𝑟𝑟𝑒𝑒𝑖𝑖𝑛𝑛𝑖𝑖𝑛𝑛𝑟𝑟 ∙ €0.55 
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In these formulas, 𝑥𝑥 is the percentage of the planning costs compared to the total planning costs and 
𝑑𝑑 the probability of cancelling a boat, train, or subcontractor. To determine the average costs, a 
sensitivity analysis is performed by considering several percentages for 𝑥𝑥 and 𝑑𝑑. For each combination 
of percentages, the optimal buffer time is calculated by minimizing the total costs of a pickup or 
delivery. In this case, only the costs for remaining and extra time are taken into account. The fixed 
costs of a pickup and delivery are not taken into account, because they are not influencing the optimal 
buffer time. 

𝑂𝑂𝑝𝑝𝑡𝑡𝑑𝑑𝑁𝑁𝑐𝑐𝑐𝑐 𝑛𝑛𝑐𝑐𝑜𝑜𝑜𝑜𝑡𝑡𝑑𝑑 𝑡𝑡𝑑𝑑𝑁𝑁𝑡𝑡 = min
𝑏𝑏∈ 𝐵𝐵𝑝𝑝𝐵𝐵𝐵𝐵𝑒𝑒𝑒𝑒 𝑒𝑒𝑖𝑖𝑟𝑟𝑒𝑒

�𝐶𝐶𝑑𝑑𝑎𝑎𝑡𝑡𝑎𝑎𝑡𝑡𝑥𝑥𝑡𝑡𝑑𝑑𝑐𝑐 𝑡𝑡𝑑𝑑𝑁𝑁𝑡𝑡 + 𝐶𝐶𝑑𝑑𝑎𝑎𝑡𝑡𝑎𝑎𝑑𝑑𝑡𝑡𝑁𝑁𝑐𝑐𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙 𝑡𝑡𝑑𝑑𝑁𝑁𝑡𝑡�𝑏𝑏 

In Figure 21, plots are given of how the costs of remaining and extra time are related to the buffer 
time when 𝑥𝑥 and 𝑑𝑑 are both 50%. When considering the pickup duration and 50% of the cancellation 
and planning costs, the total costs currently are €125 per pickup. Furthermore, on average the 
duration of 61% of the pickups are longer than scheduled. When minimizing the total costs, the 
optimal buffer time is 40 minutes, the total costs are €93 per pickup, and 19% of the pickups are longer 
than scheduled. 

When considering the delivery duration and 50% of the cancellation and planning costs, the total costs 
currently are €119. Furthermore, on average the duration of 45% of the deliveries are longer than 
scheduled. When minimizing the total costs, the optimal buffer time is 20 minutes, the total costs are 
€83 per delivery, and 16% of the deliveries are longer then scheduled. 

  
Figure 21 Costs of remaining and extra time of a pickup and delivery for 50% cancellation and planning costs 

When best-case scenario is considered, 𝑥𝑥 and 𝑑𝑑 are both 0% which means that there are no 
cancellation and planning costs. Then, the total costs currently are €55 per pickup and €67 per delivery 
(Figure 22). When minimizing the total costs, the optimal buffer time is for both actions no buffer time 
at all. The total costs of a pickup increase to €59. However, the number of pickups with a longer 
duration decreases from 61% to 39%. In addition, the total costs of a delivery decrease to €57. 
Furthermore, the number of deliveries with a longer duration reduces from 45% to 29%.  
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Figure 22 Costs of remaining and extra time of a pickup and delivery for 0% cancellation and planning costs 

When worst-case scenario is considered, 𝑥𝑥 and 𝑑𝑑 are both 100%. Then, the total costs currently are 
€194 per pickup and €170 per delivery (Figure 23). When minimizing the total costs, the optimal buffer 
time for a pickup is 80 minutes. This is a large buffer time, which is due to the fact that in this case, for 
every action with a longer duration the total planning and cancellation costs are taken into account. 
As a result, the average costs of extra time per pickup are very high. Based on this buffer time, the 
total costs decrease to €108 per pickup. Furthermore, the number of pickups with a longer duration 
than scheduled decreases from 61% to 9%. The optimal buffer time for a delivery is 40 minutes. The 
total costs decrease to €96 per delivery. Furthermore, the number of deliveries with a longer duration 
than scheduled decrease from 45% to 9%. In Appendix H, the remaining results of several values for 𝑥𝑥 
and 𝑑𝑑 with resulting buffer time and costs are given. 

  
Figure 23 Costs of remaining and extra time of a pickup and delivery for 100% cancellation and planning costs 

When the adjusted norm times are plotted against the average duration can be seen that the adjusted 
norm times better follow the average duration of a pickup and delivery than the current norm time. 
This is shown in Figure 24 and Figure 25 for the most occurred location-product combinations, based 
on Paragraph 6.1. For a pickup, the most occurred location-product combination is Cargill B.V. in 
Botlek for the product vegetable oils warm. For a delivery, this is Nutraco SA in Macroom for the 
product vegetable oils warm. In Figure 24 and Figure 25, the ‘norm scenario’ represents the old norm 
time and the ‘model’ represents the adjusted norm times based on multiple regression. Furthermore, 
the figures show the adjusted norm times with possible buffer times. 
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Figure 24 Average pickup time and the new norm time 
(model) per starting hour for the combination: Botlek – 
Cargill B.V. – Vegetable oils warm 

 
Figure 25 Average delivery time and the new norm time 
(model) per starting hour for the combination: Macroom – 
Nutraco SA – Vegetable oils warm 

In conclusion, on average 61% of the pickups are currently executed longer than scheduled (Table 6). 
Besides the fixed pickup costs, the total costs of remaining and extra time are between €55-€194 per 
pickup. The model determined by multiple regression reduces the number of pickups with a longer 
duration to 39%. Furthermore, the expected total costs of remaining and extra time for this model are 
between €60-€150 per pickup. The model increases the remaining time. As a result, in the best-case 
scenario the number of pickups with a longer duration decreases, but it increases the costs of the 
remaining time. Moreover, the optimal buffer time for this model is between 0 and 80 minutes. The 
expected total costs of the remaining and extra time for the model with buffer time are between €60-
€108 per pickup and the number of pickups with a longer duration is between 9%-39%.  

In addition, on average 45% of the deliveries are currently executed longer than scheduled (Table 6). 
Besides the fixed delivery costs, the total costs of remaining and extra time are between €67-€170 per 
delivery. The model determined by multiple regression reduces the number of deliveries with a longer 
duration to 29%. Furthermore, the expected total costs of remaining and extra time for this model are 
between €57-€123 per delivery. Moreover, the optimal buffer time for this model is between 0 and 
40 minutes. The expected total costs of remaining and extra time for the model with buffer time are 
between €57-€96 per delivery and the number of deliveries with a longer duration is between 9%-
29%. 

Table 6 The number of pickups and deliveries that were executed longer than scheduled (%), the buffer time, and the total 
costs for the norm scenario, the model, and the model with buffer time 

 

Pickup Delivery 
Best case (0%) Worst case (100%) Best case (0%) Worst case (100%) 

% 
Buffer 
time 

Costs % 
Buffer 
time 

Costs % 
Buffer 
time 

Costs % 
Buffer 
time 

Costs 

Norm scenario 61% 0 €55 61% 0 €194 45% 0 €67 45% 0 €170 
Model 39% 0 €60 39% 0 €150 29% 0 €57 29% 0 €123 

Model + optimal 
buffer time 

39% 0 €60 9% 80 €108 29% 0 €57 9% 40 €96 
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Based on these results, the offline planning should be adapted to the new norm times with possible 
buffer times. When the exact planning and cancellation costs are known, the optimal buffer time can 
be determined.  

However, in the models still unexplained variances in the duration of a delivery and pickup exist. This 
can be due to the fact that human factors were not taken into account. Furthermore, weather and 
variables at the pickup or delivery company possibly also have an influence on the duration of an 
action. Unfortunately, these variables are unknown. Therefore, further research is required to 
determine if these variables have an impact on the duration. 

6.3. Sub-conclusion 
Several significant correlations are found in the data, namely between the pickup and delivery 
duration and the location, product type, month, and starting hour. In addition, a correlation is found 
between the pickup duration and weekday. However, no significant correlations are found between 
the delivery and pickup duration and product weight and extra time for an overdue pickup or delivery.  

Furthermore, patterns are found within the pickup and delivery duration. On average, in the months 
March and April the duration is relatively lower compared to the remaining months and on Thursday 
and Friday the duration peaks compared to the remaining days. Additionally, it is found that the 
duration per starting hour is mostly above the norm time and was significantly different between 
locations and between the same product at several locations. 

Based on these patterns, the norm times are adjusted. Currently, on average 61% of the pickups are 
executed longer than scheduled. Besides the fixed pickup costs, the total costs of remaining and extra 
time are between €55-€194 per pickup. The model determined by multiple regression reduces the 
number of pickups with a longer duration to 39%. Furthermore, the expected total costs of remaining 
and extra time for this model are between €60-€150 per pickup. The model increases the remaining 
time. As a result, in the best-case scenario the number of pickups with a longer duration decreases, 
but it increases the costs of the remaining time. Moreover, the optimal buffer time for this model is 
between 0 and 80 minutes. The expected total costs of the remaining and extra time for the model 
with buffer time are between €60-€108 per pickup. 

In addition, on average 45% of the deliveries are currently executed longer than scheduled. Besides 
the fixed delivery costs, the total costs of remaining and extra time are between €67-€170 per delivery. 
The model determined by multiple regression reduces the number of deliveries with a longer duration 
to 29%. Furthermore, the expected total costs of remaining and extra time for this model are between 
€57-€123 per delivery. Moreover, the optimal buffer time for this model is between 0 and 40 minutes. 
The expected total costs of remaining and extra time for the model with buffer time are between €57-
€96 per delivery. 

For a delivery, the predictor variables “location”, “product type”, and “starting hour” best predict the 
duration. This model explains almost 50% of the variances in the duration. When the duration of a 
pickup is considered, the predictor variables “location”, “product type”, “month”, “weekday”, and 
“starting hour” best predicts the duration. This model explains 28% of the variances in the duration. 
However, in the models determined by multiple regression, still unexplained variances in the duration 
of a delivery and pickup exist. This can be due to the fact that human factors were not taken into 
account, even though many people are involved in the process, such as planners, drivers, and 
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employees at the pickup or delivery company. Furthermore, weather and variables at the pickup or 
delivery company possibly also have an influence on the duration of an action. 

In conclusion, the offline planning should be adapted by changing the norm times for a pickup and 
delivery. By changing it to the norm times based on multiple regression, the adjusted norm times 
better follow the average duration of a pickup and delivery than the current norm time. By adding 
buffer time to the norm time, a pickup and delivery is more often ready at the time that was expected. 
As a result, planners need to book less boats, trains, or subcontractors a second time, which results in 
less costs and less rescheduling.  

Furthermore, by adapting the offline planning and preventing deviations by increasing 
communication, the online planning changes less often. As a result, the planning horizon of an order 
can be increased. Most orders arrives on Thursday and Friday, therefore the planning for the 
subsequent week theoretically already can be made in the weekend. However, still ad-hoc adjustment 
are required during the transport process, because not all deviations can be prevented or adjusted in 
the offline planning. These deviations have a possible impact on the succeeding actions. By adding 
more buffers, such as resources, or materials, the impact of these deviations on the planning can be 
minimized and a longer time horizon can be chosen. However, buffers will increase the total costs, 
while a longer time horizon can improve the resource allocation, which reduce the total costs. 
Therefore, further research is required to determine the optimal ratio between a longer time horizon, 
a better allocation of resources, and the costs of buffers. 
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7. Towards real-time monitoring performance  
This chapter covers the last research question concerning the process towards real-time monitoring 
the performance of the order process. By real-time monitoring the process, the progress of activities 
can continuously be observed and measured over a period of time to ensure that activities are 
executed on time and the objectives and performance targets of the company are reached. An 
important Key Performance Indicator (KPI) of Van den Bosch Transporten deals with the on-time 
pickup and delivery of goods. However, based on the results of the previous chapters, it appeared that 
the most relevant deviations currently are an overdue delivery, a longer delivery duration, and a 
longer pickup duration. 

On a management level, the overall performance of the on-time pickup and delivery is important to 
determine. However, to obtain better insight in where the real problems are in the order process, it is 
necessary to examine this KPI in more detail. By indicating the underlying metrics and attributes of 
this KPI, it can be determined if a disruptive event, such as an overdue delivery, a longer delivery 
duration or longer pickup duration, occurs during the transport process. In Figure 28, the hierarchical 
structure of the on-time performance is represented with underlying metrics and attributes.  

 

 

The on-time performance of the order process is influenced by the overall on-time pickup and delivery. 
The overall on-time pickup and delivery is based on the on-time pickup and delivery per lane, which is 
again based on the on-time pickup and delivery per shipment. Based on the data attributes from 
Chapter 2, it can be calculated if a delivery was on-time. A delivery is on-time if ActualEndDate ≤ 
DeliveryDate. However, based on the data from Chapter 3, it cannot be determined if a pickup is on-
time, only if the shipment was early for a pickup.  

Furthermore, the on-time performance is influenced by the actual duration of an action. If the 
duration of an action is longer than scheduled, it affects the start and end date of the subsequent 
actions. As a result, the start and end date of the delivery is also affected. Based on the actual duration 
and the norm time it can be determined if the duration of an action was the same as scheduled. Based 
on the data attributes from Chapter 2, the actual duration is calculated by:  

𝐴𝐴𝑐𝑐𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑐𝑐𝑑𝑑𝑐𝑐𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 = 𝐴𝐴𝑐𝑐𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝐸𝐸𝑑𝑑𝑑𝑑𝐷𝐷𝑐𝑐𝑡𝑡𝑡𝑡 − 𝐴𝐴𝑐𝑐𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑆𝑆𝑡𝑡𝑐𝑐𝑑𝑑𝑡𝑡𝐷𝐷𝑐𝑐𝑡𝑡𝑡𝑡 

Figure 26 Hierarchical structure of the key performance indicator “Overall on-time performance” 
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The data attributes PlannedStartDate, PlannedEndDate, PickupDate, and DeliveryDate are determined 
before the execution of a shipment, while the ActualStartDate and ActualEndDate of each action are 
known during the execution of a shipment. It is important to monitor the real-time status of an action 
and the status of the company where the goods are picked up or delivered by continuously observing 
if the planned end date of an action is still feasible.  

Based on Chapter 5, deviations can be monitored in three ways, namely predictive, reactive, and 
flexible. It is decided to flexibly monitor the process, such that the orders with a high probability of a 
disruption are closely observed and the impact of these deviations can be minimized. The orders with 
a high probability of disruption can be determined by indicating critical lanes. A critical lane is a lane 
on which relevant deviations occur often. Based on the results of Chapter 5, currently an overdue 
delivery often occurred on the lanes to Ireland and a longer pickup and delivery often occurred on the 
lanes to and from the Benelux, North-France, and Germany. On a planner’s level, it is important to 
closely monitor these critical lanes by monitoring the real-time status of an action and of the company 
where goods are picked up or delivered, such that the planner can quickly respond to these deviations. 

However, it is necessary to periodically check if these lanes are still critical lanes. Based on the 
previously described metrics, a template is made with VBA that can determine the number of occurred 
deviations per lane, based on imported data. As input, the following variables of each shipment are 
required: 

- The product type. 
- All required actions with corresponding country, city, and company name of where the action 

is executed. Furthermore, the actual start and end date of the action is required. 
- The pickup country, city, and company name. 
- The delivery country, city, and company name. 
- The dates when the goods can be picked up and until when the goods can be delivered. 

Based on the input variables, the following steps are executed: 

1. The lane of each shipment is determined, which is the combination of the pickup country and 
city and the delivery country and city.  

2. Each lane is allocated to each pickup and delivery group. In Appendix F, the allocation of each 
country is given.  

3. The norm time is allocated to each pickup and delivery based on the adjusted norm times as 
result of the previous chapter. The buffer time needs to be chosen. For the remaining actions, 
the norm time is allocated in the same way as in Chapter 3. 

4. The actual duration is calculated by the difference between the actual start and end date. 
5. For each lane and for each action type is determined how often the actual duration is longer 

than the norm time. 
6. For each lane and for each action, the difference between the actual time and the norm time 

is calculated. Based on this, the number of actions longer than scheduled (actual time > norm 
time) were counted. 

7. For each lane, the shipments with an overdue delivery are determined by counting the 
shipments of which the end date of the delivery was after the planned delivery date. 

Finally, the dashboard represents an overall performance of the data in terms of the number of actions 
that had an overdue delivery and the number of actions that had a longer duration than scheduled. 
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Furthermore, it gives the performance per lane. It can be chosen to show the lane per pickup and 
deliver group, per pickup and deliver country, or per pickup and deliver country and location. Based 
on these results can be determined which lanes are critical and requires closely monitoring. 

In conclusion, the on-time performance is influenced by the on-time delivery and pickup. 
Furthermore, it is influenced by the actual duration of an action. The attributes for these metrics are 
the PlannedStartDate, PlannedEndDate, DeliveryDate, ActualStartDate, and ActualEndDate. The 
progress of the latter two should be monitored to determine if the planned end date of an action is 
still feasible. Furthermore, it is important to monitor the status of the company where the goods are 
picked up or delivered. By monitoring this, it can be prevented that a driver is unable to pick up or 
deliver goods due to deviations at the customer. It can be chosen to monitor these flexible, which only 
closely observe the critical lanes. It is important to periodically check if these lanes are still critical 
lanes. However, to implement an alarm system that is able to real-time monitor performance and 
notify key employees when a deviation occurs still several steps are required. Steps concerning the 
structure and architecture of the alarm system are required. 
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8. Conclusions and recommendations 
In this chapter, conclusions and recommendations based on this master thesis project are given. In 
Paragraph 8.1, conclusions are drawn based on the composed research questions. In Paragraph 8.2, 
recommendations for Van den Bosch Transporten and for further research are provided. 

8.1. Conclusions  
The objective of this master thesis project was to provide support for a more robust planning by 
preventing deviations, adapting the planning to deviations, and supporting ad-hoc modifications, such 
that the costs and the required time decrease and the timelines of order improves.  

First, an overview of the deviations and corresponding frequency and impact was required. It was 
found that at least 30% of the main action types had a longer duration than scheduled. In addition, 
the deviations that occurred the most had to do with the actions pickup and delivery. Considering the 
business unit department “IML”, which concerns intermodal transport of liquid products, on average 
62% of the pickups and 48% of the deliveries were executed longer than scheduled with an average 
extra time of 58 and 55 minutes, respectively. Furthermore, a driver was often unable to pick up or 
deliver goods at a customer. Reasons for this include that products were not ready, products did not 
have the right quality, or the company had technical problems. Out of all 26 countries, an overdue 
delivery mostly occurred in Ireland, while a longer pickup and delivery duration mostly occurred in the 
Benelux, North-France, and Germany.  

For these deviations, use cases were executed to determine if an overdue pickup or delivery can be 
prevented by improving the information flow or communication around the planning and transport 
process. It was found that there was no communication between the customer and the planner before 
a driver arrived at the customer. As a result, when drivers arrive at the customer, they were only then 
informed about a deviation. 

Furthermore, patterns of deviations were identified for the delivery and pickup duration. Significant 
correlations were found between the pickup and delivery duration and the location, product type, 
month, and starting hour. In addition, a correlation was found between the pickup duration and 
weekday. In the months, March and April, the duration of a pickup and delivery was relatively lower 
compared to the remaining months. On Thursday and Friday, the duration peaked compared to the 
remaining days. Additionally, it was found that the average duration per starting hour was mostly 
above the norm time and was significantly different between locations and between the products at 
a location.  

Therefore, the norm times for a pickup and delivery were adjusted. Based on multiple regression, 
models were developed that best predict the duration of a pickup and delivery. When the duration of 
a pickup is considered, the predictor variables “location”, “product type”, “month”, “weekday”, and 
“starting hour” best predict the duration. For a delivery, the predictor variables “location”, “product 
type”, and “starting hour” best predict the duration. These models reduce the number of pickups and 
deliveries that were executed longer than scheduled to on average 38% and 29%, respectively. 
However, this still affects the planning relatively often. By adding buffer time to both models, these 
numbers decrease more. On the other hand, adding buffer time to both models will also increase the 
waiting time of the resources. Therefore, the optimal buffer time was determined based on the 
expected costs of remaining and extra time. Unfortunately, it was unknown how the costs of 
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scheduling and rescheduling are allocated within the total planning costs. Furthermore, the probability 
of cancelling a boat, train, or subcontractor was unknown. For this reason, several percentages for the 
planning and cancellation were taken into account, which resulted in an interval of optimal buffer time 
and costs.  

For a pickup, the total costs of remaining and extra time besides the fixed pickup costs currently are 
between €55-€194 per pickup. The expected total costs of remaining and extra time for the model are 
between €60-€150 per pickup. The model increases the remaining time. As a result, in the best-case 
scenario the number of pickups with a longer duration decreases, but it increases the costs of the 
remaining time. Moreover, the optimal buffer time for this model is between 0 and 80 minutes. The 
expected total costs of the remaining and extra time for the model with buffer time are between €60-
€108 per pickup and the number of pickups with a longer duration is between 9%-39%. 

For a delivery, the total costs of remaining and extra time besides the fixed delivery costs currently 
are between €67-€170 per delivery. The expected total costs of remaining and extra time for the 
model are between €57-€123 per delivery. Moreover, the optimal buffer time for this model is 
between 0 and 40 minutes. The expected total costs of remaining and extra time for the model with 
buffer time are between €57-€96 per delivery and the number of deliveries with a longer duration is 
between 9%-29%. 

Finally, an important KPI is the on-time performance of shipments. This KPI is influenced by the on-
time delivery and pickup. Furthermore, it is influenced by the actual duration of an action. The 
attributes for these metrics are the PlannedStartDate, PlannedEndDate, PickupDate, DeliveryDate, 
ActualStartDate, and ActualEndDate. The progress of the latter two should be monitored to determine 
if the planned end date of an action is still feasible. Furthermore, it is important to monitor the status 
of the company where the goods are picked up or delivered. By monitoring this, it can be prevented 
that a driver is unable to pick up or deliver goods due to deviations at the customer. 

8.2. Recommendations 
By adapting the offline planning with the adjusted norm times, Van den Bosch Transporten can reduce 
the number of pickups and deliveries that were executed longer than scheduled while minimizing the 
costs of extra and remaining time of an action. However, before adapting the norm times, it is 
recommended to further research the exact costs of extra and remaining time. For this project, several 
percentages were considered for the planning and cancellation costs, which resulted in an interval of 
the optimal buffer time. Furthermore, the reputation risk was out of scope. However, it is important 
to take into account when a customer decides to switch to another company. Therefore, further 
research is necessary to determine how reputation risk can be expressed in terms of costs. 

In addition, many deviations within the pickup or delivery of goods occurred due to lack of 
communication. Therefore, it is recommended to increase the communication between Van den 
Bosch Transporten and the customer, such that some deviations can be known in advance or be 
prevented. When the mapped order process from Chapter 2 is considered, a message flow can be 
added between the customer and Van den Bosch Transporten. 

By adapting the offline planning and preventing deviations by increasing communication, the online 
planning changes less often. As a result, the planning horizon of an order can be increased. However, 
still ad-hoc adjustment are required during the transport process, because not all deviations can be 
prevented or adjusted in the offline planning. These deviations have a possible impact on the 
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succeeding actions. By adding more buffers, such as resources or materials, the impact of these 
deviations on the planning can be minimized and a longer time horizon can be chosen. However, 
buffers will increase the total costs, while a longer time horizon can improve the resource allocation, 
which reduce the total costs. Therefore, further research is required to determine the optimal ratio 
between a longer time horizon, a better allocation of resources, and the costs of buffers. 

Furthermore, in this thesis the focus was on one department and on the pickup and delivery of goods. 
The used methodology in this master thesis project can also be executed for the remaining business 
departments and the remaining action types. Therefore, it is recommended to do the same for the 
other action types and departments, such that the planning can be further improved and less 
rescheduling is required. Besides this, the action type “move” was not taken into account, because 
the norm times were unknown. Moving by boat or train covers long distances and causes many 
uncertainties in their duration. Therefore, it is recommended to store the norm times that are used 
per lane and per supplier in a database, such that also for this action type deviations can be 
determined. 

Moreover, the models that were conducted based on multiple regression and best predict the 
duration of a delivery and pickup explain almost 50% and 28% of the variances in the duration, 
respectively. This means that still unexplained variances in the duration of a delivery and pickup exist. 
Variables such as human factors, weather, and at the pickup or delivery company were unknown. 
Therefore, these variables were not taken into account. Further research is required to determine if 
these variables are correlated to the duration of a pickup or delivery, such that the models for the 
duration can be optimized. Furthermore, a subject for further research concerns the communicated 
norm times to the drivers. When allocating norm times to actions with no buffer time, the duration of 
many actions will be longer than scheduled. However, it is important to determine how this will 
influence the behavior of the drivers. It is possible that the drivers will work harder to reach the given 
time. On the other hand, it is also possible that drivers will work slower, because the given time is 
unable to reach. 

Unfortunately, no patterns were found at which time or for which product all locations have a longer 
pickup or delivery duration. This resulted in a different norm time for each location, product, and date 
combination. This will make it hard for planners to get a feeling with the time that is planned for a 
pickup or delivery. Currently, Quintiq gives the start date and end date of an action when it is not yet 
executed. However, when the duration of an action exceeds the norm time, the end time is adapted 
as a result that the norm time is not represented anymore in Quintiq. Therefore, it is recommended 
to increase the intuition of planners when the duration of an action exceeds the norm time, by 
showing the norm time or indicating when the duration is exceeded with a symbol in Quintiq. 

Finally, it is recommended to implement an alarm system, which can real-time monitor the progress 
of the ActualStartDate and ActualEndDate and immediately when the planned end date of an action 
is not feasible anymore. Furthermore, it is recommended to monitor the status of the company where 
the goods are picked up or delivered. By monitoring this, it can be prevented that a driver is unable to 
pick up or deliver goods at a customer due to deviations at the customer. It can be chosen to monitor 
these flexible, which only closely observe the critical lanes. However, it is recommended to periodically 
check if these lanes are still critical lanes. 
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 Causes-and-effect diagram 
The mentioned causes of disruptive events are divided in several categories, namely mode, employee, 
service, equipment, and customers. Important to notice is that these categories are not strictly 
independent of each other, some causes influence other causes. For each category, the primary and 
sometimes also the secondary causes are given.  

 

Figure 27 Causes-and-effect (Ishikawa) diagram 

Each category and corresponding causes are described below:  
- Mode. The different modes used by Van den Bosch Transporten are train, boat, and truck. A reason 

for rescheduling caused by these modes is that they can arrive later than scheduled due to weather 
effects and interruptions or traffic jams along the way. Furthermore, a mode can be defect, as a 
result, that the planning must be changed. Most mode companies provide a track and trace, such 
that can be foreseen if the mode will arrive too late. 

- Employee. An employee can be unexpected ill or can enter the wrong information of an order. 
When this latter is discovered after the planning is made, rescheduling can be necessary. Also, 
rescheduling can be caused by bad internal communication. This communication can be between 
a driver and a planner or between planners. Moreover, documents that are required for an action 
can be lost or not ready yet, which can result in a delay. Furthermore, when previous container 
loads are incorrectly entered in the system, the planner can allocate a container incorrectly to an 
order. As a result, the customer can reject the container when, for example, the previous load was 
not halal. In addition, an employee can be unexpectedly absent due to illness.  

- Service supplier. Suppliers of Van den Bosch Transporten are train and boat companies, storage, 
cleaning, and technology departments. A service, such as cleaning or repairing, can have a longer 
duration than planned. Furthermore, a cleaning action can be rejected by the customer. Both 
deviations can cause a delay. 

- Load unit. A container is vulnerable and can be damaged by, for example, weather or 
incautiousness of a crane driver. Most of the time, the damage is noticed when the truck has 
already arrived at the pick-up location. When the container is too damaged, rescheduling can be 
necessary. Furthermore, the container can be so dirty that extra cleaning is necessary, which can 
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require rescheduling. A container also can be unavailable due to, for example, a mode that arrives 
too late. 

- Customer. A customer can change or cancel their order. When this is discovered after the planning 
is made, rescheduling can be necessary. Furthermore, when the production is down at the 
customer, it can happen that the goods are not ready for the planned transport. Also, an error in 
the system can occur. For example, a container can be loaded, but due to an error in the system 
documents cannot be send with the load and therefore the truck cannot depart. Another cause of 
rescheduling can be the long waiting time to (un)load at the customer. 
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 Order process 
The order process is presented with corresponding sub-processes (Figure 28), which are the order 
entry process (Figure 29), the planning process (Figure 30), the transport process (Figure 31), and the 
invoice process (Figure 32).  

 
Figure 28 Order process 

The stakeholders involved in this process are briefly described below: 
- Customer, who sends an order to Van den Bosch Transporten to transport bulk goods. 
- Van den Bosch Transporten, which can be divided in the following employees that are involved in 

the order process: 
 Customer service employee, who receives and reviews an order and sends the invoice. 
 Order entry employee, who enters an order in the system Greencat. 
 Master planner load unit, who determines if a charter is necessary and allocates a load unit to 

an order. 
 Freight matcher, who books a charter if necessary. 
 Country specialist, who books a boat or train if necessary and allocates a truck, chassis, and 

driver to an order. The country specialist only performs the booking and allocation for that part 
of an order where they are specialized in, such as England or Italy. He also communicates with 
the driver that executes the order in that area. 

 Master planner trucking, who allocates a truck, chassis, and driver to an order; books a service; 
and requests a subcontractor if necessary. The master planner trucking only performs the 
allocation, booking, and service for that part of an order that is in the Benelux, North of France, 
or Ruhr area. 

 Fleet planner, who communicates with the driver when the order is executed in the Benelux, 
North of France, or Ruhr area. 

 Driver, who executes the order by road. 
- Mode company, which is a boat or train company. 
- Service supplier, which performs, for example, a cleaning action or reparation. 
- Subcontractor, who performs only a specific part of the process. For example, only a truck or 

chassis is used from the subcontractor. The remaining of the process is executed by Van den Bosch 
Transporten. Subcontractors can be divided in: 
 Fully integrated subcontractor, who is a subcontractor that is used every day. 
 Not fully integrated subcontractor, who is not scheduled every day, but is only used when it is 

necessary. For example, when own equipment is not enough. 
- Charter, who performs the whole plan and transport process of an order. 
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Order entry process 
The order process is triggered when an order arrives from a customer. An order states what kind of 
product needs to be transported; the requirements of the product; when and where it can be 
collected; and when and where it needs to be delivered. When an order arrives and it is accepted by 
a customer service employee, the order is entered in the system. The software that is used for the 
order entry is Greencat. For the remaining of the process, the software Quintiq is used which allows 
planners to allocate resources to orders and is able to adapt this allocation during the execution of an 
order. It also allows planners to communicate with drivers, so that the drivers are up-to-date when 
the planning changes (Quintiq, n.d.). 

 
Figure 29 Order entry process 
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Planning process 
When an order is entered in the system, Quintiq provides the optimal path for the order. This path 
consists of a begin and end location and if necessary intermediate locations. These locations can be, 
for example, a terminal, a company, or an address and are based on the pickup and delivery location 
of the product. 

When the path of an order is known, the master planner load unit determines if a charter is necessary. 
If a charter is necessary, a charter is booked by a freight matcher and the order is executed by the 
charter. If a charter is not necessary, a load unit is allocated to the order by the master planner load 
unit. Furthermore, if a boat or train is necessary he will book the boat or train. The master planner 
load unit performs this allocation and booking only for that part of the order that is in the Benelux, 
North of France, or Ruhr area. For these areas, the master planner truck allocates a truck, chassis, and 
driver to the order and books a service or subcontractor if necessary. When allocating resources to an 
order, other orders are also taken into account, such that the resource allocation is more efficient. 

When an order also consists of a part outside the Benelux, North of France, or Ruhr area, then that 
part of the order oversees the country specialist. The country specialist books for these areas a boat 
or train; allocates a truck, chassis, and driver to the order; and requests a subcontractor if necessary. 
If in the process a deviation occurs, it can require rescheduling of a certain task. The process of 
rescheduling is not given. 
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Figure 30 Planning process 
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Transport process 
When all the allocations, bookings, and requests are accomplished, the fleet planner communicates 
to the driver what needs to be done. Then, the order is executed. The execution of the order can be 
divided in several legs, namely execution by a boat or train; by a subcontractor; by an own driver; or 
execution of a service. The required legs are sequentially performed until the order is completed. 

 
Figure 31 Transport process 
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Invoice process 
When the execution of an order is completed, the transport data is registered in a database. Then, the 
customer service employee will send an invoice to the customer. When the payment is received, the 
order is fulfilled and the order process is ended. 

 
Figure 32 Invoice process 
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 Data analysis 
Results 
Table 7 Action types with in bold the actions on which is focused 

Action type Number of actions 
Break 5,260 

Calendar event 4 
Cleaning 29,886 

Cleaning & Storage 80 
Daily rest 9,221 
Delivery 45,412 

Dismount 67,755 
Drive 181,968 

Fuel stop 1,965 
General 856 
Mount 76,001 
Move 26,239 

Move & Storage 2,853 
Pickup 45,645 
Step in 592 

Step out 506 
Storage 8,497 
Waiting 101,300 

Weekly rest 561 

Total 604,601 

Table 8 The business units of Van den Bosch Transporten 

Abbreviation Business Unit Number of actions 
DRY Dry 134,050 
IML Inter Modal Liquid 169,653 

IMS/MMS Inter Modal Silo 41,094 
JLT Jumeirah Lake Towers 12,872 
LCG Liquid Chemical GMP+ 24,564 
LCI Liquid Chemical Intermodal 32,941 
LCR Liquid Chemical Road 50,027 
LFR Liquid Food Road 70,802 
LTD Liquid Truck Dry 20,876 
SHT Shuttle - 
SR Silo Road 16,648 

STA Silo Tank Austria 31,074 

 Total 604,601 



 
 

Table 9 Results data from 1 November 2016 until 30 May 2017. *note: norm time not yet saved in the database, therefore not taken into account. 

 Total Cleaning Drive Mount Dismount Move* Pickup Delivery Container 
Total number of actions 604,601 29,886 181,968 76,001 67,755 26,239 45,645 44,093  

Total number of shipments 47,198               

Average duration (hour: minutes: seconds) 3:15:53 1:07:44 1:24:25 0:21:28 0:22:41 41:38:31 1:56:09 2:08:25  

Standard deviation of duration (hour: minutes: seconds) 10:48:24 0:24:42 1:22:58 0:16:07 0:16:15 22:11:03 1:03:43 1:00:48   

Number of actions longer than scheduled 129,098 9,715 36,645 25,680 23,473 137 16,531 16,839  

Average extra time if longer than scheduled (in minutes) 41 31 55 21 21 1,146 55 52  

Number of actions the same as scheduled 149,901 14,147 50,443 32,501 28,886 8 13,275 10,693  

Number of actions shorter than scheduled 91,443 5,339 44,507 12,008 9,673 3 11,046 8,862  

Total number of actions allocated to a norm time 370,442 29,201 131,595 70,189 62,032 148 40,852 36,394   

Number of shipments that were picked up early when the action 
was executed longer than scheduled 

2,959 526 1,662 1,418 1,453 2 746 499  

Average time when picked up too early (in days) 1.01 0.46 1.19 1.51 1.07 0.38 0.34 0.72  

Number of shipments that were delivered late when the actions 
was executed longer than scheduled 

22,524 4,948 13,650 10,513 10,260 42 8,308 15,268  

Average time when delivered late (in days) 1.36 0.78 1.27 1.05 1.41 1.05 1.67 1.51   

Number of shipments with >1 container number                 42 
Number of shipments that were picked up early with >1 

container number 
        1 

Average time when picked up early with >1 container number (in 
days) 

        0.02 

Number of shipments that were delivered late with >1 container 
number 

        19 

Average time when delivered late with >1 container number (in 
days) 

                0.72 

Number of shipments with >1 cleaning   4,333        

Average extra time if >1 cleaning (minutes)  76        

Number of shipments that were picked up early with >1 cleaning  310        

Average time when picked up early with >1 cleaning (in days)  1.73        

Number of shipments that were delivered late with >1 cleaning  2,110        

Average time when late delivery with >1 cleaning (in days)  1.49        



 
 

SPSS Output 
The Mann Whitney test is executed to determine if the two groups are not significantly different (Field, 
2009). The first group has a shipment number smaller than 1,101,762 indicated with a coding variable 0. 
The second group has a shipment number greater than 1,101,761 indicated with a coding variable 1. To 
estimate a significance a Monte Carlo method is used by SPSS, which takes 10,000 samples and a 
confidence interval of 99%. Based on these samples, it determines the mean significance. The following 
hypothesis are generated:  

• Null hypothesis: the group means are equal. 
• Alternative hypothesis: the group means are different. 

The direction of the hypothesis is not determined; therefore, a two-tailed test is considered. If the test is 
significant, the null hypothesis is rejected and a significant difference between the groups can be 
concluded. First, the test is executed for all actions, where after it is executed separately for the actions 
“drive”, “cleaning”, “mount”, “dismount”, “pickup” and “delivery”. The output of SPSS is presented below. 

All actions 
Table 10 Mann Whitney test for the average time for all actions split on shipment number 

Ranks 

 ShipmentGroupID N Mean Rank Sum of Ranks 

Actual Time .00 480422 302774.12 145459350222,00 

1.00 124179 300470.58 37312136679,00 

Total 604601   

Test Statistics a 

 Actual Time 

Mann-Whitney U 29601862569.000 
Wilcoxon W 37312136679.000 
Z -4.146 
Asymp. Sig. (2-tailed) .000 
Monte Carlo Sig. (2-tailed) Sig. .000b 

99% Confidence Interval Lower Bound .000 
Upper Bound .001 

Monte Carlo Sig. (1-tailed) Sig. .000b 

99% Confidence Interval Lower Bound .000 

Upper Bound .000 

a. Grouping Variable: ShipmentGroupID b. Based on 10000 sampled tables with starting seed 2000000.  
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Drive 
Table 11 Mann Whitney test for the average driving time split on shipment number 

Ranks 

 ShipmentGroupID N Mean Rank Sum of Ranks 

Actual Time 0 144682 90830.95 13141603075,50 

1 37286 91580.34 3414664420,50 

Total 181968   

Test Statistics a 

 Actual Time 

Mann-Whitney U 2675090172.500 
Wilcoxon W 13141603075.500 
Z -2.456 
Asymp. Sig. (2-tailed) .014 
Monte Carlo Sig. (2-tailed) Sig. .014b 

99% Confidence Interval Lower Bound .011 
Upper Bound .016 

Monte Carlo Sig. (1-tailed) Sig. .007b 

99% Confidence Interval Lower Bound .005 

Upper Bound .009 

a. Grouping Variable: ShipmentGroupID b. Based on 10000 sampled tables with starting seed 299883525. 

Cleaning 
Table 12 Mann Whitney test for the average cleaning time split on shipment number 

Ranks 

 ShipmentGroupID N Mean Rank Sum of Ranks 

Actual Time 0 23970 14974.05 358927911,00 

1 5916 14819.73 87673530,00 

Total 29886   

Test Statistics a 

 Actual Time 

Mann-Whitney U 70171044.000 
Wilcoxon W 87673530.000 
Z -1.250 
Asymp. Sig. (2-tailed) .211 
Monte Carlo Sig. (2-tailed) Sig. .213b 

99% Confidence Interval Lower Bound .202 
Upper Bound .223 

Monte Carlo Sig. (1-tailed) Sig. .106b 

99% Confidence Interval Lower Bound .098 

Upper Bound .114 

a. Grouping Variable: ShipmentGroupID b. Based on 10000 sampled tables with starting seed 926214481. 
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Mount 
Table 13 Mann Whitney test for the average mounting time split on shipment number 

Ranks 

 ShipmentGroupID N Mean Rank Sum of Ranks 

Actual Time 0 60932 38189.48 2326961114.50 

1 15069 37238.89 561152886.50 

Total 76001   

Test Statistics a 

 Actual Time 

Mann-Whitney U 447607971.500 
Wilcoxon W 561152886.500 
Z -4.784 
Asymp. Sig. (2-tailed) .000 
Monte Carlo Sig. (2-tailed) Sig. .000b 

99% Confidence Interval Lower Bound .000 
Upper Bound .000 

Monte Carlo Sig. (1-tailed) Sig. .000b 

99% Confidence Interval Lower Bound .000 

Upper Bound .000 

a. Grouping Variable: ShipmentGroupID b. Based on 10000 sampled tables with starting seed 1314643744. 

Dismount 
Table 14 Mann Whitney test for the average dismounting time split on shipment number 

Ranks 

 ShipmentGroupID N Mean Rank Sum of Ranks 

Actual Time 0 54232 34088.51 1848688046.00 

1 13523 33033.78 446715844.00 

Total 67755   

Test Statistics a 

 Actual Time 

Mann-Whitney U 355273318.000 
Wilcoxon W 446715844.000 
Z -5.637 
Asymp. Sig. (2-tailed) .000 
Monte Carlo Sig. (2-tailed) Sig. .000b 

99% Confidence Interval Lower Bound .000 
Upper Bound .000 

Monte Carlo Sig. (1-tailed) Sig. .000b 

99% Confidence Interval Lower Bound .000 

Upper Bound .000 

a. Grouping Variable: ShipmentGroupID b. Based on 10000 sampled tables with starting seed 624387341. 
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Move 
Table 15 Mann Whitney test for the average moving time split on shipment number 

Ranks 

 ShipmentGroupID N Mean Rank Sum of Ranks 

Actual Time 0 21301 13094.31 278921808.50 

1 4938 13230.84 65333871.50 

Total 26239   

Test Statistics a 

 Actual Time 

Mann-Whitney U 52044857.500 
Wilcoxon W 278921808.500 
Z -1.141 
Asymp. Sig. (2-tailed) .254 
Monte Carlo Sig. (2-tailed) Sig. .254b 

99% Confidence Interval Lower Bound .243 
Upper Bound .266 

Monte Carlo Sig. (1-tailed) Sig. .130b 

99% Confidence Interval Lower Bound .121 

Upper Bound .138 

a. Grouping Variable: ShipmentGroupID b. Based on 10000 sampled tables with starting seed 334431365. 

Pickup 
Table 16 Mann Whitney test for the average pickup time split on shipment number 

Ranks 

 ShipmentGroupID N Mean Rank Sum of Ranks 

Actual Time 0 36142 22882.02 827001934.00 

1 9503 22598.54 214753901.00 

Total 45645   

Test Statistics a 

 Actual Time 

Mann-Whitney U 169595645.000 
Wilcoxon W 214753901.000 
Z -1.866 
Asymp. Sig. (2-tailed) .062 
Monte Carlo Sig. (2-tailed) Sig. .062b 

99% Confidence Interval Lower Bound .056 
Upper Bound .068 

Monte Carlo Sig. (1-tailed) Sig. .033b 

99% Confidence Interval Lower Bound .028 

Upper Bound .037 

a. Grouping Variable: ShipmentGroupID b. Based on 10000 sampled tables with starting seed 1502173562. 
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Delivery 
Table 17 Mann Whitney test for the average delivery time split on shipment number 

Ranks 

 ShipmentGroupID N Mean Rank Sum of Ranks 

Actual Time 0 35864 22812.79 818157975.00 

1 9548 22307.25 212989603.00 

Total 45412   

Test Statistics a 

 Actual Time 

Mann-Whitney U 167402677.000 
Wilcoxon W 212989603.000 
Z -3.349 
Asymp. Sig. (2-tailed) .001 
Monte Carlo Sig. (2-tailed) Sig. .001b 

99% Confidence Interval Lower Bound .000 
Upper Bound .001 

Monte Carlo Sig. (1-tailed) Sig. .000b 

99% Confidence Interval Lower Bound .000 

Upper Bound .001 

a. Grouping Variable: ShipmentGroupID b. Based on 10000 sampled tables with starting seed 743671174. 
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 Observations 
Table 18 Format observations 
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Table 19 Results observations 

Cause 
Number of 

occurred causes 
Actions late for 

pickup or delivery 
Average extra 
time (minutes) 

Boat delay 2 2 105 
Train delay 12 12 732 
Drive delay 15 14 221 

Boat or train defect 0 - - 
Driver is ill 1 1 300 

Enters wrong order information 2 2 90 
Bad intern communication 7 5 181 
Documents not complete 10 7 403 
Allocates wrong container 0 - - 

Cleaning longer than scheduled 22 19 176 
Cleaning rejected 2 2 1440 
Truck damaged 3 1 920 

Chassis damaged 9 4 192 

Container damaged 10 8 101 
Unable to maintain temperature 3 2 859 

Container is unavailable 5 5 290 
Customer changes order 2 2 246 
Not possible to (un)load 47 38 239 

Error in system 5 1 128 
Crowded 81 81 371 

Longer (dis)mount than scheduled 16 16 115 
Others 19 0 349 
Total 273 229 - 
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 Relevance 
To normalize the results of the data and observations, a min-max normalization to interval [𝑐𝑐; 𝑛𝑛] is applied 
to the results. The following formula is used (Wilbik & Kaymak, 2013): 

𝑥𝑥𝑛𝑛𝑜𝑜𝑒𝑒𝑟𝑟 =
𝑥𝑥 −𝑁𝑁𝑑𝑑𝑑𝑑

𝑁𝑁𝑐𝑐𝑥𝑥 −𝑁𝑁𝑑𝑑𝑑𝑑
∙ (𝑛𝑛 − 𝑐𝑐) + 𝑐𝑐 

In this formula, 𝑥𝑥 is the value that is required to normalize, the 𝑥𝑥𝑛𝑛𝑜𝑜𝑒𝑒𝑟𝑟 is the normalized value, 𝑁𝑁𝑑𝑑𝑑𝑑 is the 
smallest number in the set of values, 𝑁𝑁𝑐𝑐𝑥𝑥 is the highest number in the set of values. Moreover, the used 
interval is [0;10], which means that if  𝑥𝑥𝑛𝑛𝑜𝑜𝑒𝑒𝑟𝑟 is 10 the deviation has a high frequency or impact compared 
to the other deviations and if 𝑥𝑥𝑛𝑛𝑜𝑜𝑒𝑒𝑟𝑟 is 0 the deviation has low frequency or impact compared to the other 
deviations. 

Table 20 Normalization of the results of the data analysis for the department “IML” 

Deviations 
Frequency 

compared to 
total deviations 

Impact 
Relevance Overdue 

delivery 
Required 

extra time 
Pickup time longer than scheduled 6.1 7.8 6.8 324.4 

Delivery time longer than scheduled 4.6 9.2 6.3 257.5 
Cleaning rejected 1.6 6.3 10.0 101.3 

Cleaning time longer than scheduled 2.5 6.1 1.4 20.9 
Dismounting time longer than scheduled 8.7 3.0 0.4 11.2 

Driving time longer than scheduled 10.0 0.0 3.9 0.0 
Mounting time longer than scheduled 8.6 1.3 0.0 0.0 

Change in container number 0.0 10.0 - - 

Table 21 Normalization of the results of the observations for the department “IML” 

Deviations Frequency 
Impact 

Relevance Overdue pickup 
or delivery 

Required 
extra time 

Unable to (un)load 10.0 7.6 1.8 136.9 
Documents not complete 2.1 6.3 3.8 50.1 

Unable to maintain temperature 0.6 5.9 9.3 34.9 
Container unavailable 1.1 10.0 2.4 25.6 

Bad intern communication 1.5 6.4 1.1 10.4 
Truck defect 0.6 1.6 10.0 10.4 

Customer changes order 0.4 10.0 1.9 7.9 
Chassis defect 1.9 3.0 1.2 7.1 

Unexpected ill driver 0.2 10.0 2.5 5.6 
Container damaged 2.1 7.5 0.1 2.1 

Error in system at customer 1.1 0.0 0.5 0.0 
Employee enters wrong order information 0.4 10.0 0.0 0.0 

Boat or train defect 0.0 - - - 
Wrong container allocated 0.0 - - - 
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 Use cases 
Table 22 The countries that occurred in the database for the department “IML” with corresponding country group 

Country group Countries 

Benelux, North of France, Ruhr Area 

- Belgium (BE) 
- Luxembourg (LU) 
- Netherlands (NL) 
- North of France (FR) 
- Ruhr area (DE) 

Czech Republic, Poland, Ukraine 
- Czech Republic (CZ) 
- Poland (PL) 
- Ukraine (UA) 

Germany - Germany (DE) 
Great-Britain - Great-Britain (GB) 

Ireland - Ireland (IE) 
Italy - Italy (IT) 

North-Europe 

- Denmark (DK) 
- Norway (NO) 
- Russia (RU) 
- Sweden (SE) 

South-East Europe 

- Austria (AT) 
- Bulgaria (BG) 
- Croatia (HR) 
- Greece (GR) 
- Hungary (HU) 
- Romania (RO) 
- Serbia (RS) 
- Slovakia (SK) 
- Slovenia (SI) 

Spain, Portugal 
- Spain (ES) 
- Portugal (PT) 
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Table 23 The five most relevant pickup-delivery groups for the department “IML” when a delivery is late  

Unique pickup group -- delivery group Frequency 
Average extra time 

(minutes) 
Relevance 

Benelux + North-France--Ireland 1,319 11,374 15,002,290 
Great-Britain--Ireland 124 9,944 1,233,101 

Germany--Spain + Portugal 98 12,330 1,208,300 
Germany--North-Europe 80 9,608 768,605 

Spain + Portugal--Great-Britain 80 7,735 618,775 
 

Table 24 The five most relevant pickup-delivery groups for the department “IML” when a delivery or pickup is longer than 
scheduled  

Unique pickup group—delivery group 
Frequency 

Average extra 
time (minutes) 

Relevance 

Longer 
pickup 

Longer 
delivery 

Longer 
pickup 

Longer 
delivery 

Longer 
pickup 

Longer 
delivery 

Benelux + North-France + Germany -- 
Benelux + North-France + Germany 

733 1092 23.2 76.5 17013.5 83487.4 

Benelux + North-France + Germany – 
Ireland 

216 854 31.5 113.0 6805.5 96541.9 

South-East Europe -- Benelux + North 
France + Germany 

263 338 77.6 102.0 20395.8 34486.5 

Benelux + North-France + Germany -- 
Great-Britain 

214 414 84.4 186.4 18051.9 77187.5 

Benelux + North France + Germany -- 
South-East Europe 

427 550 64.5 90.1 27531.7 49559.6 
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 Patterns 
Delivery 
All locations 

 
Figure 33 Average delivery time per month for all locations 

 
Figure 34 Average delivery time per starting hour for all 
locations 

Location-product type combinations 
The required sample size for a population size of 9,894, margin of error of 4%, and a confidence level of 
95% is 566. Therefore, the locations that occurred more than 566 were taken into account.  

  

Figure 35 Average delivery time per starting hour for the location-product type combinations 
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Product types 

Vegetable oils warm 

  

  
Figure 36 Average delivery time per starting hour for the product ”Vegetable oils warm” 

Vegetable oils cold 
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Figure 37 Average delivery time per starting hour for the product ”Vegetable oils cold” 

Locations 

Macroom – Nutraco SA 

  

Figure 38 Average delivery time per starting hour for the location “Macroom – Nutraco SA” 

Pratau – UBFD Pratau 

  
Figure 39 Average delivery time per starting hour for the location ”Pratau – UBFD Pratau” 
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Pickup 
All locations 

 
Figure 40 Average pickup time per month for all locations 

 
Figure 41 Average pickup time per weekday for all locations 

 

Figure 42 Average pickup time per starting hour for all locations 
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Location-product type combinations 
The required sample size for a population size of 10,095, margin of error of 4%, and a confidence level of 
95% is 467. Therefore, all locations that occurred more than 467 were considered. 

  

   

 

 

Figure 43 Average pickup time per starting hour for location-product type combinations 
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Product types 

Vegetable oils warm 

  

  
Figure 44 Average pickup time per starting hour for the product “Vegetable oils warm” 
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Vegetable oils cold 

  

  
Figure 45 Average pickup time per starting hour for the product “Vegetable oils cold” 
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Locations 

Izegem – Cargill NV 

  

 

 

Figure 46 Average pickup time per starting hour for the location “Izegem – Cargill NV” 
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  Scenarios 
Table 25 The output for each predictor combination for the pickup and delivery duration 

Predictors 
Pickup Delivery 

R2 
Adjusted 

R2 
R2 Adjusted 

R2 
0 Only intercept 0.000 0.000 0.000 0.000 

1.1 Location 0.248 0.242 0.497 0.489 
1.2 Product 0.090 0.089 0.137 0.136 
1.3 Starting hour 0.041 0.039 0.040 0.039 
1.4 Weight N.S. N.S. N.S. N.S. 
1.5 Month 0.001 0.000 0.001 0.001 
1.6 Weekday 0.000 0.000 N.S. N.S. 
2.1 Location & Product 0.260 0.255 0.498 0.490 
2.2 Location & Starting hour 0.272 0.265 0.502 0.494 
2.3 Location & Month 0.249 0.243 0.497 0.489 
2.4 Location & Weekday 0.249 0.242 N.S. N.S. 
2.5 Product & Starting hour 0.112 0.119 0.161 0.159 
2.6 Product & Month 0.091 0.089 0.137 0.136 
2.7 Product & Weekday 0.092 0.090 N.S. N.S. 
2.8 Starting hour & Month 0.042 0.040 0.041 0.040 
2.9 Starting hour & Weekday 0.041 0.039 N.S. N.S. 

2.10 Month & Weekday 0.001 0.001 N.S. N.S. 
3.1 Location & Product & Starting hour 0.286 0.279 0.504 0.495 
3.2 Location & Product & Month 0.261 0.255 0.498 0.490 
3.3 Location & Product & Weekday 0.261 0.255 N.S. N.S. 
3.4 Location & Starting hour & Month 0.273 0.266 0.503 0.494 
3.5 Location & Starting hour & Weekday 0.273 0.266 N.S. N.S. 
3.6 Location & Month & Weekday 0.249 0.243 N.S. N.S. 
3.7 Product & Starting hour & Month 0.123 0.120 0.162 0.159 
3.8 Product & Starting hour & Weekday 0.123 0.120 N.S. N.S. 
3.9 Starting hour & Month & Weekday 0.042 0.040 N.S. N.S. 

3.10 Product & Month & Weekday 0.092 0.090 N.S. N.S. 
4.1 Location & Product & Starting hour & Month 0.287 0.279 0.504 0.495 
4.2 Location & Product & Starting hour & Weekday 0.286 0.279 N.S. N.S. 
4.3 Location & Starting hour & Month & Weekday 0.274 0.267 N.S. N.S. 
4.4 Product & Starting hour & Month & Weekday 0.124 0.121 N.S. N.S. 
4.5 Location & Product & Month & Weekday 0.261 0.255 N.S. N.S. 

5.1 
Location & Product & Starting hour & Month & 

Weekday 
0.287 0.280 N.S. N.S. 
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Table 26 The coefficients of the predictor combination Location & Product & Starting hour for the delivery duration 

n Location x Product & Starting hour (Xn) bn (days) n Location x Product & Starting hour (Xn) bn (days) 
1 Almendralejo - Distilerias Espronseda 0,0459796 83 Nottingham - Reckitt Benckiser Healthcare 0,0678445 
2 Amsterdam - Ct Vrede - Steinweg B.V. -0,0156992 84 Olesa De Montser. - Lasenor Emul S.L. 0,0773059 
3 Antwerpen - Adm Antwerp Nv -0,016145 85 Oosterhout - Döhler Holland B.V. 0,0374073 
4 Antwerpen - Aveno 0,0655726 86 Ospel - De Wit Agri Ospel Bv -0,0214831 
5 Antwerpen - Edc 0,1364696 87 Ossett - Kerry Foods / Matthews Foods 0,0163243 
6 Arklow - Gaines Europe Ltd. -0,0296777 88 Ostrava - Molson Coors 0,1069696 
7 Askeaton - Wyeth Nutritionals Ireland Ltd -0,0249434 89 Ouderkerk A/D Ijs - Dekker Transport 0,0515493 
8 Baicoi - Phoenixy S.R.L 0,012445 90 Overmere - Baeten & Co N.V. -0,0841009 
9 Belgrado - Frikom - Belgrade 0,0366067 91 Paderborn - Stute Nahrungsmittelwerke Gmbh & Co Kg 0,0479775 

10 Belvedere – Kent - Princes Foods 0,0719418 92 Perpignan - Chocolaterie Cantalou 0,0382784 
11 Belview - Glanbia Ingredients Ireland Ltd -0,0047015 93 Plzen - Bozkov - Stock Plzen A.S. -0,0646987 
12 Bemmel - Kroef E 0,0580087 94 Pontefract - Univar 0,0736513 
13 Berlin - Spandau - Wild Flavours Berlin & Co 0,0349845 95 Pratau - UBFD Pratau -0,0150028 
14 Bielsko - Bielmar 0,0436198 96 Przysucha - Zpow Hortex 0,0671285 
15 Blackburn - Flavours & Essences (Uk) Ltd 0,1095714 97 Purfleet - Cobelfret Ferries -0,0120663 
16 Borgo San Giacomo - Olfood Srl -0,0249285 98 Quintanar - Ibercacao Sa 0,0657676 
17 Botlek - Cargill Bv -0,0840281 99 Reus - Cargill Slu - Gosce 0,0375135 
18 Bridgwater - Gerber Juice Company Ltd 0,0654739 100 Reus - Cgl Slu - Gosce 0,0518142 
19 Bucharest - Orkla Foods Romania 0,0139392 101 Riachos - Fabrica Torrejana, S.A -0,0271404 
20 Budapest - Rauch Hungaria Kft. 0,0592174 102 Riesa - Cargill Gmbh 0,0559006 
21 Burton - On - Trent - Coors C Brewers 0,0213886 103 Rinteln - Wesergold Getranke 0,070671 
22 Caivano - Unilever Ice Cream - Caivano 0,0443059 104 Rotterdam - Continental Juice 0,0795563 
23 Calvari - Stabilimenti Torre Srl 0,0315634 105 Rotterdam - Hiwa 0,1218978 
24 Carcaixent - Espi 0,1546409 106 Rotterdam - Rst - Zuidzijde -0,0539589 
25 Carcaixent - Suntory - Schweppes 0,1371061 107 Rotterdam - Samskip -0,0300688 

26 Carregado - Frito - Lay Carregado 0,1093425 108 
Rotterdam - Uniport Multipurpose Terminals Bv (Haven 

2530) 
-0,025715 

27 Carregado - Frito Lay Trading Company 0,0844782 109 Rotterdam - Van Den Bergh En Jurgens -0,0175541 
28 Chirk, Wrexham - Mondelez - Chirk 0,0311505 110 Saint Laurent B. - Sio 0,0549495 
29 Clinceni - Chipita Romania S.R.L. 0,0924184 111 Santa Iria - Fima Produtos Alimentares Sa 0,0117677 
30 Debrecen - Popz Europe Kft. 0,0445136 112 Santa Perpetua De - Lipidos Santiga 0,0801115 
31 Deurne - Driessen United Blenders -0,0504691 113 Sas Van Gent - Cargill Cerestar Benelux Bv 0,0097643 
32 Dodewaard - Riho B.V. -0,0204547 114 Sibiu - Expertarom Sc 0,0440506 
33 Duisburg - Köppen Gmbh -0,049083 115 Skawina - Bahlsen Sp. Z.O.O. 0,088495 
34 Dunaharaszti - Göteburgs Food 0,0815354 116 Sofia - Chipita Bulgaria Sa 0,119745 
35 Ede - Nizo Food Research -0,0544699 117 Someren - Vleminx Varkens -0,0289899 
36 Elton Chester - Encirc Beverages Lmt 0,1226959 118 St Petersburg - [Inactive] Perfetti - St Petersburg - Use 39981 -0,0167901 
37 Erith Kent - Princes Foods 0,0542846 119 St. Petersburg - Neva Metall -0,0200519 
38 Europoort - Rotterd - Van Den Bosch Europoort -0,0473835 120 St. Petersburg - Wrigley Llc -0,0337732 
39 Finale Emilia - Casoni Fabbricazione 0,0707179 121 Steenderen - Aviko Steenderen 0,0353286 
40 Frederikssund - Co - Ro Food A/S -0,019724 122 Svoge - Mondelez Svoge 0,0537559 
41 Gallarate - Irca Srl 0,0601174 123 Tenbury Wells - Kerry Ingredients Emea 0,0445136 
42 Goole - Britania Food Ingredients 0,0220157 124 Tilburg - Distillery Cooymans B.V. 0,0201281 
43 Goole - Kerkfoot Group Ltd 0,0344492 125 Tordera - Sil Plant Tordera 0,1440506 
44 Goole - The Kerfoot Group Ltd 0,058146 126 Tunari, Jud Ilfov - Puratos Prod Srl 0,0138243 
45 Granollers - Brenntag Quimica S.A. 0,1648839 127 Veghel - Mars Veghel Bv -0,0344382 
46 Hamburg - Adm Hamburg Werk Noblee&Thoerl -0,0216618 128 Verbania - Barry Callebaut Manufacturing 0,1101636 
47 Heerhugowaard - De Burg B.V. -0,0328881 129 Veszprém - Unilever Magyarorszag Kft 0,1642126 
48 Heijningen - Houweling Filling Industries Bv -0,0148794 130 Veurne - Frito Lay Trading Company Europe 0,0039835 
49 Helsingborg - Unilever 0,0143539 131 Villarejo Salvane - Cuetara S.L.U. - Villarejo Salvanes 0,0447509 
50 Hilter - Walter Rau Lebensmittelwerke Gmbh 0,0219084 132 Vlaardingen - Vopak Terminal Vlaardingen 0,0500291 
51 Horsforth - Stephenson Group Ltd 0,0301432 133 Voerde - Sappi Logistics Wesel Gmbh -0,0383164 
52 Induno Olona - Lindt & Sprungli 0,0495147 134 Wevelgem - Alpro Nv 0,029684 
53 Katowice - Unilever Poland -0,0081465 135 Whiston - Olympic Oils Limited 0,0239591 
54 Keighley - Airedale Chemical Company Ltd 0,0815506 136 Wien - Senna Nahrungsmittel Gmbh & Co 0,0052252 
55 Kingswinford - Kilo Limited 0,0709788 137 Wormer - [Inactive] Groots Extractie Fabriek - Use 25191 0,0153171 
56 Krefeld - Cargill Deutschland Gmbh 0,0255222 138 Zaandam - Verkade - United Biscuits Netherlands -0,013625 
57 Krefeld - Lanxess Deutschland 0,0509987 139 Zabno - Dalian Talent Poland Sp. Zo.O. 0,1327157 
58 Krefeld - Lanxess Deutschland Gmbh 0,0376963 140 Zdunska Wola - Fortuna Sp.Zo.O 0,0804625 
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59 Krefeld Stelten - Stelten Bataver Kr B/P 0,0477107 141 Zevenaar - Toorank Productions Bv 0,0259907 
60 Kruiningen - Scelta Products 0,0401591 142 Zgierz - Brenntag Polska Sp.Z.O.O. 0,058154 
61 Kundl - Sandoz Gmbh 0,1292936 143 Zijtaart - Sleweva Bv -0,0190506 
62 La Penilla De Cay - Nestle Spain Sa 0,063417 144 Zingonia - Henkel It 0,1202469 
63 Landgraaf - [Inactive]Vriesveem De Berg B.V. - Use 28131 0,0166898 145 Zwolle - Abbott Laboratories B.V. 0,1142014 

64 Lebbeke Wieze - Barry Callebaut Belgium N.V. 0,0237677 146 Yeast 0,037473577 
65 Leicester - Walkers Snack Foods 0,0152335 147 Glucose 0,020331419 
66 Listowel - Kerry Ingredients (Ireland) -0,0351161 148 Animal Oil 0,064345726 
67 Liverpool - Cargill Chocolate Uk Ltd 0,1648839 149 Grape Juice (Concentrates) 0,044370803 
68 Liverpool - Ktc Edibles Ltd -0,0171402 150 Starch -0,002847032 
69 Lomazzo - Henkel Italia Societa 0,0196656 151 Vegetable Oils Cold -0,003144277 
70 Lomm - Aviko 0,0587748 152 Butter Oil 0,023849126 
71 Macroom - Nutraco Sa -0,0088804 153 Milk 0,01083265 
72 Manchester - Cargill Uk Ltd 0,0129361 154 Cacao Butter 0,01701323 
73 Manchester - Interbulk Group -0,0121218 155 Lecithin 0,045911318 

74 Martfu - Fca Martfu -0,0941657 156 14 -0,005877993 
75 Mechelen - Pringles International Operations 0,026869 157 15 -0,004915459 
76 Moerdijk - Brenntag Nederland 0,0883793 158 16 -0,006794371 
77 Moerdijk - Combined Cargo Terminals B.V. (Cct) -0,0279632 159 17 -0,009762803 
78 Moers Kapellen – Niederrhein - Gold Tersteegen Gmbh & Co 0,0463557 160 18 -0,007647609 
79 Mogielnica - Refresco Sp.Z.O.O. 0,1125072 161 19 -0,011804597 
80 Myszków - Sokpol Sp. Z.O.O. 0,1065869 162 20 -0,005804469 
81 Nadudvar - Nagisz Zrt. 0,0588114 163 22 -0,003861754 
82 Newtownards - Pritchitt Foods Ltd -0,0077959    

Table 27 The output for each scenario for the delivery duration 

Scenarios 
Deliveries longer than 

scheduled (%) 
Extra time 
(minutes) 

Remaining time 
(minutes) 

Norm scenario 45% 51.9 68.4 
Scenario 3.1 

(Location & Product & Starting hour) 
29% 38.6 63.4 

Scenario 3.1 + 10 minutes 21% 42.3 66.6 
Scenario 3.1 + 20 minutes 16% 42.0 72.3 
Scenario 3.1 + 30 minutes 12% 45.2 79.4 
Scenario 3.1 + 40 minutes 9% 46.9 85.9 
Scenario 3.1 + 50 minutes 7% 48.4 94.4 
Scenario 3.1 + 60 minutes 6% 48.9 102.4 
Scenario 3.1 + 70 minutes 3% 56.1 125 
Scenario 3.1 + 80 minutes 4% 53.9 120 
Scenario 3.1 + 90 minutes 3% 55.5 129.2 

Scenario 3.1 + 100 minutes 2% 56.4 199.1 
Scenario 3.1 + 110 minutes 1% 57.9 209.2 
Scenario 3.1 + 120 minutes 1% 56.7 218.4 
Scenario 3.1 + 130 minutes 1% 60.1 227.9 
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Table 28 The coefficients of the predictor combination Location & Product & Month & Weekday & Starting hour for the pickup 
duration 

n 
Location & Product & Starting hour & 

 Month & Weekday (Xn) 
bn n 

Location & Product & Starting hour &  
Month & Weekday (Xn) 

bn 

1 Santa Perpetua - Lipidos 0,052911 52 Ritthem - Kloosterboer Vlissingen Vof -0,03201 
2 Maasvlakte - Ioi Loders Croklaan Oils B.V. -0,04341 53 Manchester - Cargill Uk Ltd 0,017188 
3 Salzgitter - Cargill Gmbh -0,02498 54 Antequera - Mercaoleo, S.L. 0,031852 
4 Martfu - Fca Martfu 0,020624 55 Vichte - Brouwerij Verhaeghe Vichte Nv 0,057665 
5 Listowel - Kerry Ingredients (Ireland) 0,073645 56 Düsseldorf - Klk Oleochemicals Gmbh 0,103352 
6 Europoort - Adm Europoort -0,02173 57 Podegrodzie - Zakład Produkcji Zagęszczonych Soków -0,03521 
7 Brake - Wilmar Edible Oils Bv -0,03189 58 Santurce - Depositos Portuarios S.A 0,061742 
8 Gent - Louis Dreyfus Citrus -0,03045 59 Maasvlakte - Loders Croklaan Oils Bv -0,0349 
9 Lestrem - Roquette Freres Sa 0,036012 60 Coudekerque - Lesieur 0,049957 

10 Hull - Aarhuskarlshamn Uk Ltd 0,015055 61 Fredrikstad - Denofa 0,029108 
11 Neuss Wr - Walter Rau -0,03996 62 Gravelines - Nord Cacao 0,06297 
12 Emmerich Am Rhein - Klk Oleo Europe Gmbh / Em 100 0,041717 63 Maisons Alfort - Bio Springer (Parc) 0,060726 
13 Castelmassa - Cargill Srl 0,015469 64 Hull - Um Storage Hull East -0,03066 
14 Dos Hermanas - Miguel Gallego S.A 0,038558 65 Myszków - Sokpol Sp. Z.O.O. -0,06129 
15 Chirk, Wrexham - Mondelez - Chirk 0,024851 66 Hamburg - Ernst Logistics -0,08569 
16 Zierbena - Bunge Iberica 0,086709 67 Hull - Tankclean H&P Hull -0,03972 
17 Rotterdam - Continental Juice 0,048048 68 Deinze - Veda Trading -0,02913 
18 Mogielnica - Döhler Sp. Z.O.O. 0,068719 69 Villarrobledo - Bodegas Lozano -0,02899 
19 Oosterhout - Dohler Holland Bv 0,053384 70 Katowice - Unilever Poland -0,0185 
20 Wormer - Cargill Cocoa And Chocolate Wormer -0,03312 71 Lichtervelde - Linagro -0,01595 
21 Komarom - Vandamme Hungaria / Veda Trading 0,018912 72 Amsterdam - Cargill B.V. -0,01816 
22 Krefeld - Cargill Deutschland Gmbh 0,005886 73 Bergen Op Zoom - Cargill -0,01638 

23 Gent - Fuji Europe 0,018172 74 Yeast -0,02428 
24 Socuellamos - Vinos Y Bodegas 0,062741 75 Animal Oil -0,0378 
25 Botlek - Maastank Storage 0,06929 76 Lecithin -0,0256 
26 Hamburg - Cargill Hamburg -0,02892 77 Milk 0,012664 
27 Rotterdam - Hiwa Rotterdam Port Coldstore 0,026146 78 Linseed 0,034465 
28 Botlek - Cargill Bv -0,01798 79 Beer 0,016407 
29 Rotterdam - Van Den Bergh En Jurgens -0,04234 80 Vegetable Oils Cold -0,00967 
30 Torres Novas - Fabrioleo -0,03221 81 Glucose -0,01178 
31 Vondelingenplaat - Wilmar Edible Oils B.V. -0,02358 82 Soda, Fruit And Vegetable Juice (Concentrates) 0,020254 
32 Riolo Terme - Cantine Turrini Valdo & F. 0,068428 83 Starch -0,04104 
33 Quintanar - Cooperativa Ntra Sra De La Piedad -0,0521 84 Glycerin -0,00861 

34 Troglitz - Interstarch Gmbh -0,01934 85 April -0,00235 

35 Zonhoven - Konings 0,034694 86 November 0,001989 
36 Roggel - Döhler Roggel Bv 0,034626 87 Saturday -0,00853 

37 Milejow - Kampol Company -0,04024 88 0 -0,01859 
38 Antwerpen - Maastank -0,06091 89 1 -0,02385 
39 Bergen Op Zoom - Cargill Bv Wet Milling Dep. -0,00943 90 2 -0,02283 
40 Zwijndrecht - Sime Darby Unimills B.V. -0,01418 91 3 0,009092 
41 Neuss - Thywissen Gmbh -0,00967 92 6 -0,00302 
42 Olomouc - Adm -0,00596 93 14 -0,0056 
43 Sas Van Gent - Cargill Cerestar Benelux Bv -0,0158 94 15 -0,00973 
44 Rijkevoort - Creamy Creation 0,021707 95 18 -0,01504 
45 Dwikozy - Zpow Dwikozy S.A. -0,04168 96 16 -0,00834 
46 Szczekociny - Spoldzielcza Agrofirma Szczekociny -0,02723 97 17 -0,01312 
47 Cork - Tivoli Dock -0,06893 98 19 -0,02179 
48 Magdeburg - Prokon 0,050606 99 20 -0,02345 
49 Goole - Olam Food Ingredients Ltd -0,01896 100 21 -0,02442 
50 Pratau - Ubfd Pratau -0,04156 101 22 -0,0241 
51 Reus - Cgl Slu - Gosce 0,032468 102 23 -0,01901 
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Table 29 The output for each scenario for the pickup duration 

Scenarios 
Pickups 

longer than 
scheduled (%) 

Extra time 
(minutes) 

Remaining 
time 

(minutes) 
Norm scenario 61% 58.2 40.2 

Scenario 5.1 
(Location & Product & Month & Weekday & Starting hour) 

38% 54.8 52.5 

Scenario 5.1 + 10 minutes 32% 55.0 57.2 
Scenario 5.1 + 20 minutes 27% 54.1 62.9 
Scenario 5.1 + 30 minutes 23% 53.2 68.9 
Scenario 5.1 + 40 minutes 19% 53.3 74.9 
Scenario 5.1 + 50 minutes 16% 53.5 82.2 
Scenario 5.1 + 60 minutes 13% 53.5 89.6 
Scenario 5.1 + 70 minutes 11% 52.8 96.9 
Scenario 5.1 + 80 minutes 10% 51.9 101.6 
Scenario 5.1 + 90 minutes 9% 54.0 108.8 

Scenario 5.1 + 100 minutes 7% 55.6 117.0 
Scenario 5.1 + 110 minutes 6% 56.3 125.7 
Scenario 5.1 + 120 minutes 5% 55.6 134.4 
Scenario 5.1 + 130 minutes 4% 56.8 142.6 
Scenario 5.1 + 140 minutes 3% 55.9 151.8 
Scenario 5.1 + 150 minutes 3% 59.6 161.1 
Scenario 5.1 + 160 minutes 2% 59.1 169.8 
Scenario 5.1 + 170 minutes 2% 59.2 180.1 
Scenario 5.1 + 180 minutes 2% 65.8 188.9 
Scenario 5.1 + 190 minutes 1.3% 62.7 198.1 
Scenario 5.1 + 200 minutes 1.1% 69.1 207.7 
Scenario 5.1 + 210 minutes 0.8% 61.6 217.4 
Scenario 5.1 + 220 minutes 0.7% 70.3 226.8 
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Table 30 Driver, equipment, planning, and cancellation costs 

Costs 
€ per 
year 

€ per month #days 
€ per 
day 

#hours 
per day 

€ per 
hour 

€ per 
minute 

#orders 
per 

month 

Subcon-
tractor/ 

total 
trucks 

€ per 
boat/train 

€ per 
order 

1 Driver      €22.55 €0.38     

1 Truck €19,716  250 €78.86 11 €7.17 €0.12     

1 Chassis €4,535  250 €18.14 11 €1.65 €0.03     

1 Container €5,167  250 €20.67 11 €1.88 €0.03     

Total planning  €125,023.54      1,699   €73.58 
Subcontractor     5.5 €21.22   68%  €116.72 
Cancellation          €40.28 €40.28 

 

Table 31 Results sensitivity analysis 

% 
Cancellation 

% 
Planning 

Pickup Delivery 
Optimal buffer 
time (minutes) 

Average costs per 
pickup (€) 

Optimal buffer 
time (minutes) 

Average costs  
per delivery (€) 

0% 0% 0 €60 0 €57 
0% 50% 0 €74 0 €67 
0% 100% 30 €85 10 €76 

50% 0% 30 €86 20 €77 
50% 50% 40 €93 20 €83 
50% 100% 60 €99 30 €87 

100% 0% 60 €100 30 €88 
100% 50% 60 €104 40 €92 
100% 100% 80 €108 40 €95 
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