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ABSTRACT 

In this master thesis the logistics system of Lunet zorg, including the transportation function and 

the inventory management at the a central warehouse and the different locations is investigated. 

The objective of the thesis project is to analyse the current logistics system and find ways to 

improve it. A mathematical model is developed consisting of three modules, in order to model 

the different functions of the logistics system. In a scenario analysis, with six scenarios 

illustrating the most relevant situations, the three modules are combined in order to analyse a set 

of interesting scenarios and draw conclusions about the whole system. The analysis provides 

insight in the current situation and which cost factors are most important. Compared to the 

current situation, the organisation can reduce its cost significantly while improving the service 

provided by the logistics department to the care teams, by transferring logistics related tasks from 

the care personnel to the logistics department.  
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MANAGEMENT SUMMARY 

The healthcare system in the Netherlands is one of the best in the world, but also belongs to the 

most expensive ones. The costs are expected to increase the next years and the government has 

implemented a number of budget cuts to reduce costs. For many healthcare organisations this 

means that they need to optimise their processes in order to realise the imposed cost reductions. 

Lunet zorg, a care organisation in and around Eindhoven has recently changed its logistics 

system drastically, in attempt to reduce costs and improve the service to the care function. The 

improvement of their logistics system is the subject of this thesis research.  

Lunet zorg is a care organisation that supports approximately 2900 people with a mental 

disability by offering various kinds of care. Most clients live at one of the roughly hundred 

locations in the region of Eindhoven. The organisation has its own logistics system with a central 

warehouse and four trucks to deliver the goods to the locations. Recently the organisation has 

implemented significant changes, this also involved their logistics system. A new online 

purchasing system was introduced and a central warehouse was arranged where the external 

suppliers deliver the goods. From there the goods are combined and delivered at the different 

locations. These changes have been implemented in a fairly short period and no extensive analysis 

was conducted from a logistical point of view, arriving at the pretence of this this thesis research. 

The request from Lunet zorg was to analyse the logistics system and advice on how to improve it. 

The following research question was composed that will be answered in this thesis project: 

 
How should the logistics system of Lunet zorg be designed with the goal of minimising cost 

while meeting the desired service level? 
 

The current situation is taken as given and higher level design options are not part of the scope, 

such as more warehouses or the warehouse at a different location. The focus of the research is on 

the transportation function and the inventory management of the logistics system. Outsourcing 

decisions are not taken into account, because the purchasing department already has good focus 

on this. Regarding the different logistical flows, only the flows that are transported with the 

current delivery system are taken into account. In terms of processes only the processes that are 

directly related to the logistical tasks of the transportation- and inventory management are 

included in the model. Similarly for the costs, only direct related costs are taken into account, the 

fixed costs are out of scope, because the focus is on improving the current system and the fixed 

costs cannot be changed in the short term.  

 

In order to answer the research question, a mathematical model was designed representing the 

logistics system of Lunet zorg in order to analyse the current situation and find ways to improve 

the performance of the system. The model is divided into three modules: the Warehouse 

Inventory Module, the Delivery Module, and the Locations Inventory Module. The Warehouse 

Inventory Module models the inventory management at the central warehouse and the related 

order picking process. The model is based on a known inventory management model, the (R,s,S) 

system. Based on the aggregate considerations regarding the fixed and variable costs, the optimal 

value for the order quantity per product was determined, which is used to estimate the required 

safety stock levels in to satisfy the desired service level. Then the annual costs for the safety stock, 

the average cycle stock and the estimated fixed replenishment costs are determined.  

The Delivery Module consists of a vehicle routing tool implemented in MS Excel with VBA, based 

on the savings algorithm of Clarke and Wright (1964). As input the tool needs the distances 

between all locations, the estimated average demands per location per goods flow, the costs per 
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kilometre and per hour, the average loading time, average speed and average delivery duration, 

the maximum duration per route, the maximum capacity per truck, and the distances of the 

routes for the park locations. Using the distances between the locations, the average demand, and 

the restrictions, the tool constructs the routes and provides an overview of the total cost of the 

Delivery Module.  

For the inventories at the locations the Locations Inventory Module was added to the model. The 

inventory management policy at the locations is different than in the central warehouse and 

therefore another inventory management policy was used: the (R,S) system. In the same way as 

for the Warehouse Inventory Module, the order quantities per product per team are determined 

based on aggregate considerations and used to determine the safety stock levels. The total costs 

for all teams are presented. The personnel costs of the care teams are not included in the 

inventory locations calculations because they are not directly related to the values determined in 

the inventory calculations. These are estimated separately and added to the scenario analysis. 

In the scenario analysis the three modules are combined in order to analyse a set of interesting 

and relevant scenarios and draw conclusions about the whole system. In total there are six 

scenarios defined to analyse the effects of using optimal order quantities provided by the model, 

different delivery frequencies and providing extra service to the teams. The first scenario models 

the current situation, based on data analysis estimations were derived for the input parameters. 

The second scenario shows the improvement possible when using the order quantities and 

routes provided by the model. Scenarios 3 and 4 are formulated to analyse the situation in which 

all locations are delivered two or three times per week. The last two scenarios were devised to 

answer the extra questions posed by Lunet zorg regarding the extra service. In Scenario 5 the 

goods are not only delivered, but also placed into the storage cabinets at the locations. In the last 

scenario even more work is relieved from the teams, besides placing the goods in the storage 

cabinets, the logistics department also places the orders for the most frequent bought products. 

 

From the analysis of the routes in the Delivery Module the expectation was confirmed that the 

costs rise when increasing the number of deliveries per week. The costs for the transportation 

function are the highest in the last two scenarios, where most service is provided to the care 

teams. The analysis of the Locations Inventory Module showed that significant cost reductions 

are possible by using the optimal values for the order quantities and lowering the safety stock 

levels. Increasing the number of deliveries per week, lowers the optimal value for the safety stock 

and if it would be possible to decrease the variability in demand, the safety stock could be 

decreased even more. The personnel costs for the care employees for the logistics related tasks 

depend on the number of deliveries per week and the service provided by the logistics 

department. The last scenario shows the largest cost reduction for the Locations Inventory 

Module, because there most logistical tasks are taken over by the logistics department. The 

analysis of the Warehouse Inventory Module revealed that the current safety stock levels are not 

high enough to ensure the desired service level of 98%, the service level estimated from the data 

was 97,2%. The value of the safety stock needs to increase with 20% according to the calculations 

in the model. With regard to the inventory management at the warehouse, so without 

considering the personnel costs of the order pickers, the largest cost reduction could be achieved 

if it is possible to reduce the variability in the demand, this could reduce the value of the 

estimated safety stock with 57%. It is expected that this will also have positive effects on the space 

usage in the current central warehouse. Similarly as in the other modules, the total effect of the 

costs of the Warehouse Inventory Module are determined by the personnel costs. Scenario 3 is 

most expensive and Scenario 4 results in the highest cost because of the differences in personnel 

cost, due to the differences in total number of orders that need to be processed.  
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From considering the three modules together it is clear that the Locations Inventory Module is 

the deciding factor in the total costs, as it accounts for approximately 65% of the total costs 

considered in this scenario analysis. This is caused by the large portion of employee costs relative 

to the other cost factors. Looking only at the costs belonging to the logistics department, then 

Scenario 4, has the lowest costs compared to the other scenarios. However, when answering the 

research question for the organisation as a whole, the biggest reduction in cost is visible in 

Scenario 6. Employees from the logistics department can perform the activities faster and they 

are less expensive per hour. For the organisation as a whole this means that the costs can be 

reduced with 31% compared to the current situation, but this would require a reduction in the 

number of FTE’s for the care teams and an increase in FTE’s for the logistics department.  

 

Using the scenario analysis for advising the organisation as a whole, the recommendation would 

be to focus on reducing the costs related to the logistical activities by transferring the tasks as 

much as possible from the care teams to the logistics department. In other words: implementing 

Scenario 6. Relating this advice to the main objective of the facilitating function, including the 

logistics department, which is to unburden the care function of the organisation, the last scenario 

also seems like a win-win situation. However, when considering the other important objective 

with regard to the logistics department, which is reducing the costs for the logistical function as 

much as possible, this last scenario is the worst. Implementing Scenario 6 would mean that 

budget from the care function is transferred to the logistics function.  

 

In this research the focus was on analysing and improving the current situation, which is a good 

first step in taking the logistics system to a higher level. The advice is to use the results and the 

tools provided in this research project in the decision making process in the next step. In relation 

to the first ambition of Lunet zorg, to excel in their services, a crucial issue in this next step 

should be the development an appropriate and unambiguous definition of service in the context 

of the logistics system, that is supported by the whole organisation. The staff departments should 

unburden the teams, so that they can focus on their core function and the logistics department 

could play an significant role there. At the same time the third ambition should not be forgotten, 

this was to stay financially healthy. When tasks of the care teams are taken over by logistics 

personnel, the time the care personnel can spend on the care related tasks will increase. But the 

logistics department will need more personnel to provide the extra service, so the costs for the 

logistics department increases, pressing on the budget allocation to the care function. From a 

financial point of view there are limits on how much the care teams can be unburdened. A sound 

strategy should be developed to guide the logistics department, this should be based on the 

general strategy of the organisation.   

Figure 0-1 Results Scenario Analysis 



viii 
 

PREFACE 

This thesis is written in order to complete the Master Operations Management and Logistics at 

the Eindhoven University of Technology. The graduation project has been executed at the ICT & 

Facilities department at Lunet zorg in Eindhoven and surroundings.   

 

During this project I got the opportunity to work at different locations with people from several 

departments. It was really interesting to see that many aspects and levels from an organisation 

and I learned a lot from it. Everyone was very friendly, helpful and always willing to make time to 

answer my questions. I would like to thank the colleagues from Facilities, Jolanda Boetzkes, 

Marieke Bolder, Linda Bout, Elly Cleven, Merel Demmink, Ilse Jansen, Karlijn Kleeven, Wil 

Maas, Dorie van der Palen, Corné Robben, José Slomp, Petra Stelwage, Amy Swinkels, and 

Tineke Visser for providing all the information about the organisation and the nice atmosphere at 

the headquarters. Also thanks to everyone from the Finance department for letting me use one of 

the fast computers and the good ambience. Selmar van Dam and Jan-Willem van Weert, thank 

you for the Excel-tips and the financial data. Also I would like to thank Marijn Rasenberg and 

Karin Hellings for the interesting conversations and your interest in my project. Thank you, 

Ankie van der Sar for the help with the information gathering. Thanks to the ICT department, for 

helping me with the ICT-troubles. Thanks to everyone from the Logistics department at the 

warehouse for the information and patiently answering all of my questions. Thank you, Latif 

Mazrouai, Oktay Kavak and the other drivers for all the practical information and insight in the 

real situation. Thank you, Bas Nendels for the help with the data, the useful tips and the 

interesting conversations. I would like to thank Harrie Versteden for his help and advice on the 

programming part. Thanks to the women from the meals administration and Eric Wintermans 

for answering my questions and your interest in my project. Special thanks to Erik Dinkgreve, 

Jeroen van den Bergh, and Henk van Heffen for the insight in the organisation, the useful and 

interesting “stuurgroep”-meetings, the additional information, and for the guidance and 

feedback.  

 

I would like to thank Nico Dellaert, my first supervisor from the TU/e, for his advice, 

explanations, guidance and support. Next, I would like to thank Tom van Woensel, the second 

supervisor from the TU/e for his feedback.  

 

Thanks to everyone from the “graduation group”, Natasja Baert, Peter Klerks, Wendy Korsman, 

Virginie Kuppens, Pim van Nispen, and Alwin Penterman for listening, the help, the support and 

the useful tips.  

 

Thanks to my friends, especially Marieke Bergefurt, Lan Bui, Ellen Goverde,  and Marieke Hubar 

for your interest, advice and support. 

 

Finally, I would like to thank my family, my mom, dad and sister for the advice and always 

supporting me. And of course special thanks to Guus, for always supporting me, for listening to 

my stories and for always keeping faith in me. 

 

Marlijn Schepens 

 

June 2016 

 



ix 
 

TABLE OF CONTENTS 

Abstract ........................................................................................................................................... iv 

Management Summary ................................................................................................................... v 

Preface ........................................................................................................................................... viii 

1. Introduction ...................................................................................................................................1 

2. Company Description .................................................................................................................. 3 

2.1 Organisational Structure......................................................................................................... 3 

2.2 Clients and Healthcare  Services ............................................................................................ 3 

2.3 Vision ...................................................................................................................................... 4 

2.4 Developments......................................................................................................................... 4 

2.5 Strategic Course ...................................................................................................................... 5 

2.6 Logistics System of Lunet zorg .............................................................................................. 5 

2.6.1 Previous situation ............................................................................................................ 5 

2.6.2 Current situation ............................................................................................................. 6 

3. Research Design ........................................................................................................................... 9 

3.1 Research Problem ................................................................................................................... 9 

3.2 Research Objective .................................................................................................................. 9 

3.3 Research Questions............................................................................................................... 10 

3.4 Methodology ......................................................................................................................... 10 

3.3.1 Data Collection................................................................................................................. 11 

3.3.2 Model Building ................................................................................................................12 

3.3.3 Validation......................................................................................................................... 13 

3.3.4 Confidentiality ................................................................................................................. 13 

3.5 Scope Delineation .................................................................................................................. 13 

4. The Model ................................................................................................................................... 17 

4.1 Complete Model..................................................................................................................... 17 

4.1.1 Requirements .................................................................................................................. 17 

4.1.2 Restrictions and Constraints ........................................................................................... 17 

4.1.3 Decisions ......................................................................................................................... 17 

4.1.4 Focus of Model............................................................................................................... 18 

4.2 Mathematical model ............................................................................................................. 20 

4.2.1 The Warehouse Inventory Module ................................................................................ 20 

4.2.2 The Delivery Module ..................................................................................................... 22 

4.2.3 The Locations Inventory Module ................................................................................... 23 

4.3 Solving the model ................................................................................................................. 25 



x 
 

4.3.1 Inputs and outputs ......................................................................................................... 25 

4.3.2 Scenarios ........................................................................................................................ 26 

5. Results ........................................................................................................................................ 28 

5.1 Analysis Current Situation .................................................................................................... 28 

5.1.1 Warehouse ...................................................................................................................... 28 

5.1.2 Assortment and Demand analysis AXI .......................................................................... 29 

5.1.3 Meals ............................................................................................................................... 29 

5.1.4 Aggregation of Demand per Team ................................................................................. 30 

5.2 Scenario analysis.................................................................................................................... 31 

5.2.1 Scenario 1: Current situation ........................................................................................... 31 

5.2.2 Scenario 2: Improvement .............................................................................................. 32 

5.2.3 Scenario 3: All locations 3 times per week ..................................................................... 32 

5.2.4 Scenario 4: All locations 2 times per week ..................................................................... 33 

5.2.5 Scenario 5: Placing Products in Storage Cabinets .......................................................... 34 

5.2.6 Scenario 6: Control Inventory by Logistics.................................................................... 34 

5.2.7 Discussion Results Scenario Analysis ............................................................................ 35 

6. Implementation ......................................................................................................................... 39 

6.1 Routing Tool ......................................................................................................................... 39 

6.2 Spreadsheets for Inventory calculations .............................................................................. 39 

6.3 Practical aspects & limitations.............................................................................................. 40 

7. Conclusion and Recommendations ........................................................................................... 41 

7.1 Conclusion ............................................................................................................................ 41 

7.2 Recommendations ................................................................................................................ 44 

7.3 Further Research .................................................................................................................. 46 

Bibliography ................................................................................................................................... 48 

Appendices ..................................................................................................................................... 50 

A  List of Abbreviations ................................................................................................................... 51 

B  List of Definitions ...................................................................................................................... 52 

C  List of Variables .......................................................................................................................... 53 

C.1 Variables regarding inventory calculations ........................................................................... 53 

C.2 Variables regarding routing calculations .............................................................................. 53 

D Calculations & Procedures ......................................................................................................... 54 

D.1 Savings algorithm ................................................................................................................ 54 

D.2 Determining A/r ratio based on aggregate considerations ................................................. 56 

D.3  Rational approximation for 𝐽𝑢𝑘 .......................................................................................... 58 

E  Organisation charts Lunet zorg ................................................................................................. 59 



xi 
 

F  Logistical streams ....................................................................................................................... 61 

G  Ground plan Warehouse ........................................................................................................... 62 

H  Volume Warehouse................................................................................................................... 63 

I  Interviews ................................................................................................................................... 65 

J Results ........................................................................................................................................ 66 

J.1 Warehouse Inventory ........................................................................................................... 66 

J.2 Locations Inventory ............................................................................................................... 68 

J.3 Routes .................................................................................................................................... 72 

K. Routing Tool .............................................................................................................................. 83 

K.1 Settings ................................................................................................................................. 83 

K. 2 Locations ............................................................................................................................. 84 

K.3 Distances .............................................................................................................................. 85 

K.4 Savings ................................................................................................................................. 86 

K.5 Routes................................................................................................................................... 87 

K.5 CostCalc ............................................................................................................................... 88 

K.6 VBA Code ............................................................................................................................ 89 

L. Spreadsheets inventory calculations ......................................................................................... 99 

 

 

 

  



1 
 

1. INTRODUCTION 

 “The line between disorder and order lies in logistics…”, the author from this quote, Sun Tzu the 

reputed writer of The Art of War, included mastering logistics as a cornerstone of successful 

operations. Along with Sun Tzu, many other military leaders refer to the importance of logistics 

in fighting a war. Although the roots of logistics lies in ancient war times, nowadays logistics is 

most often associated with transportation. But it involves more than that, in the broadest sense it 

means having the right thing, at the right place, at the right time. The last decades many studies 

have been conducted on the various subjects of the logistics field, such as inventory management, 

supply chain management, and transportation management (Baita, et al., 1998; Rushton, Baker, 

& Croucher, 2014; Williams & Tokar, 2008). Due to increased competition and reduced profit 

margins, there is a rising need for efficiency, compelling many companies to improve their 

logistics in order to reduce costs (Langley Jr & Holcomb, 1992). Also in healthcare organisations 

the costs need to be reduced, this time induced by budget cuts from the government. Improving 

the operations- and logistics management is receiving more attention in those organisations. The 

same applies to Lunet zorg, a care organisation in and around Eindhoven, the organisation where 

this thesis research was conducted.  

 

Lunet zorg is a care organisation that supports approximately 2.900 people with a mental 

disability by offering various kinds of care. Most clients live at one of the roughly hundred 

locations in the region of Eindhoven. The organisation has its own logistics system with a central 

warehouse and four trucks to deliver the goods at the locations. In this research a logistical model 

was developed in order to analyse and optimise the logistics system of the organisation. Recently 

the organisation has implemented significant changes, this also involved their logistics system. A 

new online purchasing system was introduced and a central warehouse was arranged where the 

external suppliers deliver the goods. From there the goods are combined and delivered at the 

different locations. These changes have been implemented in a fairly short period and no 

extensive analysis was conducted from a logistical point of view, arriving at the pretence of this 

this thesis research. The question from Lunet zorg was to analyse the logistics system and advice 

on how to improve it.  

  

Consequently, the objective of this research was to design a model to analyse the current logistics 

system of Lunet zorg and advice the organisation whether the system is designed appropriately 

and how it could be improved considering the function it has to perform. Regarding the restricted 

time available for the research, it was decided not to include every part and aspect of the system. 

The current situation is taken as starting point and the focus was on the routing aspect and the 

inventory management at the warehouse and at the different locations. Also merely the goods 

flows that flow through the central warehouse and are transported by the trucks of Lunet zorg to 

the different locations are part of this research, so the streams that are delivered directly to the 

end locations are excluded. Additional to the requested broad assessment of the system, the 

specific requests about the possibilities of providing extra service to the teams are also 

investigated. 

 

The logistics system of Lunet zorg comprises several components and fulfils a number of 

functions and in order to model it appropriately assumptions and simplifications are made and 

only the relevant aspects are included in the mathematical model. Due to the restricted scope the 

focus was on the current situation, so higher level strategic decisions, such as the number and 
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location of the warehouse, are not implemented as variable in this model but taken as given. 

After an extensive analysis of the current situation a model was developed, consisting of three 

modules. This separation was necessary to be able to solve the model mathematically. In the 

Delivery Module routes are constructed based on the distances between the locations and the 

average capacity demanded. The two other modules are concerned with the inventory 

management, one module for the warehouse inventory and the other one for the inventories at 

the different locations. In furtherance of drawing conclusions about the total system, a scenario 

analysis was conducted illustrating a number of reasonable and relevant situations. Based on the 

analysis and the conclusions, a recommendation is provided on how to improve the logistics 

system.  

 

The structure of this report is as follows. Firstly, the next chapter provides a description of the 

organisation Lunet zorg, ending with a comprehensive picture of the logistics system. This 

detailed description is presented before the research design in order to provide the reader a better 

picture of the research environment and the reasons for this research. Next, the research design 

describes the objectives of Lunet zorg and the translation to the research objective and the 

research questions. The methodology describes the course of this research project and how data 

was collected and analysed for example. An important part of the research design is the scope 

delineation. This describes what the focus of the research is and what is included and what not. A 

separate chapter is dedicated to the model. First an overview is provided of the total system, then 

the focus of the mathematical model is explained. Every module of the mathematical model is 

described separately. The chapter ends with the description of the scenarios defined for the 

scenario analysis. The results of the data analysis and the scenario analysis are presented and 

explained in the subsequent chapter. After that, a separate chapter about the implementation of 

the designed model in the organisation was added, in which is explained how the routing tool 

and the inventory calculations spreadsheet can be used in the organisation. The last chapter 

contains the conclusion of the research project, the recommendations for Lunet zorg, and some 

suggestions for further research. In the appendix the different types of additional information 

was added to support the results in the report, such as the explanation of the calculations, the 

detailed results and the code for the routing tool.  
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2. COMPANY DESCRIPTION 

This research is conducted for the care organisation Lunet zorg, this organisation supports 

people with a mental disability. The professional employees together with volunteers ensure a 

safe, pleasant and comfortable home for the clients and provide activities during the day. 

2.1 ORGANISATIONAL STRUCTURE 

Officially the organisation Lunet zorg was founded on the first of January 2008 from a merger 

between Maere and De Plaatse. Currently Lunet zorg has around 2.500 professional employees 

and 1.000 volunteers who provide care and support of various kinds to around 2.900 clients 

(Lunet zorg, 2015a). Lunet zorg has locations in and around Eindhoven, the two main locations 

where the services are provided are the residential parks ‘Donksbergen’ in Duizel and ‘Eckartdal’ 

in Eindhoven. Besides that, there are around hundred locations in the city of Eindhoven and in 

the villages around it, such as Valkenswaard, Nuenen, Eersel, Bladel, and Budel. The central 

office is located separately from the care locations in Eindhoven.  

 

The organisational structure has been changed in the beginning of 2014 in line with the strategic 

course and to be able to meet the new requirements with regard to the policy changes established 

by the government starting from January 2015. Lunet zorg wishes to work from its own strength 

to ensure a good life for their clients with satisfied employees in a healthy organisation (Lunet 

zorg, 2015c).  There are four departments in the primary processes, Specialised care provided at 

the residential parks, Housing & care provided at the private homes of the clients, Ambulatory care 

& day care, and New services. Within the divisions, clusters are distinguished based on type of care 

or region, and self-managing teams provide the professional care to the clients. 

 

In Appendix E two organograms are provided, the first one shows the arrangement of the 

departments of the whole organisation and the second one zooms in on the department ICT & 

Facilities. Besides the departments in the primary process, four staff departments support the 

care organisation. It concerns the following departments: Human Resource Management 

(HRM), Finance, ICT & Facilities, and Strategy & Sales, with each their own divisions related to 

special functions. In case of the department ICT & Facilities, it comprises the divisions ICT, 

Information management, Purchasing & Logistics, Housing, Hospitality & Services, Facility 

services, and Technical services.  

 

Another important characteristic of an organisation is the culture. As explained earlier, Lunet 

zorg is formed as a merger of care organisations and many employees have already worked for 

the former organisations for a long period. During conversations with the employees it became 

clear there are still differences in the mentality and the way of working, affecting the cultures in 

the different workplaces. Also the many locations of the organisation are dispersed over a wide 

region and the headquarters is located centrally, but not connected to any care facility. Together 

with the concept of self-managing teams who receive much autonomy, these factors make it very 

difficult to create a common culture over the whole organisation.  

2.2 CLIENTS AND HEALTHCARE  SERVICES 

The care services that Lunet zorg provides range from complete intramural living with 

professional treatment, support and care to individual outpatient care and various forms of day 

care. On the residential parks ‘Donksbergen’ and ‘Eckartdal’ and in residences in the districts and 
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villages clients live together in small groups and receive professional care 24/7. Lunet zorg has 

the authorisation to have capacity for intramural stay for large and small scale living facilities. 

Besides professional care and housing, Lunet zorg provides ambulatory care and support to 

clients who live independently. The care is provided in association with healthcare insurance 

companies and based on a PGB, a personal budget.  

2.3 VISION 

According to the vision and strategy described in their annual report, Lunet zorg tries to continue 

doing what it does best: supporting people that need their help. They claim to support people 

professionally, sincerely, with passion and with respect. Their wishes, needs and choices 

determine the work of Lunet zorg. Close to home, in the districts, and villages, Lunet zorg 

provides and develops housing, daily activities and health care in various forms and on a small 

scale. At the residential parks there is space for more specialised care (Lunet zorg, 2015b).   

 

Lunet zorg values highly that everyone can participate in society. So the goal of Lunet zorg is to 

professionally support people with a mental disability, to ensure that they (re)discover and reinforce their 

own strengths. The organisation does this through their experienced and capable professionals 

who are supported by smart technologies, for example home automation and innovative 

information- and communication technology (Lunet zorg, 2015b). 

2.4 DEVELOPMENTS 

Many external developments have taken place in the last few years in the context where Lunet 

zorg is operating in. This year the government implemented radical policy changes with 

enormous implications for many care organisations and also for Lunet zorg. The municipalities 

became responsible for the outpatient support and daily activities for clients living independently 

according to the WMO, the law of social support. Now the municipality decides how to provide 

care for the vulnerable citizens and at the same time budget cuts are established of at least 25%. 

Besides these changes, another measure was taken, the separation of housing and healthcare. So 

people with less severe conditions have to rent their own living area and will receive support from 

the municipality. These and other recent modifications had and still have a great impact on 

healthcare organisations and Lunet zorg needed to reconsider their organisation, how to cope 

with the budget cuts and changes in legislation.  

 

As mentioned before to face the external developments and changing demands, the organisation 

implemented significant changes in the beginning of 2014. Different departments were 

composed, another managerial structure was introduced and the introduction of self-managed 

teams took place. Lunet zorg has three clear ambitions for the future. Firstly, a special program 

was introduced, called ‘uitblinken’ (outshining), to excel in their services. Several program lines 

contribute in reinforcing the capabilities of the self-managing teams to improve client focus and 

working independently. To accomplish this, the staff departments will unburden the teams and 

reduce regulation pressure, so that the teams can focus on their core function, supporting clients. 

Secondly, Lunet zorg strives to increase the satisfaction of the clients and their employees. The 

third ambition is to continue being a financially healthy organisation.  

 

In the context of these changes the project ‘Centralised purchasing’ was initiated. The goal of this 

project was to develop an effective central purchasing- and contract management function, 

supported by a purchasing system and optimally adapted to the following aspects: ease of 
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ordering goods and services by employees, central purchasing, goods and services handling 

(logistics), quality assurance of the goods and services, invoicing and procuration. As a result, the 

logistics system as described in Section 2.6.2 Current situationwas established. A new central 

warehouse was set up and the online purchasing system AXI was introduced.  

2.5 STRATEGIC COURSE 

Lunet zorg provides care to people with a need for help and the organisation claims to do this 

from their core values: eye for each other, customer focus and own strength. The two strategic 

pillars are:  

 Excel in our core services 

 Being an experienced and capable partner for the community  

 

As described earlier the organisational structure and management are adjusted in line with this 

strategic direction, in order to increase the self-directing abilities of the care teams so that they 

can work from their own strength. The new strategic course comprehends the following essential 

development lines(Raad van Bestuur, 2014): Improving quality of care and services, Collaboration 

with community, Improving the conditional processes and Innovation.  

2.6 LOGISTICS SYSTEM OF LUNET ZORG  

This research is conducted for the purchasing and logistics department and for the logistics 

division in particular. First the previous situation will be described separately for the purchasing 

area and the logistics field. Thereafter the changes that have led to the current situation will be 

explained. These processes are described in substantial detail this early in pursuance of 

improving insight in the research environment before explaining the research approach and the 

model. This is important because the changes in the logistics system are the motive for this 

research project.  

 

2.6.1 PREVIOUS SITUATION     

Before 2014, the purchasing process was largely decentralised. The facility agreements were 

negotiated in collaboration with the purchasing department, but the contracts for the other 

departments were mostly signed without interference of the purchasing department. Suppliers 

were familiar with the situation and often misused it, besides that, the decentralised arranged 

contracts often did not meet the legal requirements, resulting in legal risks. Considering the 

process, there was no purchasing system and the authorisation, ordering, and invoicing processes 

were cumbersome. Orders were not matched to the invoices, the central control took place 

afterwards and there was no insight in outstanding orders or order history (van den Bergh, 2014). 

In summary, no good management information was available which makes it more difficult to 

control and guide the purchasing behaviour within the organisation.  

 

Also the logistical processes were highly decentralised in the situation before 2014. Many 

different stakeholders were involved in the ordering, transport, delivery and payment of the goods 

without sharing useful information with each other. There was a central kitchen and both 

residential parks had their own warehouse and small supermarket. There are many different 

logistical flows, such as groceries, meals, laundry, mail, and garbage and most of them were 

arranged separately. The goods arrived at the two warehouses and after receipt they were 

delivered with a lorry at  the different locations in the two regions ‘Eindhoven’ and ‘De Kempen’ 
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(Bongaerts, et al., 2014). So the total logistical processes of the organisation were not controlled 

centrally; the employees at the different divisions did their best, at their own discretion. This 

resulted in an inefficient and expensive logistics system and many delivery moments at the 

locations.  

 

2.6.2 CURRENT SITUATION 

As explained in the previous section, considering the developments in the healthcare sector and 

the changes in legislation it was apparent that the organisation had to adapt to these changes to 

cope with the budget cuts and at the same time improving the service level. After the 

modification of the organisational structure, the purchasing department became in addition to 

their responsibility for the regular procurement activities also responsible for the total 

distribution within the organisation. The objectives for the period 2014-2017 were established in 

the following way. The new purchasing structure should yield a total financial saving of €25 

million in five years. Annually, this means a saving of €6 million on the direct or operating costs 

and €4 million on the indirect cost. In addition, the supplier base should be reduced with 50% 

and also the number of invoices should be decreased by half (van den Bergh, 2014). Besides, the 

financial related goals also other qualitative considerations need to be taken into account. The 

service for the teams is crucial and they should be provided with the best tools to do their 

purchases easily. Also at the delivery locations the interaction with the teams and the clients is 

important, it is not desirable that every day several delivery drivers from different companies 

drive across the residential parks and come into the homes of the clients to deliver the goods.  

 

In order to achieve these objectives, several organisational changes were established. First the 

purchasing procedures were adjusted, all external liabilities have to be authorised by the 

purchasing department. Orders can solely be placed with suppliers with whom agreements have 

been concluded and suppliers are selected based on standardised selection procedures. The next 

major step was the introduction of an integral procurement system, called AXI, that is able to 

take care of the total order and authorisation process, including the incoming goods receipt, order 

picking, and invoice handling. Consequently, there is a match between the internal request, 

authorisation, purchasing order, and incoming goods receipt. Also for the care teams this 

procurement system is expected to be a big improvement, they can order all their necessities with 

the digital ordering system. They do not have to consider the best price and performance ratio, 

the collection of goods, and the financial settlement. Besides that, the purchasing system provides 

a module for contract management and it makes useful information available for purchasing 

control but also for inventory management.  

 

From the changes within the purchasing and logistics department the desire emerged to set up 

one central warehouse for goods receipt to optimise the logistics for the organisation as a whole, 

as outsourcing the logistical function was not preferable considering the qualitative objectives. 

The plan was to optimise through arranging the warehouse function according to the cross-

docking and just-in-time principles so that a smaller and more efficient warehouse is sufficient. 

The transition to this new central warehouse was in the beginning of 2015 and the residential 

park ‘Donksbergen’ in Duizel was chosen primarily because it was bigger. The kitchen and the 

two supermarkets are also closed, many teams were not satisfied anymore with the meals from 

the kitchen and the supermarkets would become redundant with the advent of the new logistics 

system its service. Consequently, from the beginning of 2015 the logistics system and with that 

the logistical processes, are drastically different from the previous situation. Next, the logistics 



7 
 

system of Lunet zorg will be described in terms of the processes. Figure 2.1 shows a schematic 

overview of the current logistics system of Lunet zorg. 

 

 

Figure 2.1 Schematic overview current situation 

 

In order to describe the processes clearly, the distinction between the following two order cycles 

is made: the internal customer cycle and the supplier cycle. First the cycle with regard to the 

internal customer is considered. This process starts with orders from the internal customers (care 

teams and other divisions of the organisation, further referred to as ‘teams’ because the vast 

majority of the internal customers are the care teams). The teams place their orders via AXI at the 

logistics department. Assuming the inventory levels at the central warehouse are sufficient, the 

items for the orders from the internal customers are collected and placed in bins. These bins are 

placed at predetermined locations, dependent on the route they will be delivered with. When an 

internal customer order is collected, this will be updated in AXI, such that the inventory levels are 

correct and up-to-date in the system. The next morning the drivers will load the bins in the trucks 

and deliver the bins with the goods at the different locations. The details of the way of delivering 

depends on the agreements with the teams, there are different levels of service possible. The 

simplest form is delivering inside the building on the preferred location, in this case the team 

opens the door and the bins are only placed on the preferred location, but not emptied. Another 

option is that the driver has a key and will place the orders in the facility room of the location. 

Depending on the presence of employees at the delivery location the cooled products will be 

placed into the refrigerator immediately. Currently a pilot runs in which the possibility of even 

more service is tested. Here the driver has a key and places the cooled products in the refrigerator 

or freezer at the predetermined locations in a First-In-First-Out (FIFO) order and in the same way 

the other products are placed in the storage cabinets located in the facility rooms.  
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The aggregated demand from the internal customers is the trigger for the supplier cycle. When 

all customer orders are picked, the inventory levels at the warehouse are decreased. In AXI the 

inventory levels are available and every day the system determines, based on the established 

safety stock and order-up-to level, the required quantities that should be ordered from the 

suppliers. The orders to the suppliers are sent via the purchasing system AXI. When the goods 

from the suppliers have arrived, the orders will be checked in and the goods are placed in the 

central warehouse at the right location, ready to be collected by the order pickers for the next 

internal customer order.  

 

In summary, the teams order via the purchasing system AXI and with that system the logistics 

department orders separately from the suppliers. The incoming goods arrive at the central 

warehouse, the orders will be checked and placed on the shelves. Then the orders from the teams 

will be picked from stock and collected based on the routes. The next day the driver will distribute 

the orders to the teams via fixed routes.  
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3. RESEARCH DESIGN 

In this section, the research design is described. First, the research problem is established. 

Second, the objective of the research is discussed. Then, the research question and corresponding 

sub questions are stated. Furthermore, the research methodology is outlined. In the last part of 

the section, the scope delineation is discussed.  

3.1 RESEARCH PROBLEM 

As described in the previous section, Lunet zorg recently has implemented significant changes in 

the organisation and especially the new introduced logistics system is the focus of this thesis 

research. The changes as described above have been prepared and introduced in a fairly short 

period. Obviously the decisions are based on financial considerations, common sense, and best 

practices, but no extensive analysis was performed including all the important variables in an 

attempt to end up with the best solution, if possible. Many different decisions were made and it is 

not entirely clear what the effects will be and how the factors interact. From the point of view of 

Lunet zorg the challenge is to bring the current situation to a higher level. This is the reason that 

the organisation asked a student in logistics to analyse the logistics system of the organisation 

and to advise on how the organisation can keep moving forward, increase the performance of 

their logistics system and improve the quality. 

3.2 RESEARCH OBJECTIVE 

The term ‘objectives’ is not always explained the same way and it can actually mean different 

things (Nederhoed, 2007). Regarding research objectives, this can mean the objective within the 

research but also the goal to conduct the research in the first place. Therefore, both are discussed 

separately below.  

 

Objectives Lunet zorg 

The main objective of Lunet zorg with regard to the facilitating function is to unburden the care 

function of the organisation, in Dutch: “ontzorgen van de zorg”. The idea is that the professionals 

taking care of the clients should spend as much time as possible on actually taking care of and 

interacting with the clients. Of course, administrative tasks and other activities needed to ensure 

good care of the clients are necessary, however, this should be kept to the minimum. For the 

facilitating departments this means that they should provide the caring teams with the right tools 

to make the non-care related tasks easier and faster to do.  

 

For the purchasing and logistics department in particular this implies providing the teams the 

service of easy ordering procedures and delivering quality. But at the same time reducing cost 

where possible; every euro saved can be used to benefit the clients. In particular, the objectives of 

the logistical function are delivering the requested goods in accordance with the agreements 

reached with the teams while minimising cost. The following targets where set in 2014, the goal 

is to reduce the costs of the direct logistical costs as percentage of the purchase value to decrease 

from 15% to 10% in the period 2015-2019 (Bongaerts et al., 2014). Also the number of 

transportations from the external suppliers at the residential parks and outside locations should 

be minimised. The teams should be able to order their goods easily via an online order system 

and the logistical flows should be combined. 
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  Objectives thesis research  

Broadly speaking, the main objective of this thesis research is to analyse the current logistics 

system of Lunet zorg and advice the organisation whether the system is designed appropriately 

and how it could be improved considering the function it has to perform, while satisfying the 

desired service level and minimising the costs. Besides, the regulations from the university 

prescribe that the research should be conducted conform the international research standards 

and it should be design oriented. This implies besides an analysis, also a theoretical or applied 

design to address the problem identified. These objectives are translated into the main question 

and in addition several sub questions are devised to transcribe this broad objective into more 

specific goals.  

3.3 RESEARCH QUESTIONS 

This section of the research objective describes the research questions that will be answered in 

the research project. First the global main question is stated, followed by the more detailed sub 

questions that need to be answered in order to provide a complete answer to the main question.  

 

 

Sub questions: 

How is the service level defined and measured? 

 What is the desired service level? 

What is the optimal inventory management policy for the inventory system? 

Which goods are inventory items at the central warehouse and which at the locations and 

what is the optimal policy? 

What is the optimal order policy with the optimal order quantities for which products? 

How should the delivery system be designed?  

 What are the optimal delivery frequencies for the different goods? 

 What are the optimal routes? 

Which scenario from a set of reasonable scenarios is the best choice? 

 What are the characteristics and costs for the current system? 

 What are the characteristics and costs for a set of scenarios? 

 What are the improvements? 

What are the effects of delivering extra service to the teams by placing the goods in the storage 

cabinets and/or even placing the orders for the teams? 

 

The main question reflects the broad objective and the sub questions show what is going to be 

analysed specifically. The last question was a specific request from the organisation and was 

included as an extra or optional question.  

 

3.4 METHODOLOGY   

In order to ensure the validity of the research, the steps as described in this section are based on 

the guidelines of the scientific principles. The process of data analysis, the modelling of the 

system and the building of the mathematical model are based on theories from literature.  

 

How should the logistics system of Lunet zorg be designed with the goal of minimising cost 

 while meeting the desired service level? 
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3.3.1 DATA COLLECTION  

The data was collected from multiple sources, such as databases of the purchasing system and 

company documents, also an important part of the information was obtained by interviewing and 

working with the employees of Lunet zorg.  

 

 Electronic data sources  

The data needed for the analysis of the demand pattern was extracted from several data sources. 

The demand for the products ordered via the purchasing system AXI was obtained from the web 

reports database of the system and the back office application. The purchasing system AXI was 

launched in the beginning of 2015 and not all internal customers started to use the purchasing 

system intensively from the beginning. After assessing the data and in consultation with the 

supervisor from Lunet zorg it was decided to use the data from June 2015 to December 2015 for 

the analysis. These 31 weeks of data provide an adequate picture of the demand pattern. 

Nevertheless, the data from AXI does not provide a complete view of the total demand, because 

not all products are ordered via AXI and the products that are ordered via the punch-out 

procedure are not registered correctly in the AXI database. Therefore, the other data that was 

required was collected from other sources. The data about the incontinence material was received 

from the supplier upon request. From every data source only the same time period as used from 

the AXI data was used in the analysis. The ordering process of the meals is different than any 

other ordering process and two different departments of the supplier provided the necessary data 

to get the complete demand data. The data received from the suppliers was not from the same 

level of detail as the data from AXI, also in some cases there was overlap in the data from AXI 

and the data from suppliers due to wrong usage of order numbers by the internal customers. An 

extensive data analysis was conducted to finish with a reliable dataset reflecting the demand 

pattern from the teams for the products of the goods flows in scope.  

 

For the analysis of the current routes two different sources were used. There was no detailed 

information about the exact routes available, only the addresses in the right order were provided. 

The drivers decided themselves which roads to take and there were deviations between days and 

drivers. Google maps was used to estimate the average distances of the routes, based on the 

addresses. Another source about the routes was the data provided by Ritassist.nl, the company 

providing the GPS devices. Only the data about two trucks was available and it was not always 

possible to link the data to specific routes because some data points were missing or had 

improbable high values. The data was studied in detail and only the reliable values were used to 

estimate the length of certain routes and estimate the average stopping time and average speed of 

the trucks, separately for the park routes and the routes to the outside locations.  

 

Several other company documents, such as project reports, financial calculations, presentations, 

policy documents, and annual reports are used to gather quantitative and qualitative information 

about a range of subjects relevant for the research.  

 

 Empirical data 

Information about the characteristics of the central warehouse and the delivery locations were 

obtained from empirical observation of the researcher. The capacity of the warehouse in terms of 

volume was estimated based on measurements with a tape-measure and the building plan 

received from the technical department. Durations of loading of the truck and the stopping times 

for delivering the orders were also empirically estimated with a stopwatch, without the employees 

knowing the duration was measured. 
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To estimate the speed of the order picking process empirical information and data from AXI 

were combined. For a time period of five days it was listed for every order who has picked the 

order, then the number of order rows had to be determined empirically and combined with the 

listed working hours of the order pickers the average speed was determined. Together with the 

name of the order picker, also the number of bins used for the orders was listed to estimate the 

average number of products per bin. To verify the reliability of this estimate also another method 

was used. On two separate days all the bins were inspected and the number of products in the 

bins were noted. Also the number of products for the other flows that are not transported in bins 

are estimated based on empirical observations and consultation of experienced employees at the 

warehouse.  

 

 Data from interviews 

Most information about the processes, the way of working, and practical implications and 

possibilities were obtained from interviews with employees with from several departments. 

Besides information gathering, interviews with employees were also used to validate the model. 

The logistics system was subject of change during the execution of this research project, therefore 

collaboration with the manager from the warehouse was necessary to model the desired logistics 

system in a correct way with attention for practical details. An overview of the interlocutors, their 

functions and subjects is provided in Appendix I  Interviews 

 

3.3.2 MODEL BUILDING 

This master thesis project was conducted by performing a number of steps and can be divided 

into roughly three phases, the orientation phase with as result the conceptual model, the model 

construction phase with as result the mathematical model and routing tool, and the aggregating 

phase with as result the outcome of the scenario analysis, the presentation of the results to the 

organisation and the master thesis. In the beginning of the first phase the more general 

information was gathered to establish a good view of the organisation, the logistics system and 

the important factors. Followed by the analysis of various types of data in more detail, the 

definition and the delineation of the goods flows and the construction of the conceptual model. 

This model was presented to the supervisors from both the university and the company to verify 

whether the intended research method and objective were in line with the expectations.  

 

In the first step of the next phase, the model construction phase, the data about the demand for 

the different goods flows was analysed in more detail for every delivery location separately. This 

demand information for the different types of products was translated into the number of bins 

necessary to transport the weekly demand per team, illustrating the capacity needed. This 

translated demand into number of bins is an input for the vehicle routing tool that is built in the 

next step of the model construction phase. The construction of the routing tool is based on the 

Savings algorithm introduced by Clarke and Wright (1964), and implemented with Microsoft 

Excel in combination with Visual Basic for Applications (VBA). It was chosen to use VBA and not 

just Excel because it was expected to require a long processing time due to the complexity of the 

problem, using VBA will shorten the processing time considerably. The reason to choose for 

Excel with VBA, and not another programming tool is because of the general accessibility of Excel 

and VBA, no other programs need to be installed and it can be used on every computer with 

Excel. The next step in the model construction part is the design of the mathematical model used 

for the analysis of the inventories at the delivery locations and at the central warehouse. At the 

central warehouse the inventory policy used is the (R,s,S) system, the orders are placed 
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periodically and the order quantities are based on a minimum and maximum order level. Also 

the at the teams locations stock is kept, but in this case the inventory levels are not registered in a 

system. In practice the employees have established an order-up-to level for every product and 

periodically an order is placed and the order quantity is the amount necessary to increase the 

inventory level to the desired order-up-to level. Consequently, it is assumed that the teams order 

according to a (R,S)policy and appropriate calculations were used to determine the optimal values 

for the decision variables. The calculations are implemented in Excel spreadsheets, separately for 

the inventory calculations at the team locations and at the warehouse, in such a way that 

parameters can easily be changed to analyse the effects.   

 

In the aggregating phase, the data from the first phase is entered into the routing tool and the 

inventory calculations spreadsheets. First, the current situation is analysed to establish the base 

values to be compared to the results from the scenario analysis. A limited set of scenarios was 

defined based on practical relevant situations. The routing tool was used to construct routes for 

the different scenarios, automatically providing the associated costs. In the same way the 

different values for the parameters were used to analyse the scenarios regarding the inventory 

parameters and accompanying costs. These results, with the important qualitative aspects and 

practical implications in mind, are used to draw conclusions about the performance of the 

current situation and to provide an advice about how improvements could be implemented to 

enhance the performance of the logistics system of Lunet zorg.  

 

3.3.3 VALIDATION 

The major part of the data are quantitative and objective as they are retrieved from the databases. 

Additionally, the exact inputs, the routing tool and the mathematical model are provided to 

ensure the reliability of the findings. As mentioned before, the validity in the scientific context is 

assured by thorough literature research. Also the validity in the practical sense is guaranteed; all 

choices regarding the collection and selection of the data were verified with the supervisor and/or 

relevant employees of Lunet zorg. Where possible there were different methods of obtaining data 

and estimating values used to determine the required values, such as for the determination of the 

routes and the speed of the order pickers. To validate the data about the demand from the 

different sources, it was compared to data about the financial expenditures received from the 

financial department. Also the results from the scenario analysis were verified with employees 

from Lunet zorg.  

 

3.3.4 CONFIDENTIALITY 

Especially because the research was conducted in a healthcare organisation it is important that 

sensitive information is treated carefully. In this research the data was analysed on team level and 

no personal information about clients or personnel was used. In order to ensure that the 

information on team level cannot be traced back to a specific team, the addresses of the teams are 

replaced by a location number.  

3.5 SCOPE DELINEATION 

Considering the time available for the thesis project it was not possible to include all the 

significant factors and look at all the different aspects of the logistics system. With regard to the 

design of the logistics system on the top level it has been decided not to include the analysis of all 

the possible options but to focus on the given aspects in the current situation. In particular, the 

options with regard to the decisions which logistical flows to outsource and which flows to handle 



14 
 

by the organisation itself are not investigated because the purchasing department has already a 

good focus on this area. In consultation with Lunet zorg it was decided to exclude the option of 

two distribution locations due to the following reasons. Firstly, due to the limited time and 

secondly because the organisation has already decided not to change this for the next five years. 

So at the short term, this was not relevant.  

 

The focus of this research was on the design or policies for the inventory management system 

and the distribution system. Specifically in respect of the inventory system the focus was on the 

ordering policies and inventory levels. The structure and layout of the warehouse were not taken 

into account, because of time considerations, priorities, and assets of the researcher. With regard 

to the distribution function the focus was on the routing, the delivery frequencies, and 

combination of different streams. Nevertheless, this scope is not narrow enough and not 

appropriate to apply to all the different logistical flows, therefore first a cursory analysis was 

conducted to identify and define the logistical flows that were subject in this research.  

 

In Table F.1 in Appendix F an overview is provided of the different logistical streams identified, 

with the information useful in deciding whether to include the goods flow in the scope or not. 

The last column shows which goods flows are in scope and these flows receive their own 

abbreviation, noted in the first column. In the column below ‘Handling’ it is shown which 

streams are handled by Lunet zorg and which are outsourced to an external company. ‘Via AXI’ 

identifies which flows are integrated in the central purchasing system AXI and which are not. 

‘Punch-out’ goods are not integrated in AXI and not stored at the central warehouse, in AXI the 

customer is forwarded to the web shop of the supplier where the goods can be ordered. After the 

customer has placed an order for a punch-out item with the supplier, the order will arrive first at 

the central warehouse and will be delivered at the right location with the regular delivery route. 

The ‘Number of times per week’ gives the average number of times per week the flow will be 

delivered at the locations in the current situation for most locations. It is noted that these 

numbers are not the same for every location and may be subject to change. ‘In collaboration with 

BIW’ indicates which flows for part of the work will be executed together with, or by the clients in 

the context of providing daily activities. In the next column it is shown which flows contain items 

that are stored at the central warehouse (n/a means not applicable). For the relevant streams an 

estimation of the average purchase cost per month is provided. The last two columns specify 

which streams were included in the regular deliver routes and whether the stream is included 

into the scope of this research or not. Below follows the discussion of the considerations with 

regard to inclusion or exclusion of the different flows.  

 

As mentioned before, the logistical streams that are outsourced were placed outside the scope of 

this research. Specifically, these are the following streams: nutrition catering and takeaway 

external, laundry, medications via pharmacy and the garbage collection. Besides these outsourced 

flows, the AWBZ goods are out of scope because they are not delivered on regular moments and 

often the size of the goods is too large to be combined with the delivery routes. Further, these 

AWBZ goods are not stored at the central warehouse and are not part of the regular delivery 

system. Also the mail is not included in the scope, because it has separate delivery routes and 

frequencies and the pickup and delivery has to take place in very short time windows. While 

conducting the research the textile patchwork is included in the regular delivery system, but the 

organisation was intending to outsource this flow to an organisation with a direct delivery model 

and it was therefore not included in this research.  
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The delivery system is an important part of this research and therefore all flows that are 

transported with the regular routes were included. These flows are: incontinence material, the 

prepared meals in the different forms except for the outsourced ones, the three groceries streams 

and the packages and occasional goods. The abbreviations of the streams that are part of the 

scope are noted after the name in the table in the appendix. Related to the delivery system and 

what is necessary to model this correctly, it was decided to include all the locations that order 

regularly. Only a few locations, mostly located at the parks, do not order regularly and only in 

small amounts; these locations were excluded from the analysis, because it would affect the 

analysis of the delivery durations in an unrealistic way.   

 

Not for every stream the same amount and quality of information was available. On the one hand 

the information about the flows of goods that are ordered via AXI was extracted from the web 

reports and back office of AXI and there were many options to include more specific information 

but also additional information, which increased the quality. For the other streams it was more 

difficult to gather the detailed information necessary for the research. This information needed to 

be collected from different departments in the organisation or from the external supplier. 

Considering the other factors of the streams, such as the average purchase cost and the impact on 

workload, not every stream included was treated with the same level of detail in all the parts of 

this research. For example, the packages and occasional goods (PO) will not be included in the 

inventory management part of this research, but it is important for the routing part.  

 

Also in terms of processes, the scope was delineated in order to focus on the relevant parts of the 

logistics system. The scope of the total model included the process from goods receipt until the 

delivery of the goods at the locations. In Figure 3.1, a schematic overview of the logistics system of 

Lunet zorg is provided. It shows the different processes that are part of the logistics system, the 

flows of products and information, and the different inventory points. The check mark indicates 

the Customer Order Decoupling Point (CODP), for the inventory items. This is the point where 

the products are connected to the customer order. So if a team orders a product, it will be 

collected from this stock point. Not every part of the process has received an equal amount of 

attention, the focus was on the inventory management at the warehouse and the locations, and 

the accompanying important activities. Especially the activity of delivering goods was investigated 

extensively.  The activity goods receipt is currently performed by one person that also does other 

administrative activities. From a practical point of view this should not change because there 

should always be someone to accept the order from the supplier. The activity loading trucks was 

not investigated separately but included in the analysis of the delivery function.  

 

An important part of the goal of this research is to develop a model that can be used to optimise 

the logistics system of Lunet zorg. As can be seen in the research questions, also some qualitative 

aspects are important. However, the focus of this project is on the mathematical modelling of the 

situation. Of course, the qualitative aspects are taken into consideration while making 

(modelling) decisions and will be mentioned in the report, but the qualitative consequences are 

not extensively analysed, this is not part of the scope. Also not all practical aspects that could be 

interesting or could have a significant impact are included, for example the collaboration with 

BIW, where clients perform activities for the logistics department. Except for the specific requests 

from the organisation, such as the possibilities of delivering extra service, those were included 

into the scope as extra.  
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Figure 3.1  Scope of the model 
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4. THE MODEL  

The model designed in this research project is constructed specifically for the logistics system of 

Lunet zorg. Therefore, this section starts with explaining the important aspects of the logistics 

system of Lunet zorg in more detail; the functional requirement, constraints, and (decision) 

variables are identified and the system is divided into modules. These modules form the basis for 

the mathematical model described after that. This more general mathematical model could be 

applied to other similar systems where there is a central warehouse and several locations with 

inventory, making this thesis also interesting for scientific purposes.  

4.1 COMPLETE MODEL 

This part outlines the model requirements and important characteristics of the total model 

representing the logistics system of Lunet zorg, so this encompasses more than the mathematical 

model. For example the capacity in terms of space used in the warehouse is not included in the 

mathematical model, but it is important for the assessment of the total logistics system of Lunet 

zorg. This section ends with explaining what the focus of the model is and which parts are 

included in the mathematical model.  

 

4.1.1 REQUIREMENTS 

The logistics system of Lunet zorg consists of several processes and stocking points, described in 

Section 3.5 Scope Delineationwith an schematic overview in Figure 3.1 The function of the 

logistics system is to deliver the ordered goods at the right location at the right time. The 

performance of the overall logistics system can be measured using the service level. In this case 

the service level is defined as the part of the demand that is satisfied directly from stock (Johnson, 

et al., 1995). This is the percentage of demand that can be delivered directly from the inventory at 

the central warehouse (or directly with the first route for that location for the not-inventory and 

punch-out items) and is delivered correctly. The desired service level, determined by the 

management of Lunet zorg, is 98%. At the same time it, is important that the costs are 

minimised for operating the system. Every euro saved in the logical operations directly benefits 

the core business of the organisation, the care services.  

 

4.1.2 RESTRICTIONS AND CONSTRAINTS 

The following restrictions and constraints should be taken into account while designing the 

model: 

- The size of the central warehouse located at Donksbergen, used for almost all inventories 

and processes, is limited. (340 m2 of which 50 m2 is intended for cold and frozen storage) 

- The number of FTE’s available for the logistics division is limited.  

- The number of times a supplier can deliver is limited and can be different per supplier.  

- The agreements with the internal customers about delivery requirements in terms of the 

delivery time window and service.  

 

4.1.3 DECISIONS  

The goal of the model is providing answers on how to improve the current logistics system within 

the described scope. On the following subjects decisions need to be made that are of critical 

influence on the performance of the logistics system.  
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 The order quantities and the corresponding cycle lengths for the inventory products at the 

central warehouse 

 The order quantities and the corresponding cycle lengths for the inventory products at the 

team locations, for every location separately 

 The required service levels and the implying safety stock levels, minimum levels and 

order-up-to levels for the inventory products at the central warehouse 

 The required service levels and the implying safety stock levels and order-up-to levels for 

the inventory products at the team locations.  

 The number of deliveries to the team locations per week 

 

4.1.4 FOCUS OF MODEL  

In Section 3.5 Scope Delineationthe schematic representation of the total model representing the 

logistics system of Lunet zorg is presented in Figure 3.1. Including all parts with all details into 

one model would make the model impossible, or at least very difficult to solve. According to the 

‘art of modelling’, model construction is an iterative process (Giordano, et al., 2009). After 

examining the system, the variables are identified and assumptions are simplified, then the 

model is generated. If the model cannot be solved it needs to be simplified. The following 

guidelines are used to do this: treating some variables as constants, neglecting or aggregating 

some variable, assuming simple relationships (like linearity) in any sub model, or further 

restricting the problem under investigation (Giordano et al., 2009). 

 

With these guidelines in mind, not all aspects of the total system will be modelled with the same 

level of detail. The focus is on the routing and inventory management part of the system. These 

are the processes for which changes can be implemented on a short notice and are therefore 

more relevant, considering the focus and scope delineation of this research which is improving 

the current system on the short term. During the literature study the focus was on literature 

describing models that integrate the transportation and inventory management part into one 

model. The transportation problem and the inventory management problem are dependent and 

solved simultaneously (Golden, et al., 1984). For this research it was decided not to use an 

integrated model to solve the problem, but to solve the transportation- and inventory problems 

separately. Firstly, the most important reason is that an integrated model would not be practical 

in the situation of Lunet zorg. An integrated model would imply that the routes would change 

depending on the inventory management decisions and (minor) changes in demand. This is not 

manageable for Lunet zorg, the organisation requires fixed routes that do not change for a longer 

time period. Secondly, besides that it would not be practical because of the absence of fixed 

routes, it would also not be possible to implement such a complex integrated model in the 

current systems. In fact, AXI is primarily a purchasing system, not an inventory management 

system, hence it is certainly not suitable to handle a complex Inventory-Routing problem.  

 

Besides separating the inventory management problem and the routing problem, also the 

inventory management problems for the central warehouse and the inventories at the team 

locations are separated. Firstly, because of the same reason for separating the inventory and 

routing part, the systems at Lunet zorg are not capable of handling these more complex models. 

Secondly, the products that are inventory items at the central warehouse are not necessarily 

inventory items at the team locations and the other way around. Further, the inventory 

management policies used to operate the system are not the same for the central warehouse and 

the team locations. The central warehouse uses the (R,s,S) policy; periodically the inventory level 
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is assessed and an order is placed when the inventory level drops below the minimum level (s), 

the order quantity is the amount to increase the inventory level to the determined maximum 

inventory level (S). For the implementation of this policy, a system is necessary that keeps record 

of the inventory levels and the minimum- and maximum levels, the warehouse uses AXI for this. 

For the team locations it is not possible to use AXI in this way in the current situation, they use 

their own determined maximum levels as an indication for the order quantities when reviewing 

their inventories and ordering new products. Important to note is that this maximum level is 

determined by the concerning care professional working at the team location, who has little or no 

knowledge of professional inventory management.  

 

Consequently, this results in the decomposition of the total system into three parts, the 

Warehouse Inventory Module, the Delivery Module and the Locations Inventory Module. In 

Figure 4.1 can be seen which part of the system every module encompasses. These modules are 

the basis of the detailed mathematical model. The process Goods receipt and the stock point 

Storage of collected orders, are not included in neither one of the modules and will not be 

analysed and optimised in this research. As mentioned before, an important aspect in the art of 

modelling is only including the relevant parts and aspects that contribute to the objective and 

focus of the intended research. The stock point Storage of collected orders cannot be eliminated 

due to practical reasons. The activities of the process Goods receipt is primarily performed by the 

employee performing also supervising tasks, so the number of FTE’s necessary does not depend 

on the number of orders and is therefore not included in the detailed model. The next section 

describes the mathematical models that represent the three modules of the total system in more 

detail and the last section of this chapter explains how the three modules are related and 

integrated to draw conclusions about the whole system.  

 

Figure 4.1 Overview modules of the mathematical models  
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(4.1) 

 

4.2 MATHEMATICAL MODEL 

In this section, the mathematical models for the three modules are formulated that are used to 

model the logistics system of Lunet zorg.  

 

4.2.1 THE WAREHOUSE INVENTORY MODULE 

As described in the previous section, the inventory at the central warehouse is managed 

according to an (R,s,S) policy. To determine the order quantities, safety levels, minimum, and 

maximum levels,  calculations are used from (Silver, et al., 1998). The combination of the (R,s,S) 

policy and the definition of the service level make the calculations for the optimal values highly 

complex and therefore an heuristic is presented to find the values. The heuristics procedure is 

based on the work from (Tijms & Groenevelt, 1984) , with the following underlying assumptions: 

 Although demand is probabilistic, the average demand rates are assumed to be constant 

over time 

 The demand is normally distributed  ((𝐶𝑉)𝑅+𝐿 ≤ 0.5 ) 

 In case of two outstanding orders simultaneously, they must be received in the same 

order in which they are placed, in other words crossing of orders is not permitted 

 The unit shortage costs are so high that a practical operating procedure will always result 

in the average level op backorders being negligibly small when compared with the 

average level of the on-hand stock 

 Forecast errors have a normal distribution with no bias and a known standard deviation  

 The value of the order quantity (Q) has been predetermined 

 The costs of the control system do not depend on the specific value of the minimum level 

(s) selected 

 The value of the review period (R) is assumed to be predetermined 

 

Considering these assumptions, it seems reasonable to use this procedure. Regarding the 

assumption about the predetermined order quantity, a procedure based on aggregate 

considerations was used to determine the economic order quantity. Because it is difficult to 

explicitly determine an appropriate value of the carrying charge (r) and the fixed cost per 

replenishment (A), this procedure was used to determine the economic order quantity based on 

the assumption that there is a common value of A that holds for all items in the portion of the 

inventory population considered (Silver, et al, 1998b). This procedure is followed for every goods 

flow separately because here the products clustered have similar logistical characteristics and are 

therefore assumed to have a common value of A and r. First the total number of replenishments 

per year (N) for all products in the cluster is estimated with the demand per year and the average 

order quantity. Then based on the average order quantities and the values of the products the 

Total Average Cycle Stock (TACS) is estimated. These values are used to draw the exchange curve 

for every cluster of products separately and the estimation of the 𝐴
𝑟⁄  value is used to determine 

the current operating point.  

 

 
 
 
In the next figure the exchange curve for the goods flow Groceries Household (GH) is presented 

as example.  
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(4.2) 

 

(4.3) 

 

(4.4) 

 

 
Figure 4.2 Example of exchange curve and current operating point 

The 𝐴 𝑟⁄   ratio is used as estimation of the fixed ordering costs and the inventory holding cost for 

the particular goods flow to be able to determine the economic order quantity per product, using 

this value moves the current operating point to the exchange curve.  

 

 

 

The variables and its notation, a complete overview of the calculations, the assumptions and a 

detailed description of this procedure is can be found in Appendix C.1 Variables regarding 

inventory calculations.  

 

After the estimation of the economic order quantity, the heuristic procedure from Tijms and 

Groenevelt (1984) is proceeded. Starting with the decision rule: select the order-level (s) to satisfy: 

 

The 𝐽𝑢(𝑘) function is a special function of the unit normal distribution 𝐽𝑢(𝑘) = ∫ (𝑢0 −
∞

𝑘

𝑘)2𝑓𝑢(𝑢0)𝑑𝑢0 . The function van be written in the following way so that it can be evaluated more 

easily (Hadley & Whitin, 1963).  

 

 

The rational approximation method was used to evaluate the function; this is described in more 

detail in Appendix D.3  Rational approximation for 𝐽𝑢(𝑘). This method results in a value for the 

safety factor (k) for every item. Generally, a trial-and-error type solution is necessary to solve the 

equation stating the decision rule (Equation 4.3). However, when the desired service level is 

higher than 90%, the demand pattern is relatively smooth and the review period (R) is not too 

small compared to the lead time (L), the second term of the left side of the equation can be 

ignored. Now, the safety stock level per item can be determined with the demand during the 

review period plus the lead time summed with the safety stock. 
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(4.5) 

 

(4.6) 

 

 

 

Where the safety stock per product is determined with the safety factor, estimated with the 

rational approximation method, and the standard deviation of the demand during the review 

period plus lead time.  

 

 

Resulting in the determination of the order-level (s) for every product, which is then used to 

determine the costs for holding that level of safety stock. Based on the determined number of 

replenishments per year (N) and a pre-set value for r, the fixed order costs are determined. 

Together with the costs for the average cycle stock, based on the economic order quantity, the 

costs of the inventory management policies can be compared by using different values for the 

parameter R, L and the desired service level.   

 

Another important cost factor of the Warehouse Inventory Module is the personnel cost of the 

order pickers. Based on the average number of orders an order picker can finish per hour, the 

wage, and the estimation of the number of orders per year, the personnel costs are estimated 

related to the number of orders. For this it was assumed that every location places an order for 

every possible delivery option. So there will be a difference in the total number of orders per year 

when the number of deliveries per week per location changes. Related to the extra questions from 

Lunet zorg, it was interesting to investigate the effect on the teams when logistics is taking over 

tasks from the care employees. Therefore the costs for the time necessary to place orders for the 

teams, which will be done at the warehouse, is also included in this module.  

 

4.2.2 THE DELIVERY MODULE 

The goal of the Delivery Module is the construction of routes, depending on the capacity needed 

for the locations and the distances between the locations. From the literature review it became 

clear that it is almost impossible to calculate the optimal routes, as the routing problem is 

characterised as a NP-hard problem (Andersson, et al., 2010). Therefore, a heuristic approach is 

used to construct the routes. In literature a variety of heuristics are described to solve the routing 

problem, the most widely used ones are: the Nearest Neighbour algorithm, the Greedy algorithm, 

the Savings algorithm, and the Sweep algorithm (Andersson et al., 2010). For the situation 

subject in this research the Savings algorithm was chosen because this approach first uses the 

distances between the locations to cluster the locations and then checks the capacity (Clarke & 

Wright, 1964). This is more appropriate in this situation because the capacities needed per 

location are small compared to the capacity of the truck. Also the goal is to construct routes for a 

longer period, then it is assumed to be better to base the clustering of the locations primarily on 

their geographical location than on its needed capacity, as this is more prone to changes. Besides, 

compared to the Nearest Neighbour algorithm this method appears to yield better results because 

it considers the costs when constructing a route (Haksever, et al., 2000). Studies on the 

performance of the Savings Algorithm show that in most cases the solution deviates little from 

the optimal solution (Anbuudayasankar, et al., 2014).  

 

The Savings algorithm has been designed to solve a well-known problem in the logistics field: the 

Vehicle Routing Problem (VRP). It is characterised as follows, from a depot goods need to be 

delivered in given quantities to known customers. A number of vehicles are available for 

transportation with a known capacity. Every route starts and ends at the depot and one route can 



23 
 

deliver more than one customer. The objective is to find a solution which minimises the total 

transportation costs, under the restrictions that every customer is visited exactly once, where the 

demanded quantities are delivered, and the total demand on every route must be within the 

vehicle its capacity.  

 

The basic concept of the Savings algorithm expresses the cost savings obtained by joining two 

routes into one route. The heuristic to solve the Savings algorithm consists of the following steps: 

Step1: Start with a solution in which every location is visited by a separate route. 

Step 2: Calculate the savings in terms of kilometres possible of combining each pair of 

customers. 

Step 3:  Place the savings of the point pairs in a non-increasing order. 

This step is not necessary in this case, because the designed tool will search for the 

highest saving with a build-in function in Excel. 

Step 4:  Find the first allowed point pair (𝑖, 𝑗), for which holds: 

I) 𝑖 and 𝑗 are in separate routes 

II) both 𝑖 and 𝑗 the first or last location in their current route 

III) the sum of the demand of the locations in the route does not exceed the 

maximum capacity of the vehicle (Qk) 

Step 5:  Stop when there are no point pairs available which satisfy the conditions. Otherwise, add 

the allowed point pair (i,j) with the highest saving to the current solution and remove 

point pairs (0,i) and (j,0).  

Step 6:  Remove the added point pair from the list with savings. Then go to Step 4.  

 

In order to automate the steps of the heuristic, it is implemented in MS Excel in combination 

with Visual Basic for Applications, the code can be found in Appendix K.6 VBA Code The 

heuristic from Clarke and Wright (1964) is not adopted exactly as presented, but with an 

addition. Besides checking the capacity of the trucks with the quantity demanded, also the driving 

time is incorporated in the model. The maximum driving time should be limited due to the 

requirements of cooled products. Also this aspect is included to investigate the effects of 

providing more service on delivery. The steps of the heuristic are displayed in a scheme  and 

explained in more detail in Appendix D.1 Savings algorithm.   

 

An important aspect that is not incorporated into the model is the weight of the orders and the 

truck. It was decided not to incorporate this in the model because there is no information 

available about the weight of the products and this is more difficult to estimate this in a reliable 

way. From conversations with the employees it became clear that this is expected to be a problem 

on busy days, they think the maximum allowed weight of the vehicles is exceeded. Therefore it is 

advised to check this on busy days to make sure the maximum allowed weight is not exceeded.  

 

4.2.3 THE LOCATIONS INVENTORY MODULE 

For the calculations on the inventories at the team locations another procedure is used, because 

the teams do not use the (R,s,S) policy to order their goods. Instead it is assumed that they order 

according a periodic review policy with only a maximum order-up-to level (S), in literature 

referred to as a (R,S) policy. This policy differs from the (R,s,S) policy in the following way: every 

review period an order is placed, so not only when the inventory level is below a minimum level. 

Similarly, the order quantity is the amount necessary to increase the inventory level to the 
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(4.7) 

 

(4.8) 

 

(4.9) 

 

(4.10) 

 

(4.11) 

 

predetermined order-up-to level. It was verified with a number of care professionals that they use 

this policy to determine their order quantities.  

 

The assumptions for this policy are the same as the assumptions for the (R,s,S) system, described 

in Section 4.2.1 The Warehouse Inventory Module, with the addition of the assumption that every 

review period an order is placed. The basic calculations for the (R,S) system are less complex than 

for the (R,s,S) system because now the safety factor can be determined with the normal 

distribution and the desired safety level. Only now the calculations have to be done for every team 

separately, adding an extra factor in the aggregate calculations. In a similar way as for the 

warehouse, the Total Average Cycle Stock (TACS) and the Total number of replenishments per 

year (N), for every team separately, were used to estimate the 𝐴
𝑟⁄  ratio. Which is then used to 

estimate the Economic Order Quantity for every product and for every team separately. For the 

formulas used, see Appendix D.2 Determining A/r ratio based on aggregate considerations.  

 

Then the safety stock level is determined per product for every team separately, based on the 

service factor and the standard deviation of the demand during the review period plus lead time:  

 

 

In this case the 𝑘 value is determined with the standard normal distribution. Consequently, the 

order-up-to level is determined with the previously determined economic order quantity and 

safety stock per product for every team:  

 

 

These values are then used to estimate the aggregate costs for all the teams together: 

 

 

 

 

 

 

 

 

 

 

 

These calculations are only relevant for inventory items, so items that are placed on stock at the 

team locations. Because it was not possible to determine precisely per team which items are kept 

on stock and which not, it was decided to base this on the average demand and the number of 

times the product was ordered during the measured period. Items with an average demand 

higher than 0,35 products per week and which are ordered more than three times in the 31 weeks 

of data analysed, are indicated as inventory items. So only the items that are indicated as 

inventory items are included in the inventory analysis.  

 

To be able to show the effects of the service provided by the logistics department on the care 

teams, the personnel costs of the time that the care employee is busy with logistics related 

activities are included in the model. These logistics related activities are ordering the goods via 
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AXI, answering the door when a delivery arrives and placing the arrived goods in the storage 

cabinets.  

4.3 SOLVING THE MODEL  

The three parts of the model are analysed separately and the results are combined in the scenario 

analysis to draw conclusions about the total model. It was decided to conduct a scenario analysis 

with a set of predefined scenarios because there were many practical restrictions, and many 

options for different input variables were practically not relevant. The scenarios are translated 

into suitable input parameters for the separate parts of the model. Next, the input variables and 

the outputs of the modules are explained and after that the scenarios are described.   

 

4.3.1 INPUTS AND OUTPUTS 

The calculations are implemented in MS Excel and the common input variable across the three 

modules is the number of deliveries per week, which can also be interpreted as the review 

frequency. The calculations of the Warehouse Inventory Module depend on the following input 

variables that can easily be adapted: the review frequency, the duration of the lead time, the 

service level, and the carrying charge. For the carrying charge it was decided the value of 20% in 

every scenario. This factor represents the opportunity cost of the money invested and the cost of 

storage. The underlying data used in this model comprises the average demand per product, its 

standard deviation, the indication of the goods flow, and the minimum order quantity possible at 

the supplier. The model calculated the optimal order quantities per product and the 

recommended safety stock levels to be able to meet the required service level. As output the 

Warehouse Inventory Module presents the values of the estimated safety stock and the average 

cycle stock and the total fixed replenishment costs. Besides, based on the delivery frequencies the 

number of orders was estimated and the accompanying hours necessary for order picking is 

estimated, to show the effects of the different delivery frequencies on the processes in the 

warehouse. 

 

The input variables for the Locations Inventory Module are partly similar to the input parameters 

of the Warehouse Inventory Module. This time the lead time from the central warehouse to the 

locations is used for the lead time, the number of deliveries per week is implemented as the 

review period, and the service level and carrying charge are also the same as for the Warehouse 

Inventory Module. Additionally, for the Location Inventory Module the cut-off point to decide 

whether the item is an inventory item or not, is also implemented as an input parameter. Based 

on these input parameters, the model calculates the optimal values for the order quantities for 

every product and the level of the safety stock. As output the Location Inventory Module gives the 

values of the estimated safety stocks aggregated for all locations and the average cycle inventory, 

the total fixed replenishment costs, and the estimated employee costs due to the time the care 

employee spend on the logistics related tasks.  

 

In the Delivery Module, the routes are constructed based on the average demand per location and 

the distances between the locations. The constant input parameters are the number of locations 

outside the parks, the distances between all those locations, the estimated average demands per 

location per goods flow, the costs per kilometre and per hour, the average loading time, average 

speed and average delivery duration, the maximum duration per route, the maximum capacity 

per truck, and the distances of the routes for the park locations. The variable input parameters 

that are changed in order to analyse the scenarios are the number of deliveries per week and the 
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delivery duration. As output the tool provides the locations per route and information about the 

routes, such as the distance and duration. This data together with information about the costs per 

kilometre and cost per hour, the total costs for the activities in the Delivery Module are 

determined.  

 

In order to compare the results from the scenario analysis, the values of the important output 

parameters are consolidated in one Excel sheet, but still linked to the original document. In this 

case the changes of the input parameters of the individual modules are immediately visible in 

this aggregate document. 

 

4.3.2 SCENARIOS 

As already explained in the previous part, there are many possible input parameters. To 

investigate the effects of changing the important parameters and to find answers on the 

questions from Lunet zorg about providing extra service to the teams, only two parameters 

change over the scenarios. These two are the number of deliveries per week and the delivery 

duration at the location. Next, the scenarios are described separately.  

 

 Scenario 1: Current situation 

First the current situation is analysed by estimating and entering the values of the input 

parameters into the models and to establish the base-line performance. These estimated values 

are also used in the other scenarios, to show the effect of the changing values for the selected 

input parameter relative to the current situation. The number of deliveries per week is three for 

the park locations and two for the locations outside the parks. For the duration of the delivery 

time the estimated 13,5 minute was used.  

 

 Scenario 2: Improvement 

In the second scenario the same situation as the current situation is modelled, the values of all 

the input variables are the same. This time the calculated values and routes determined by the 

mathematical model are used to determine the costs, instead of the values estimated from the 

data, as shown in scenario 1. So this scenario shows the improvement possible relative to the 

current situation by using the order quantities and routes as advised by the model.  

 

 Scenario 3: Delivering all locations 3 times per week 

In the third and fourth scenario different delivery frequencies are analysed, this has an effect on 

both the inventory management and the transportation parts of the model. In this scenario all 

locations are delivered three times per week, this is different from the current situation where the 

locations outside the parks are delivered two times per week.  

 

 Scenario 4: Delivering all locations 2 times per week 

Another reasonable scenario is  delivering all locations two times per week, this is modelled in 

the third scenario. Again, all input parameters are the same, except for the review period for the 

park locations.  

 

 Scenario 5: Extra service: placing goods in storage cabinets 

The last two scenarios are included to investigate the extra questions from the organisation about 

the effect of delivering the extra services. In this fifth scenario it is investigated what the effect on 

the costs for the different modules is when the products are placed in the storage cabinets by the 
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drivers instead of the care employees. The same input parameters are used as in the first 

scenario, except for the delivery duration.  

 

 Scenario 6: Extra service: placing goods in storage cabinets and ordering daily goods 

This last scenario was added to investigate the effects when the logistics department takes over 

even more activities from the care employees. Besides placing the goods in the storage cabinets at 

the team locations, the logistics department will also place the orders for the daily products via 

AXI. So in this scenario the care employees only have to order the exceptional products when 

necessary and in case the driver does not have a key, open the door to let the driver in. This time 

the delivery duration is extended and the personnel costs for both the team employees as the 

warehouse employees are adapted.  
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5. RESULTS  

First, the more extensive analysis of the current situation is described. This contains more 

aspects than included in the mathematical model and scenario analysis in order to provide a 

complete picture of the logistics system. The second part provides the results of the quantitative 

scenario analysis, where the selected relevant input parameters are translated into scenarios and 

entered into the model in order to compare the resulting values in terms of costs. 

5.1 ANALYSIS CURRENT SITUATION 

In this part the results are presented of the analysis in the orientation phase as well as the results 

from the detailed analysis in the construction phase of this research project.  

 

5.1.1 WAREHOUSE  

The capacity of the Warehouse Inventory Module can be evaluated in two dimensions: in terms 

of space and in terms of resources. With the estimated speed of the order pickers, in other words 

the capacity per FTE is determined and compared to the demand and the capacity available. For 

the space available for handling the orders and the activities of order picking, the sizes of bins are 

determined and related to the demand. Then the area and volume available in the warehouse is 

determined.  

 

The capacity of the resources is determined by identifying the activities and estimating the speed 

of the resources. In total 5,23 FTE’s are available for the Warehouse Inventory Module, including 

order picking, the coordination and order receipt. Order picking is the activity that needs most of 

the capacity and 4 FTE’s are scheduled for this process. 1,23 FTE is available for coordination of 

the Warehouse Inventory Module. Estimating the speed of order picking was time consuming 

and therefore only the data of one week is gathered, resulting in the following averages for an 

order picker: 

 42,8 order lines per hour (σ = 14,6) 

 102,8 products per hour (σ =45,1) 

 3,38 orders per hour (σ = 0,56) 

For the same period, the picking mistakes were noted and from this the percentage of wrongly 

picked order lines is 0,005%. It should be noted that this is data from only one week and should 

therefore be treated carefully. Also relevant to mention are the recent changes in the operation of 

the warehouse, an extra control function is added, to make sure the orders are collected correctly. 

Hence, for the estimation of the service level, the picking errors can be ignored. On average the 

demand per day is 2800 products per day (σ = 896,2) and the maximum number of products 

demanded per day in September was 3.176. Considering the average speed of the order pickers, 

3,9 order pickers would be needed to collect all products on the busiest day. For the average 

number of products per day this number is 3,4, so for the average demand 3,4 FTE’s are needed 

for order picking. Considering the busiest week of September, with a demand of 14.112 products, 

3,81 FTE’s would be necessary. Comparing this to the number of FTE’s available for order 

picking, which is approximately 4 FTE’s this seems acceptable. However, in practice it should be 

taken into account that order picking is not the only activity that the order pickers have to 

perform.  

 

The size of the warehouse was also mentioned as a bottleneck, therefore in the initial phase the 

capacity in terms of volume available for inventory was assessed. The ground plan of the current 
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central warehouse can be found in Appendix G  Ground plan Warehouseand an overview of the 

calculations is provided in Appendix H. Because there is no detailed information available about 

the sizes of the products, it was decided not to include the volume into the mathematical model. 

From empirical observation can be concluded that there is not much space left to store more 

products than what is done in the current situation, so it is expected that expanding the 

assortment will cause problems in storing the new articles. Also decisions that will significantly 

increase the inventory levels are expected to cause problems due to the limited size of the 

warehouse.  

 

5.1.2 ASSORTMENT AND DEMAND ANALYSIS AXI 

The data form AXI encompasses the three groceries goods flows (GH, GO, and GM), the 

Nutrition and diet flow (ND), and the Packages and occasional goods flow (PO). In total, there are 

4.489 different products that belong to the fixed assortment that can be ordered via AXI, the ‘free 

request’ (Vrije Aanvraag) articles excluded. According to the data 2.681 items are in the system 

indicated as inventory products, but only 870 articles have a maximum inventory level higher 

than zero, so these are the articles that are really kept on stock at the warehouse. The set of 

articles that is kept on stock at the warehouse and at the locations are not identical, 630 articles 

are inventory items at both locations, 240 articles are only kept on stock at the warehouse and 275 

other items are only inventory items for the warehouse.  

 

The demand data from the teams and from the warehouse are analysed separately, because the 

prices, order quantities and frequencies are different. From the data it was estimated that that the 

teams order for 1.649.286 euro per year on the standard products via AXI. This is 17,5 % less 

than the 2 million euro that was estimated by Lunet zorg (Lunetzorg, 2014). This could be 

explained by the fact that not all teams have ordered their goods via AXI and that not all articles 

are included in the scope of this research. The warehouse ordered for 1.077.487 euro per year, as 

expected this is lower than the teams have ordered, due to differences in prices for the teams and 

the warehouse. 

 

5.1.3 Meals  

The goods flows for the meals deserves its own heading because these flows are different from 

the other flows in many aspects. Initially it was decided that every team should choose one of the 

three offered concepts, however in practice there are a number of teams that have two, or even all 

three of the options. The three concepts correspond to the three goods flows for the meals: 

Frozen Fresh 3 compartments (FF3), Cooled Fresh 3 compartments (CF3), and Multi-Portion 

(MP). Every concept has its own course of ordering, for the teams as well as for the logistics 

departments to the external supplier. Which is quite remarkable, knowing that all the concepts 

are delivered by one (umbrella) organisation. The meals administration of Lunet zorg receives the 

orders from the teams via e-mail or on paper and transmits these in three different ways to the 

supplier. The employees from the meals administration need to perform quite a number of 

actions to process the orders. For example, in case of the Cooled Fresh concept, the orders have to 

be entered manually into the system per client per meal, so this is really labour-intensive.  

 

Based on the data received from the supplier it is estimated that the total spend on meals for the 

year 2015 amounts to 700.800 euro. This is less than the 1,02 million euro that was estimated for 

2015 (Lunetzorg, 2014). The vast majority is accounted to the Cooled Fresh 3 compartments 

concept, namely 475.650 euro. The other two are considerably smaller, 133.600 euro for the 
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Multi-Portion concept and 91.550 euro for the Frozen Fresh 3 compartments. In terms of number 

of products, this ratio is comparable.  

 

5.1.4 AGGREGATION OF DEMAND PER TEAM 

In order to implement the restrictions about the capacity in the mathematical model, in particular 

the Delivery Module, a common measure for capacity is essential. Because there is no 

information available about the size per product, another method has to be used to estimate the 

volume of the orders. Most products are collected, transported and delivered in bins, therefore it 

was decided to use this as the common measure of capacity. There are different sizes of bins and 

not all products are transported in bins, such as the meals and the incontinence materials. These 

other flows with different packaging sizes are translated into number of bins, to end up with a 

consistent unit of measurement for capacity. An overview is provided in Table 5.1. 
 

Table 5.1 Translation of goods flows into common capacity measure  

 

To use this common unit of measurement as input for the vehicle routing tool, the demand for 

products was translated into the number of bins necessary to transport these products. Per team 

the demand for the goods flows ordered via AXI was aggregated and the average demand per 

week was determined, together with the standard deviation, variance coefficient, and the 

percentage of weeks that orders are placed. Because of the deviating packaging sizes, the demand 

for the three goods flows concerning meals, the Frozen Fresh 3-compartments (FF3), Multi-

Portion (MP), and Cooled Fresh 3-compartments (CF3), are analysed separately to determine the 

correct value for the capacity in terms of number bins related to the number of items. Also the 

incontinence material is not transported in the regular bins, but in boxes that are already 

delivered per location. Therefore, this goods flow is also  analysed separately to find the 

appropriate value in terms of the common measurement for capacity and the accompanying 

number of items. In summary, to determine the number of bins necessary per location per 

period, the demands per period for the different types of products are converted to number of 

small bins necessary. The number of bins per type, per team is always rounded up to the nearest 

integer. 

 

The capacity of the vehicles was estimated based on empirical observations and verifications with 

the drivers. The height of the truck is never fully used, so never more than 12 small bins are 

stacked irrespective of the specific height. There are small differences in the sizes of the truck, 

but on average the maximum number of bins possible to fit in the vehicles does not differ 

significantly. Also to allow for variations in demand, the vehicle routing tool will calculate with a 

maximum of 80% of the total capacity, that is 102 bins. 

Type of bins or boxes Measurements Number of 
articles 

In terms of 
small bins 

Big bins:   60 x 40 x 30 cm 𝜇 = 14 

(𝜎 = 11) 
2 

Small bins: 60 x 40 x 15 cm 
60 x 40 x 13 cm 

1 
1 

Multi-portion meals bins (MP) 60 x 40 x 11 cm 6 1 

Cooled Fresh 3-compartments 
meals boxes (CF3) 

24 x 33 x 9  cm   
24 x 33 x 27 cm   

1.5 
6 

0.3 
1 

Frozen Fresh 3- compartments 
meals boxes (FF3) 

40 x 26 x 15 cm 6 0.5 

Incontinence materials (IM) 60 x 40 x 30 cm 3.5 2 
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5.2 SCENARIO ANALYSIS 

In order to combine the results from the analysis with the different modules, a set of reasonable 

scenarios are composed. For every scenario, the same calculations are used, only the input 

parameters are different. A complete overview of the results can be found in Appendix J, the 

results are presented per module. Next, the details of the different scenarios are discussed 

separately, after that the detailed results of all scenarios are presented in one table and the 

outcomes are compared.  

 

5.2.1 SCENARIO 1: CURRENT SITUATION 

In the first scenario, the current situation is analysed by estimating the values for the input 

parameters based on the data analysis. For the warehouse inventory management module, the 

average lead time for most ordered products is one day, and the review period is two days. The 

value of the safety stock is based on the minimum order level as registered in AXI and the service 

factor determined per product with the rational approximation method. For the current situation 

the value of the safety stock amounts to 12.962 euro per year. The value of the average cycle stock 

is based on the average order quantity in the current situation and the value of the product and 

amounts 20.488 euro per year. The total fixed replenishment costs are estimated based on the 

estimation for the total number of replenishments per year and the fixed order cost and are 

estimated to be 3.398 euro per year. The personnel cost for the order picking process, based on 

the number of order per year and the average speed of the order pickers, are estimated to be 

186.320 euro per year. In total the costs for the Locations Inventory Module adds up to 196.408 

euro per year. It should be noted that these are not the total costs of the warehouse, the fixed 

costs, such as the costs for the building and the supervising employees is not included. The 

estimated service level for the current situation was 97,2%, which is lower than the desired 98%.  

 

For the Locations Inventory Module, the average lead time is two days and for the review period 

the value 2,5 is used, because part of the teams can order two times per week and the other part 

three times per week. For every scenario the value of 0,35 is used as cut off point, to designate 

which products are inventory items. The value of the safety stock is based on the assumption that 

there is on average four weeks of demand placed at the locations and amounts to 82.709 euro. 

The value of the average cycle inventory is 25.840 euro and the total fixed replenishment costs for 

all teams are estimated to be 8.188 euro. The personnel costs for all teams, based on the 

estimated time a care employee spends on ordering, receiving and placing the products in the 

storage cabins, are estimated at 843.554 euro. This results in the total cost for the Locations 

Inventory Module of 873.452 euro. An overview of the costs and parameters for the Locations 

Inventory Module are presented in Appendix J.2 Locations Inventory 

 

The lengths of the current routes are determined based on the clustered addresses that are visited 

during one route. The park locations are visited three times per week and the locations outside 

the park routes are visited two times per week. The total distance for the park routes is 164,4 km 

and for the outside park locations the distance is 434,2 km. The average delivery time is estimated 

to be 13,5 minutes and the average loading time is 60 minutes. The total distance per week is 

1.362 km and the total duration 178 hours. Together in total the transportation costs are 49.562 

euro and the personnel costs are 244.051 euro, resulting in the estimated total costs for the 

current routes of 293.613 euro. An overview of the parameters, durations, distances, and costs for 

the routes of all scenarios can be found in Appendix J.3 Routes. 
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5.2.2 SCENARIO 2: IMPROVEMENT 

The second scenario illustrates the same situation as the first scenario, the current situation. Only 

in this scenario for the values of the order quantities and the safety stocks, are the ones 

determined with the calculations as shown Chapter 4. The Model Based on these calculations the 

model provides the optimal values in order to minimise costs at the desired service level. 

Additionally, the costs for transportation are based on the routes generated with the vehicle 

routing tool designed in this project. 

 

In Table J.1 in Appendix J.1 Warehouse Inventory the costs of the Warehouse Inventory Module 

in the scenario with the improved values are presented in the same table as the first scenario. 

Now the value of the safety stock is estimated at 15.610 euro, which is 20% more than the 

estimation of the safety stock value in the current situation. This implies that the levels of the 

safety stocks in the current situation is too low to meet the service level of 98%. The value of the 

average cycle stock can be reduced with 25% by using the calculated order quantities. The total 

fixed replenishment costs can be reduced with 7% and the personnel costs for the warehouse are 

the same because the total number of orders is unchanged. The possible savings in reducing the 

average cycle inventory and the total fixed replenishment cost, are almost exactly outweighed by 

the increased safety stocks in order to meet the desired service level. 

 

The results from the Locations Inventory Module for the second scenario are presented in the 

same table as the current situation, in Appendix J.2 Locations Inventory. The value of the safety 

stock reduces with 43% to 47.288 euro and value of the average cycle inventory decreases with 

4% when using the optimal values provided by the model. The personnel costs for the care 

employees related to the logistical activities are expected to stay the same and the total fixed 

replenishment costs can be reduced with 39%. When considering solely the inventory costs, so 

disregarding the employee costs, it is possible to reduce the costs with 34%. However due to the 

big influence of the employee costs, the relative improvement is only 1,2%.  

 

The results from the routing tool, using the input parameters illustrating the current situation, 

are presented in Appendix J.3 Routes. Instead of 8 routes for the outside locations, the routing 

tool generated 6 routes to visit all locations two times per week. The total distance is 1.248,2 km 

per week, which is 8% less than the current routes, the total duration is 4% less. The total costs 

for this scenario are 280.199 euro per year, this is 5% less than for the current routes.  

 

Summarising the results for Scenario 2 shows a (slight) decrease in costs for every module and 

the total cost reduction for all modules together is 2%, including the direct personnel costs at all 

locations. Without the personnel costs, the possible cost reduction is 34% when using the optimal 

values provided by the model.  

 

5.2.3 SCENARIO 3: ALL LOCATIONS 3 TIMES PER WEEK 

In the third scenario the values for the input parameters are the same except for the number of 

deliveries per week for the locations outside the parks. This will affect the routes, the inventory 

policies at the locations, and the direct personnel costs in all modules.  

 

Regarding the Warehouse Inventory Module, the inventory policy related costs do not change 

because the average demand per week does not change. Although, the direct personnel costs are 

expected to increase because the total number of orders that need to be processed increases.  
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The value of the estimated safety stock at the Locations Inventory Module can be reduced even 

more when delivering all locations three times per week, with 46%, this is 5% more than the 

reduction in Scenario 2. The values of the average cycle stock and the fixed replenishment costs 

stay the same as in Scenario 2, because those depend on the optimal order quantities and these 

do not change. Without considering the personnel costs, the inventory costs at the locations can 

be reduced with 36%. In total the costs of the Locations Inventory Module increases with 9%, due 

to the influence of the increasing personnel costs of the care employees. The table with the 

results can be found in Appendix J.2 Locations Inventory 

 

For this scenario in which every outside location is visited three times per week, the routing tool 

again generates six routes for the outside locations. The costs however are higher, because now 

six routes have to be completed three times per week instead of two, resulting in a total distance 

of 1658 km. The total durations increases with 15% to 204 hours per week. The total cost increase 

of 16% for transportation, also here this is for the biggest part attributed to the increase in 

personnel cost.  

 

Considering the costs of all modules together shows the impact of the personnel costs on the 

total costs. Without including the personnel costs, the cost reduction would be 17%. However, the 

total costs for all the modules together, including the direct personnel costs, increase with 11% 

when changing the policy to delivering every location three times per week.  

 

5.2.4 SCENARIO 4: ALL LOCATIONS 2 TIMES PER WEEK  

Again, the only input parameter that changes is the number of deliveries per week, in this 

scenario every location is visited two times per week. So this would only affect the park locations 

compared to the current situation.  

 

Visiting all locations two times per week has a positive effect on the costs of the Locations 

Inventory Module. The value of the safety stock increases as expected, because the cycle length 

increases, but the total direct personnel costs at the team locations decrease significantly when 

number of deliveries is reduced to two times per week. This results in a total cost reduction of 

14% for the Locations Inventory Module, relative to the current situation.  

 

Compared to the second and third scenario the inventory related costs for the Warehouse 

Inventory Module does not change. Due to the decrease in number of orders per year, direct 

personnel costs for the order pickers is expected to decrease. This results in a possible cost 

reduction of 21% for this scenario compared to the current situation.  

 

The routing tool has generated the same routes as in scenario 2, because in this scenario the 

outside locations are also visited two times per week. Changing the visiting frequency of the park 

locations causes a reduction in costs of 22% relative to the current situation for the Delivery 

Module.  

 

Together the total cost reduction possible with regard to the current situation is 17%, mostly due 

to the big reduction in direct personnel costs. 
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5.2.5 SCENARIO 5: PLACING PRODUCTS IN STORAGE CABINETS 

This scenario was included to investigate the effects of delivering extra service to the care teams 

by placing the products in the storage cabinets by the drivers. Because this only affects the 

delivery duration at the locations, this is the only input parameter for which the value is different, 

the other values for the input parameters are the same as in scenario 1 and 2. Because the 

logistics department takes over work from the care teams, the personnel costs for activities 

related to the logistical activities in the Locations Inventory Module will decrease. The costs for 

the Warehouse Inventory Module does not change.  

 

For this scenario it was assumed, based on measurements during a pilot, that placing the 

products in the storage cabins takes 18 minutes, instead of the average of 13,5 minutes in the 

current situation. This increase in delivery duration results in one additional route; now there are 

7 routes necessary to deliver all outside locations. The total distance per week for this scenario is 

1.313 km, this is 4% less than in the current situation and 5% more than in Scenario 2. The total 

duration increases with 17% relative to the current situation. In total the increase in the delivery 

duration causes an increase of 14% in the total costs for the Delivery Module.  

 

In summary, the costs for the Delivery Module increase and the costs at the team locations 

decrease, both because of the changes in personnel costs. The costs for the Warehouse Inventory 

Module are the same as in the second scenario, so almost the same as in the current situation. 

Considering the total direct costs for the three modules together, these can be decreased with 13% 

when employees from logistics relieves the teams from placing of the products in the storage 

cabinets. Important to keep in mind is that to realise these cost reductions for the organisation as 

a whole, the number of FTE’s for the care need to be reduced and one FTE extra needs to be 

added to the delivery function.  

 

5.2.6 SCENARIO 6: CONTROL INVENTORY BY LOGISTICS 

In scenario  6, the service provided to the care teams is taken a step further, besides placing the  

products in the storage cabinets, the logistics department will also place the orders for the teams 

for the most regular products. Likewise in scenario 5, again the average delivery duration is 

changed, but besides this difference it was assumed that the standard deviation of the demand 

will be reduced. So additional to the effect on the transportation module and the personnel costs, 

the effect of the change in the standard deviation of the demand has also an effect on both the 

locations inventory and the warehouse inventory.  

 

Table J.2. in Appendix J.2 Locations Inventory shows exactly the same input parameters as in all 

the other scenarios for the Warehouse Inventory Module, the difference lays in the standard 

deviation of the demand, which is a separate value for every product and therefore not visible in 

the input parameters. The effects on the costs for the safety stock however, are clearly visible; this 

value reduces with 57%. The value of the average cycle stock and the estimated fixed 

replenishment costs are the same as in the other improved scenarios, resulting in a possible cost 

reduction of 54% when disregarding the personnel costs. Lastly, the employee costs for the 

Warehouse Inventory Module increase with 1% because of the extra task of placing orders for the 

care teams is now executed by personnel from the warehouse. This small increase in the 

expensive personnel costs, almost outweighs the cost reductions possible of decreasing the safety 

stocks, resulting in a possible cost reduction of almost 1% relative to the current situation.  
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The assumed change in the variation of the demand has also an effect on the estimated safety 

stock that should be held at the team locations. If it is possible to reduce the standard deviation 

with 50%, the value of the safety stocks of all teams can be decreased with 71%. In this scenario 

where the logistics department relieves the care employees from most of their logistics related 

tasks, the personnel costs for the care teams can be decreased with 63%, resulting in a total cost 

reduction of 62% for the Locations Inventory Module.  

 

Again, based on measurements during a pilot where the driver also places the orders for the care 

teams, the average delivery duration is assumed to be 25 minutes for this scenario. Due to this 

increase in delivery duration, the number of routes necessary to deliver the outside locations has 

increased to 9. The total distance is now 7% higher compared to the current situation and the 

total duration has increased with 51% to 269 hours per week. The total estimated costs for 

transportation in Scenario 6 is 43% higher than the estimated costs in the current situation.  

 

From the results in this scenario it could be concluded that the total costs can be decreased with 

31% relative to the current situation, while improving the service level, both in terms of the 

percentage of the products directly deliverable from stock and in terms of the qualitative aspects 

of service. It should be kept in mind that to realise these cost reductions for the organisation as a 

whole, the number of FTE’s for the care teams should be reduced and the number of FTE’s for 

the logistics department should be increased. For this scenario it is estimated that 6,7 FTE’s are 

required for the Delivery Module, compared to the 4,3 FTE’s in the current situation.  

 

5.2.7 DISCUSSION RESULTS SCENARIO ANALYSIS 

The figure below shows an overview of the most important results of the scenario analysis and 

Table 5.2 with the detailed information about the costs and the percentages decreased or 

increased relative to the first scenario can be found at the end of this section.  

 

 
Figure 5.1 Results scenario analysis 

 

Both from the figure and the table on the next page, it stands out that the costs for the Locations 

Inventory Module account for the major part of the total costs  in most scenarios and this is 
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mostly caused by the high personnel costs. This is especially visible when comparing Scenario 6 

to the current situation, the personnel costs for the Delivery Module are increased by 

approximately 50%, but the decrease in personnel costs at the team locations still cause a 

reduction in the total cost of 31% relative to the current situation. 

 

Due to the longest duration, Scenario 6 has the highest transportation costs. Also in Scenarios 3 

and 5 the increase in the total duration of executing the routes induces higher costs relative to the 

current situation. Scenarios 2 and 4 show a decrease in the transportation costs: driving the 

routes generated by the routing tool would reduce the costs with 5% and delivering all the 

locations 2 times per week would result in a cost decrease of 22%. The costs considered in the 

Delivery Module are for the major part personnel costs, they account for on average 85% of the 

total costs of the Delivery Module. It should be noted that the fixed costs, such as purchase or 

depreciation of the trucks, are not included in this model, because this was not expected to 

change on short notice and therefore not included in the scope of this project. 

 

Regarding the Locations Inventory Module, using the order quantities and safety stock levels as 

prescribed by the model reduces the inventory costs with approximately 35%. Due to the 

reduction in the variation of the demand in Scenario 6, this scenario shows the largest reduction 

in costs of 54% relative to the current situation. The most important cost factor in this module are 

the personnel cost of the care employees for the total time all teams spend on the logistical tasks. 

For the current situation it was estimated that a team spends approximately three hours per week 

on ordering and receiving the goods. With 180 teams the total cost for personnel adds up to 

16.222 euro per week, accounting for the differences in the number of deliveries per week. These 

personnel costs account for on average 98% of the total cost of the Locations Inventory Module, 

masking the effects of the possible improvements in inventory management. Scenario 3 shows 

the highest costs because in this scenario every location is delivered three times per week, 

causing the high personnel costs at the care teams. In Scenario 6, most logistics related tasks are 

performed by the logistics department, significantly reducing the time the teams spend on the 

logistical tasks.  

 

The results for the Warehouse Inventory Module show that the inventory costs at the central 

warehouse could be reduced by 7%, using the order quantities and minimum and maximum 

inventory level advised by the model. Also reducing the variability of the demand will induce a 

cost reduction of 27% for the inventory costs at the central warehouse. Similar as in the other two 

modules, the costs of personnel is the decisive factor in this module, they account for on average 

96% of the total costs included in the Warehouse Inventory Module. Besides the effects in the 

costs, there will also be a difference in the average inventory levels, because the model implies 

that the safety stocks should be increased to reach the service level of 98%. So this will have an 

effect on the space required at the central warehouse to store the products. When looking more 

closely at the data, it appears that there are around 100 inventory products that have a safety stock 

of zero in the system, but should have higher safety stocks according to the calculations. Because 

there is no information available about the sizes of the products, it cannot be calculated precisely 

whether it would be possible to fit the products in the warehouse as advised by the model. From 

observations in the warehouse it is expected to be difficult to add many more different articles to 

the warehouse.  

 

When focussing on the costs considered in this model, the costs for the Locations Inventory 

Module are decisive, they account for approximately 65% of the total costs in the scenarios 1 to 4. 
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Scenario 4, in which the locations are all delivered the least number of times per week, the costs 

are lowest in total. In this case the least number of FTE’s is required for all three modules. 

However, considering the service, not in terms of the P2 level, but the qualitative aspects of 

service, such as more delivery moments and more activities performed by the logistics 

department instead of the care teams, then scenario 4 scores the lowest and the scenario 6, where 

most service is provided scores the highest. Also regarding the costs the last scenario in which 

most service is provided to the care teams seems to be the best scenario. It should be noted that 

only costs directly related to the changes in policies as described in the scenarios, so the costs for 

implementing the necessary changes and possible extra operational costs are not included.  
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Table 5.2 Results scenario analysis 

 
Scenario 1 

 
Scenario 2 

 
Scenario 3 

 
Scenario 4 

 
Scenario 5 

 
Scenario 6 

Delivery Module 
           Number of routes 12 

 

10 

 

10 

 

11 

 

11 

 

14 

Total distance  1362 

 

1248 

 

1658 

 

1134 

 

1313 

 

1459 

Total duration 178 

 

172 

 

204 

 

137 

 

209 

 

269 

Transportation cost park routes  €             17.952  

 

 €           17.952  

 

 €          17.952  

 

 €        13.788  

 

 €        17.952  

 

 €       17.952  

Personnel cost park routes  €           148.282  

 

 €         148.282  

 

 €        148.282  

 

 €      101.591  

 

 €      179.065  

 

 €     226.949  

Transportation cost outside routes  €             31.610  

 

 €           27.481  

 

 €          42.414  

 

 €        27.481  

 

 €        29.824  

 

 €       35.138  

Personnel cost outside routes  €             95.768  

 

 €           86.483  

 

 €        130.655  

 

 €        86.483  

 

 €      107.259  

 

 €     140.954  

Total cost Delivery Module  €         293.613  

 

 €        280.199  

 

 €       339.304  

 

 €    229.344  

 

 €    334.100  

 

 €   420.994  

   

-5% 

 

16% 

 

-22% 

 

14% 

 

43% 

Locations Inventory Module 
           Value of estimated safety stock   €             82.709  

 

 €           47.288  

 

 €          44.931  

 

 €        50.619  

 

 €        47.288  

 

 €       23.644  

Value of average cycle inventory   €             25.840  

 

 €           24.855  

 

 €          24.855  

 

 €        24.855  

 

 €        24.855  

 

 €       24.855  

Total fixed replenishment costs  €               8.188  

 

 €             5.008  

 

 €            5.008  

 

 €         5.008  

 

 €         5.008  

 

 €         5.008  

Personnel costs  €           843.554  

 

 €         843.554  

 

 €        932.350  

 

 €      732.560  

 

 €      631.433  

 

 €     315.716  

Total cost Locations Inventory Module  €         873.452  

 

 €        862.991  

 

 €       951.315  

 

 €    752.663  

 

 €    650.869  

 

 €   330.424  

   

-1,2% 

 

9% 

 

-14% 

 

-25% 

 

-62% 

Warehouse Inventory Module 
           Value of estimated safety stock   €             12.962  

 

 €           15.610  

 

 €          15.610  

 

 €        15.610  

 

 €        15.610  

 

 €         5.577  

Value of average cycle inventory   €             20.488  

 

 €           15.285  

 

 €          15.285  

 

 €        15.285  

 

 €        15.285  

 

 €       15.285  

Total fixed replenishment costs  €               3.398  

 

 €             3.174  

 

 €            3.174  

 

 €         3.174  

 

 €         3.174  

 

 €         3.174  

Personnel costs  €           186.320  

 

 €         186.320  

 

 €        218.723  

 

 €      145.815  

 

 €      186.320  

 

 €     187.328  

Total cost Warehouse Inventory Module  €         196.408  

 

 €        195.673  

 

 €       228.076  

 

 €    155.168  

 

 €    195.673  

 

 €   194.675  

   

-0,4% 

 

16% 

 

-21% 

 

0% 

 

-1% 

            Service level 97,2% 
 

98% 
 

98% 
 

98% 
 

98% 
 

98% 

Quality of service  +/- 

 

 +/- 

 

 + 

 

 - 

 

  + 

 

  ++ 

            Total cost  €      1.363.473  

 

 €     1.338.863  

 

 €    1.518.694  

 

 € 1.137.175    € 1.180.642  

 

 €   946.092  

   

-2% 

 

11% 

 

-17% 

 

-13% 

 

-31% 
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6. IMPLEMENTATION 

This chapter describes how the results, the routing tool and the inventory calculations 

spreadsheets can be used by Lunet zorg to further improve their logistics system. 

6.1 ROUTING TOOL 

The routing tool is a tool implemented in Excel with VBA and generates routes based on the 

distances between the locations and the average demand per flow. The document contains 

multiple sheets containing information about the demand, the distances matrix, entry boxes for 

the input parameters, the savings matrix the routing tool generates, the composition of and 

information about the routes, and an overview of the costs. A detailed description of the vehicle 

routing tool and an instruction on how the tool can be used and adapted in case of changes with 

regard to the locations, can be found in Appendix K. Routing Tool 

 

The vehicle routing tool can be used to analyse the composition and costs of routes, depending 

on the following input parameters: maximum capacity in terms of number of bins per truck, the 

number of deliveries per week, the average speed of the trucks, the delivery duration at a location, 

and the allowed maximum total duration of one route. So the effects of changes in these 

parameters on the number, lengths, and costs of the routes for the outside locations can be 

analysed easily. For example the effects of small changes in operations, such as the number of 

deliveries per week. Also changes in the sizes of the delivery trucks can be analysed by adapting 

the maximum capacity. Especially the option to adapt the delivery duration is interesting for 

Lunet zorg with reference to the present pilots about delivering more service to the teams.  

 

As result the routing tool provides lists of routes and an overview of the relevant information and 

costs based on the routes generated by the tool. For every route the following is provided: the list 

of location numbers and the addresses, the total capacity in number of bins, the total distance in 

kilometres, and the total duration in minutes. Also the durations of the driving time and the time 

spend at the locations are presented separately. The overview sheet provides all the relevant 

aggregate information about the routes, the values of the input parameters, and the 

transportation and personnel costs separated for the outside park routes and the park routes.  

 

This vehicle routing tool can be used to analyse how proposed changes affect the costs and how 

the input parameters are related to the resulting number and length of the routes and the costs. 

This insight is expected to be valuable in making decision about the design of the logistics 

system.  

6.2 SPREADSHEETS FOR INVENTORY CALCULATIONS  

The calculations for the inventories at the warehouse and at the locations, as provided in Section 

4.2 Mathematical model, are implemented in two separate Excel documents. Depending on a set 

of input parameters the cycle lengths, safety stock levels and order quantities are determined and 

the resulting costs for the average cycle inventory and the safety stock are provided. Also the 

improvement relative to the current situation is presented.  

 

Both documents are setup in the same way, although the one for the warehouse inventory 

calculations contains more sheets because more information was necessary for the calculations. 
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As input parameters the following values are required: the duration of the lead time, the review 

frequency, the required service level and the carrying charge. For the locations inventory also the 

cut-off point to decide whether it is an inventory item or not should be specified. The overview 

sheet of the inventory warehouse document shows besides the costs also the number of products 

per goods flow. Lunet zorg can use this computational model to optimise its current operations 

by adapting the order quantities and frequencies and to investigate the effects on the inventory 

costs of changing one or more of the input parameters. Also this information is expected to be 

valuable in the process of improving the logistics system of Lunet zorg.  

6.3 PRACTICAL ASPECTS & LIMITATIONS 

In the process of modelling, assumptions are made and intricate situations are simplified to be 

able to analyse the system. This means that not every detail and variation existing in the real 

situation is taken into account. Firstly, the SLA-agreements with the teams specify which services 

are provided to the teams and when the deliveries take place, these specific restrictions cannot be 

specified in the model. The variations in service, which have implications for the delivery 

duration, are not implemented in the system. In case the routing tool is used to investigate 

scenarios with significant differences in delivery times, the tool should be adapted to enable this. 

Another limitation of the routing tool is that it cannot handle predefined time-windows. For the 

routes generated by the routing tool it should be checked whether it can be matched with the 

restrictions on delivery days and times. Also the variations in sizes of delivery trucks cannot be 

entered into the tool, so when the vehicle fleet changes and there will be significant differences in 

capacity of the trucks this cannot be analysed with this tool. 

 

Secondly, in the spreadsheet with the calculations for the warehouse inventory, the lead time is 

the same for all the suppliers. In reality, this is not true, not all suppliers deliver in the same time 

window. In the model the lead time from the suppliers delivering the majority of the products is 

used. So if there are notable changes in the supplier base and this causes different lead times for 

the major part of the products, this routing tool should be adapted to be able to cope with these 

variations. It is not investigated how or whether it is possible to automatically copy the values of 

the calculated new order quantities and new minimum and maximum order levels to the 

inventory management system, which is AXI.  
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7. CONCLUSION AND RECOMMENDATIONS 

The aim of this research project was to analyse the current logistics system of Lunet zorg and 

advice on whether the system is designed appropriately and how it could be improved 

considering the function it has to perform, while satisfying the desired service level and 

minimising the costs. The focus was on the transportation system and the inventory 

management at the central warehouse and at the locations. In this section the conclusion is 

described and an answer is provided to following research question: 

7.1 CONCLUSION 

In order to answer the research question, first the scope of the research project was delineated 

and the sub questions were formulated. It was decided to focus on the current situation and how 

to improve it, and not to focus on strategic, high level aspects of the issue. Therefore a 

mathematical model was constructed to model the current situation and analyse interesting 

options with the focus on the three logistical functions: inventory at the locations, inventory at the 

central warehouse and the transportation system. To model this complex system, the system was 

divided into three modules and for every module a model was developed to analyse the specific 

part of the system. In the scenario analysis the three modules are combined in order to analyse a 

set of interesting scenarios and draw conclusions about the whole system. For the transportation 

module a vehicle routing tool was built based on the capacitated version of the savings algorithm 

from Clarke and Wright (1964). Besides the capacity, extra restrictions regarding the duration of 

the route were also implemented in this tool. The routing tool provides routes based on the 

distances between the locations, the average demand, average speed, and the average delivery 

time. Based on their characteristics, the two inventory modules are modelled by two different 

inventory management models. The inventory at the central warehouse is operating according an 

(R,s,S) model, a periodic review model with a minimum and maximum inventory level. For the 

Locations Inventory Module a (R,S) model was used, also periodic review but now the order 

quantity is based only on the maximum inventory level. 

 

In total there are six scenarios defined to analyse the effects of using optimal order quantities 

provided by the model, different delivery frequencies and providing extra service to the teams. 

The first scenario models the current situation, based on data analysis the estimations were 

derived for the input parameters. The second scenario shows the improvement possible when 

using the order quantities and routes provided by the model. Scenarios 3 and 4 are formulated to 

analyse the situation in which all locations are delivered two or three times per week. The last two 

scenarios were devised to answer the extra questions posed by Lunet zorg regarding the extra 

service. In Scenario 5 the goods are not only delivered, but also placed into the storage cabinets at 

the locations. In the last scenario even more work is relieved from the teams, besides placing the 

goods in the storage cabinets, the logistics department also places the orders for the most 

frequent bought products.   

 

First the results of the three modules are discussed separately to end with the conclusions of the 

scenario analysis, where the three models are considered simultaneously. Starting with the 

Delivery Module, the analysis of the routes with the routing tool showed a small improvement 

How should the logistics system of Lunet zorg be designed with the goal of minimising cost 

 while meeting the desired service level? 
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possible relative to the current situation. As expected, the costs of transportation rise when 

increasing the number of deliveries per week, visible in the comparison of Scenario 3 and 4. Also 

the higher costs for the fifth and sixth scenario are justifiable, when increasing the delivery 

duration the total duration of the routes will increase, causing the number of FTE’s necessary for 

the transportation system to increase. In the current situation the required number of FTE’s is 

4,5, based on the total duration of the routes. Scenario 4 where all locations are delivered two 

times per week, requires only 3,4 FTE’s and induces the lowest costs. Oppositely, Scenario 6 

where most service is provided to the teams, 6,7 FTE’s are required for the transportation system 

to provide the extra service to the teams and is therefore the most expensive. Important to note is 

that only the cost directly related to the routes, such as the personnel costs and the cost per km 

are included in the model, so the fixed costs like the purchase of the trucks is not included into 

this model. 

 

The analysis of the Locations Inventory Module showed that significant cost reductions are 

possible by using the optimal values for the order quantities and lowering the safety stock levels. 

Increasing the number of deliveries per week, lowers the optimal value for the safety stock and if 

it would be possible to decrease the variability in demand, the safety stock could be decreased 

even more, as illustrated in Scenario 6. The personnel costs for the care employees for the 

logistics related tasks depend on the number of deliveries per week and the service provided by 

the teams. The last scenario shows the largest cost reduction for the Locations Inventory Module, 

because there most logistical tasks are taken over by the logistics department.   

 

Regarding the Warehouse Inventory Module, the most important conclusion is that in the 

current situation the minimum levels are not high enough to ensure the desired service level of 

98%. From the data it was determined that the current service level was on average 97,2%, 

measured over all products. This is also visible in the difference between the values of the 

estimated safety stocks between the current situation and the improved scenario; the value of the 

safety stock has to be increased with 20% to be able to meet the desired service level. With regard 

to the inventory management at the warehouse, so without considering the personnel costs of the 

order pickers, the largest cost reduction could be achieved if it is possible to reduce the variability 

in the demand, this could reduce the value of the estimated safety stock with 57%. It is expected 

that this will also have positive effects on the space usage of the current central warehouse. The 

practical implications of reducing the demand variability, which implies changing the order 

behaviour of the teams, is not part of the scope, so also the related costs of implementing such 

changes are not taken into account. Similarly as in the other modules, the total effect of the costs 

of the Warehouse Inventory Module are determined by the personnel costs of the order pickers. 

Scenario 3 is most expensive and Scenario 4 results in the lowest costs because of the differences 

in personnel cost, due to the differences in total number of orders that need to be processed. 

 

Considering the three modules together in the scenario analysis it is clear that the Locations 

Inventory Module is the deciding factor in the total costs, as it accounts for approximately 65% of 

the total costs considered in this scenario analysis. This is caused by the large portion of 

employee costs relative to the other cost factors, this is the same in every module. Looking only at 

the costs belonging to the logistics department, which are the Delivery Module and the 

Warehouse Inventory Module, then Scenario 4, with the least number of deliveries, has the 

lowest costs compared to the other scenarios, where the number of deliveries per week are 

higher. The costs for the logistics department are the largest in the last scenario due to the 

increase in personnel costs required to provide the extra services. However, when answering the 
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research question for the organisation as a whole, the biggest reduction in cost is visible in 

Scenario 6. In this scenario many logistical tasks that in the current situation are performed by 

the care teams themselves, are now performed by the logistics department. Employees from the 

logistics department can perform the activities faster and they are less expensive per hour. For the 

organisation as a whole this means that the costs can be reduced with 31% compared to the 

current situation. Important to note is that the this would mean that the number of FTE’s for the 

care teams need to be decreased and a smaller increase in the number of FTE’s for the logistics 

department is necessary to be able to transfer the activities from the care teams to the logistics 

department.  

 

The service provided by logistical system is taken into account in a few ways. Firstly, defined as 

the mathematical concept of the percentage of products that can be delivered directly from stock. 

This is included in the inventory management part of the model to determine the safety stock 

levels. Also, in the table providing the overview of the scenario analysis, the quality of the service 

is attempted to be illustrated with “+” and “–“ signs. The level of service perceived by the care 

team is also implemented by translating the time spend on logistics related tasks into costs. The 

effects of those costs are clearly visible in the scenario analysis, Scenario 6 is the most profitable 

because of the decrease in employee costs at the team locations.  

 

Besides the definition of service and the effect on the care teams it is also important to keep in 

mind that not all logistical costs are included. Only the costs that are affected by the different 

values for the input parameters, illustrating the different scenarios, are included in the 

mathematical model. The fixed costs are not taken into account as they do not change between 

the scenarios. For example the costs of maintaining the central warehouse, costs of the spaces 

occupied at the team locations, the fixed costs for the trucks, and the salary costs for the 

managers are not taken into account. This causes the distorted distribution of the costs of the 

different modules in the total costs. In an attempt to investigate the effect of the fixed cost 

regarding the inventory management, the r value, indicating the carrying charge, was increased. 

By increasing this value, the importance of the fixed inventory costs increases, such as the costs 

of the spaces used for inventory and the operating costs for the warehouse. Even the high value of  

90% for the carrying charge did not change the proportional decreases and increases in costs 

significantly. This seems to confirm the conclusion that the personnel costs are the critical factor. 

Still, when drawing conclusions about the total costs for the central warehouse, using the results 

from this analysis, it should be kept in mind that not all the fixed costs are taken into account 

explicitly. When those costs, which are outside the scope of this project, such as the building, 

electricity, costs of the purchasing system, deterioration of stock, and taxes are significantly 

higher than the personnel costs, this could lead to other conclusions.    

 

In summary, from the analysis of the current logistical system of Lunet zorg and the scenario 

analysis it can be concluded that in the current situation only slight cost reductions could be 

realised by using optimal order quantities and different routes. Also it provides insight in the cost 

factors that are important when making decisions about the logistics system and how to operate 

it. The salary costs are of significant importance and if would be possible to reduce the variability 

in the order behaviour of the teams, this could have significant effect on the inventory levels (and 

space used) in the warehouse and at the locations.  
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7.2 RECOMMENDATIONS 

Considering the cost based results from the scenario analysis for the organisation as a whole, the 

recommendation would be to focus on reducing the costs related to the logistical activities by 

transferring the tasks as much as possible from the care teams to the logistics department. In 

other words: implementing Scenario 6. This means that the total number of FTE’s for the care 

teams together, that is spend on the logistical tasks need to be decreased from approximately 14 

to 5 FTE’s. The increase in FTE’s for the logistics department, based on the extra time spend to 

take over the activities is expected to be approximately 3 FTE’s. So in order to effectuate the 

possible cost reductions in employee costs to reduce the total costs for the organisation, the total 

number FTE’s for the care teams need to be reduced and the total cost for the logistics 

department will increase.  

 

Relating this advice to the main objective of the facilitating function, including the logistics 

department, which is to unburden the care function of the organisation, the last scenario seems 

like a win-win situation. The costs in the scenario analysis were the lowest for the last scenario 

and the service provided to the teams was the highest, the teams are unburdened from the 

logistical tasks almost as much as possible. However, when considering the other important 

objective with regard to the logistics department this last scenario is the worst. This objective was 

reducing the costs for the logistical function as much as possible, because every euro saved in 

logistics benefits the care function of the organisation. Implementing Scenario 6 would mean 

that budget from the care function is transferred to the logistics function. The resulting cost 

reduction translated back into number of FTE’s for the care teams, results in 7 FTE’s. So in 

absolute terms the care teams together lose about two FTE’s, but they have 5 FTE’s more to spend 

on care related tasks instead of on the logistical tasks. This is only true if the cost reductions 

realised from implementing the last scenario will be spend on personnel for the care teams. But 

of course there are other ways to benefit the care teams, or actually the clients, than increasing 

the personnel hours for care.  

 

Also important to note about the winning Scenario 6 is that the results for this last scenario are 

based on the assumption that the variability in demand from the teams can be reduced by 50%. It 

is not investigated whether this percentage is genuinely reasonable, but based on the capricious 

order behaviour in the current situation, it seems to be. This scenario implies also a significant 

reduction in the safety stocks at the team locations and it may be difficult in practice to convince 

the teams to agree with this. Another important point related to the implementation of this last 

scenario is that there will be additional set up costs to implement these changes in the 

organisation, those costs are not taken into account in this scenario analysis. For example, the 

costs of managing the project to change the processes in the organisation, but also the ICT-

investments that will be necessary to implement the processes.  

 

In this research the focus was on analysing and improving the current situation, which is a good 

first step in taking the logistics system to a higher level. This research provides insight into the 

logistical processes, it reveals the important cost factors and it offers tools to analyse and optimise 

the logistical processes based on a few input parameters. The advice is to use this information 

and these tools in the decision making process in the next step. In relation to the first ambition of 

Lunet zorg (see Section 2.4), to excel in their services, a crucial issue in this next step should be 

the development an appropriate and unambiguous definition of service in the context of the 

logistics system, that is supported by the whole organisation. The staff departments should 
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unburden the teams, so that they can focus on their core function and the logistics department 

could play an significant role there. At the same time the third ambition should not be forgotten, 

this was to stay financially healthy. If tasks of the care teams are taken over by logistics personnel, 

the time the care personnel can spend on the care related tasks will increase, this is an advantage. 

Nevertheless, the logistics department will need more personnel to provide the extra service, so 

the costs for the logistics department increases, increasing the total costs of the organisation or 

pressing on the budget allocation to the care function. From a financial point of view there are 

limits on how much the care teams can be unburdened. A sound strategy should be developed to 

guide the logistics department, this should be based on the general strategy of the organisation. 

In this process an answer should be provided to the question what the added value of the 

logistical function for the organisation is, how it best supports the organisation and specifically 

the care teams, and what that may cost.  

 

Developing a strategy for the logistics department covers a wider scope than the scope of this 

research, this is important to keep in mind. Regarding the design of the system, aspects that are 

taken as given in this research project, because of the focus on the current situation, should be 

reconsidered in this wider scope. Furthermore, as mentioned before, not all relevant costs and 

benefits related to the logistics system are included in the models of this research. This is 

important to acknowledge when using the findings of this research. For example the fixed costs 

of maintaining the central warehouse and ICT investments could be crucial in the decisions 

about the design of the logistics system.  

 

Other important aspects to consider are amongst others the assortment, which items should be 

inventory items and which not, the implementation details, and the practical implications. In the 

current situation the space available at the central warehouse is restricted, together with the 

objective of cost reduction it is not possible to keep the same variety of products on stock as a 

supermarket can offer. Related to which products to include in the range Lunet zorg offers, is the 

decision which products to keep on stock and which to offer via the punch-out route. Decisions 

on these issues determine the service in terms of the variety of the assortment, the service level 

defined as the percentage directly delivered from stock and the lead time.  

 

Another important element of the logistics system is the ICT that supports the processes, such as 

the purchasing system and inventory management software, but also the scanners used to enter 

the arrived orders into the system. Many aspects of ICT are critical in the support of the 

processes, all information about the orders and billing for example are communicated via the 

system. But also important is how it supports the employees in their activities: how easy is the 

system to operate? Does it reduce the time of administrative tasks? At the moment AXI is used as 

an order- or purchasing system, both the internal customers and the central warehouse order 

their products via this system (or via punch-out). Also the approval- and billing processes are 

supported by AXI. From conversations with employees from different departments it appeared 

that the majority was not completely satisfied with the system. Teams indicated that the search 

function did not work properly and the interface was not user-friendly. Also the system does not 

provide sufficient features to perform all aspects of inventory management properly. It could be 

interesting to investigate how to improve the service to the teams by improving the ICT system 

and its applications. Apart from these remarks, it is recommended to reassess the supporting 

system when reconsidering the design of the logistics system, because it is important that the 

system is able to support every process required by the design. This should be investigated in 
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sufficient detail to make sure it supports all the different situations induced by practical 

constraints.  

 

This last part of the recommendation is the about the processes concerning the meals. From the 

analysis of the current situation and empirical observations it became clear this process is 

intricate and labour intensive. There are three different ordering procedures for the three 

concepts of meals and those require multiple manual actions per order or even per item, 

resulting in high operating costs. It is recommended to redesign the ordering processes for meals 

in close collaboration with the supplier, because the they depend heavily on the processes and 

systems used by the supplier. Also here special attention should be payed to the details. In 

particular to the ordering procedures; there are specific restrictions regarding the diet 

information about patients and privacy issues increasing the complexity, which makes it 

challenging to implement these processes in an ordering system.  

7.3 FURTHER RESEARCH 

This research provides some insight in how cost reductions can be realised by improving the 

inventory management or changing the processes. Further research into the total costs related to 

the logistics function is necessary to draw conclusions on a higher, more strategic level. For 

example, if the option of moving the warehouse to another location needs to be investigated, also 

the fixed costs need to be determined more specifically and the cost for implementing the 

changes in the organisation are important to consider.  

 

Elaborating on the last scenario, where more tasks are taken over by the logistics department and 

the major part of the inventory management at the locations is controlled by the logistics 

department, it could be interesting to investigate how logistics system could be redesigned in 

order to best perform its tasks. For example if the teams order and deliver the goods at the 

locations, it could be interesting to decide on the exact quantity to deliver upon delivery, based on 

the real inventory level. But this would only be possible if the daily or regular products are from a 

restricted assortment and it would require the implementation of a significantly more complex 

ICT-system. 

 

Regarding both the objective of cost reduction and improving the lives of the clients, it could be 

interesting to investigate the possibilities to include clients in the logistics process, in 

collaboration with BIW (Begeleid Intern Werken). This department is the link between clients 

that are capable enough to perform simple work and the organisation that has simple work that 

needs to be performed. From conversations with care employees it became clear that clients 

genuinely like to work and that many capable clients are looking for such a job. Besides the 

advantages for the clients, this could also have significant effects on the financial side, the 

government is paying the care organisation for every hour it provides employment to the client.  

 

One of the objectives mentioned in the reports about the logistics system was that the number of 

trucks and vans on the residential parks should be reduced. It could be interesting to investigate 

the possibilities of delivering on the residential parks with smaller electrical vehicles. Possibly 

even in combination with the collaboration with BIW.  

 

With regard to the mathematical model designed in this project, it could be interesting to further 

investigate steps to improve the connection between the modules. Also in relation to the idea of 
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more control by the logistics department, then it could be more interesting to build an integrated 

system where the routes depend on the real time demand from the teams.  

 

For this research the data from 31 weeks was used in the first year the system was implemented, 

to investigate whether the demand rates change over time data from a more recent period should 

be used in the model to investigate the effects of the possibly changing demand rate. 
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A  LIST OF ABBREVIATIONS 

 

 

AWBZ Algemene Wet Bijzondere Ziektekosten (EMEA: Exceptional Medical Expenses 

Act) 

AXI The name of the integral purchasing system in which everyone in the 

organisation can order their goods.  

BIW Begeleid Intern Werken (As part of the daily activities clients may perform work 

for Lunet zorg) 

CF  Cooled Fresh 3 Compartments (Koelvers drievaks maaltijden) 

CODP  Customer Order Decoupling Point (Klant Order OntkoppelingsPunt) 

FF  Frozen Fresh 3 compartments (Vriesvers drievaks maaltijden) 

FIFO  First-In-Fist-Out (Products with the closest expire date are placed upfront)  

FTE  Fulltime-Equivalent  

GH  Groceries Household (Huishoudelijke boodschappen) 

GM  Groceries Medical (Medische boodschappen 

GO  Groceries Office Supplies (Kantoor artikelen) 

IM   Incontinence material (Incontinentie materiaal) 

ND  Nutrition diet/probe (Dieet voeding en sondevoeding) 

MP Multi-portion (Multiportie maaltijden) 

ICT  Information and Communication Technology 

PGB  Persoonsgebonden Budget (Personal care budget) 

PO  Packages & Occasional goods 

TACS  Total Average Cycle Stock 

VBA  Visual Basic for Applications 

VRP  Vehicle Routing Problem 

WMO  Wet Maatschappelijke Ondersteuning (Social Support Act) 
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B  LIST OF DEFINITIONS 

Central warehouse This is the warehouse located at the residential park ‘Donksbergen’ in 

Duizel (Netherlands) were all the goods arrive, are stored and order-

picked, and delivered from.  

Clients   The people with a mental disability that receive care from Lunet zorg.  

Facility room  This is an enclosed area at a team location where the inventory for the 

care 

Goods This general term is used to indicate everything that can be ordered via 

AXI and is delivered with the regular delivery routes. 

Groceries All the goods that belong to the three logistical groceries streams 

(household, office supplies and medical) and can be ordered via AXI. 

Inventory item Items that are stored at the central warehouse without 

being ordered by the teams. (The not-inventory items are not stored at the 

central warehouse but will be ordered when a team orders the item via 

AXI.) 

Inventory item Items that are stored at the central warehouse without being ordered by 

the teams. (The not-inventory items are not stored at the central 

warehouse but will be ordered from the supplier when a team orders the 

item via AXI.) 

Local inventory  The goods that are stored (in the storage cabinets and freezers) at the 

locations where the clients live or receive care.  

Outside locations The locations that are not on one of the two residential parks are indicated 

as outside locations.  

Park locations Lunet zorg has two residential parks where clients live and receive care; 

“De Donksbergen” and “Eckartdal”. The locations on these parks are 

called the park locations.  

Punch-out These goods are not included in AXI itself and are also not stored at the 

central warehouse, in AXI the customer is forwarded to the web shop of 

the supplier where the goods can be ordered. After ordering the goods 

follow the same path as the not-inventory items. 

Teams The collective term for the self-managing teams that provide care to the 

clients and order their necessities via AXI. In this report the term teams is 

used as an overarching term for all delivery locations of Lunet zorg.  

Truck The term truck is in this research used for the lorries that are used for 

delivering the goods, for these vehicles no additional drivers licence is 

necessary.  

Warehouse inventory The goods that are stored at the warehouse without being connected to an 

order from a team.  
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C  LIST OF VARIABLES 

C.1 VARIABLES REGARDING INVENTORY CALCULATIONS 

𝑖 = 1, … , 𝐾 Number of teams  

𝑗 = 1 , … , 𝑀  Number of items 

𝐿:   Duration of lead time in weeks 

𝑅:   Duration of review period in weeks 

𝐷𝑖,𝑗:   Average demand per year team i for item j   

𝜎𝑖,𝑗:   Standard deviation average demand per week team i for item j 

𝜇𝑅+𝐿𝑖,𝑗
:   Demand during lead time plus review period team i for item j 

𝜎𝑅+𝐿𝑖,𝑗
:   Standard deviation of demand during lead time plus review period 

�̅�𝑖,𝑗:   Average cycle length team i for item j 

�̅�𝑖,𝑗:   Average order quantity team i for item j 

𝑠𝑠𝑖,𝑗:   Estimated safety stock team i for item j 

𝑠𝑗:  Order level at warehouse for item j 

�̂�𝑖,𝑗:   Estimated order-up-to level team i for item j 

𝑣𝑗:  Costs of item j  in euro 

𝑘:   Safety factor 

𝐴:   Fixed order cost per replenishment  

𝑟:  Carrying charge, cost in euro of carrying one dollar of inventory for one year 

𝑁:   Total number of replenishments per year for all products in population 

𝑇𝐴𝐶𝑆:   Total Average Cycle Stock in euro 

 

C.2 VARIABLES REGARDING ROUTING CALCULATIONS 

𝑑𝑖:   Distance from the warehouse to location i in km 

𝑑𝑖𝑗:   Distance from location i to location j in km 

𝑏𝑖𝑗:   Savings of combining location i and j in km 

𝑄𝑘:   Capacity of vehicle k 

𝑐𝑖:   Average demand location 𝑖 in number of bins 

𝑡𝑖𝑗 :   Travel time from location 𝑖 to location 𝑗 in minutes 

𝑠𝑖:   Service time at location 𝑖 

𝑇𝑘 :   Maximum total driving time of route 𝑘 in minutes 

𝑟𝑘  {𝑖, 𝑗 }:  Collection of location for vehicle 𝑘  

.𝑓:  Index to indicate the first location in the route 

.𝑚.:  Index to indicate that it is not the first or last location in the route 

.𝑙:   Index to indicate the last location in the route 

.𝑥.:   Index to indicate the new to consider location 
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D CALCULATIONS & PROCEDURES 

D.1 SAVINGS ALGORITHM  

First in the following figures, the steps used to build the vehicle routing tool are presented in a 

schematic overview. Below the figures, the procedure is explained.  

 

 

 
Figure D.1 Steps algorithm used for vehicle routing tool – Part 1 
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Figure D.2 Steps algorithm used for vehicle routing tool – Part 2 

The first step starts with the solution where there is a separate route for each location; for each 

location the vehicle starts at the central warehouse, drives to the location, and directly returns to 

the warehouse. In step two the distances between every pair of locations are determined with 

Google Maps and placed in a matrix. The matrix is of size (𝐾 ∗ 𝐾), with 𝐾 representing the total 

number of locations, providing all distances between all locations, denoted with 𝑑𝑖𝑗. The first 

location is the warehouse (𝑖 = 1). It is assumed that the distance does not depend on the 

direction, so the distance from 𝑖 to 𝑗 is the same as from 𝑗 to 𝑖. Then a second matrix, with size 

(𝐾 − 1) ∗ (𝐾 − 1), is formed representing the savings of combining location 𝑖 and 𝑗 :  

  

𝑏𝑖𝑗 =  𝑑1,𝑖 + 𝑑1,𝑗 − 𝑑𝑖𝑗 ≥ 0           𝑓𝑜𝑟 𝑖 > 0  ∨ 𝑗 > 1  ∨  𝑖 < 𝑗 

 

Then the tool searches for the highest saving and checks the following restrictions before adding 

the locations to the route. First the capacity of the locations of the selected point pair (𝑐𝑖  and 

𝑐𝑗 , ) should not exceed the maximum capacity of the truck (𝑄𝑘) and the estimated driving time 

(𝑡𝑖𝑗) and service  time (𝑠𝑖) should not be longer than the maximum driving time allowed (𝑇𝑘): 

Find: max (𝑑𝑖𝑗)  while:   
𝑐𝑖 + 𝑐𝑗 ≤ 𝑄𝑘  and 
𝑡1𝑖 + 𝑡𝑖𝑗 + 𝑡𝑗1 + 𝑠𝑖 + 𝑠𝑗 ≤ 𝑇𝑘  

 

When the restrictions are met, the locations of the first selected point pair with the highest 

savings are added to the first new route. The tool in Excel works with classes, lists, and attributes, 

when the locations are added to the, the attributes indicating the characteristics of the location are 

updated. The route is implemented as a list and the characteristics of the route, the duration and 

the capacity are also updated. Now the next round starts, again the highest saving is searched, but 

this time only savings in combination with the first or last location of the current route are taken 

into account. When the restrictions are met, the new location is added to the route and this 

process repeats until no other location meets the restrictions to be added to the route. Then a new 

search start to find the highest saving of the combination of two locations not yet in a route. The 

restrictions are checked and in the same way a new route is constructed. This process is repeated 

until all locations are added to a route.  
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D.2 DETERMINING A/R RATIO BASED ON AGGREGATE CONSIDERATIONS  

In case of the EOQ decision rule, it turns out that the EOQ of an individual item depends on the 

ratio of the fixed order cost per order divided by the carrying chare, A/r. As A/r increases, the Q 

increases; hence the average inventory level of the product increases and the number of 

replenishments per year declines. These same general effects apply to all items in the population 

under consideration. Therefore, as A/r increases, the value of the total average inventory will 

increase and the total number of replenishments per year decreases. Based on the current values 

extracted from the database the current aggregate operating point on the curve is determined, 

this implies a value of A/r. Then this value of A/r in the economic order quantity formula for 

each item will give the desired aggregate operating characteristics.  

 

When using the economic order quantity (EOQ) for each product, the value of the total average 

cycle stock (TACS) is: 

𝑇𝐴𝐶𝑆 =  √
𝐴

𝑟
∗

1

√2
∗ ∑ √𝐷𝑗𝑣𝑗

𝑀

𝑗=1

 

 

 

In this case the total number of replenishments per year (N) is: 

 

𝑁 = √
𝑟

𝐴
∗

1

√2
∗ ∑ √𝐷𝑗𝑣𝑗

𝑀

𝑗=1

 

 

Both the TACS and the number of replenishments per year depend on the ratio of A/r. The 

multiplication of these two formulas results in:  

(𝑇𝐴𝐶𝑆) ∗ 𝑁 =  
1

2
∗ (∑ √𝐷𝑗𝑣𝑗

𝑀

𝑗=1

)

2

 

 

This equation is used to draw the exchange cure for the cluster of products. The following figure 

4.2 in Section 4.2.1 The Warehouse Inventory Moduleshows the exchange curve for the goods 

flow Groceries Household.  

 

Then the total number of replenishments per year for all products in the cluster is estimated with 

the average demand per year and the average order quantities of the current situation.  

 

𝑁 = ∑
𝐷𝑗

𝑄𝑗

𝑀

𝑗=1

 

 

 

Next, based on the average order quantities and the values of the products, the Total Average 

Cycle Stock (TACS) of the current situation is estimated in the following way:  

 

𝑇𝐴𝐶𝑆 =  ∑
𝑄𝑗 ∗ 𝑣𝑗

2

𝑀

𝑗=1
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These values are then used to determine the current operating point, in the figure indicated with 

the orange dot. This shows the improvements possible in terms of aggregate performance 

measures, over the current operating policy. The value of A/r for the group of items is based on 

the values of TACS and the number of replenishments per year: 

 

𝐴

𝑟
=

𝑇𝐴𝐶𝑆

𝑁
 

 
 

The estimation of the value of A/r is then used to estimate the value of the economic order 

quantity per product: 

𝑄𝑗
∗ = √

𝐴

𝑟
∗

2𝐷𝑗

𝑣𝑗
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D.3  RATIONAL APPROXIMATION FOR 𝐽𝑢(𝑘)  

This procedure was used to determine the value of k for every product separately.  

For a given value of 𝐽𝑢(𝑘) the corresponding values of k are found by building the following 

rational approximation in a spreadsheet.  So first for every item the 𝐽𝑢(𝑘) is determined with  

 

𝐽𝑢(𝑘) =
2(1 − 𝑃2) ∗ 𝜇𝑅 ∗ (𝑆 − 𝑠 +

𝜎𝑅
2 + 𝜇𝑅

2

2 ∗ 𝜇𝑅
)

𝜎𝑅+𝐿
2

 

 

Then the k value is defined as: 

 

𝑘 =
𝑎0 + 𝑎1𝑧 + 𝑎2𝑧2 + 𝑎3𝑧3

𝑏0 + 𝑏1𝑧 + 𝑏2𝑧2 + 𝑏3𝑧3
 

 

Where for 0 ≤ 𝐽𝑢(𝑘)  ≤ 0.5 

 

𝑧 = √𝑙𝑛 (
1

(𝐽𝑢(𝑘))2
) 

 

𝑎0 = −4.1884136 ∗ 10−1    𝑏0 = 1 

𝑎1 = −2.5546970 ∗ 10−1    𝑏1 = 2.1340807 ∗ 10−1    

𝑎2 = 5.1891032 ∗ 10−1   𝑏2 = 4.4399342 ∗ 10−2   

𝑎3 = 0       𝑏3 = −2.637875 ∗ 10−3   

 

While for 𝐽𝑢(𝑘) > 0.5 

 

𝑧 = 𝐽𝑢(𝑘) 

𝑎0 = 1.1259464     𝑏0 = 1 

𝑎1 =  −1.3190021     𝑏1 = 2.8367383    

𝑎2 = −1.8096435    𝑏2 = 6.5593780 ∗ 10−1      

𝑎3 = −1.1650097 ∗ 10−1    𝑏3 = 8.2204352 ∗ 10−3    

  

This results in a value for the safety factor k for every item, which is then used to determine the 

level of the safety stock. 

 

 

 

 

 

 

 

  



59 
 

E  ORGANISATION CHARTS LUNET ZORG 

 

 
Figure E.1 Organogram Lunet zorg
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Figure E.2 Organogram ICT & Facilities 
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F  LOGISTICAL STREAMS  

Table F.1 Overview of all logistical streams of Lunet zorg 

Goods flow   
 

Handling   
 

Via AXI   
 

Number of 

times per 

week 

  
 

In 

collaboration 

with BIW 

  
 

Inventory 

item 
  

 

Estimation 

average 

monthly 

purchasing 

cost 

  
 

In 

regular 

route? 

  
 

In 

Scope? 

AWBZ Goods   
 

Lunet zorg   
 

Yes   
 

0   
 

No   
 

n/a   
 

    
 

No   
 

No 

Incontinence Material (IM)   
 

Lunet zorg   
 

Punch-
out 

  
 

1   
 

No   
 

Punch-
out 

  
 

€ 8.000   
 

Yes   
 

Yes 

Frozen Fresh 3 compartments 
(FF3) 

  
 

Lunet zorg   
 

Yes 
(future) 

  
 

2   
 

No   
 

Punch-
out 

  
 

€ 7.600   
 

Yes   
 

Yes 

Multi-portion (MP)   
 

Lunet zorg   
 

Yes 
(future) 

  
 

2   
 

Yes   
 

Punch-
out 

  
 

€ 11.000   
 

Yes   
 

Yes 

Cooled fresh 3 compartments 
(CF3) 

  
 

Lunet zorg   
 

Yes 
(future) 

  
 

1   
 

No   
 

Punch-
out 

  
 

€ 39.600   
 

Yes   
 

Yes 

Nutrition diet/probe (ND)   
 

Lunet zorg   
 

Yes 
(future) 

  
 

2   
 

Yes   
 

Inventory 
item 

  
 

€ 6.000   
 

Yes   
 

Yes 

Nutrition catering   
 

Outsourced   
 

No   
 

    
 

No   
 

n/a   
 

    
 

No   
 

No 

Nutrition takeaway external   
 

Outsourced   
 

No   
 

    
 

No   
 

n/a   
 

    
 

No   
 

No 

Groceries household (GH)   
 

Lunet zorg   
 

Yes   
 

2   
 

Yes   
 

Inventory 
item 

  
 

€ 56.000   
 

Yes   
 

Yes 

Groceries office supplies (GO)   
 

Lunet zorg   
 

Yes   
 

2   
 

Yes   
 

Inventory 
item 

  
 

€ 2.400   
 

Yes   
 

Yes 

Groceries medical (GM)   
 

Lunet zorg   
 

Punch-
out 

  
 

2   
 

Yes   
 

Punch-
out 

  
 

€ 3.500   
 

Yes   
 

Yes 

Laundry   
 

Outsourced   
 

No   
 

1.5   
 

No   
 

n/a   
 

    
 

No   
 

No 

Textile patchwork   
 

Outs. in 
future? 

  
 

No   
 

2   
 

Yes   
 

n/a   
 

    
 

Yes   
 

No 

Mail   
 

Lunet zorg   
 

No   
 

10   
 

No   
 

n/a   
 

    
 

No   
 

No 

Medications via pharmacy   
 

Outsourced   
 

No   
 

    
 

No   
 

n/a   
 

    
 

No   
 

No 

Packages & occasional goods 
(PO) 

  
 

Lunet zorg   
 

Yes/No   
 

5   
 

Yes   
 

n/a   
 

 € 500   
 

Yes   
 

Yes 

Garbage   
 

Outsourced   
 

No   
 

    
 

Yes   
 

n/a   
 

    
 

No   
 

No 
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G  GROUND PLAN WAREHOUSE 

Figure G.1 shows warehouse at Donksbergen in Duizel. The white areas show the space used for the operational activities and inventory.  

Figure G.1 ground plan central warehouse at Donksbergen in Duizel.  
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Total area 14.8 m2

Area shelves 10 m2

Volume 4.6 m3

Number of shelves 4

Number of levels 5 Area 10.00 m2

Height of shelf 0.46 Volume 4.60 m3

Depth of shelf 0.5

Length of shelf 1

0.20 Receipt

0.10 Office- & Medical Supplies
Total area 58.7 m2

Office Supplies: Medical Supplies:

Area shelves 56.00 m2 42.56 m2 13.44 m2

Volume 15.14 m3 10.84 m3 4.30 m3

Number of shelves 5

Number of levels 5 Area 14.00 m2

Height of shelf 0.32 Volume 4.48 m3

Depth of shelf 0.56

Length of shelf 1

Number of shelves 5 1 3

Number of levels 8 2 3 Area 28.56 m2

Height of shelf 0.18 0.46 0.36 Volume 6.36 m3

Depth of shelf 0.56 0.56 0.56

Length of shelf 1 1 1

Number of shelves 4

Number of levels 6 Area 13.44 m2

Height of shelf 0.32 Volume 4.30 m3

Depth of shelf 0.56

Length of shelf 1

Area 4 m2

Volume 4 m3

Freezer

Office Supplies 1

Office Supplies 2

Medical Supplies

H  VOLUME WAREHOUSE 

The calculations of the volume of the warehouse are shown in this appendix. Every block 

corresponds to a space in the central warehouse, the numbers correspond to the numbers on the 

ground plan of the warehouse, see Appendix G  Ground plan Warehouse.  

 

Table H.1 Receipt 

Table H.2 Office- & Medical Supplies 
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Total area 107.3 m2

Area shelves 110.00 m2

Volume 43.87 m3

Number of shelves 1 8

Number of levels 3 5 Area 24.08 m2

Height of shelf 0.8 0.32 Volume 8.51 m3

Depth of shelf 0.56 0.56

Length of shelf 1 1

Number of shelves 3 7

Number of levels 3 5 Area 24.64 m2

Height of shelf 0.6 0.36 Volume 10.08 m3

Depth of shelf 0.56 0.56

Length of shelf 1 1

Number of shelves 4 6 6

Number of levels 4 3 1 Area 61.28 m2

Height of shelf 0.5 0.46 0.21 Volume 25.28 m3

Depth of shelf 0.56 1 1

Length of shelf 1 2.18 2.18

0.19 Groceries

Beverages

Sanitary

Non-perishable products

0.18 Cold Storage Inventory
Total area 22.9 m2

Shelves 21.60 m2

Volume 7.56 m3

Number of shelves 6

Number of levels 4 Area 21.60 m2

Height of shelf 0.35 Volume 7.56 m3

Depth of shelf 0.6

Length of shelf 1.5

0.17 Freezer Room
Total area 6.8 m2

Shelves 12.60 m2

Volume 4.41 m3

Number of shelves 3.5

Number of levels 4 Area 12.60 m2

Height of shelf 0.35 Volume 4.41 m3

Depth of shelf 0.6

Length of shelf 1.5

 

 

Table H.3 Groceries 

Table H.4 Cold Storage Inventory 

Table H.5 Freezer Room 
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I  INTERVIEWS 

Table I.1 List of persons interviewed 

Name   
 

Function   
 

Subjects 

H. van Aert   
 

Staff member Logistics   
 

Processes logistics 

J. van den Bergh   
 

Manager Purchasing & 
Logistics 

  
 

Assignment, policies and 
organisation, 

J. Boetzkes   
 

Coordinator Cleaning   
 

Logistics related to laundry and 
cleaning 

M. Bolder   
 

Staff member Purchasing   
 

Processes related to meals and 
purchasing 

L. Bout   
 

Purchasing agent   
 

Processes related to purchasing 

E. Cleven   
 

Advisor Facilities   
 

Current and past logistic functions 

S. van Dam   
 

Financial advisor   
 

Data verification, financial aspects 

E. Dinkgreve   
 

Project leader Facilities 
(Supervisor from Lunet zorg) 

  
 

Assignment, policies and 
organisation, administrative tasks 

F. Faes   
 

Coordinator Technical services   
 

Organisation, warehouse 

H. van Heffen   
 

Director ICT & Facilities   
 

Assignment, policies and 
organisation 

K. Hellings   
 

Manager Finance   
 

Organisation, financial aspects 

J. Leijen   Coordinator Order picking   Processes at central warehouse 

I. Jansen   
 

Coordinator Hospitality & 
Services 

  
 

Organisation, activities logistics 

O. Kavak   
 

Staff member Logistics   
 

Processes Logistics, practical issues 

K. Kleeven   
 

Coordinator Meals   
 

Processes related to meals 

J. Leijen   
 

Staff member Logistics   
 

Processes at warehouse 

P. Leijte   
 

Project Leader Innovation   
 

Organisation, logistics, other 
projects 

L. Mazrouai   
 

Staff member Logistics   
 

Data collection, practical issues, 
logistics 

B. Nendels   
 

Coordinator Logistics   
 

Policies and organisation, 
processes, logistics, data, practical 
issues 

I. van Otten- van 
Ham 

  
 

Staff member Meals   
 

Processes related to meals 

Y. Quicken   
 

Coordinator Catering & 
Laundry 

  
 

Processes catering and laundry 

M. Rasenberg   
 

Finance Director   
 

Policies and organisation, logistics, 
financial aspects 

A. Van de Sar   
 

Application manager   
 

AXI, Webreports, data collection 

M. Smetsers   
 

Staff member Meals   
 

Processes related to meals 

M. Theuws   
 

Staff member Business office   
 

Policies and organisation, meals 

R. van Tijen   
 

Information analyst    
 

Processes and data collection 

J. van Weert   
 

Financial advisor   
 

Data analysis, financial aspects 

E. Wintermans   
 

Coordinator Hospitality & 
Services 

  
 

Organisation, processes 

A. Witzenburg   
 

Client Counsellor   
 

Perspectives from teams  

R. Wolfs   
 

Tactical purchaser   
 

Purchasing processes 

T. Wouters   
 

Staff member Logistics   
 

Processes and activities logistics 



66 
 

J RESULTS 

In this part of the appendix the results for the different modules are presented, for every module 

separately.  

J.1 WAREHOUSE INVENTORY  

This section shows the cost for the Warehouse Inventory Module. Because the inventory costs do 

no vary between the scenario’s except for the improvement and Scenario 6, these costs are only 

presented in two tables. The first one for the current situation and the improvement, the second 

one presents the results of the last scenario. The personnel costs related to order picking are 

presented in a separate table at the end of this section. 

 
Table J.1 Results Warehouse Inventory Scenario 1 and 2 

Variables 
    Duration Lead time     1 day 

  
 

LT: 0,14 week 

Review frequency 
  

2   

Review period 
 

R: 0,29 week 

Service level 
  

98%   

Service factor  
 

k: 2,05   

Carrying charge   r: 20%   

Results 
 

All 
items Inv. items 

 Total number of items   1752     

Total number of inventory items M: 
 

870   

Total number of items goods flow GH 1207 685   

  GM 17 3   

  GO 178 55   

  IM 10 0   

  ND 39 23   

  PO 301 104   

Estimation for current situation: 
    Value of estimated safety stock              12.962    

Value of average cycle inventory  TACS: 
 

        20.488    

Total fixed replenishment costs   3.398  

Personnel costs order picking              186.320   

Estimation total inventory costs per year:           196.408    

Estimation improvement: 
    Value of estimated safety stock              15.610    

Value of average cycle inventory  TACS: 
 

        15.285    

Total fixed replenishment costs             3.174  

Personnel costs order picking     186.320   

Estimation total inventory costs per year:   
          

195.673    

     Possible reduction costs safety stock               -529    

Possible reduction costs cycle stock TACS:             1.041    

Total cost reduction 
  

             935    

      0,5%   
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Table J.2 Results Warehouse Inventory Scenario 6 

Variables 
    Duration Lead time     1 day 

  
 

LT: 0,14 week 

Review frequency 
  

2   

Review period 
 

R: 0,29 week 

Service level 
  

98%   

Service factor  
 

k: 2,05   

Carrying charge   r: 10%   

Results 
 

All 
items Inv. items 

 Total number of items   1752     

Total number of inventory items M: 
 

870   

Total number of items goods flow GH 1207 685   

  GM 17 3   

  GO 178 55   

  IM 10 0   

  ND 39 23   

  PO 301 104   

Scenario 6 
    Value of estimated safety stock                5.577    

Value of average cycle inventory TACS:           15.285   

Total fixed replenishment costs   3.174  

Personnel costs order picking   187.285  

Estimation total inventory costs per year:             2.086    

     Possible reduction costs safety stock                739    

Possible reduction costs cycle stock TACS:                520    

Total cost reduction 
  

          1.733    

      1%   

 

Personnel costs related to order picking 

Information  
      Number of park locations   100 locations 

  Number of outside park locations 80 locations 
  Number of orders per hour 3,38 orders/hour 
  Costs logistics     26,31 euro/hour 
  

       

Costs per scenario 
 

Scenario 
1&2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

Number of orders year   
          

23.920  
          

28.080  
          

18.720  
          

23.920  
          

23.920  

Hours per year 
 

            
7.082  

            
8.313  

            
5.542  

            
7.082  

            
7.082  

Total number of FTE's 
 

3,4 4,0 2,7 3,4 3,4 

Total cost per year:     €     186.320   €     218.723   €     145.815   €     186.320   €     186.320  
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J.2 LOCATIONS INVENTORY  

The results for the locations inventory are displayed below, separately for every scenario. At the 

end the calculations regarding the personnel costs are shown in a different table. 

 

 

 

  

Variables 
     

Duration Lead time   2 days     

  LT: 0,286 weeks 

 
  

Review frequency 
 

2,5 per week 

 
  

Review period R: 0,4 weeks 

 
  

Cut off point Inventory item 
 

0,35 average demand per week 

Service level 
 

98% 
  

  

Service factor  k: 2,05 
  

  

Carrying charge r: 20% Per euro per year   

      Results 
     

Number of inventory items M: 7649       

  
    

  

Scenario 1: Current situation 
    

  

Value of estimated safety stock  
 

      82.709  euro 

 
  

Value of average cycle inventory  TACS:       25.840  euro   

Total fixed replenishment costs  8.188 euro 

 
  

Estimation total inventory costs per year:       29.897  euro     

      Scenario 2: Improvement 
     

Value of estimated safety stock          47.288  euro     

Value of average cycle inventory  TACS:       24.855  euro   

Total fixed replenishment cost  5.008 euro 

 
  

Estimation total inventory costs per year:         19.436  euro     

      
Possible reduction costs safety stock   7.084 euro     

Possible reduction costs cycle stock  197 euro   

Possible reduction fixed repl. costs   3.180         euro 

 
  

Total cost reduction 
 

       10.461  euro 

 
  

    35%       

Table J.3 Results Locations Inventory Scenario 1 and 2 
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Table J.4 Results Locations Inventory Scenario 3  

Variables 
     

Duration Lead time   2 days     

  LT: 0,286 weeks 
 

  

Review frequency 
 

3 per week 
 

  

Review period R: 0,333 weeks 
 

  

Cut off point Inventory item 
 

0,35 average demand per week 

Service level 
 

98% 
  

  

Service factor  k: 2,05 
  

  

Carrying charge r: 20% Per euro per year   

 
Table J.5 Results Locations Inventory Scenario 4 

Variables 

Duration Lead time   2 days     

  LT: 0,286 weeks 
 

  

Review frequency 
 

2 per week 
 

  

Review period R: 0,5 weeks 
 

  

Cut off point Inventory item 
 

0,35 average demand per week 

Service level 
 

98% 
  

  

Service factor  k: 2,05 
  

  

Carrying charge r: 20% Per euro per year   

      

Results 
     Estimation improvement: 

     
Value of estimated safety stock          50.619  euro     

Value of average cycle inventory  TACS:       24.855  euro   

Total fixed replenishment costs  5.008 euro 

 
  

Estimation total inventory costs per year:         20.103  euro     

      
Possible reduction costs safety stock           6.418  euro     

Possible reduction costs cycle stock          197  euro   

Possible reduction fixed repl. costs 
 

3.180 euro 

 
  

Total cost reduction 
 

        9.795  euro 

 
  

    33%       

Scenario 3: All 3 times per week 
     

Value of estimated safety stock          44.931  euro     

Value of average cycle inventory  TACS:       24.855  euro   

Total fixed replenishment costs  5.008 euro 

 
  

Estimation total inventory costs per year:         18.965  euro     

      
Possible reduction costs safety stock           7.556  euro     

Possible reduction costs cycle stock          197  euro   

Possible reduction fixed repl. costs  3.180 Euro 

 
  

Total cost reduction 
 

        10.933  euro 

 
  

    37%       
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Table J.6 Results Locations Inventory Scenario 5 

Variables 

Duration Lead time   2 days     

  LT: 0,286 weeks 
 

  

Review frequency 
 

2,5 per week 
 

  

Review period R: 0,4 weeks 
 

  

Cut off point Inventory item 
 

0,35 average demand per week 

Service level 
 

98% 
  

  

Service factor  k: 2,05 
  

  

Carrying charge r: 20% Per euro per year   

      

Results 
     Estimation improvement: 

     
Value of estimated safety stock          47.288  euro     

Value of average cycle inventory  TACS:       24.855  euro   

Total fixed replenishment costs  5.008 euro 

 
  

Estimation total inventory costs per year:         20.103  euro     

      
Possible reduction costs safety stock          7.084  euro     

Possible reduction costs cycle stock          197  euro   

Possible reduction fixed repl. costs 
 

3.180 euro 

 
  

Total cost reduction 
 

        10.461  euro 

 
  

    35%       

 

Table J.7 Results Locations Inventory Scenario 6 

Variables 
     Duration Lead time   2 days     

  LT: 0,286 weeks 
 

  

Review frequency 
 

2,5 per week 
 

  

Review period R: 0,4 weeks 
 

  

Cut off point Inventory item 
 

0,35 average demand per week 

Service level 
 

98% 
  

  

Service factor  k: 2,05 
  

  

Carrying charge r: 20% Per euro per year   

      Results 
     Scenario 6 

     Value of estimated safety stock          23.644  euro     

Value of average cycle inventory  TACS:       24.855  euro   

Total fixed replenishment costs  5.008 euro 
 

  

Estimation total inventory costs per year:         14.708  euro     

      Possible reduction costs safety stock           11.813  euro     

Possible reduction costs cycle stock           197  euro   

Possible reduction fixed repl. costs  3.180 euro 
 

  

Total cost reduction 
 

        15.190  euro 
 

  

    51%       
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Personnel costs related to ordering and Placing goods in storage cabinets 

The following table show the calculations to determine the personnel costs related to the logistical 

tasks. In this table the personnel costs for the logistics departments only includes the extra time 

that is required for the administrative tasks, not for placing the goods in the storage cabins, those 

costs are already included in the Delivery Module.  

 
Table J.8 Personnel costs for care teams related to logistical tasks 

Information 
   

Number of park locations 100   

Number of outside park locations 80   

Costs team 
 

28,46 euro/hour 

Costs logistics   26,31 euro/hour 
 

 
Delivery frequency: 2 times per week 

  
    Scenarios 1, 2, 3, 4 Scenario 5 Scenario 6 

Team 
Duration ordering 1,5 1,5 0,5 

Duration settlement 1,3 0,5 0,5 

Logistics Duration ordering 0,0 0,0 0,2 

 
    

 
Delivery frequency: 3 times per week 

  
    Scenarios 1, 2, 3, 4 Scenario 5 Scenario 6 

Team 
Duration ordering 2,0 2,0 0,7 

Duration settlement 1,5 0,7 0,7 

Logistics Duration ordering 0,0 0,0 0,3 

 

Scenario: 1&2 3 4 5 6 
 

Costs Team 2x / week              78                 78               57               28  euro/week 

Costs Team 3x / week            100             100  
 

             76               38  euro/week 

Total number of hours            570             630             495             427             213  hours/week 
Hours per team per 
week             3,2              3,5              2,8              2,4              1,2  hours/week 

Number of FTE's            14,3            15,8            12,4            10,7              5,3  FTE's 

Total Teams per week       16.222        17.930        14.088        12.143          6.071  euro/week 

Costs Logistics 2x              -    
 

             -                 -                  4  euro/week 

Costs Logistics 3x              -                 -    
 

             -                  7  euro/week 

Total Logistics per week              -                 -                 -                 -            1.009  euro/week 

Total per week  €  16.222   €  17.930   €  14.088   €  12.143   €    7.080  euro/week 
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J.3 ROUTES  

This part of the appendix shows the results from the analysis with the routing tool. For every scenario the parameters were adapted and new routes 

were constructed, as shown in the tables. Because of confidentiality reasons, only the location numbers are shown, not the addresses. Based on these 

routes the following cost were determined.  

 
Table J.9 Overview costs routes Scenario 1 

 
Outside park routes 

   
Variables 

   Number of routes 8   
 

Cost per km   0,7 euro 

Total Distance 868 km 
 

Cost per FTE/hour 
 

26,31 euro 

Driving duration - min 
 

Frequency Park routes 
 

3 per week 

Loading duration 960 min 
 

Frequency Outside Park routes 2 per week 

Delivery duration - min 
 

Average speed of trucks 
 

48,2 km/hour 

Total Duration (min) 4200 min 
 

Average loading time 
 

60 min 

Total Duration (hours) 70,0 hour 
 

Average Delivery Duration 13,5 min 

 
  

       Park routes 
        Total Distance 493 km 

      Loading duration 720 min 
      Delivery duration 4050 min 
      Total Duration 108,4 hour 

      

         Total both routes per week 
        Total Distance 1362 km 

      Total Duration 178 hour 
      

         Total costs per year 
          Outside park routes Park routes   Total 

   Transportation cost  €        31.610  
 

 €        17.952  
 

 €        49.562  
   Personnel cost  €        95.768  

 
 €      148.282  

 
 €      244.051  

      €    127.378     €     166.235     €    293.613  
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Table J.10 Overview Routes Scenario 2 

Route:  1 Route:  2 Route:  3 Route:  4 Route:  5 Route:  6 

Capacity:  66,5 Capacity:  80 Capacity:  65,5 Capacity:  94,5 Capacity:  102 Capacity:  56,5 

Distance:  108,6 Distance:  70,545 Distance:  71 Distance:  63,94 Distance:  36,3 Distance:  27,1 

Total Duration:  284 Total Duration:  290 Total Duration:  291 Total Duration:  282 Total Duration:  221 Total Duration:  169 

Driving time:  135 Driving time:  88 Driving time:  88 Driving time:  80 Driving time:  45 Driving time:  34 

Delivery time:  149 Delivery time:  203 Delivery time:  203 Delivery time:  203 Delivery time:  176 Delivery time:  135 

70   31   21   71   51   57   

10   78   22   50   16   20   

11   79   44   72   15   25   

63   69   66   2   17   24   

59   68   32   37   18   23   

36   67   33   49   19   26   

40   60   43   3   29   27   

76   34   61   8   56   52   

54   48   64   6   13   65   

75   53   46   7   14   28   

80   39   41   5   30   
 

  

 
  47   42   73   62   

 
  

 
  74   45   4   55   

 
  

 
  35   58   9   

 
  

 
  

 
  77   38   12   
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Table J.11 Overview costs routes Scenario 2 

 

 

 

Outside park routes 
 

Variables 
   Number of routes 6   

 
Cost per km   0,7 euro 

Total Distance 755 km 
 

Cost per FTE/hour 
 

26,31 euro 

Driving duration 940 min 
 

Frequency Park routes 
 

3 per week 

Loading duration 720 min 
 

Frequency Outside Park routes 2 per week 

Delivery duration 2133 min 
 

Average speed of trucks 
 

48,2 km/hour 

Total Duration (min) 3793 min 
 

Average loading time 
 

60 min 

Total Duration (hours) 63,2 hour 
 

Average Delivery Duration   13,5 min 

 
  

       Park routes 
        Total Distance 493 km 

      Loading duration 720 min 
      Delivery duration 4050 min 
      Total Duration 108,4 hour 
      

         Total both routes per week 
        Total Distance 1248,2 km 

      Total Duration 172 hour 
      

         

         Total costs per year 
          Outside park routes Park routes   Total 

   Transportation cost  €          27.481  
 

 €          17.952  
 

 €          45.433  
   Personnel cost  €          86.483  

 
 €        148.282  

 
 €        234.766  

      €      113.964     €      166.235     €      280.199  
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Table J.12 Overview Routes Scenario 3 

 

 

  

Route:  1 Route:  2 Route:  3 Route:  4 Route:  5 Route:  6 

Capacity:  44 Capacity:  53 Capacity:  44 Capacity:  63 Capacity:  90 Capacity:  15 

Distance:  109 Distance:  71 Distance:  71 Distance:  64 Distance:  46 Distance:  28 

Total Duration:  284 Total Duration:  290 Total Duration:  291 Total Duration:  282 Total Duration:  287 Total Duration:  116 

Driving time:  135 Driving time:  88 Driving time:  88 Driving time:  80 Driving time:  57 Driving time:  35 

Delivery time:  149 Delivery time:  203 Delivery time:  203 Delivery time:  203 Delivery time:  230 Delivery time:  81 

70   31   21   71   51   57   

10   78   22   50   16   20   

11   79   44   72   15   25   

63   69   66   2   17   52   

59   68   32   37   18   65   

36   67   33   49   19   28   

40   60   43   3   29   
 

  

76   34   61   8   56   
 

  

54   48   64   6   13   
 

  

75   53   46   7   14   
 

  

80   39   41   5   30   
 

  

 
  47   42   73   62   

 
  

 
  74   45   4   55   

 
  

 
  35   58   9   23   

 
  

 
  77   38   12   27   

 
  

 
  

 
  

 
  

 
  26   

 
  

 
  

 
  

 
  

 
  24   
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Table J.13 Overview costs routes Scenario 3 

Outside park routes 
   

Variables 
   Number of routes 6   

 
Cost per km   0,7 euro 

Total Distance 1165 km 
 

Cost per FTE/hour 
 

26,31 euro 

Driving duration 1450 min 
 

Frequency Park routes 
 

3 per week 

Loading duration 1080 min 
 

Frequency Outside Park routes 3 per week 

Delivery duration 3200 min 
 

Average speed of trucks 
 

48,2 km/hour 

Total Duration (min) 5730 min 
 

Average loading time 
 

60 min 

Total Duration (hours) 95,5 hour 
 

Average Delivery Duration 13,5 min 

 
  

       Park routes 
        Total Distance 493 km 

      Loading duration 720 min 
      Delivery duration 4050 min 
      Total Duration 108,4 hour 
      

         Total both routes per week 
        Total Distance 1658,4 km 

      Total Duration 204 hour 
      

         

         Total costs per year 
          Outside park routes Park routes   Total 

   Transportation cost  €        42.414  
 

 €        17.952  
 

 €        60.366  
   Personnel cost  €      130.655  

 
 €      148.282  

 
 €      278.937  

      €    173.069     €     166.235     €    339.304  
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Table J.14 Overview Routes Scenario 4 

Route:  1 Route:  2 Route:  3 Route:  4 Route:  5 Route:  6 

Capacity:  67 Capacity:  80 Capacity:  66 Capacity:  95 Capacity:  102 Capacity:  57 

Distance:  109 Distance:  71 Distance:  71 Distance:  64 Distance:  36 Distance:  27 

Total Duration:  284 Total Duration:  290 Total Duration:  291 Total Duration:  282 Total Duration:  221 Total Duration:  169 

Driving time:  135 Driving time:  88 Driving time:  88 Driving time:  80 Driving time:  45 Driving time:  34 

Delivery time:  149 Delivery time:  203 Delivery time:  203 Delivery time:  203 Delivery time:  176 Delivery time:  135 

70   31   21   71   51   57   

10   78   22   50   16   20   

11   79   44   72   15   25   

63   69   66   2   17   24   

59   68   32   37   18   23   

36   67   33   49   19   26   

40   60   43   3   29   27   

76   34   61   8   56   52   

54   48   64   6   13   65   

75   53   46   7   14   28   

80   39   41   5   30   
 

  

 
  47   42   73   62   

 
  

 
  74   45   4   55   

 
  

 
  35   58   9   

 
  

 
  

 
  77   38   12   
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Table J.15 Overview costs routes Scenario 4 

Outside park routes Variables 
   Number of routes 6   

 
Cost per km   0,7 euro 

Total Distance 755 km 
 

Cost per FTE/hour 
 

26,31 euro 

Driving duration 940 min 
 

Frequency Park routes 2 per week 

Loading duration 720 min 
 

Frequency Outside Park routes 2 per week 

Delivery duration 2133 min 
 

Average speed of trucks 48,2 km/hour 

Total Duration (min) 3793 min 
 

Average loading time 
 

60 min 

Total Duration (hours) 63,2 hour 
 

Average Delivery Duration 13,5 min 

 
  

       Park routes 
        Total Distance 379 km 

      Loading duration 600 min 
      Delivery duration 2700 min 
      Total Duration 74,3 hour 
      

         Total both routes per week 
        Total Distance 1133,8 km 

      Total Duration 137 hour 
      

         

         Total costs per year 
          Outside park routes Park routes   Total 

   Transportation cost  €     27.481  
 

 €     13.788  
 

 €     41.269  
   Personnel cost  €     86.483  

 
 €   101.591  

 
 €   188.074  

      € 113.964     € 115.379     € 229.344  
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Table J.16 Overview Routes Scenario 5 

Route:  1 Route:  2 Route:  3 Route:  4 Route:  5 Route:  6 Route:  7 

Capacity:  57 Capacity:  64 Capacity:  37 Capacity:  78 Capacity:  64 Capacity:  102 Capacity:  66 

Distance:  100 Distance:  71 Distance:  71 Distance:  50 Distance:  52 Distance:  20 Distance:  45 

Total Duration:  286 Total Duration:  287 Total Duration:  287 Total Duration:  278 Total Duration:  281 Total Duration:  223 Total Duration:  290 

Driving time:  124 Driving time:  89 Driving time:  89 Driving time:  62 Driving time:  65 Driving time:  25 Driving time:  56 

Delivery time:  162 Delivery time:  198 Delivery time:  198 Delivery time:  216 Delivery time:  216 Delivery time:  198 Delivery time:  234 

70   60   21   49   9   16   62   

10   34   22   37   73   15   51   

11   48   44   38   7   17   20   

63   53   78   58   6   18   57   

59   75   79   45   3   19   55   

36   39   43   42   8   29   25   

40   47   67   41   5   56   24   

76   80   68   46   4   12   23   

54   74   69   32   72   13   26   

 
  35   61   31   2   14   27   

 
  77   64   66   50   30   52   

 
  

 
  

 
  33   71   

 
  65   

 
  

 
  

 
  

 
  

 
  

 
  28   
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Table J.17 Overview costs routes Scenario 5 

Outside park routes 
   

Variables 
   Number of routes 7   

 
Cost per km   0,7 euro 

Total Distance 819 km 
 

Cost per FTE/hour 
 

26,31 euro 

Driving duration 1020 min 
 

Frequency Park routes 
 

3 per week 

Loading duration 840 min 
 

Frequency Outside Park routes 2 per week 

Delivery duration 2844 min 
 

Average speed of trucks 48,2 km/hour 

Total Duration (min) 4704 min 
 

Average loading time 
 

60 min 

Total Duration (hours) 78,4 hour 
 

Average Delivery Duration 18 min 

 
  

       Park routes 
        Total Distance 493 km 

      Loading duration 720 min 
      Delivery duration 5400 min 
      Total Duration 130,9 hour 
      

         Total both routes per week 
        Total Distance 1312,5 km 

      Total Duration 209 hour 
      

         

         Total costs per year 
          Outside park routes Park routes   Total 

   Transportation cost  €           29.824  
 

 €      17.952  
 

 €      47.776  
   Personnel cost  €         107.259  

 
 €    179.065  

 
 €    286.324  

      €       137.083     €  197.017     €  334.100  
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Table J.18 Overview Routes Scenario 6 

Route:  1   2   3   4   5   6   7   8   9 

Capacity:  46   33   37   46   50   58   56   55   82 

Distance:  100   67   57   62   51   50   46   39   12 

Total Duration:  274   283   296   277   288   287   283   274   290 

Driving time:  124   83   71   77   63   62   58   49   15 

Delivery time:  150   200   225   200   225   225   225   225   275 

70   48   79   21   38   5   71   55   51   

10   53   69   22   39   7   50   25   16   

11   80   68   44   43   6   72   24   15   

63   47   67   78   61   8   4   23   17   

59   40   60   31   64   3   73   26   18   

36   76   34   66   46   49   9   27   19   

 
  54   74   32   41   37   12   52   29   

 
  75   35   33   42   58   13   65   56   

 
  

 
  77   

 
  45   2   14   28   30   

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  62   

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  57   
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Table J.19 Overview costs routes Scenario 6 

Outside park routes Variables 
   Number of routes 9   

 
Cost per km   0,7 euro 

Total Distance 965 km 
 

Cost per FTE/hour 
 

26,31 euro 

Driving duration 1202 min 
 

Frequency Park routes 
 

3 per week 

Loading duration 1080 min 
 

Frequency Outside Park routes 2 per week 

Delivery duration 3900 min 
 

Average speed of trucks 
 

48,2 km/hour 

Total Duration (min) 6182 min 
 

Average loading time 
 

60 min 

Total Duration (hours) 103,0 uur 
 

Average Delivery Duration 25 min 

 
  

       Park routes 
        Total Distance 493 km 

      Loading duration 720 min 
      Delivery duration 7500 min 
      Total Duration 165,9 uur 
      

         Total both routes per week 
        Total Distance 1458,5 km 

      Total Duration 269 uur 
      

         

         Total costs per year 
          Outside park routes Park routes   Total 

   Transportation cost  €         35.138  
 

 €         17.952  
 

 €        53.090  
   Personnel cost  €       140.954  

 
 €       226.949  

 
 €      367.903  

      €     176.092     €     244.902     €   420.994  
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K. ROUTING TOOL 

This instruction describes the routing tool developed for Lunet zorg as part of this thesis research 

and this tool generates routes based on the distances between and the demand of the different 

locations. The vehicle routing tool is implemented in Excel with VBA and contains a number of 

sheets, below a screenshot of every sheet is provided, accompanied with a description and 

instructions.  

 

Some sheets are protected against changing the values, when these need to be changed the 

protection can be relieved. Via Review, then Unprotect Sheet, enter the password ‘lunetzorg’ and 

the cells can be changed.  

K.1 SETTINGS 

This sheet provides an overview of the input parameters and the buttons operate to program. 

Only the blue coloured boxes can be changed, the other values adapt automatically. Before 

starting the routing tool, it should be checked the ‘Routes’ sheet and the ‘Savings’ sheet are 

empty. If not, then click on the “Clear savings and routes” button on the ‘Settings’ sheet, this will 

Figure L.1 Routing tools sheet: Settings 
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clear the mentioned sheets and makes it ready to start the calculation of the routes. When the 

information about all locations is entered correctly on the ‘Locations’ sheet and the ‘Distances’ 

sheet, click the “Start composing the routes” button and the routing tool will start generate the 

routes. The composition and information about the routes will be provided on the ‘Routes’ sheet 

and an overview of the costs and other relevant information can be found on the ‘CostCalc’ sheet. 

K. 2 LOCATIONS 

On this sheet the detailed information about the locations needs to be added and the capacity per 

location in terms of number of bins is determined. 

 
Figure K.2 Routing tools sheet: Locations  

 

For every location the average demand per week for the five different options is required to 

determine the average capacity needed and translate to the number of bins. The last column 

shows the average number of bins demanded per location per route, so this is already divided by 

the number of routes per week. In case new data from another period is used then this 

information needs to be collected for the following streams: products ordered via AXI, the three 

concepts of meals, and the incontinence materials. So for the routing tool to work, only the 

columns under “Average # ordered per week” are required to be filled. The column ‘Addresses’ 

and the location numbers are used to indicate the locations. When the sizes of the packaging 

changes and this affects the number of products per bin (size), this can be adapted per stream 

after “# products per bin:”.  

 

The calculations in this sheet are not protected and therefore this sheet should be treated 

carefully. The last few columns below the heading ‘Number of small bins (average)” contain the 

calculations to determine the capacity per location, these should not be deleted or changed.  
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K.3 DISTANCES 

This sheet shows the distances matrix, representing the differences between all the locations, 

needed to calculate the savings.  

 

 

Figure K.3 Routing tools sheet: Distances 

Not visible on the sheet are the locations numbers and addresses, these are visible on the right 

side of the matrix. It is very important that the order of the locations in the matrix is exactly the 

same as on the locations sheet. When a location needs to be removed, than the row and the 

column of that location number need to be deleted. The first location is always the central 

warehouse, so when analysing a scenario with the central warehouse on another location, the 

new distances between the warehouse and the locations have to be placed in the first row and 

first column of the matrix. When adding a location the easiest way is to add the distances between 

the new locations and all the other locations in the last row and last column.  
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K.4 SAVINGS 

The matrix on this sheet shows the savings calculated by the vehicle routing tool based on the 

distances matrix. 

 

 
Figure K.4 Routing tools sheet: Savings 

 

For every combination of two locations, except for the central warehouse, the number of 

kilometres saved when combining the two locations is determined by the routing tool and placed 

on this sheet. On the right side the numbers and addresses of the locations are shown. Before 

starting the vehicle routing tool the matrix is empty and the list with locations has no colour. 

After running the program one half of the savings matrix is filled and the locations that are added 

to a route are blue, this is to check whether all locations are added to a route. With the “Clear 

savings and routes” button on the ‘Settings’ sheet, the matrix on this sheet is cleared and the blue 

colour is removed.  
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K.5 ROUTES 

This sheet shows the routes generated by the vehicle routing tool. 

 

Figure K.5 Routing tools sheet: Routes 

Based on the savings the routing tool constructs the routes and places the numbers and 

addresses of the locations, plus information about the routes on this sheet (in this screenshot the 

addresses are removed). Before start generating the routes, this sheet should be empty, this is 

done with the “Clear Savings and routes” button on the ‘Settings’ sheet. For every route the 

following information is provided: the number of the route, the capacity in number of bins, the 

total distance in kilometre, the total duration, the driving time and the delivery time in minutes. 

This information is used on the next sheet to determine the costs based on these routes.  
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K.5 COSTCALC 

This last sheet shows an overview of the costs based on the routes generated by the vehicle 

routing tool. 

 
Figure K.6 Routing tools sheet: CostCalc 

 

Aggregated information about the routes are presented separately for the park routes and the 

routes for the locations outside the park locations. Also an overview of the input parameters is 

provided on the right side, the green coloured boxes can be changed on this sheet because these 

do not affect generating the routes. This can also be done after the routing tool is finished with 

constructing the routes. Below the costs are presented, separately for the outside park routes and 

the park routes, with a distinction between the transportation costs and the personnel costs.  
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K.6 VBA CODE 

This appendix shows the code for the vehicle routing tool. Only the code of the regular Modules 

is added, not the code for the Class Modules.  
 

Option Explicit 

 

Sub SavingsAlgorithm() 

 

     ' Declaration of general variables.

    Dim Branch As Integer 

    Dim lvlngRow As Long 

    Dim lvlngColumn As Long 

    Dim lvlngIndex As Long 

    Dim lvlngRoutes As Long 

     

    Dim e As Integer 

    Dim f As Integer 

     

    Dim LocationsList As RouteList 

    Dim NewMaxSavingNode As Node 

    Dim MaxCapacity As Double 

    Dim CapacityCheck As Double 

     

    Dim MaxDrivingTime As Double 

    Dim DrivingTimeCheck As Double 

    Dim DeliveryTime As Double 

    Dim DeliveryTimeCheck As Double 

    Dim TotalTimeCheck As Double 

    Dim Speed As Double 

     

    Dim lvblnLocationAdded As Boolean 

    Dim Walker As ListNode 

    Dim AllRoutes(100) As RouteList 

   

     ' Finding number of locations (Warehouse included).

    Worksheets("Settings").Activate 

    Columns("A:B").Select 

    Selection.EntireColumn.AutoFit 

    ' Extract number of locations calculated in spreadsheet. 

    Branch = Worksheets("Settings").Range("C3").Value   

    ' To check number of locations. 

    Debug.Print "Aantal locaties (Excl.WH): " & Branch                       

     

     ' New Class: Locations defined -> seperate item per location.

    Dim Locations() As Location 

    ReDim Locations(1 To Branch) 

     

    ' For each instance of the Locations the information is read from the 

      spreadsheet. 

    For lvlngIndex = 1 To Branch 

        Set Locations(lvlngIndex) = New Location 

        Locations(lvlngIndex).LocNr = lvlngIndex 

        Locations(lvlngIndex).TeamName = Worksheets("Locations").Cells(3 +   

         lvlngIndex, 2) 

        Locations(lvlngIndex).Demand = Worksheets("Locations").Cells(3 +  

         lvlngIndex, 39) 

    Next lvlngIndex 

        

    ' New Class: Node defined -> seperate item per combination of 2 locations. 

    Dim Nodes() As Node 

    ReDim Nodes(1 To Branch, 1 To Branch) 

     

    ' Extracting the distance per combination of 2 locations from the distances 

sheet with the distances table. 

    Sheets("Distances").Select 

    For lvlngRow = 1 To Branch 
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      For lvlngColumn = 1 To Branch 

        Set Nodes(lvlngRow, lvlngColumn) = New Node 

        Nodes(lvlngRow, lvlngColumn).Row = lvlngRow 

        Nodes(lvlngRow, lvlngColumn).Column = lvlngColumn 

        Nodes(lvlngRow, lvlngColumn).Distance = Cells(lvlngRow, lvlngColumn).Value 

        Nodes(lvlngRow, lvlngColumn).Saving = 0 

        Set Nodes(lvlngRow, lvlngColumn).LocRow = Locations(lvlngRow) 

        Set Nodes(lvlngRow, lvlngColumn).LocColumn = Locations(lvlngColumn) 

      Next lvlngColumn 

    Next lvlngRow 

     

    ' STEP 2: Calculating the Savings as a result of the combination of locations e   

      and f. 

    ' The results are placed on the Savings sheet. 

    ' Calculating the savings: filling the SavingsMatrix and placing values on  

      Savingssheet. 

    Worksheets("Savings").Activate 

    For e = 2 To Branch 

      For f = 2 To Branch 

        If e < f Then 

Nodes(e, f).Saving = Nodes(1, e).Distance + Nodes(1, f).Distance –  

Nodes(e, f).Distance 

            ' Negative Savings are set to zero: 

            If Nodes(e, f).Saving < 0 Then 

                Nodes(e, f).Saving = 0 

            End If 

             ' Only the savings of the nodes are useful for the nodes: e<f and e>1.

            Nodes(e, f).IsValidNode = True 

            Worksheets("Savings").Cells(e, f).Value = Nodes(e, f).Saving 

        End If 

      Next f 

    Next e 

     

    ' The route numbers are initiated. 

    For lvlngRoutes = 1 To 20 

    Debug.Print "----- ROUTE = " & lvlngRoutes & " ------" 

 

        Dim MaxSavingNode As Node 

 

  ' STEP 3&4 (1st time): Find maximum Saving in the complete Savings matrix  

         ' This function returns the node with highest saving from the total  

 savingsmatrix.

        Set MaxSavingNode = FindMax2(Nodes) 

         

        If MaxSavingNode Is Nothing Then 

          Exit For 

        End If 

         

        Debug.Print "Findmax2 result row=MaxSavingNode.Row: " & MaxSavingNode.Row 

        Debug.Print "Findmax2 result column=MaxSavingNode.Column: " & 

MaxSavingNode.Column 

                    

        ' STEP 5&6 (1st time): Construct the first route with the two first found  

locations. 

        Dim CurrentHeadLocation As Long 

        Dim CurrentTailLocation As Long 

         

        ' Initiating New Route. 

        Set AllRoutes(lvlngRoutes) = LocationsList 

        Set LocationsList = New RouteList 

         

        ' Set Head- and Taillocation first time. 

        CurrentHeadLocation = MaxSavingNode.Row 

        CurrentTailLocation = MaxSavingNode.Column 

         

        ' Adding the first two locations to the route.  

  ' Adding first location as Headlocation to LocationList 

  LocationsList.AddHeadNode Locations(MaxSavingNode.Row)  
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                            ' Adding first location as Taillocation to LocationList

        LocationsList.AddTailNode Locations(MaxSavingNode.Column)                        

        Debug.Print "The first two locations are added to the route, these are: " &  

MaxSavingNode.Row & " & " & MaxSavingNode.Column 

         

        ' Showing which locations are added on Savingssheet. 

        Application.ScreenUpdating = True 

        Worksheets("Savings").Activate 

        Worksheets("Savings").Select 

        Worksheets("Savings").Cells(CurrentHeadLocation, Branch +  

7).Interior.ColorIndex = 5 

        Worksheets("Savings").Cells(CurrentHeadLocation, Branch +  

8).Interior.ColorIndex = 5 

        Worksheets("Savings").Cells(CurrentTailLocation, Branch +  

7).Interior.ColorIndex = 5 

        Worksheets("Savings").Cells(CurrentTailLocation, Branch +  

8).Interior.ColorIndex = 5 

         

        ' Update: the used capacity of the route by adding the demands of the first  

added locations.  

  ' Extract maximum capacity from the Settings sheet 

        MaxCapacity = Worksheets("Settings").Cells(5, 3).Value                           

        LocationsList.Capacity = Locations(MaxSavingNode.Row).Demand +  

Locations(MaxSavingNode.Column).Demand 

  ' Represents current used capacity, necessary to check whether new location  

 will fit

        Debug.Print "The used capacity of route is: " & LocationsList.Capacity 

        CapacityCheck = LocationsList.Capacity  

  ' Report maximum capacity                                          

        Debug.Print "Given MaxCapacity is: " & MaxCapacity                               

         

        ' Update the Drivingtime, Deliverytime and timerelated variables of the  

  route.

  ' Extract maximum drivingtime from the Settings sheet 

        MaxDrivingTime = Worksheets("Settings").Cells(10, 3).Value    

                      ' Extract the Delivery duration from the Settings sheet

        DeliveryTime = Worksheets("Settings").Cells(9, 3).Value   

   ' Extract the speed in minutes per KM from the Settings sheet                       

        Speed = Worksheets("Settings").Cells(8, 3).Value    

      ' Calculating the Driving distance in KM                             

        LocationsList.DrivingDistance = Nodes(1, CurrentHeadLocation).Distance +  

          Nodes(1, CurrentTailLocation).Distance +  

          Nodes(CurrentHeadLocation, CurrentTailLocation).Distance   

  ' Calculation of driving duration                      

        LocationsList.DrivingDuration = Nodes(1, CurrentHeadLocation).Distance *  

Speed + Nodes(1, CurrentTailLocation).Distance * Speed +  

          Nodes(CurrentHeadLocation, CurrentTailLocation).Distance * Speed  

  ' Represents the current DrivingTime, necessary to check whether the new  

location can be added               

        DrivingTimeCheck = LocationsList.DrivingDuration  

                                  ' Determining the delivery duration

        LocationsList.DeliveryDuration = 2 * DeliveryTime  

     ' Updating the deliverytimecheck variable                              

        DeliveryTimeCheck = LocationsList.DeliveryDuration  

                                ' Updating the total time for the route variable

        LocationsList.TotalDurationRoute = LocationsList.DrivingDuration +  

LocationsList.DeliveryDuration 

        TotalTimeCheck = LocationsList.TotalDurationRoute  

                                 ' Report current Drivingtime

        Debug.Print "The current DrivingTime is: " & LocationsList.DrivingDuration       

        Debug.Print "The current DeliveryTime is: " &   

LocationsList.DeliveryDuration     

   ' Report current Deliverytime

        Debug.Print "The current Total time for route is: " &  

LocationsList.TotalDurationRoute 

                      

        ' Update: InRoute attributes of the nodes and locations.  

 ' For the node representing the combination of the first two added locations 
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        MaxSavingNode.InRoute = True   

 ' Also the other node referring to the same combination has to be changed                                                   

        Nodes(MaxSavingNode.Column, MaxSavingNode.Row).InRoute = True 

                     ' Changing the Connection type of the Headlocation

        Locations(CurrentHeadLocation).ConnectionType = HeadLocEnum 

                        ' Changing the Connection type of the Taillocation

        Locations(CurrentTailLocation).ConnectionType = TailLocEnum                      

         

     ' STEP 3&4 (2nd time): Find maximum Saving from adding one new location to the  

current route. 

     '  ~~~~~~~~~~~~~~~~~~ Start Loop Adding Locations ~~~~~~~~~~~~~~~~~~ 

      

        Dim Looper As Long 

        Looper = 1 

         

        Do Until Looper > (Branch * Branch) 

         

            ' Finds new location with highest saving in combination with the  

current head- and taillocation. 

            Set NewMaxSavingNode = FindMax3(Nodes, CurrentHeadLocation,  

CurrentTailLocation) 

             

            If NewMaxSavingNode Is Nothing Then 

              Exit Do 

            End If 

             

            Debug.Print "Findmax3 result row: " & NewMaxSavingNode.Row 

            Debug.Print "Findmax3 result column: " & NewMaxSavingNode.Column 

            Debug.Print "The found maximum saving is: " & NewMaxSavingNode.Saving 

              

            'Decide which one from the two found locations is the new location. 

            Dim NewToAddLocation As Long 

            Dim k As Long 

            k = 1 

            If NewMaxSavingNode.Row = CurrentHeadLocation Or NewMaxSavingNode.Row =  

CurrentTailLocation Then 

                NewToAddLocation = NewMaxSavingNode.Column 

                ElseIf NewMaxSavingNode.Column = CurrentHeadLocation Or  

NewMaxSavingNode.Column = CurrentTailLocation Then 

                            NewToAddLocation = NewMaxSavingNode.Row 

            End If 

            Debug.Print "The new found location: NewToAddLocation: " &  

NewToAddLocation 

 ' Setting variable to not added to route

            lvblnLocationAdded = False                                                                                       

              

             ' STEP 5&6 (2nd time): Check whether new to add location satisfies  

necessary conditions. 

             ' First check whether the demand can be added to the truck and whether  

the location is not in another route 

 

            If CapacityCheck + Locations(NewToAddLocation).Demand <= MaxCapacity  

And Locations(NewToAddLocation).ConnectionType = NotInRouteEnum And (TotalTimeCheck 

+ DeliveryTime + (3 * Speed)) <= MaxDrivingTime Then 

                                                                               

                ' If new found node is a combination with the current headlocation,  

then this new to add location will be the new headlocation. 

                ' At the same time it is checked whether the maximum total delivery  

duration is not exceeded 

                                    

                If NewMaxSavingNode.Row = CurrentHeadLocation And  

                   (TotalTimeCheck + DeliveryTime - Nodes(1,  

NewMaxSavingNode.Row).Distance * Speed + Nodes(NewMaxSavingNode.Row, 

NewMaxSavingNode.Column).Distance * Speed + Nodes(1, 

NewMaxSavingNode.Column).Distance * Speed) <= MaxDrivingTime Then 

 

                   ' Adding to location to routelist 

                    LocationsList.AddHeadNode Locations(NewMaxSavingNode.Column)  
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                                                 ' Location is added

                    lvblnLocationAdded = True      

                                                                            ' Update CurrentHeadLocation Variable

                    CurrentHeadLocation = NewMaxSavingNode.Column   

                                                           ' Update Capacity Route Attribute

                    LocationsList.Capacity = LocationsList.Capacity +  

Locations(NewMaxSavingNode.Column).Demand              

  ' Update CapacityCheck Variable

                    CapacityCheck = LocationsList.Capacity    

                                                                 ' Update DrivingDistance Attribute

                    LocationsList.DrivingDistance = LocationsList.DrivingDistance -  

                       Nodes(1, NewMaxSavingNode.Row).Distance +  

                    Nodes(NewMaxSavingNode.Row,  

NewMaxSavingNode.Column).Distance +  

                       Nodes(1, NewMaxSavingNode.Column).Distance    

                                                            ' Update DeliveryDurationtime Attribute

                    LocationsList.DeliveryDuration = LocationsList.DeliveryDuration  

+ DeliveryTime   

                          ' Update Drivingtime duration Attribute

                    LocationsList.DrivingDuration = LocationsList.DrivingDuration -  

                       Nodes(1, NewMaxSavingNode.Row).Distance * Speed +  

                       Nodes(NewMaxSavingNode.Row,  

NewMaxSavingNode.Column).Distance * Speed + Nodes(1, 

NewMaxSavingNode.Column).Distance * Speed    

                                                   ' Update Total time for route Attribute

                    LocationsList.TotalDurationRoute =  

LocationsList.DeliveryDuration + LocationsList.DrivingDuration   

      ' Update DeliveryDurationTime Variable  

                    DeliveryTimeCheck = LocationsList.DeliveryDuration  

                                                       ' Update DrivingTime Variable

                    DrivingTimeCheck = LocationsList.DrivingDuration  

                                                         ' Update the Total time for route Variable

                    TotalTimeCheck = LocationsList.TotalDurationRoute                                                        

     

                    ElseIf NewMaxSavingNode.Column = CurrentHeadLocation And  

                       (TotalTimeCheck + DeliveryTime - Nodes(1,  

NewMaxSavingNode.Column).Distance * Speed +  

Nodes(NewMaxSavingNode.Row, NewMaxSavingNode.Column).Distance * Speed  

                       + Nodes(1, NewMaxSavingNode.Row).Distance * Speed) <=  

MaxDrivingTime Then 

                               ' Adding to location to list

                        LocationsList.AddHeadNode Locations(NewMaxSavingNode.Row)    

     ' Location is added                                         

                        lvblnLocationAdded = True    

                                                                              ' Update CurrentHeadLocation variable

                        CurrentHeadLocation = NewMaxSavingNode.Row    

                                                               ' Update CapacityCheck Variable

                        LocationsList.Capacity = LocationsList.Capacity +  

Locations(NewMaxSavingNode.Row).Demand            

      ' Update Capacity Route Attribute

                        CapacityCheck = LocationsList.Capacity    

     ' Update the DrivingDistance Attribute                                                            

                        LocationsList.DrivingDistance =  

LocationsList.DrivingDistance -  

                            Nodes(1, NewMaxSavingNode.Column).Distance +  

                           Nodes(NewMaxSavingNode.Row,  

NewMaxSavingNode.Column).Distance +  

                            Nodes(1, NewMaxSavingNode.Row).Distance     

                                                             ' Update DeliveryDurationtime Attribute

                        LocationsList.DeliveryDuration =  

LocationsList.DeliveryDuration + DeliveryTime  

                      ' Update Drivingtime duration Attribute  

LocationsList.DrivingDuration =  

LocationsList.DrivingDuration -  Nodes(1, NewMaxSavingNode.Column).Distance * Speed 

+  

Nodes(NewMaxSavingNode.Row, NewMaxSavingNode.Column).Distance * Speed + 

                            Nodes(1, NewMaxSavingNode.Row).Distance * Speed     

                                                     ' Update Total time for route Attribute
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                        LocationsList.TotalDurationRoute =  

LocationsList.DeliveryDuration +  

LocationsList.DrivingDuration    

     ' Update DeliveryDurationTime Variable 

                        DeliveryTimeCheck = LocationsList.DeliveryDuration    

                                                     ' Update DrivingTime Variable

                        DrivingTimeCheck = LocationsList.DrivingDuration      

                                                     ' Update the Total time for routeVariable

                        TotalTimeCheck = LocationsList.TotalDurationRoute                                                    

                End If 

                 

                ' If new found Node is a combination with the current taillocation,  

 then this new to add location will be the new taillocation.

                If NewMaxSavingNode.Column = CurrentTailLocation And 

(TotalTimeCheck + DeliveryTime - Nodes(1, NewMaxSavingNode.Column).Distance * Speed 

+ Nodes(NewMaxSavingNode.Row, NewMaxSavingNode.Column).Distance * Speed + Nodes(1, 

NewMaxSavingNode.Row).Distance * Speed) <= MaxDrivingTime Then 

                     

 ' Adding location to routelist

                    LocationsList.AddTailNode Locations(NewMaxSavingNode.Row)     

                                            ' Location is added

                    lvblnLocationAdded = True     

                                                                            ' Update CurrentTailLocation variable

                    CurrentTailLocation = NewMaxSavingNode.Row    

                                                            ' Update CapacityCheck Variable

                    LocationsList.Capacity = LocationsList.Capacity +  

Locations(NewMaxSavingNode.Row).Demand                 

' Update Capacity Route Attribute 

                    CapacityCheck = LocationsList.Capacity     

                                                               ' Update the DrivingDistance Attribute

                    LocationsList.DrivingDistance = LocationsList.DrivingDistance -  

                       Nodes(1, NewMaxSavingNode.Column).Distance +  

                      Nodes(NewMaxSavingNode.Row,  

NewMaxSavingNode.Column).Distance +  

                       Nodes(1, NewMaxSavingNode.Row).Distance    

                                                             ' Update DeliveryDurationtime Attribute

                    LocationsList.DeliveryDuration = LocationsList.DeliveryDuration  

+ DeliveryTime     

                      ' Update Drivingtime duration Attribute  

                    LocationsList.DrivingDuration = LocationsList.DrivingDuration -  

                       Nodes(1, NewMaxSavingNode.Column).Distance * Speed +                       

    Nodes(NewMaxSavingNode.Row,  

NewMaxSavingNode.Column).Distance * Speed +  

Nodes(1, NewMaxSavingNode.Row).Distance * Speed    

                                                     ' Update Total time for route Attribute

                    LocationsList.TotalDurationRoute =  

LocationsList.DeliveryDuration + LocationsList.DrivingDuration   

      ' Update DeliveryDurationTime Variable

                    DeliveryTimeCheck = LocationsList.DeliveryDuration    

                                                    ' Update DrivingTime Variable

                    DrivingTimeCheck = LocationsList.DrivingDuration       

                                                   ' Update the Total time for route Variable

                    TotalTimeCheck = LocationsList.TotalDurationRoute                                                       

                         

                    ElseIf NewMaxSavingNode.Row = CurrentTailLocation And  

                       (TotalTimeCheck + DeliveryTime - Nodes(1,  

NewMaxSavingNode.Row).Distance * Speed + Nodes(NewMaxSavingNode.Row, 

NewMaxSavingNode.Column).Distance * Speed +             Nodes(1, 

NewMaxSavingNode.Column).Distance * Speed) <= MaxDrivingTime Then 

 

                         ' Adding location to routelist

                        LocationsList.AddTailNode  

Locations(NewMaxSavingNode.Column)      

                                    ' Location is added

                        lvblnLocationAdded = True    

                                                                         ' Update CurrentTailLocation variable

                        CurrentTailLocation = NewMaxSavingNode.Column  

                                                       ' Update Capacity Route Attribute



95 
 

                        LocationsList.Capacity = LocationsList.Capacity +  

Locations(NewMaxSavingNode.Column).Demand     

     ' Update CapacityCheck Variable  

                        CapacityCheck = LocationsList.Capacity     

                                                           ' Update the DrivingDistance Attribute

                        LocationsList.DrivingDistance =  

LocationsList.DrivingDistance - Nodes(1, NewMaxSavingNode.Row).Distance +  

                            Nodes(NewMaxSavingNode.Row,  

NewMaxSavingNode.Column).Distance +  

                            Nodes(1, NewMaxSavingNode.Column).Distance  

                                                        ' Update DeliveryDurationtime Attribute

                        LocationsList.DeliveryDuration =  

LocationsList.DeliveryDuration + DeliveryTime 

                      ' Update Drivingtime duration Attribute  

LocationsList.DrivingDuration =  

LocationsList.DrivingDuration - Nodes(1,  

NewMaxSavingNode.Row).Distance * Speed + 

                            Nodes(NewMaxSavingNode.Row,  

NewMaxSavingNode.Column).Distance * Speed +  

                            Nodes(1, NewMaxSavingNode.Column).Distance * Speed   

                                               ' Update Total time for route Attribute

                        LocationsList.TotalDurationRoute =  

LocationsList.DeliveryDuration + LocationsList.DrivingDuration    

' Update DeliveryDurationTime Variable 

                        DeliveryTimeCheck = LocationsList.DeliveryDuration    

                                                ' Update DrivingTime Variable

                        DrivingTimeCheck = LocationsList.DrivingDuration  

                                                    ' Update the Total time for route Variable

                        TotalTimeCheck = LocationsList.TotalDurationRoute                                                    

                End If 

                             

                ' Reporting the information about the new added location. 

                Debug.Print "....A new location is added to the  

route....................." 

                Debug.Print "The added Location is: " & NewToAddLocation & " : " &  

Locations(NewToAddLocation).TeamName 

                Debug.Print "Updated Capacity of route is: " &  

LocationsList.Capacity 

                Debug.Print "Update Driving distance of route: " &  

LocationsList.DrivingDistance 

                Debug.Print "Updated Total time duration of route is: " &  

LocationsList.TotalDurationRoute 

                Debug.Print "Current Head Location: " & CurrentHeadLocation 

                Debug.Print "Current Tail Location: " & CurrentTailLocation 

                Debug.Print "Updated Current CapacityCheck variable: " &  

CapacityCheck 

                Debug.Print "Updated DeliveryTimeCheck: " & DeliveryTimeCheck 

                Debug.Print "Updated DrivingTimeCheck: " & DrivingTimeCheck 

                Debug.Print "Updated DeliveryTimeCheck: " & TotalTimeCheck 

             

                ' Adapting Inroute Attribute on Node.  

   ' For the node representing the combination of the old end location  

and new added location 

                NewMaxSavingNode.InRoute = True    

   ' Also the other node referring to the same combination has to be  

                                           changed

                Nodes(NewMaxSavingNode.Column, NewMaxSavingNode.Row).InRoute = True          

                 

   ' Reporting about the locations in the current route and updating  

the connectiontype attribute 

                Debug.Print "~~~~~~~~~~~~~~~~~~~ Locations in route: " 

                Set Walker = LocationsList.HeadNode 

                Do While True 

                  Walker.GetLocation.ConnectionCount = 2 

                  Walker.GetLocation.ConnectionType = MiddleLocEnum 

                   

                  Debug.Print Walker.GetLocation.LocNr & " : " &  

Walker.GetLocation.TeamName 
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                  If Not (Walker.NextNode Is Nothing) Then 

                    Set Walker = Walker.NextNode 

                  Else 

                    Exit Do 

                  End If 

                Loop 

                Debug.Print "~~~~~~~~~~ End of list ~~~~~~~~~~~~~~" 

                 

                 ' Updating the attributes of the head- and taillocation.

                LocationsList.HeadNode.GetLocation.ConnectionCount = 1 

                LocationsList.TailNode.GetLocation.ConnectionCount = 1 

                Locations(CurrentHeadLocation).ConnectionType = HeadLocEnum 

                Locations(CurrentTailLocation).ConnectionType = TailLocEnum 

                 

                Application.ScreenUpdating = True 

                Worksheets("Savings").Activate 

                Worksheets("Savings").Select 

                Worksheets("Savings").Cells(NewToAddLocation, Branch +  

7).Interior.ColorIndex = 5 

                Worksheets("Savings").Cells(NewToAddLocation, Branch +  

8).Interior.ColorIndex = 5 

            Else 

                 

              ' When found node does not satisfy the constraints the route will not  

be added.  

 ' The attribute is changed to not valid to current route 

              NewMaxSavingNode.ValidForCurrentRoute = False                                  

              Debug.Print "(" & NewMaxSavingNode.Row & "," &  

NewMaxSavingNode.Column & ") Is niet geldig" 

                 

            End If 

         '------------------------------------------------------------------------- 

            Looper = Looper + 1 

         

        Loop 

     '~~~~~~~~~~~~~~~~~~~~~~~~ End LOOP adding locations ~~~~~~~~~~~~~~~~~~~~~~~~~

              

        ' The truck is full and the result is reported and placed on the routes  

sheet. 

        Application.ScreenUpdating = True 

        Worksheets("Routes").Activate 

        Worksheets("Routes").Select 

         

        ' Reporting the used capacity and duration of the route. 

        Debug.Print "Looper count: " & Looper 

        Debug.Print "----- END RESULT ROUTE " & lvlngRoutes & "------, CAPACITY = "  

& LocationsList.Capacity & "Bins" 

        Debug.Print "----- END RESULT ROUTE " & lvlngRoutes & "------, DISTANCE = "  

& LocationsList.DrivingDistance & "Kilometres" 

        Debug.Print "----- END RESULT ROUTE " & lvlngRoutes & "------, DURATION = "  

& LocationsList.TotalDurationRoute & "Minutes" 

         

        ' Placing the information about the routes on the routes sheet. 

        lvlngIndex = 1 

        Set Walker = LocationsList.HeadNode 

        Worksheets("Routes").Cells(1, (2 * lvlngRoutes) - 1) = "Route: " 

        Worksheets("Routes").Cells(1, 2 * lvlngRoutes) = lvlngRoutes 

        Worksheets("Routes").Cells(2, (2 * lvlngRoutes) - 1) = "Capacity: " 

        Worksheets("Routes").Cells(2, 2 * lvlngRoutes) = LocationsList.Capacity 

        Worksheets("Routes").Cells(3, (2 * lvlngRoutes) - 1) = "Distance: " 

        Worksheets("Routes").Cells(3, 2 * lvlngRoutes) =  

LocationsList.DrivingDistance 

        Worksheets("Routes").Cells(4, (2 * lvlngRoutes) - 1) = "Total Duration: " 

        Worksheets("Routes").Cells(4, 2 * lvlngRoutes) =  

LocationsList.TotalDurationRoute 

        Worksheets("Routes").Cells(5, (2 * lvlngRoutes) - 1) = "Driving time: " 

        Worksheets("Routes").Cells(5, 2 * lvlngRoutes) =  

LocationsList.DrivingDistance * Speed 
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        Worksheets("Routes").Cells(6, (2 * lvlngRoutes) - 1) = "Delivery time: " 

        Worksheets("Routes").Cells(6, 2 * lvlngRoutes) =  

LocationsList.DeliveryDuration 

         

        Do While Not (Walker Is Nothing) 

            Debug.Print Walker.GetLocation.LocNr & " : " &  

Walker.GetLocation.TeamName 

     Worksheets("Routes").Cells(lvlngIndex + 6, (2 * lvlngRoutes) - 1) =  

Walker.GetLocation.LocNr 

           Worksheets("Routes").Cells(lvlngIndex + 6, 2 * lvlngRoutes) =  

Walker.GetLocation.TeamName 

           Set Walker = Walker.NextNode 

           lvlngIndex = lvlngIndex + 1  

        Loop 

         

    Next lvlngRoutes 

    

  ' Reporting the end result of the routegeneration. 

  Application.ScreenUpdating = True 

        Worksheets("Routes").Activate 

        Worksheets("Routes").Select 

        Columns("A:ZZ").Select 

        Selection.EntireColumn.AutoFit 

  MsgBox "The routes are determined " & vbCr &  

     "Total number of routes: " & (lvlngRoutes - 1) & vbCr &  

     "Number of deliveries per week: " & Worksheets("Settings").Cells(6, 3).Value 

   

End Sub 

 

' This function returns the node with the highest saving. 

Function FindMax2(ByRef Savings() As Node) As Node 

 

  Dim lvlngRow As Long 

  Dim lvlngColumn As Long 

  Dim MaxNode As New Node 

         

  ' Insert the fakenode. 

  MaxNode.IsFakeNode = True         

  For lvlngRow = 1 To UBound(Savings) 

    For lvlngColumn = 1 To UBound(Savings, 2) 

      ' Search for two locations to start new route with. 

      If Savings(lvlngRow, lvlngColumn).LocRow.ConnectionType = NotInRouteEnum  

        And Savings(lvlngRow, lvlngColumn).LocColumn.ConnectionType =  

NotInRouteEnum Then 

        If Savings(lvlngRow, lvlngColumn).InRoute = False And Savings(lvlngRow,  

lvlngColumn).IsValidNode = True Then 

.           ' Check and/or update the fakenode

          If Savings(lvlngRow, lvlngColumn).Saving > MaxNode.Saving Or  

MaxNode.IsFakeNode = True Then 

            Set MaxNode = Savings(lvlngRow, lvlngColumn) 

          End If 

        End If 

      End If 

    Next lvlngColumn 

  Next lvlngRow 

   

  ' Return value (if found nothing, result is nothing). 

  If MaxNode.IsFakeNode = False Then 

    Set FindMax2 = MaxNode 

  Else 

    Set FindMax2 = Nothing 

  End If 

 

End Function 

 

' This function finds the maximum saving of adding a location to the head or tail 

of current route. 

Function FindMax3(ByRef Savings() As Node, HLocation1 As Long, Tlocation1 As Long)  



98 
 

As Node 

     

    Dim lvlngRow As Long 

    Dim lvlngColumn As Long 

    Dim MaxNode As Node 

    Dim TempNode As Node 

    Set MaxNode = New Node 

    MaxNode.Saving = 0 

    MaxNode.IsFakeNode = True 

       

      ' Search row for headloction of first route. 

      For lvlngRow = 1 To UBound(Savings) 

        lvlngColumn = HLocation1 

        Set TempNode = Savings(lvlngRow, lvlngColumn) 

        If TempNode.InRoute = False And TempNode.ValidForCurrentRoute = True And  

TempNode.IsValidNode = True Then 

          If Savings(lvlngRow, lvlngColumn).Saving > MaxNode.Saving Or  

MaxNode.IsFakeNode = True Then 

            Set MaxNode = Savings(lvlngRow, lvlngColumn) 

          End If 

        End If 

      Next lvlngRow 

 

       ' Search row for Taillocation of first route.

      For lvlngRow = 1 To UBound(Savings) 

        lvlngColumn = Tlocation1 

        Set TempNode = Savings(lvlngRow, lvlngColumn) 

          If TempNode.InRoute = False And TempNode.ValidForCurrentRoute = True And  

TempNode.IsValidNode = True Then 

            If Savings(lvlngRow, lvlngColumn).Saving > MaxNode.Saving Or  

MaxNode.IsFakeNode = True Then 

              Set MaxNode = Savings(lvlngRow, lvlngColumn) 

            End If 

          End If 

      Next lvlngRow 

 

       ' Search column for headloction of first route. 

      For lvlngColumn = 1 To UBound(Savings, 2) 

         lvlngRow = HLocation1 

        Set TempNode = Savings(lvlngRow, lvlngColumn) 

          If TempNode.InRoute = False And TempNode.ValidForCurrentRoute = True And  

TempNode.IsValidNode = True Then 

            If Savings(lvlngRow, lvlngColumn).Saving > MaxNode.Saving Or  

MaxNode.IsFakeNode = True Then 

              Set MaxNode = Savings(lvlngRow, lvlngColumn) 

            End If 

          End If 

      Next lvlngColumn 

 

        ' Search column for tailloction of first route. 

      For lvlngColumn = 1 To UBound(Savings, 2) 

         lvlngRow = Tlocation1 

        Set TempNode = Savings(lvlngRow, lvlngColumn) 

          If TempNode.InRoute = False And TempNode.ValidForCurrentRoute = True And  

TempNode.IsValidNode = True Then 

            If Savings(lvlngRow, lvlngColumn).Saving > MaxNode.Saving Or  

MaxNode.IsFakeNode = True Then 

              Set MaxNode = Savings(lvlngRow, lvlngColumn) 

            End If 

          End If 

      Next lvlngColumn  

      If MaxNode.IsFakeNode = True Then 

        Set MaxNode = Nothing 

      End If   

      ' Return value. 

      Set FindMax3 = MaxNode 

       

End Function  
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L. SPREADSHEETS INVENTORY CALCULATIONS 

Spreadsheet Locations inventory calculations 

The spreadsheet for the inventory calculations contains three sheets, one with the data from AXI, 

one with the pivot table with the demand per product per team and the calculations, and one tab 

with an overview of the costs and input parameters. Due the big amount of data, the size of the 

document is approximately 65 MB.  

 

 

Figure L.1 Spreadsheet locations inventory: Data per team 

This sheet shows the demand per product per team and the calculations for the inventory 

management. For every product it is determined whether it is an inventory item or not. The 

average demands per week per product and the standard deviation of it are used to determine the 

necessary values, such as the number of replenishments and the average cycle stock.  
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Figure L.2 Spreadsheet locations inventory: Overview  

Figure L.2 shows the input parameters, the green boxes can be changed, and the resulting costs.  

 

Spreadsheet Warehouse Inventory calculations 

The spreadsheet for the warehouse contains more sheets, because more information about the 

products was necessary to include. For example the allowed order sizes from the supplier and the 

current minimum and maximum inventory levels as registered in the system.  

 

 
Figure L.3 Spreadsheet warehouse inventory: Overview 

 

This figure shows the overview spreadsheet, with the input parameters and the resulting costs. 

The sheets with amongst others the average demand per product and the calculations, looks 

similar as the sheet for the team locations, only a few more columns inserted to execute the right 

calculations.  


