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Abstract 
This Master thesis constructs a Decision support system to facilitate the design of a collection network 

for perishable samples in the public sector with different types of customers (some have to be 

collected at a given fixed site). The model will maximize the satisfaction of customers by minimizing 

the maximal travel distance for a given budget. A general model is covering model is constructed that 

measures the maximal customer travel distance by the minmax method. The minmax method means, 

the furthest customer travel distance is minimized. The time to perishability of the samples needs to 

be taken into account. The maximal collection time is the time to perishability minus the transportation 

time and the testing time. Within this maximal collection time it is possible to compute the number of 

samples one collector can collect without exceeding this time. Subsequently, this model was tested for 

the case study of the Canisius Wilhelmina Ziekenhuis (CWZ) n Nijmegen at the departments for blood 

sampling. Therefore some modifications were made to fit the reality at the CWZ. The impact on 

improving the collection network for the CWZ is calculated. Furthermore, a scenario analysis was done 

with different budgets. Finally, an analysis was made whether the network will still be relevant in the 

future. 
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Management Summary 
This master thesis is the result of a project at the Canisius Wilhelmina Ziekenhuis (CWZ) in Nijmegen, 

The Netherlands. Before 2014, the CWZ had a department for sampling blood, called B82. At that 

moment in time, the Trombosedienst was a healthcare center that collected the blood of patients who 

received anticoagulation treatment, and other patients requested by General Practice or specialists 

from different hospitals. In 2014 the CWZ and the Trombosedienst merged together and the 

Trombosedienst became a department of the CWZ. From this moment in time, the CWZ consist of two 

departments of sampling blood; B82 and the Trombosedienst. Before the merge in 2014, both 

organizations had their own network of clinics. After the merge, only the distribution of the patients 

has changed and every patient is able to visit every clinic. The two separate networks have never been 

integrated and thus the control of the networks has not been integrated as well. As result, a lot of the 

information is still separated for anticoagulation clinics and outpatient blood sampling clinics. 

The number of patients who receive anticoagulation treatments is decreasing, around 150 patients a 

month. This decrease is due to a new accepted type of anticoagulants for these patients. By building 

an efficient network of clinics can lead to an innovation in healthcare possibilities. Furthermore, by 

improving the service towards the patients the CWZ will composite the decrease of active patients by 

competing with other blood sampling organizations in the neighborhood. 

To construct a network for the CWZ there are some organizational characteristics that have to be 

considered within this network. The age of the patients receiving an anticoagulation treatment is 

relatively high, this means that the patients are less mobile. So there are patients that have to be visit 

at a given fixed site (fixed location customers). Other patients can visit a collection center (variable 

location customers). Because the fixed location customers are always available at their fixed site, it is 

not difficult to integrate the fixed location customers into the routing. Thus, within this collection 

center network there will be a focus on the variable location customers, the fixed location customers 

are excluded. The second characteristic depends on the sector. The CWZ is a hospital, so the problem 

is constructed for the public sector. Since objectives in the public sector are mostly difficult to measure, 

there is often used a covering model. For the thesis there is designed a covering model that maximize 

the service for customers by use of a given budget. The final characteristic is handling perishable 

samples. Blood has to be tested within a short period of time, otherwise, the quality of the results will 

decline. The time between collection and testing is therefore restricted time. To conclude, the aim of 

the model is to design a network on a tactical level, for variable location customers without exceeding 

the maximal time to perishability. This model will combine two important variables; it maximizes 

service for a given budget. 

The main goal in the current model is maximizing service of customers. This is done by minimizing the 

maximal customer travel distance of the variable location customers. The maximal customer travel 

distance can be measured by the minmax method, in which the furthest customer travel distance is 

minimized. To maximize this service, a specified fixed budget is used. The costs that have to be covered 

by this budget, depend on four variables. The first variable is the number of samples that have to be 

collected, the collecting costs. The second variable is the number of collection centers, the fixed hiring 

costs. The third part of the costs will depend on the number of collecting time windows, but will be 

consist of two separate parts; the variable hiring costs and employee costs. The last part of the costs 

is depended on the travel distance of the collectors, this is called the travel costs.  

Constructing the model for the CWZ will give the CWZ insight in their current network. This insight 

covers the budget of all costs and the offered service (the maximal travel distance) of the current 
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network. If the current network is known, calculations can be made to see if service improvement is 

possible with the use of the same budget. Later, it can be investigated what the effect of changing the 

budget is on the provided service (the maximal travel distance). Finally, a look into the future is made 

by analyzing the effect of the change of patients for the years to come.  

Results 
The total area of is 1.329 𝑘𝑚2, and is divided into 210 subareas based on four digits postal codes. There 

are 6,816 samples to collect on a weekly basis. The CWZ has collection centers located at 107 subareas. 

The total number of collecting time windows (of 15 minutes) needed to collect all these samples is 

2,779 time windows. With this information there can be concluded that the current weekly budget for 

this collection network is €24,635.59. By allocating the customers to the current network, there can 

be concluded that the maximal travel distance is 20.7 kilometers. 

To compare the current situation with the optimally calculated network, the same budget is used. 

Where the current network exists of 107 subareas with a collection center, the optimal network will 

locate 110 collection centers over all subareas. The maximal travel distance of the optimal network is 

4.7 kilometers, so an improvement of 16.0 kilometers on maximal travel distance is possible. 

Furthermore by comparing the travel distance of all customers of the current network with the optimal 

network. There can be concluded that the travel distance of individual customers fluctuated more 

widely for the current network (left) than the optimal network (right). At the current network, there 

are 6,606 customers that have to travel further than 4.7 kilometers on a weekly basis. This means, on 

a weekly basis only 97% of the variable location customers have to travel further than needed. 

The budget has an influence on the service (the maximal customer travel distance), but the degree of 

influence is still unknown. Therefore, there are six scenarios constructed to investigated what the 

effect is on the service (the maximal travel distance) by changing the budget. The six used scenarios 

are: the budget lower bound (€22,055.45), the budget upper bound (€26,988.34), the current budget 

(€24,635.59), the current budget +5% (€25,867.37), the current budget -5% (€23,403.81), and the 

current budget -10% (€22,172.03). 

In figure 0-2 is shown an exponential relation between budget and maximal travel distance. This 

maximal travel distance will increase for every euro below a budget of €24,000. Above this budget, the 

maximal travel distance will stay at 4.7 kilometers.  

 

Figure 0-1: Effect of budget on maximal travel distance 
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The last case study is to investigate what happened to the network by changing the number of variable 

location customers. As stated before, the composition of the type of customers will change over the 

years. The number of patients taking anticoagulants decreases by 150 patients a month. The number 

of lab patients will increase by ten on a weekly basis the coming years. If these patterns of change in 

population are followed in the long-term, there can be concluded that the number of customers in six 

years is equal to the number of customers at the moment. However, new technologies can 

dramatically change the population of customers in the long-term. Therefore, the scenarios are 

constructed for the coming two years by keeping the service stable. The budget and the number of 

collection centers decreases throughout the next two years. Both the budget and number of collection 

centers are the highest year 0.5 (€24,633.83; 113)  and be the lowest at year 2(€ 18,361.04; 97). This 

can be concluded by more future locations are located on the west side of the total area. Furthermore, 

the number of collection centers located at the center of Nijmegen and Arnhem can be reduced in the 

coming years. 

Recommendations 
Based on these conclusions, the following recommendations can be formulated for the CWZ. First, it 

is recommended for the CWZ to use the results to improve their collection network. If the CWZ will 

change some locations of collection centers the maximal travel distance can be improved by to 16.0 

kilometers for the same budget. To improve their collection network there are still a few steps to take.  

The first step is that the CWZ has to translate the subareas for locating collection centers into real 

accommodations to start new collection centers. These real accommodations could be healthcare 

centers, GP’s, or public places. At those new places, there has to be enough space to collect samples 

and also some space for a waiting area.  

In the second step, the CWZ has to take a look which collection centers can be closed.  

The third step is to define the opening hours needed for every collection center individually. The 

number of collecting time windows is computed, however, the CWZ has to make a choice between 

extra opening hours or scheduling an extra collector.  

The fourth step is to divide the different collection centers and opening hours throughout the week. 

Collection centers close to each other have to be opened at different moments during the week. This 

will give the customers more options to find a suitable moment to visit a collection center in the 

neighborhood. Next step is to schedule the collectors throughout the week. How many collectors are 

needed on daily basis and which collector will collect at which collection center.  

Lastly, they can implement the new collection center network and adjust this if needed.  

Secondly, instead of calculating in this model with Euclidean (as the crow flies) distances, it is 

recommended for the CWZ to use road distances. These road distances can be bought online, this will 

cost the CWZ around €450,- but this will improve the reliability of this model. 

Lastly, it is recommended for the CWZ to conduct a new research toward the acceptable distance 

between customers and collection centers. This collection center network is based on older people, 

but it is not known how far older people can travel to arrive at a collection center. If this distance is 

too far, variable location customers become fixed location customers. By knowing this distance the 

model can be made more accurate.   
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List of Abbreviations 
Ambulatory care  Ambulatory or outpatient care is medical care provided on an 

outpatient basis, including diagnosis, observation, consultation, 

treatment, intervention, and rehabilitation services. 

 Anticoagulation clinics Clinics of the Trombosedienst. These clinics are services specialized in 

the management of patients taking anticoagulants.  

Anticoagulation treatments Patients how are tested for one specific condition of their blood, the 

blood clotting value. For this treatment, the Trombosedienst test the 

blood, evaluate the blood and react to the outcome of the test. 

B82    Polyclinic blood collection center at CWZ. 

Collecting costs One of the three costs covered by the budget. It depends on the 

number of samples to collect. It includes; material costs, resource 

costs, transport costs and testing costs. 

Collecting time window The minimum amount of time that can be added to a collection center 

to increase the collection capacity. Because there is not made a 

difference between a person or extra opening hours, for both the term 

collecting time window is used.  

Collection capacity of a  Maximal number of samples one collector can collect without 

collection center  exceeding the collection time multiplied by the number of to this 

allocated collectors        center. 

Collection capacity of one  Maximal number of samples one collector can collect without 

collecting time window exceeding the collection time.  

Customer travel distance Distance variable location customers have to travel to visit the nearest 

collection center (measurement of service in this model). 

DSS Decision support system: this is a computer-based information system 

that supports business or organizational decision-making activities. 

Employee costs One of the three costs covered by the budget. It depends on the 

number of allocated collectors. 

Fixed location customers Patients who have to be visited at home for blood collection. 

GP General Practitioner.  

Hiring costs One of the three costs covered by the budget. It depends on the 

number of located collection centers. 

INR  International Normalized Ratio. The index of blood coagulability 

(clotting) in prothrombin time. 

Lab patients Patients coming to test their blood for certain diseases and conditions 

with a reference from a General Practitioner or a medical specialist. 

Maximal collection time The maximal time a collector can collect samples before the samples 

have to be transported, without exceeding the time to perishability. 
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NOAC Novel Oral Anticoagulants. These are a new class of anticoagulant 

drugs. They can be used for the prevention of stroke for people with 

non-valvular atrial fibrillation (AF) or in the management of venous 

thromboembolism. 

Outpatient blood sampling Blood sampling clinics of B82 located outside the CWZ.    
clinics 

Overcrowded collection center A collection center where the number of allocated customers exceed 

the collection capacity of one collector. 

Patients taking anticoagulants Patients on medical treatment to help prevent excess blood clotting. 

Phlebotomist Person who performs phlebotomy. 

Phlebotomy The act of drawing or removing blood from the circulatory system 

through an incision or puncture to obtain a sample for analysis and 

diagnosis. 

Portavita Database of patients taking anticoagulants. 

Queueing Theory The mathematical study of waiting lines, or queues. 

Setup time Time to prepare before collecting the first sample at a location. 

Testing time The time a sample has to wait before it can be tested plus the testing 

time itself. 

Time to perishability The maximal time between the first collection of a badge samples of 

one collector at a collection center and the end time of testing the total 

badge samples of that collector is stated as the time to perishability. 

This time is limited because the samples are perishable. 

Transport time Time it takes to transport a sample. 

Variable location customers Patients that can visit a clinic for blood collection. 
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1. Introduction 
This Master thesis contains a study of the development of a decision support system (DSS) to facilitate 

the design of a collection network for collecting many perishable samples in the public sector. This DSS 

is tested for the blood collection network of Canisius Wilhelmina Ziekenhuis in Nijmegen, The 

Netherlands. 

Section 1.1 discusses the research area and gives an introduction to the company and the process of 

the research area. Subsequently, the future of the network is explained in section 1.2 and the thesis 

outline is described in section 1.3.  

1.1 Company 
This research is conducted at the Canisius Wilhelmina Ziekenhuis (later specified as the CWZ) which is 

a hospital located in Nijmegen. It consists of 28 medical specialties, eight paramedical departments 

and five specific departments such as the emergency care and IC unit. There are almost 4000 

employees and volunteers working at the CWZ, who give clinical care to the patients. The CWZ is one 

of the 27 specialized clinical care hospitals in the Netherlands. This means that the hospital has 

extensive medical technologies, which cannot be found in each Dutch hospital. Besides, the CWZ works 

together with various care partners inside and outside the region. The core business of the CWZ is to 

improve care in the region of Nijmegen. CWZ excels in personal and efficient care close to home(“Dit 

is CWZ Nijmegen | CWZ,” 2017).  

The CWZ and the INR Trombosedienst (later specified as the Trombosedienst) were two separate 

organizations before they merged in 2014. First, the construction before 2014 will be explained.  

1.1.1 Before 2014 

Before 2014, the CWZ had a department for sampling blood, called B82. Department B82 consisted of 

a major clinic inside the hospital and a few smaller clinics outside the hospital. The blood sampling 

clinics of B82 outside the CWZ were called outpatient blood sampling clinics, which were mostly 

located around Nijmegen. Lab patients with a referral from a general practitioner or a medical 

specialist visited these clinics to test their blood for certain diseases and conditions. 

The INR Trombosedienst was (and still is) a healthcare center with two kinds of patient groups. The 

biggest group included patients who received anticoagulation treatment who were called patients 

taking anticoagulants. These patients were tested for one specific condition (the blood clotting value). 

The second group was lab patients. For these lab patients, the Trombosedienst collected blood for 

General Practice, the CWZ specialism and different departments of Radboud UMC, Rijnstate Hospital, 

Maasziekenhuis Pantein and St. Maartenskliniek.  

For the patients taking anticoagulants, the Trombosedienst arranged the anticoagulation treatment in 

the region of Nijmegen, Arnhem, and Zevenaar. For this anticoagulation treatment, the 

Trombosedienst test the blood, evaluate the blood and react to the outcome of the test. The 

distribution of treatments is shown in figure 1-1. For the region Zevenaar, the Trombosedienst was not 

responsible for the collection of blood but only for the anticoagulation treatment. For that reason, 

these patients were only included in this figure, and not in all other figures. 
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Figure 1-1: Deviation of anticoagulation treatments 

The clinics of the Trombosedienst were called anticoagulation clinics. They were all outside the main 

building. This building was for administrative work and collecting all the blood samples. In the clinics 

of the Trombosedienst, the phlebotomist collected blood from various patients. When all blood 

samples were collected, these samples were transported to the main building. At the main building, 

the blood samples were divided for transport to the different hospitals for testing the blood.  

In 2014 the CWZ and the Trombosedienst merged together and the Trombosedienst became a 

department of the CWZ. The organizational changes after the merge are shown in figure 1-2. Before 

2014 there were two separated companies and B82 was a department of the CWZ. As of 2014, there 

is only one company, the CWZ, which consists of two departments; B82 and the Trombosedienst. 

Furthermore, there was a change in patient groups. Before 2014, department B82 only handled the 

phlebotomy of lab patients. Since 2014, all patients (lab patients and patients taking anticoagulants) 

are able to go to both clinics (outpatient blood sampling clinics and anticoagulants clinics). The 

information in the next chapter will describe more about the current situation after the merge in 2014. 

 

Figure 1-2: Change by merge 

1.1.2 Since 2014 

The current distribution of patients is shown in figure 1-3. This figure shows that patients taking 

anticoagulants are still generally going towards anticoagulation clinics and the greater number of lab 

patients are going to blood sampling clinics.  
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Figure 1-3: Division of blood collection 

Besides collecting blood at anticoagulation clinics there is also another service which is provided by 

the Trombosedienst. Some patients are visited by a phlebotomist at home. Those patients are people 

who are unable to visit an anticoagulation clinic. On average 47% of the weekly samples of patients 

taking anticoagulants and 30% of the total patients are visited at home, which is shown in figure 1-4. 

This was already the situation before 2014 and it is still the case after the merge in 2014. B82 did not 

have this service before the merge in 2014. Some of the previous B82 department patients are now 

visited at home for their blood collecting. This number is negligible compared to the number of other 

collections. 

 

Figure 1-4: Places of phlebotomy 

1.2 Future clinics 
Before the merge in 2014, both organizations had their own network of clinics. There already was some 

collaboration between the CWZ and the Trombosedienst. After the merge only the distribution of the 

patients has changed and every patient is able to visit every clinic. The two separate networks have 

never been integrated and therefore the control of the networks has not been integrated as well. As 

result, a lot of the information is still separated for anticoagulation clinics and outpatient blood 

sampling clinics. 

In a random week, there are 137 moments when an anticoagulation clinic is opened and 67 moments 

when an outpatient blood sampling clinic is opened. There are some clinics that represent both the 

Trombosedienst and B82 at different moments during the week. Because of a large number of 
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available anticoagulation clinics and outpatient blood sampling clinics, the patients are able to visit a 

clinic in their own neighborhood on several days a week. Until now, the locations of these centers have 

never been reviewed.  

The number of provided collections of the Trombosedienst is decreasing, shown in figure 1-6. By 

looking at last year, the monthly decrease was around 150 patients taking anticoagulants. This 

decrease is due to a new accepted type of anticoagulants for these patients. 

 

Figure 1-5: Decrease in active patients taking anticoagulant 

The vision of CWZ:  

“The CWZ regards their core tasks to improve the healthcare in region Nijmegen. The CWZ want to 

excel in personal and efficient care close to the patients’ home. Our aim is to treat patients at the right 

place in their own district wherever possible. Therefore, more complex care needs to be available in the 

patients’ region. We promise our patients a continuously improving the CWZ and the network of the 

CWZ related organizations, in this continuously improving ‘knowing the patient as a person and 

treating him as a relative’ is the starting point. We are confident in making the difference by 

collaborating with patients and other partners”(“Visie | CWZ Nijmegen,” 2017). 

Building an efficient network of clinics can lead to an innovation in healthcare possibilities. For 

example, this network can be used for the CWZ ambulatory care and in-hospital care can be outsourced 

towards the clinics of the network. Furthermore, by improving the service towards the patients the 

CWZ will composite the decrease of active patients by competing with other blood sampling 

organizations in the neighborhood. 

1.3 Thesis outline 
This chapter has shown that it is necessary to optimize the collection network. As previously mentioned 

both collection networks have never been made transparent and are not fully merged. The second 

chapter will introduce the method of generalizing the process of CWZ which will lead to the assignment 

for this thesis. In the third chapter, a detailed analysis of the organization will be given. This is followed 

by the development of a general model in the fourth chapter. This model is tested for the case study 

in chapter five. The final chapter contains the overall conclusions and recommendations which will 

complete this thesis.
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2. Assignment 
The assignment of the problem stated by the CWZ is an inefficient network of clinics after the merging 

of the Trombosedienst (anticoagulation clinics) with the CWZ (outpatient blood sampling clinics) in 

2014. Furthermore, there is a decrease in patients who need blood checks when taking anticoagulants. 

And finally, there is an opportunity for the CWZ to use their network for other medical purposes so 

that the collection network is important to optimize. However as mentioned in the first chapter, both 

networks have never been made transparent and have never been fully merged.  

This chapter discusses the content of the research assignment. A summary of the literature review 

towards facility location problems is given in section 2.1. In this literature review, the gaps with the 

stated problem are found and explained in section 2.1.3. The research assignment is discussed in 

section 2.2. The aim of the research and the company are stated in section 2.3. The definition of both 

aims is important because at the end of this research these aims have to be fulfilled. In the last section, 

2.4 the scope of this research is stated.  

2.1 Related literature 
Because a network can be constructed in many different ways, the literature can help to get an 

overview of the possible methods. Problems for finding the best location for a facility are called facility 

location problems. To introduce the topic of location problems a short summary is given of the 

development. After that, the usable taxonomies for these location problems are discussed. Finally, the 

gap between existing literature and the assignment for the CWZ will be discussed.  

2.1.1 History of location problems 

The constructor of the first location problem will probably never be known. It is usually credited to 

Pierre de Fermat (1601-1665), who proposed a basic form of spatial median problem by issuing the 

challenge (Kuhn, 1967) “let he who does not approve of my method attempt the solution of the 

following problem: given three points in the plane, find a fourth point such that the sum of its distances 

to the three points is a minimum”. The credits are also given to Evangelista Torricelli (1608-1665), an 

Italian mathematician and student of Galileo, who found a solution. In the twentieth century, the 

classic location theory was constructed as; “The Weber Problem”. The definition of this problem is to 

find the “minimum” point (𝑥∗, 𝑦∗) which minimizes the sum of weighted Euclidean distance from itself 

to 𝑛 fixed points with co-ordinates (𝑎𝑖, 𝑏𝑖). This problem seems simple, but there are an extraordinary 

number of generalizations, extensions and modifications. For this reason, literature has been reviewed 

to get an idea of the types of methods used in different kinds of location problems related to the 

problem of the CWZ.  

2.1.2 Taxonomy of location problems 

There are several ways of classifying network-based location models and problems. A good taxonomy 

of this type of problems can be found in Daskin (1995). The taxonomy used in this literature review 

can be checked in the chapter: ‘Optimal location determination method’. These taxonomies have a lot 

in common, the taxonomy in ‘Optimal location determination method’ is the extended version of 

Daskin (1995). The reason for this is that the taxonomy of Daskin (1995) only focuses on network and 

discrete topology, where ‘Optimal location determination method’ also takes continuous topology into 

account. 

By analyzing all the articles with the taxonomy described in ‘Optimal location determination method’ 

the conclusion is that the method of solving the location problem mostly depends on the objective and 

topology used in the method. A short summary of the articles within this literature review is discussed 

below. 
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According to the article by Drezner & Hamacher (2002), the difference between a public and a private 

sector problem lies in the nature of the objective or objectives that decision makers are considering. 

Public and private sector applications are different, because of the optimization criteria used in both 

cases. Thus, the is started with the articles within the public sector. The objective used in these articles 

is the covering objective. The article by Andrade & Cunha (2015) is an example of an article using this 

capacity constraint covering objective by a variable number of clinics. The article by Naoum-Sawaya & 

Elhedhli (2013) is a good example of a location problem using a covering objective with capacity 

constraints with a fixed number of facilities. Another objective option for a location problem in the 

public sector is the minimax objective. Within this objective, the spatial analysis of the demand is very 

important. The spatial analysis for computing the population as performed in the article by Sasaki, 

Comber, Suzuki, & Brunsdon (2010) is a good example for spatial analysis and it can be used for location 

problems with a lot of demand points.  

The grid analysis used by the article of Schuurman, Bell, L’Heureux, & Hameed (2009) is useful for 

combining the demand points and the clinics in a structured way. In this article, they divided the grids 

by postal code regions. 

Articles that focus on hospital problems always have to respond fast on a location of emergency. That 

is the reason why they can be used for the perishable items as well. The use of the ABC algorithm as in 

the article of Andrade & Cunha (2015) is a good example of responding fast on emergency calls. 

A good method to compute the possible number of shopping centers (clinics) in subareas was used in 

the article by Yu, Yang, & Cheng (2007). This method can be used if the input of the model is the 

number of collection centers. 

2.1.3 Gap with literature 

As a conclusion, it was difficult to find a relevant overview of all kind of location problems. For that 

reason, there is made an overview, which is shown in Appendix A. The topology and objective have the 

most impact on developing a location problem. By changing the topology or objective, the whole 

method of problem-solving will change. 

No literature on location problems for different kind of customers was found. For the problem 

discussed in this thesis, there are customers that have to be served at a fixed point and customers that 

can visit a collection point.  

Furthermore, there have been difficulties to find literature of a covering model that covers all 

customers and the service as the objective. The first type of covering models founded in the literature 

were Maximal Covering models. Some of these models had service as objective but did not cover all 

customers (Church & Davis, 1992). The second type of covering models founded were Set Covering 

models. These models covered all customers, but use service as input parameter and not as an 

outcome (Stern, 2000). 

More important, no literature was found that used a two-step location problem with multiple 

objectives. In this location problem, there exists a two-step location problem; the first step is the 

distance customers have to travel towards a collection point for a collection and the second step is the 

distance for transport from collection point to testing point. Furthermore, this location problem deals 

with multiple objectives; the service and a budget. Both parts are important for this location problem. 

By combining of the different strong points from the various literature sources, these calculations can 

be used for designing a location method that will fit for finding the optimal locations for collecting 

perishable samples in the public sector. 
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2.2 Research assignment 
To construct an optimal collection process, all related elements: collecting, transporting, and testing, 

have to be considered. To find the optimal setting a number of alternatives of these elements have to 

be compared (on costs and performance). The collection element is the most important element 

because this will influence the process the most. Appendix B gives an overview of the different 

possibilities to construct a certain configuration.  

The question in the collection part is how and where to collect samples. This can be done at one main 

location: the costs are easy to calculate but the satisfaction of patients will go down dramatically. 

Furthermore, the collections can all be done at home addresses of the patients. This will lead to a 

higher patient’s satisfaction but will increase the costs dramatically. The last option is to construct a 

network. The execution and cost calculation of this option is less simply to state. For that reason, the 

focus is on finding a good network in this thesis.  

2.3.1 Generalization 

To translate the situation of the CWZ to a more common situation in literature, some definitions are 

used: a blood sample is called a general sample. However, this sample can be a sample or a product. 

Phlebotomists that collect the blood samples of the patients are identified as collectors. Patients that 

have to give blood are identified as customers. Patients who are visited at home are called fixed 

location customers and patients that can visit a clinic are called variable location customers. The 

positions where patients and phlebotomists meet each other (anticoagulation clinic or blood sampling 

clinic) are identified as collection centers. The point where the sample is tested is the testing point. The 

last definition used is the location of CWZ were all the information has to be collected, the central 

point. 

There are other companies experience similar location problems as the CWZ. Like companies with 

samples that are geographically dispersed. For example e-groceries, soil analysis, and stool 

examination. In order to design a method that can be used in several organizations the organizational 

characteristics of collecting blood are determined. The most important characteristics are;  

• There are many customers, these are fixed location customers or variable location 

customers; 

• The location problem is constructed for a company in/related to the public sector; 

• The location problem deals with perishable samples. 

 
The first organizational characteristic is the big amount of customer there have to be served. The 

weekly demand of the CWZ is on average more than 10.000 samples, and every sample concerns one 

customer. From the total demand on average, 59% are patients taking anticoagulants. The average age 

of these patients is 78 years. The fact that the average age is relatively high, means that the patients 

are less mobile. Data on the mobility of the elderly suggests that 40% of elderly above the age of 75 

years have a reduced mobility (Rantanen, 2013). Almost one-fifth of the elderly cannot – or have great 

difficulty with – a distance of 400 meters (CBS, 2004). This means that some samples will have to be 

collected at a given fixed site (fixed location customers). Other patients can visit a collection center 

(variable location customers). 

The second characteristic of this location problem depends on the sector. This problem is constructed 

for a location problem related to the public sector. This could be public firms or private firms regulated 

by a public sector. The difference between solving a public or a private location problem depends on 
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the nature of the objective or objectives that decision makers are considering (Z. Drezner, 2002). Profit 

maximization and capture of larger market shares from competitors are the main criteria in private 

applications, while social cost minimization, the universality of service, efficiency and equity are the 

goals in the public sector. Since these objectives are difficult to measure, they are frequently 

surrogated by minimization of the locational and operation costs needed for full coverage by the 

service, or the search for maximal coverage given a number of available resources. 

The final characteristic is handling perishables samples, this is because blood has to be tested within a 

short period of time, otherwise, the quality of the results will decline. The blood is analyzed at a testing 

point. Transportation of perishable products is also important because the temperature of the blood 

needs to be between 15 and 25 degrees Celsius at all times.  

2.3.2 Assignment 
The assignment for this project is: 

“Develop a DSS to facilitate the design of a collection network for many perishable 

samples in the public sector having a different type of customers (some have to be 

collected at a given fixed site).” 

Within this assignment, the organization characteristics are involved. To fulfill this assignment, six sub-

questions are defined which should help to fulfill the assignment in a structured way: 

1. What is the current collection network of the CWZ?  

2. How can the variables service and budget be defined for a location problem related to an 

organization in the public sector? 

3. How can the optimal locations for this collection network be computed by maximizing the 

service within a given budget? 

4. What service improvement is possible within the same given budget?  

5. How will the given budget influence the service within this collection network? 

6. What is the best collection network for the CWZ for years to come? 

2.3 Objectives 
The objectives of this assignment are composed of a research objective and a business objective. These 

objectives are explained in the paragraphs below. 

2.3.1 Research objective 
The research objective is to establish a method to design a collection network of many perishable 

samples for an organization in/related to the public sector. In the complete process, three parts are 

involved; the collection part, the testing part, and the transportation part. In this thesis, the main focus 

is on the collection part. The aim of the collection network is to maximize the service within a fixed 

budget.  

2.3.2 Business objective 
The business objective is to test instruments for the clinic's network of the CWZ. The stated situation 

of the CWZ in chapter 1 is used as a case study for this instrument. Furthermore, the CWZ expects a 

plan for the years to come regarding closing and locating collection centers over the total area. 
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2.4 Scope of project 
In order to conduct this assignment in the fixed amount of time, there is a scope. This scope will keep 

the quality of the assignment high. As stated in section 2.2 the process of collecting and testing blood 

consists of three parts. In this assignment, the main focus is on the collection part.  

Within this research, the CWZ is the case study. Within this case study, there also is a scope. As stated 

before, in section 1.1 research area, the Trombosedienst has anticoagulation clinics spread throughout 

the region of Nijmegen, Arnhem, and Zevenaar. Because region Zevenaar is controlled by another 

hospital, Rijnstate hospital, this region is not included in the scope. For Zevenaar the anticoagulation 

clinics, logistic and laboratory testing are also controlled by Rijnstate hospital and only the dosing of 

anticoagulants is done by the Trombosedienst. For this reason, Zevenaar is not within our scope. 

Lastly, the construction of this network focuses on finding the right structure. Improvements in other 

factors (e.g. getting more patients towards a collection center) are not discussed. 
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3. Detailed analysis 
The detailed analysis extends on the problem as faced by the CWZ. In this analysis, the departments 

B82 and the Trombosedienst are highlighted. Accordingly, more have to be known about the impact 

of the problem. 

Section 3.1 will describe the process of collecting samples in a general way. In section 3.2, the current 

situation is analyzed with regard to phlebotomy. In section 3.3 the future prospect of the phlebotomy 

of the CWZ is discussed and in section 3.3 an analysis of the possibilities is discussed. 

3.1 Process of collecting samples 
The process of collecting samples will be explained to give more insight into the process. The 

explanation will be done in a general way so this process description can be used to construct a model 

in chapter 4.  

Before generalizing the process, there has to be a focus on the differences between the type of 

customers and place of collection. The process will not variate over the different type of customers 

(lab patients or patients taking anticoagulation). In reality, it depends on the method of testing, 

however, there is a black-box in this process. The start of the process will vary with the different places 

of collection (variable location customers or fixed location customers). A customer arriving at a 

collection center (variable location customer) or a collector arriving at a customer’s home (fixed 

location customer). Because the process variable location customers are more complex, therefore the 

focus is on this process in this section. The process of fixed location customers is shown in Appendix C. 

The process of variable location customers is visualized in figure 3-1. The process is explained in this 

figure. 

Collection centers are open at a certain moment during the week. At that moment, there is a 

timeframe of how long a collection center is open to collect samples. Before the timeframe starts, a 

collector travels to the collection center. The collector needs some time to prepare everything to 

collect the samples (setting up the equipment, sample preparation). This is the setup time. It is a fixed 

amount of time for every collector at a collection center. 

The process for each customer starts with a request for collecting a sample from the customer. The 

customer will pick a collection center to visit and check the timeframe in which he can visit the center. 

The customer has to travel to a collection center. Most of the time, there are more customers at a 

collection center at the same time, so the customer has to wait till he gets served. 

When both customer and collector are present at the same time at a collection center, the sample is 

created. After the collection, the customer goes home and the sample stays at the collection center 

with the collector. Most of the time there are more samples to be collected at one collection center. 

The sample has to wait till all samples of the other customers at the same collection center are 

collected. After all collections are performed, the samples are ready for transport. The collector will 

prepare the samples for transport. During transportation, the collected samples will be transported to 

the testing point. At the testing point, the samples have to wait before they can be tested. After the 

samples are tested, the results will be communicated, and this is the output of the process. However, 

in the process of collecting to testing is a complication, because all samples are perishable, so there is 

a limited amount of time available.
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Figure 3-1: Collection process of variable customer 
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3.2 Analysis of the current situation at CWZ 
The geographical area of the patients of CWZ is shown in green and pink in figure 3-2. The pink area is 

the area of the patients of the Trombosedienst and B82 together, the green part is the area of the 

patients of the Trombosedienst only. The lab patients who are living in the green part are bound to 

another hospital in the neighborhood. The pink area is close to Nijmegen, the green area spreads out 

towards Boxmeer and Arnhem. The total area has one main depot, in Nijmegen (the CWZ). This is the 

big testing point where all the samples are checked. Because this is a wide area - the total area is 1.329 

𝑘𝑚2 - it consists of different regions served at different days by the different departments (B82 and 

the Trombosedienst).  

 

Figure 3-2: Place in the Netherlands 

As previously stated in section 1 there are two different kinds of patients; the lab patients and the 

patients taking anticoagulants. The division between these two patient groups in both departments 

(B82 and the Trombosedienst) is respectively 36% versus 64%., This has already been shown in figure 

1-3. There are also patients who are visited at home by a phlebotomist - 30% of the total patient 

population. The percentage of home collection and clinic collection has already been shown in figure 

1-4. The number of home collections (fixed location customers) is higher for the patients taking 

anticoagulation than the lab patients. The reason for this discrepancy is age-dependent, in appendix D 

the age distribution of both types of patients is shown. 

The total amount of money the CWZ receives for the phlebotomy depends on the healthcare insurance 

company of the patient. Every healthcare insurance company has an individual agreement about the 

amount of the payment. This can fluctuate a lot. For budget reasons, within the CWZ a fixed charge is 

used for every collected sample. The fixed charge depends on the transaction code, which depends on 

the type of customer and the kind of transaction. Table 3-1 shows the different transaction codes with 

an explanation.  
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Table 3-1: Fixed charges within the CWZ 

The first transaction code is related to a home visit, the fixed charge for every home phlebotomy is 

€9.20. The second is related to a collection at a clinic. The fixed charge for every phlebotomy in a clinic 

is €3.42. For a home visit of a phlebotomist B82 and the Trombosedienst receive €5.58 per patient 

more than for a collection at a clinic. These charges are only related to the phlebotomy and transport 

from home address/collection clinic towards the central testing point. The last transaction code is for 

testing a sample of their blood clotting value. For testing other samples, the costs will be different. 

These test costs are not included in the budget for the network of collection centers.  

In the total area for phlebotomy, there are around 150 clinics located. These clinics (and how each 

clinic is staffed) are shown in figure 3-3. The purple dots are staffed by B82, the green dots are staffed 

by the Trombosedienst. Furthermore, the locations that are staffed by both B82 and the 

Trombosedienst, are pictured in blue dots. By comparing this figure with figure 3-2, there can be seen 

that the green areas (figure 3-2) include only green dots (figure 3-3). By focusing on the pink area 

(figure 3-2), this area includes green, purple and blue dots (figure 3-3). All these clinics (blood sampling 

clinics and anticoagulation clinics) are listed in Appendix E with addresses, openings hours and more 

information about the clinics.  

 

Figure 3-3: Location of clinics 

Transaction code Description Fixed charge of the CWZ 

79986 Home visit on behalf of clinical-chemical and/or 
microbiological laboratory research, this home visit 
is requested 2 working days before the home visit. 

 €                                  9.20  

79991 Charge clinical-chemical and microbiological 
laboratory research, inclusive phlebotomy. 

 €                                  3.42  

70706 Prothrombin time for oral anticoagulation.  €                                   4.35  
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In figure 3-2 and 3-3 can be seen that the area of anticoagulation clinics is larger than the area of 

outpatient blood sampling clinics. Most of these clinics are open during several moments per week. 

There are also some clinics that are used by B82 as well as by the Trombosedienst. These clinics are 

staffed by B82 some days of the week and on others days by the Trombosedienst.  

The departments of phlebotomy (B82 and the Trombosedienst) have the same manager, but they are 

operated in a different way (mainly related to practical things). The locations of the departments are 

also separated. B82 is located in the hospital, and the Trombosedienst is located just outside the 

hospital. Because of the differences in these departments, the current situation is also split into those 

different departments.  

3.2.1 B82 

Department B82 consists of a major clinic inside the hospital and a few clinics outside the hospital. The 

blood sampling clinics of B82 outside the CWZ are called outpatient clinics blood sampling. These 

outpatient blood sampling clinics are mostly located around Nijmegen, shown in figure 3-4. This is an 

existing figure of the CWZ, so not all information in this figure is used. The figure shows the patient 

area of the CWZ. The darker the blue parts, the higher the patient population that visits the CWZ. The 

area between the red contour is called the main care area of the CWZ. The area between the red and 

yellow contours is called the outlying area of the CWZ. The population of patients going to the CWZ is 

a lot smaller in the outlying area than the population within the main care area (red contour).  

 

Figure 3-4: Area of B82 

Both the clinic within CWZ, as well as the outpatient blood sample clinics of B82 are mostly visited by 

lab patients. Those are patients coming for blood tests for certain diseases and conditions. They are 

referred by a General Practitioner or a medical specialist of the CWZ. As already stated in section 1.1.2 

there are also patients taking anticoagulants who visit a blood sampling clinic. However, this amount 

is only 3% of the total patients. 

With data from the period of 2-1-2017 till 14-7-2017, can be concluded that the average weekly 

number of samples taken by the outpatient blood sampling clinics of B82 is 1760 samples. These 

locations are mostly located at GP’s and healthcare centers around Nijmegen. In this same period, the 
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number of samples collected at the CWZ clinic, B82, is 59.797 samples. The total and an average 

number of the different locations is shown in appendix F.  

As stated before, appendix E shows all locations, the locations in blue are demanded by B82. All of the 

outpatients’ blood sampling clinics are only open during the morning. This collecting part is only open 

during the morning because the time constraint of a sample and the testing part that follows the 

collecting part. The CWZ clinic, B82, is open daily from 7.00 till 17.00 and on Saturday from 10.30 till 

12.00 o’clock. B82 is also open in the afternoon because it is located close to the testing point. 

3.2.2 The Trombosedienst 

The Trombosedienst is a healthcare center which arranges the anticoagulation treatment for patients 

in the region of Nijmegen, Arnhem, and Zevenaar. The area of the Trombosedienst is shown in figure 

3-5.  

 

Figure 3-5: Area of the Trombosedienst 

At the Trombosedienst there are two kinds of patient groups. The biggest group are the patients taking 

anticoagulants and the other group is the lab patients. For the lab patients, the Trombosedienst 

collects blood for general practice, the CWZ-specialist and different departments of Radboud UMC, 

Rijnstate Hospital, Maasziekenhuis Pantein and St. Maartenskliniek. However, the samples are all 

brought to the CWZ and these hospitals come to CWZ to pick up their samples. 

The INR Trombosedienst was founded on 30th December 1996. It was a merger of the Trombosedienst 

Nijmegen, the Trombosedienst Overbetuwe, and the Trombosedienst Arnhem. At the start, all 

divisions took care of their own region of patients. After everything between these divisions was 

merged there was only one main location left. This main location was located in Nijmegen. At that 

moment patients taking anticoagulants were the main patient population. The different divisions of 

the Trombosedienst had their own laboratory. There were only some lab patients, but these samples 

were tested at the CWZ. The Trombosedienst and the CWZ worked together for the samples of these 
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patients. In February 2010, there was a collaboration with the Trombosedienst Zevenaar about the 

anticoagulation treatment of their patients. From that date, the INR Trombosedienst has been 

responsible for the treatment of the patients of location Zevenaar but they do not have any influence 

on the locations of the clinics. Because of the introduction of a new kind of oral anticoagulant agents 

(NOAC) in 2012, there is a decrease in patients. This will lead to less income. To create an efficient the 

network, and reduce the costs for both organizations a merger between the INR Trombosedienst and 

the CWZ has been established in 2014.  

The locations of coagulation clinics are the result of the merger of the Trombosedienst Nijmegen, the 

Trombosedienst Overbetuwe, and the Trombosedienst Arnhem. These small organizations had started 

their own clinics to work more efficient and the location of these clinics was at the places where the 

population of their patients was highest. The clinics were facilitated in a community center, red cross 

building, retirement home, or other public places. When the clinics became too small for the number 

of patients, a new clinic was founded in the neighborhood.  

Nowadays there are 137 moments a week when an anticoagulation clinic is open, the total overview 

of clinics is shown in appendix E. The locations in orange are staffed by the Trombosedienst. All the 

anticoagulation clinics are open in the morning because of the time constraint after the phlebotomy.  

For the patients of the Trombosedienst, there is not a complete overview of patients visiting 

anticoagulation clinics per anticoagulation clinic. Because the location of patients who visit an 

anticoagulation clinic is known and the locations of anticoagulation clinics are known, there can be 

made an interpretation of which patients visit which anticoagulation clinics by plotting them in figure 

3-6. The patients visiting the Trombosedienst are shown as a heat map and the location of 

anticoagulation clinics are displayed with black dots.  

 

Figure 3-6: Geographic distribution of patients of anticoagulation clinics and the anticoagulation clinics 

The patients that have to be visited at home are located in the surrounding of a clinic. Nowadays the 

routing of phlebotomists is constructed geographically. So one phlebotomist will collect in a collection 

center and will also collect the patients around a clinic.  
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3.3 Future prospect 
As already stated in section 1.2 the number of patients taking anticoagulants is decreasing. This is 

already shown in figure 1-3. The decrease of patients taking anticoagulants was one of the reasons for 

the merge between the CWZ and the Trombosedienst. At the moment, the number of patients is 

decreasing by around 150 patients a month.  

The reason for the decrease in patients is the fact that a new kind of oral anticoagulant agents, NOAC 

(i.e., Dabigatran, Rivaroxaban, Edoxaban, and Apixaban) has been developed and can be used by 

patients. These agents utilize novel mechanisms of action and they are not dependent on vitamin K 

antagonists (non-VKA). And so it requires no monitoring, there are less food and drug interactions, and 

it possesses less inter-patient variability regarding the dose. In contrast to measuring INR of patients 

who use VKAs, there is no blood test possible to monitor the coagulation status of patients who use 

NOAC. For that reason, patients who use non-VKAs do not need to be controlled by testing their blood. 

There are always patients that keep using VKAs, because for some patients the non-VKAs do not work, 

but a decrease of patients is the future perspective.  

Along patients taking anticoagulants, there are lab patients. There is an increase in lab patients. This 

increase is based on the available data about lab patients over 2017. In this period the average increase 

is around ten lab patients a week, this is shown in figure 3-7. This growth is a result of the increase in 

possibilities of excluding diseases with the lab testing method.  

 

Figure 3-7: Increase of lab patients 

The increase of lab patients will not be equal to the decrease of patients taking anticoagulants. The 

total number of patients will decrease approximately by 100 patients a month. Because of the decrease 

in patients, efficiency improvement is important. 
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4. Model development 
In this chapter, the model used to find the network design will be described. A location problem model 

given in the literature will be the starting point, in combination with the characteristics of the CWZ a 

possible network design will be made. This is stated in the introduction, section 4.1. In section 4.2 

handling the difficulties of these CWZ characteristics will be explained. The conceptual model is 

elaborated in section 4.3. In the last section of this chapter, the model will be validated if it does what 

is supposed to do. 

4.1 Introduction 
The collection of samples starts with a request from a customer. When the customer sends a request, 

a moment for collection will be planned. At this collection moment, the customer and the collector are 

both at the same point to exchange the sample (at the collection point). Because there are more 

customers’ requests when it is possible the collections are combined in a region. All the collected 

samples have to be tested at a sample testing point. However, the samples have to be transported 

from the collection point to the testing point. In chapter 2 was stated that in this thesis the focus is on 

creating a network to collect samples at different collection points, and there is only one central testing 

point. To simplify the collection of the samples, the collections at a collection center are tried to 

combine. However, not all customers are able to visit a collection center.  

The first characteristic of the model is: There are two types of customers; variable location customers, 

and fixed location customers.  

The fixed location customers are unable to visit a location they have a fixed site (the home location). 

Because of this immobility, they will be accessible and available at this site at any moment. The 

collector and customer physically have to meet each other for the collection, so the collector has to 

visit the fixed site. Because the fixed location customer is always available at this fixed site, the 

collector can visit the site at every moment of the day. This means it is not a problem to add those 

fixed location customers to a certain routing.  

The variable location customers are able to visit a collection center. As for the variable location 

customers, the variable location customers also physically have to meet the collector. For that reason, 

the variable location customers have to know when a collector is present and at which collection 

center. Because an inefficient process will lead to higher costs, it is important to work efficiently. 

Consequently, it is necessary to adapt the opening hours of a collection center to the occupation rate, 

in order to construct the most efficient opening hours. These opening hours are shared with the 

variable location customers. The variable location customers are unrestricted in visiting a collection 

center during these opening hours.  

There are different possibilities to deal with these two types of customers. Two separated networks 

can be made, one for variable location customers and one for fixed location customers. Furthermore, 

the fixed location customers can be assumed as a mandatory collection center, or only one type of 

customer can be used for this network. For this thesis, there will only be a focus on the variable location 

customers. It can be concluded that the difficulty of constructing a collection network is to determine 

the locations and the necessary opening hours for the different collection centers. Because the fixed 

location customers are always available at their fixed site, it is not difficult to integrate the fixed 

location customers into the routing. Thus, within this collection center network there will be a focus on 

the variable location customers, the fixed location customers are excluded.  
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The question is; how many collection centers are needed, and what are the most optimal locations for 

these collection centers when costs and customers’ satisfaction are the main goals. The idea of locating 

collection centers at a location which is good for each customer led to the median objective function, 

also called Weber or Fermat-Weber objective (Wesolowsky, 1993). The Fermat-Weber problem 

requires finding a point in the total area which minimizes the sum of a to m given (or fixed) points. 

However, this Weber problem focused on the private sector.  

The second characteristic of the model is: This network is constructed for companies within the public 

sector.  

The first question there has to be answered is; what is the public sector? The public sector might 

provide services that nobody can be excluded from (such as street lighting), services which benefit all 

of society rather than just the individual who uses the service (such as public education), and services 

that encourage equal opportunity (“What is the public sector? definition and meaning,” 2017). As a 

conclusion, service is an important measuring point for the public sector. Another aspect is that the 

public sector is not focused on making money, but on the government decide where the money is 

spent within the public sector. Therefore, the public sector uses budgets instead of costs (“The 

Difference Between the Private and Public Sector - PrivacySense.net,” 2015). So, the public sector 

works with the terminology budget and service, which in consequence will be used in this thesis model 

as well. This model will maximize the service by use of a given budget. 

The next question is: What is the main difference between the locations of public facilities and private 

facilities? According to Drezner, the difference lies in the nature of the objective or objectives that 

decision makers are considering. Public and private sector applications are different, because of the 

optimization criteria used in both cases. Profit maximization and capturing the biggest market share 

from competitors are the main criteria in private applications, while social cost minimization, universal 

service, efficiency and equity are the goals in the public sector. Since these objectives are difficult to 

measure, they are frequently surrogated by minimization of the locational and operational costs 

needed for full coverage of the service or the search for maximal coverage for a given number of 

available resources (Drezner & Hamacher, 2002). There can be concluded that the Weber problem 

cannot be used in this model, because of the nature of the problem. As Drezner stated, for this model 

a covering model has to be used. Accordingly, a covering model that maximizes the service for 

customers by use of a given budget has to be designed. 

The third characteristic of the model is: The collected samples are perishable samples. The time 

between a sample collection and testing the sample is limited.  

The collected samples are not long lasting, the samples have to be tested within a certain period of 

time otherwise the quality of the sample will reduce fast. The time between collection and testing is 

therefore restricted. The maximal time between the first collection of a badge samples of one collector 

at a collection center and the end time of testing the total badge samples of that collector is stated as 

the time to perishability.  

The longer the time to perishability, without a decrease in quality, the more collections can be done 

within this time. Within the time to perishability there are several factors: maximal collection time, 

transport time and testing time. The testing time is a fixed amount of time, but the transportation time 

depends on the distance between the collection center and the testing point.  
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Figure 4-1: Summary constructing a model 

All characteristics are included in the model. The steps taken are summarized in figure 4-1. 

Consequently, there can be concluded; 

The aim of the model is to design a network on a tactical level, for variable location customers without 

exceeding the maximal time to perishability. This model will combine two important variables; it 

maximizes service for a given budget. 

4.2 Model in words 
In the previous section, the characteristics of this network were stated and the kind of network that 

will be designed was explained. One of these characteristics of this network is that there are two types 

of customers. There has been stated that there are different possibilities to take the different customer 

types into account. This implies that there might be different models. In this thesis, the model for one 

solution is developed: the one where fixed location customers are excluded. With only this decision 

made, a model cannot be designed yet. There are three questions remaining about the characteristics 

of this network: 

• How can the restricted time to perishability be dealt with? 

In this model, all customers have to be covered. How does this covering model deal with the restricted 

time to perishability? 

• How can service and budget be combined to create one main goal for this model? 

This model has to deal with an object; maximizing service for a given budget. How can these two 

variables be combined into one model? 

• What is a good location representation of variable location customers? 

As previously stated in section 4.1.1, the variable location customers are only included in this model. 

Because a network will be created for the coming years, it is important that this model is not only 

based on the current situation. And so, how is the location representation determined? 

These questions are related to section 4.2.1, 4.2.2 and 4.2.3, respectively. 

4.2.1 Restricted collection time 

In the current section, the question: “How can the restricted time to perishability be dealt with?” will 

be dealt with.  

The starting time of the perishable samples starts at the moment of collection and ends at the moment 

the sample is tested. The maximal time a perishable sample has a good quality is called the perishable 

time of one sample. Because this perishable time will tell us more about the time window in which 

samples can be collected, the focus will be on this part of the process out of figure 3-1. 
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Figure 4-2: Time to perishability 

This part of the process can be divided into five parts as shown in figure 4-2. When looking at all these 

five steps, you can think about the time it will take for one sample, and how this can influence the time 

for collecting all the samples of one collector. It is assumed that a collector can only collect at one 

collection center before the samples are transported to the testing point.  

• Collection 

The time to collect one sample from a variable location customer is variable. From some customers it 

is harder to collect a sample than for other customers. Consequently, variability will be added to every 

collection. It is assumed that the collection time is normally distributed. The average time to take a 

sample is computed (𝜇). Furthermore, the standard deviation per sample (𝜎) is also computed. The 

time to collect one sample is explained by the following formula: 

𝑇𝑖𝑚𝑒 𝑡𝑜 𝑐𝑜𝑙𝑙𝑒𝑐𝑡 𝑜𝑛𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 = 𝜇 + 𝑍 ∗ 𝜎 

• Wait till transport 

The waiting time till transport is variable for every sample. The first collected sample has to wait a long 

period of time, while the last collected sample does not have any waiting time at all. Because exceeding 

the time to perishability is unaccepted, there will be a focus on the maximal waiting time until transport 

as in the first collected sample. The maximal waiting time is the time between the collection of the first 

sample and the transportation time. 

• Transport 

The transportation time depends on the distance between collection centers and the testing point.  

• Wait until testing 

The waiting time till testing will be different for every sample. The order of testing the samples will 

cause the waiting time per sample. The first sample that is tested does not have any waiting time, 

whereas the last sample has the longest waiting time. All samples have to be tested within the stated 

amount of time. Therefore the maximal waiting period is used, so the waiting time of the last tested 

sample. 

• Testing 

Testing a sample is the same for every sample because there is assumed that there is only one kind of 

sample. As a consequence, a fixed amount of time for testing per sample is assumed. 

The total process time for collecting to testing can be calculated by merging the time of some steps 

within this process. The waiting time until testing and the time of testing can be merged together 

(testing time). After this merge, the time a sample is at the testing point, and the time to get all samples 

tested on time can be stated. The time to collect a sample (in this case the first sample) and the 

maximal waiting time until transport (waiting time of the first sample) can be merged as well. By 

merging those two times the maximal collection time of all samples is stated.  
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In figure 4-3 these times are showed on a timeline where the maximal number of collections is 

executed. This will clarify to make the different time terms.  

 

Figure 4-3: Timeline of maximal number of collection for one collector 

As stated before, the testing time is assumed as a fixed amount of time for every sample. The transport 

time depends on the distance between the collection center and the testing point. The time of 

collecting one sample is also fixed. However, it is not known how many collections can take place within 

the maximal collection time because of the variable transportation time. By subtracting the 

transportation time and testing time of the time to perishability, the maximal collection time is 

calculated. The formula for maximal collection time is: 

𝑀𝑎𝑥𝑖𝑚𝑎𝑙 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 = 𝑇𝑖𝑚𝑒 𝑡𝑜 𝑝𝑒𝑟𝑖𝑠ℎ𝑎𝑏𝑖𝑙𝑖𝑡𝑦 − 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 − 𝑇𝑒𝑠𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 

With this maximal collection time, the number of samples that can be collected by one collector will 

be computed. This maximal number of samples is called the collection capacity of one collector. To 

compute the collection capacity of one collector, the time to collect one sample and the arrival rate of 

customers is still unknown. Because there is assumed that customers mostly come at the start of an 

open collection center, there is always an available customer. Therefore, the waiting time between 

two collections following each other is assumed to be zero. Now the formula of the collection capacity 

of one collector can be stated as: 

𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑜𝑛𝑒 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟 =
𝑀𝑎𝑥𝑖𝑚𝑎𝑙 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒

𝑇𝑖𝑚𝑒 𝑡𝑜 𝑐𝑜𝑙𝑙𝑒𝑐𝑡 𝑜𝑛𝑒 𝑠𝑎𝑚𝑝𝑙𝑒
 

Exceeding the collection capacity 
With the last formula, the collection capacity of one collector is known. By knowing this a way to 

allocate the variable location customers without exceeding this collection capacity can be designed.  

In a covering model related to the public sector all subareas need to be covered, because no customer 

may be discriminated by their place of residence. It is possible that the number of variable location 

customers allocated to a collection center exceeds the collection capacity of one collector; this is called 

an overcrowded collection center. Consequently, the next question can be stated: ‘what has to change 

if there is an overcrowded collection center?’ There are two solutions in this case: 
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• Downsizing the covering circle of an overcrowded collection center 

• Adding more collectors or collecting time windows to an overcrowded collection center 

 
In this model, there is not made a difference between adding another collector or increasing the 

opening hours of a collection center. By increasing the opening hours, only a total collecting time 

window (equal to the capacity of one collector) can be added. There should not be a difference 

between adding another collector or adding extra opening hours, both are referred to with the term 

collecting time window. Therefore, the previously stated capacity of one collector is the capacity of 

one collecting time window. 

Both options depend on two variables; the number of collection centers and the number of collecting 

time windows. It can be concluded that both options are a possibility within this model. The first 

method will have extra costs regarding the hiring costs of extra collection centers. The extra costs of 

the second method are the working hours of extra collectors that have to be added by increasing one 

collecting time window. By including both decision variables; downsizing the covering circle and adding 

more collectors, making a choice is not necessary. This decision will be made by the model itself.  

The restricted collection time will be handled by allocating extra collecting time windows to the 

collection centers. The extra allocated collecting time windows will result in zero overcrowded 

collection centers. Subsequently, the collection capacity per collection center will be computed by 

multiplying the collection capacity of one collecting time window by the number of allocated collecting 

time windows. The collection capacity of a collection center can be modified so it will properly fit the 

number of allocated variable location customers by changing the collecting time windows. 

4.2.2 Combination of service and budget  

In this section, the second question is discussed: ‘How can service and budget be combined to create 
one main goal for this model?’ Before looking at the combination, the meaning of service and the 
budget have to be clear. After the explanation these variables, there is explained how the variables 
can be measured within the model.  

Service 

Service is the satisfaction of the customers. If the customers’ satisfaction is bad, there will be a loss of 

customers. Thus, this variable is very important. Because there is only a focus on the variable location 

customers in this thesis, the service is related to these location customers only. It is hard to measure 

the satisfaction of customers because it is difficult to quantify a subjective thing such as satisfaction. 

By looking at the process of collecting samples there will be a way of measuring this variable as realistic 

as possible. Possible measuring points are: 

Standardized offered service 

Service will depend on the collecting place. As stated before, within this model there is only a focus on 

the variable location customers. All the variable location customers will visit collection centers. 

Consequently, it is not possible to make a difference between standardized offered services.  

Waiting time  

Waiting time for the variable location customers will depend on the occupation rate of a collection 

center. To calculate the waiting time of the customers Queueing Theory can be used. To use Queueing 

Theory, there has to be knowledge about the arrival rate and service rate of customers at the collection 

centers. The arrival rate depends on the location of the collection centers and the allocation of 

customers, these variables can be computed. The biggest waiting time for the variable location 

customers will occur when there is only one collection center. As stated in section 2.2, in this thesis is 
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concentrated on finding a good network. A network will depend on more collection centers. Within a 

network there are fewer customers allocated to a collection center, so less waiting time, and so the 

focus will not be on the waiting time of customers. 

Distance towards collection center 

The variable location customer always has to travel to visit a collection center. The distance the 

customer has to travel will decrease by adding more collection centers. The distance between the 

customers’ homes and the allocated collection center depends on the location of the collection 

centers. This distance is called the customer travel distance. Within this model there can be a large 

influence on the distance that variable location customers have to travel. 

Furthermore, previously there has been stated that there are two types of customers the fixed location 

customers (customers that cannot travel) and variable location customers (customers that can travel). 

In this model, the focus will be on the variable location customers which are the customers that can 

travel. If a customer will travel by car, the distance is of less importance than when a customer travels 

by foot or by bike. Variable location customers will travel more often by foot or bike if the customer 

travel distance is not too far. Accordingly, a small change in the customer travel distance is even more 

important for these customers. 

Thus, the customer travel distance parameter is a good representation of the offered service. However, 

the maximal customer travel distance, the minimal customer travel distance, the total customer travel 

distance or the average customer travel distance can be used. Public companies in the Netherland are 

not allowed to discriminate customers by place of residence, therefore the maximal customer travel 

distance will be used. 

Quality of service 

The quality of service will mainly depend on the expertise of the collector. In this model, there are no 

differences between collectors. For that reason, a difference in the quality of offered service cannot 

be made.  

As a conclusion, only the distance towards collection center is a quantifiable and possible option for 

measure the service in this model. Accordingly, service will be measured through the distance that 

variable location customers have to travel to visit a collection center, and it will be called the customer 

travel distances. In this model, the company is in the public sector and the maximal customer travel 

distance will be used. Because the service has to be as high as possible the maximal customer travel 

distance will be minimized.  

Budget 
The budget is the maximal amount of money which can be spent to create this network, within this 

budget all costs have to be covered. The budget in this model has to cover a few different parts:  

Travel costs for collector 

In this model, there are two kinds of distances that the collectors have to travel. The first travel 

distance is at the start of their shift, the distance from the collectors home site to the collection center. 

The second travel distance is between different collection centers within one collecting time window. 

Both travel costs will depend on the travel price per kilometer. 

Hiring costs of collection center 

The hiring costs of the collection centers will depend on the location; every location has its own amount 

of rent. The rent of an accommodation mostly depends on a variable and a fixed cost factor.  



                  _____    

25 

The variable costs factor will increase when the collecting time window increases which means both 

opening hours and the number of collectors have an impact on the variable hiring costs. The fixed total 

hiring costs will depend on the number of located collection centers. 

Material costs 

The material costs are the costs needed to collect the sample from the customer. These materials can 

only be used once. The total material costs will thus depend on the number of samples.  

Resource costs 
The resource costs are the costs for the equipment needed for the collection. This equipment can be 

used for more than one collection. Because the resources are used for every customer, the total 

resource costs can be divided over all the samples taken by one equipment. For that reason, these 

costs will depend on the total number of samples that have to be collected. 

Transport costs 

These transport costs are the costs made to transport the samples from the collection centers towards 

the testing point. These costs will depend on the number of samples that have to be transported.  

Testing costs 

Testing costs are the costs for testing the sample. These costs are the same for every sample, so there 

can be calculated a fixed amount per sample. 

Employee costs 

The employee costs are the costs for all collectors together, at the moment they are collecting. The 

employee costs will increase if the number of collectors or the opening hours of a collection center 

increase. So there can be concluded that the employee costs will depend on the number of allocated 

collectors and the collected capacity of the collectors.  

In conclusion, the costs that have to be covered depending on four variables. The first variable is the 

number of samples that have to be collected. These costs of the total number of samples can be added 

together and they will be called the collecting costs. The collecting costs are composed of material 

costs, resources costs, transport costs and testing costs. The second variable is the number of 

collection centers, this is called the fixed hiring costs. The third part of the costs will depend on the 

number of collecting time windows, but will be consist of two separate parts; the variable hiring costs 

and employee costs. The last part of the costs is depended on the travel distance of the collectors, this 

is called the travel costs.  

Combination of service and budget 

Now it is known how service can be measured and which costs will be covered by the budget. The next 

step is to combine service with the budget to create one main goal for this model. Service is measured 

by the maximal customer travel distance because this model is constructed for a public sector related 

company. The smaller the maximal customer travel distance, the higher the service. The level of service 

is related to the budget. In this model, there will be aimed to maximize service for a given budget. As 

stated in section 4.1.1, in public sectors there often is a fixed budget. This is the reason to keep the 

budget as a fixed parameter and make service the variable parameter. Consequently, the maximal 

service will be calculated by a given budget. This maximal service will be achieved by minimizing the 

maximal customer travel distance.  

4.2.3 Location representation of variable location customers 

As stated in section 4.1.1, only the variable location customers are included in this model. Because this 

network needs to be sufficient for the coming years, it is important that this model is not only based 
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on the current situation. For that reason, the question: ‘What is a good representation of variable 

location customers?’ is an important one to answer. There are different ways to present the location 

of these variable location customers: exact or approximately.  

Exact 
The exact method will be based on the location representation of variable location customers on their 

own exact locations. This is a good option because the exact address of all customers is known. 

However, new districts can be formed over the years and the exact locations will change. 

Approximation 

The approximation method replaces exact data for customer locations, which smooths out minor 

variations in the data. This method is often used in strategic or on a tactical level research. Because 

with this method the exact location of customers is unknown, subareas have to be made. The number 

of customers within a subarea will be known. So, for this method, the total area has to be divided into 

subareas. The subareas can be found by using grids on a map, or by using postal codes. The size of this 

subareas will vary and depend on the case.  

Because this model is designed on a strategic/tactical level, the approximated method is used for the 

locations of variable location customers. The size of the subareas will depend on the case study and 

the size can vary, for example on postal code or grids on a map.  

4.3 Conceptual model 
The conceptual model will design a DSS for constructing a network of collection centers on a 

strategic/tactical level. This network has to last for the coming years. The main focus of this network 

is to collect samples where both customer and collector are physically present at a specific place.  

This model is constructed especially for the public sector, and so a covering model will be used. There 

are two kinds of covering models found in literature, the Set Covering model and Maximum Covering 

model (Drezner & Hamacher, 2002). In the Set Covering model, every customer has to be covered by 

a collection center (Stern, 2000). The Maximum Covering model will not cover everyone, but it aims to 

maximize the number of covered customers (Church & Davis, 1992). In the model created in this thesis, 

all customers have to be covered. thus the Maximum Covering model cannot be used. For using the 

Set Covering model a service distance has to be stated, this model will compute the minimal number 

of collection centers needed. The minimal number of collection centers is not the objective that will 

be used in this thesis. The main goal in the current model is maximizing service of customers. This is 

done by minimizing the maximal customer travel distance of the variable location customers. The 

maximal customer travel distance can be measured by the minmax method, in which the furthest 

customer travel distance is minimized. To maximize this service, a specified fixed budget is used. To 

achieve the goal, our own coverings model is designed.  

Because the specified budget has a big influence on the service, different scenarios of the budget will 

be constructed. By changing the specified budget in this model, a trade-off model between service and 

budget will be constructed. 

As stated before, this network has to work for the coming years. The distribution of customers can 

change in these coming years; thus, the location of the current customers should not be the exact 

location in the model. For that reason, estimating the locations of customers over the total area and 

calculating the distance between variable location customers and collection centers is a good method 

to approximate the locations of customers. 
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The time to perishability of samples is something that also needs to be taken into account. The maximal 

collection time, is the time to perishability minus the transportation time and the testing time. Within 

this maximal collection time, the number of samples one collector can collect without exceeding this 

time can be computed. To compute this collection capacity of one collecting time window, it is 

assumed that there is always a customer available. So, the collection capacity of one collector can be 

computed by dividing the collection time by the time of collecting one sample. With the knowledge of 

the collection capacity, the variable location customers can be allocated. Because a covering model 

has to cover all subareas, it is possible that the number of allocated customers will exceed the 

collection capacity of one collecting time window. If this is the case, a collection center is called 

overcrowded. When there are overcrowded collection centers, one extra collecting time window will 

be added to this collection center. This will lead to an increase of collection capacity for that collection 

center. This is done till all customers are covered and allocated without exceeding the collection 

capacity of a collection center. 

4.3.1 Assumptions 

A model can never account for all expectations and uncertainties that occur in reality, so some 

assumptions are stated to restrict the complexity of the reality for this model.  

1. The type of samples to collect are all the same;  

This model is built to collect one type of sample. And so, all samples will follow the same time for 

collecting.  

2. No waiting time between collections at one collection center. 

Because it is assumed that customers usually come to a collection center at the start of the opening 

hours, there will always be an available customer. Thus, two collections will follow each other 

immediately and the waiting time between collections is stated as zero. 

4.3.2 Sets 

To calculate where to locate a collection center, the locations of the variable location customers has 

to be known. For that reason, the total area will get divided into smaller subareas. How these areas 

will be divided into subareas depends on the case study. In our calculation, sometimes two subareas 

are used to specify a variable from one subarea to another. A set of subareas for demand (𝐼) and a set 

of locating collection centers (𝐽) can be used. Furthermore, a set of collectors (O) is needed to specify 

the capacity of every collector individually. 

I Set of demand subareas 

J Set of potential subareas for locating collection centers 

O Set of collectors 

 

4.3.3 Input parameters 

To fulfill this model, the input of different parameters is needed. As a result, an explanation about the 

input parameters will follow in this section. The input parameters for this model are: the number of 

variable location customers per subarea, the collecting costs of one sample, the fixed hiring costs of 

one collection center, the variable hiring costs of one collecting time window, the employee costs for 

the maximal collection time, the travel costs per kilometer, the budget, the time to collect one sample, 

the collection capacity of one collecting time window, the time needed to travel one kilometer, the 
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starting point of collectors, the distance between different subareas, the distances within a demand 

subarea, and the distance within a potential subarea for locating collection center. In the previous 

paragraph, all the input parameters will be explained one by one. 

Number of variable location customers per subarea (𝑲𝒊) 
The number of variable location customers is important for calculating the location of the collection 

centers and to allocate the customers towards these collection centers. With this allocation, the 

collection capacity of a collection center can be calculated. As already mentioned in section 4.2.3 the 

distribution of customers will be estimated by Continuous Approximation.  

Collecting costs of one sample (𝑽) 

The collecting costs are linearly proportional to the increase of the number of samples. This is one of 

the costs that have to be covered by the specified budget.  

Fixed hiring costs of one collection center (𝑯𝒇) 
The hiring costs will depend on the number of collection centers. These costs are linearly proportional 

to the increase of collection centers. These costs have to be covered by the specified budget. 

Variable hiring costs of one collecting time window(𝑯𝒗) 

The hiring costs will also depend on the number of collecting time windows. These costs are linearly 

proportional to the increase of collecting time windows. These costs have to be covered by the 

specified budget. 

Employee costs for the maximal collection time (𝑷) 

The employee costs are linearly proportional to the increase of allocated collectors. As stated before, 

the budget have to cover different kind of costs and one of these costs is employee costs. 

Collector travel costs per kilometer (𝑹) 

The collector travel costs are linearly proportional to the increase of travel distance of collectors. These 

costs have to be covered by the specified budget. 

Budget (𝑩) 

The budget is the maximal amount of money available for constructing the network. This budget has 

to cover the collecting costs, fixed hiring costs, variable hiring costs, employee costs, and collector 

travel costs. With this budget, the best service as possible will be achieved.  

Time to collect one sample (𝑻) 

Time to collect one sample is the time it will take to collect one sample from a customer. There will be 

variability in this time. It is assumed that the collection time is normally distributed. The average time 

it takes to collect a sample (𝜇) can be computed. Furthermore, the standard deviation per sample (𝜎) 

can be computed as well. The collection time can be defined with the following formula: 

𝑇 = 𝜇 + 𝑍 ∗ 𝜎 

Collection capacity of one collecting time window (𝑪) 

In section 4.1.1 there was stated that the maximal collection time in this model defines the collection 

capacity of one collector. The maximal collection time is the time to perishability minus the transport 

and testing time. If this maximal collection time is divided by the time it takes to collect one sample, 

the maximal number of samples one collector can collect is calculated., This is stated by the collection 

capacity of one collecting time window (C). 
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𝐶 =
𝑡𝑖𝑚𝑒 𝑡𝑜 𝑝𝑒𝑟𝑖𝑠ℎ𝑎𝑏𝑖𝑙𝑖𝑡𝑦 − 𝑡𝑒𝑠𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 − 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑡𝑖𝑚𝑒

𝑇
 

 

Time for traveling a kilometer (𝑼) 

The time it takes to travel one kilometer is used to calculate the collectors’ capacity. 

Start point of collector (𝒂𝒊𝒐) 

To compute the travel distance of a collector from their home address to the collection centers, the 

starting point of all collectors must be known.  

Distance between different subareas (𝒅𝒊𝒋) 

To compute the service offered in the different networks, the customer travel distance has to be 

computed. For that reason, the distance between different subareas is computed. This will be 

computed from the middle point of the demand subarea to the middle point of the potential subarea 

for locating a collection center. 

Distance within a demand subarea (𝒅′𝒊) 

The distance between different subareas starts at the middle point of the demand subarea. This means 

that the distance a customer has to travel to arrive at the middle point of the demand subarea has to 

be calculated. 

Distance within a potential subarea for locating collection center (𝒅′𝒋) 

The distance between different subareas ends at the middle point of the potential subarea for locating 

a collection center. The distance a customer has to travel from the middle point of the potential 

subarea for locating collection centers to the located collection center has to be computed with this 

variable. 

𝐾𝑖 Variable location customers in demand subarea 𝑖 𝜖 𝐼. 

𝐻𝑓 Fixed hiring cost for one collection center. 

𝐻𝑣 Variable hiring costs of one collecting time window.  

𝑉 Collecting costs of one sample. 

𝑅 Collector travel costs per kilometer.  

𝑃 Employee costs for the maximal collection time. 

𝐵 

𝑇 

Budget. 

Time to collect one sample. 

𝐶  

𝑈 

Collection capacity of one collecting time window (number of samples).  

Time to travel one kilometer. 

𝑑𝑖𝑗  The distance between demand subarea i 𝜖 𝐼 and potential subarea for locating 
collection center j 𝜖 𝐽. 

𝑑′
𝑖 

𝑑′𝑗 

Distance within a demand subarea i 𝜖 𝐼. 

Distance within a potential subarea for locating collection center j 𝜖 𝐽. 
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4.3.4 Decision variable 

Within the model, there are some variables that have an influence on the output parameters. By 

changing these variables, the outcome could be totally different. The decision variables of this model 

are the location of collection centers, allocation of variable location customers, number of allocated 

collectors to a collection center, collection capacity of a collector, and the part of the collecting time 

window in which a collector collects at a collection center. These five decision variables will be 

explained in the next paragraph.  

Location collection centers (𝑿𝒋) 

For every possible site where a collection center can be located, the decision whether or not take this 

site as the location has to be made. This decision of the site is depended on the location of customers 

around this site and the total budget for locating collection centers. In a subarea, there can be a 

collection center or not, so this is a binary variable. 

Allocation of variable location customers (𝒂𝒊𝒋) 

Every customer has to be allocated to one collection center. With this decision variable, the decision 

about which subarea is allocated to which collection center is made. With this knowledge, the 

collection capacity of all collection centers can be calculated. 

Allocation of collectors (𝒂𝒊𝒋𝒐) 

At every collection center there has to be at least one collector. With this decision variable, the decision 

which collector is allocated to which collection center is made. With this knowledge, the travel costs 

of collectors from their home to the collection center can be calculated. 

Collection capacity of a collector (𝑪𝒐) 

The collection capacity of a collector will depend on the collection capacity of one collecting time 

window and the travel time between different collection centers. 

Part of the collecting time window in which a collector collects at a collection center (𝒀𝒐𝒋) 

Knowing which part of the collecting time window in which a collector needs to collect at a collection 

center is important. With this variable, the capacity of a collection center can be calculated. The 

allocations of collectors will lead to an examination of overcrowded collection centers. This is a number 

between zero and one. A total collecting time window is stated by one. If a collector collects at more 

collection centers, this number will decrease.  

𝑋𝑗 Location of collection centers  

{
1     𝑖𝑓 𝑤𝑒 𝑙𝑜𝑐𝑎𝑡𝑒 𝑎 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑒𝑛𝑡𝑒𝑟 𝑖𝑛 𝑠𝑢𝑏𝑎𝑟𝑒𝑎  𝑗 𝜖 𝐽.

0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

𝑎𝑖𝑗  Allocation of customers {
1     𝑖𝑓 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑖 𝜖 𝐼  𝑖𝑠 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒 𝑖𝑛 𝑠𝑢𝑏𝑎𝑟𝑒𝑎  𝑗 𝜖 𝐽

0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

𝑎𝑖𝑗𝑜 Allocation of collector o 𝜖 𝑂 from subarea i 𝜖 𝐼 to collection center j 𝜖 𝐽. 

𝐶𝑜 Collection capacity of a collector o 𝜖 𝑂. 

𝑌𝑜𝑗  Part of the collecting time window in which a collector o 𝜖 𝑂 collects at a 
collection center in subarea 𝑗 𝜖 𝐽. 

 

4.3.5. Objective function 

First, the objective is stated.  



                  _____    

31 

The maximal service distance of all variable location customers will be computed within this model. By 

minimizing the maximal customer travel distance, the highest service will be achieved. The maximal 

service distance is the distance that the furthest customer has to travel to get to their allocated 

collection center in the model. This maximal distance will be minimized in the current model (1).   

𝑀𝑖𝑛 𝑀 = {𝑑𝑚𝑎𝑥 = max (𝑑𝑖𝑗𝑎𝑖𝑗)}                (1) 

4.3.6 Constraints 
The first constraint (2) limits the network to exceed the budget. As stated in section 4.2.2 budget has 

to cover costs depending on four different parts; the number of samples, number of collection centers, 

number of collecting time windows or travel distance of collectors. The costs which are depending on 

the number of samples to collect are material costs, resource costs, transport costs, and testing costs. 

The collecting costs are linearly proportional to the increase of samples (∑ 𝐾𝑖𝑖 ). The costs depending 

on the number of collection centers (∑ 𝑋𝑗𝑗 )  are the fixed hiring costs. The costs depending on the 

number of allocated collectors (∑ ∑ 𝑌𝑗𝑜𝑗 ), are the variable hiring costs and the employee costs. The last 

costs will depend on the travel distance of collectors (∑ ∑ ∑ (𝑑𝑖𝑗 + 𝑑𝑖
′ + 𝑑𝑗

′)𝑎𝑖𝑗𝑜𝑜𝑗𝑖 ), these are the 

travel costs. The total costs for the network have to be covered by the specified budget. 

∑ 𝑉𝐾𝑖𝑖 + ∑ 𝐻𝑓𝑋𝑗𝑗 + ∑ 𝐻𝑣𝑌𝑗𝑗 + ∑ ∑ 𝑃𝑌𝑜𝑗𝑜𝑗 + ∑ ∑ ∑ 𝑅(𝑑𝑖𝑗 + 𝑑𝑖
′ + 𝑑𝑗

′)𝑎𝑖𝑗𝑜𝑜𝑗𝑖  ≤ 𝐵         (2) 

The second constraint (3) states that collection time windows and collectors can only be allocated to 

a subarea j if there is a collection center at this subarea j. The parameter M is a very large number.  

𝑌𝑜𝑗 ≤ 𝑋𝑗 ∗ 𝑀                                              ∀𝑜 ∈ 𝑂       ∀𝑗 ∈ 𝐽           (3) 

Constraint (4) states that variable location customers in subarea i can only be allocated towards a 

subarea j where a collection center is located.  

𝑎𝑖𝑗−𝑋𝑗 ≤ 0                                                ∀𝑖 ∈ 𝐼       ∀𝑗 ∈ 𝐽               (4) 

Constraint (5) states that collectors in subarea i can only be allocated towards a subarea j where a 

collection center is located.  

𝑎𝑖𝑗𝑜−𝑋𝑗 ≤ 0                                                ∀𝑖 ∈ 𝐼       ∀𝑗 ∈ 𝐽       ∀𝑜 ∈ 𝑂             (5) 

Constraint (6) allocates all customers in subarea i to a subarea j. 

∑ 𝑎𝑖𝑗 = 1                                                 ∀𝑖𝑗 ∈ 𝐼                (6) 

Constraint (7) limits the allocated customers of subarea i to a collection center in subarea j to be further 

away than the maximal distance. 

(𝑑𝑖𝑗 + 𝑑𝑖
′ + 𝑑𝑗

′)𝑎𝑖𝑗𝐾𝑖 ≤  𝑑𝑚𝑎𝑥 𝐾𝑖            ∀𝑖 ∈ 𝐼       ∀𝑗 ∈ 𝐽           (7) 

The capacity of a collector is smaller or equal to the capacity of one collecting time window minus the 

travel time of the customer between collection centers (8). 

𝐶𝑜 ≤ 𝐶 −
(𝑑𝑖𝑗+𝑑𝑖

′+𝑑𝑗
′)𝑎𝑖𝑗𝑜𝑈

𝑇
                                ∀𝑗 ∈ 𝐽            (8) 

Furthermore, it is prevented that the capacity needed at collection center j is higher than the total 

maximal capacity at a collection center, this is stated in constraint (9). 

∑ 𝐾𝑖𝑎𝑖𝑗 ≤ ∑ 𝐶𝑜 𝑜
𝑌𝑜𝑗𝑖                                          ∀𝑗 ∈ 𝐽            (9) 
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The allocation of customers towards a subarea is between zero and one, shown in constraint (10).  

0 ≤ 𝑎𝑖𝑗 ≤ 1                                               ∀𝑖 ∈ 𝐼      ∀𝑗 ∈ 𝐽                  (10) 

The allocation of collectors can never exceed one, shown in constraint (11). 

𝑌𝑜𝑗 ≤ 1                                                      ∀𝑜 ∈ 𝑂                  (11) 

Constraint (12) states that a collection center is located at a subarea or not located at a subarea. 

𝑋𝑗 ∈ {0,1}                                                 ∀𝑗 ∈ 𝐽            (12) 

4.3.7 Modified objective function 

The objective function stated in section 4.3.5 will lead to a minimized maximal travel distance. This 

model will only locate collection centers if this improves the 𝑑𝑚𝑎𝑥. However, locating more collection 

centers if some part of the specified budget is left, can minimize the customer travel distance of all 

customers. To make this clearer this is explained by an example. This example is visualized in figure 4-

4. The budget in this example can locate three collection centers. However, it only locates two 

collection centers (black stars in subarea 3 and 6) because locating a third collection center will not 

improve 𝑑𝑚𝑎𝑥. In this example 𝑑𝑚𝑎𝑥 depends on two distances, from subarea 1 to subarea 3 and from 

subarea 5 to subarea 3. These distances are the furthest travel distance for the total area, consequently 

these distances have the focus. These distances are equal to each other. The distances from subarea 1 

and 5 can be improved by the green arrows. However, the distance from both subareas can never be 

improved by locating one extra collection center, so 𝑑𝑚𝑎𝑥 will always stay the same. Locating a third 

collection center will improve the total travel distance of all customers. 

 

Figure 4-4: Optimizing by only maximal distance objective 

Because it is possible to use the total budget, the sum of all distances that all customers have to travel 

will be added to the objective (13). Since the objective consists of two parts, one parameter (𝛼) will be 

added to state the relative importance of the parts. 

𝑀𝑖𝑛 𝑀 = {𝛼𝑑𝑚𝑎𝑥 + (1 − 𝛼) ∑ ∑ (𝑑𝑗𝑖 𝑖𝑗
+ 𝑑𝑖

′ + 𝑑𝑗
′)𝑎𝑖𝑗𝐾𝑖}                       (13) 

With this modified objective, the constraints (2-12) stated in section 4.3.6 can be used. However, one 

more constraint has to be added. This constraint (14) keeps alfa between zero and one. 
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0 ≤ 𝛼 ≤ 1               (14) 

Minimizing the maximal distance is still the most important function of this model, so for the first part 

of the objective, a value of alfa close to one will be used. If a very low value of alfa is used, this model 

will only minimize the sum of all distances. This is not the aim of the model. However, the exact value 

of alfa that can be used for the model, will depend on the case 

This model is a mixed integer programming (MIP) model, this model can be solved by using a program 

that can solve MIP algorithms. Programs that have a MIP solver are: AIMMS, but also R, C++ or Mathlab 

with a Gurobi, or CPLEX solver can be used.  



 

5. Case study  
This chapter regards the application of the model for the CWZ as described in section 4.3. Before this 

model can be used for the CWZ, some changes in the model have to be made. The necessary changes 

will be described in section 5.1. First, the sets used in this model will be described in section 5.2. Then 

the input data of the model is discussed in section 5.3. In section 5.4 the first results of the model can 

be calculated. The first calculation will be the current situation of the CWZ compared to the optimal 

situation with the same budget. With this first calculation the impact of optimizing the network will be 

shown. Conclusions about which alfa can be used in the case study will be discussed in section 5.5. In 

section 5.6 there will be a look at what happens to the service if reaching the break-even point is 

determined. Section 5.7 will show a trade-off model which is constructed between budget and service 

(maximal travel distance). In section 5.9 the effect of the decreasing number of customers in the future 

is shown. Finally in section 5.9, the maximal distance measured as an Euclidean distance is compared 

to the route distance. 

5.1 Model change for case study 
By implementing the general model for the case study of the CWZ, some parameters have to be 

changed and some new assumptions have to be stated. Consequently, adjustments have to be made 

to fit the model for this case study. Lastly, the model is verified. 

5.1.1 Assumptions 
A model can never account for all expectations and uncertainties that occur in reality. So here are some 

assumptions that restrict the complexity of the model. Next to, the assumptions of the general model, 

some case study assumptions are added. 

1. The collector will start at the subarea where the collection center is located (the travel time 

before the first collection is not included); 

2. One collector can only work at one collection center before the samples are transported to 

the testing point;  

The travel costs from a collector’s home to the collection center are not included in the budget, so it 

is also not included in the model. Accordingly, a collector starts their working day in the subarea where 

the collection center is located. Furthermore, a collector cannot travel between collection centers with 

the samples. So, the collector only works at one collection center before the samples will be 

transported to the testing point. This last assumption will make the model less complex.  

3. The transport of samples is done by a courier for fixed cost; 

The transport costs of a courier are cheaper than when the transporting is done by a collector. Thus, a 

fixed amount of transport costs over all subareas is used and the courier will transport the samples 

from collection centers to the testing point. 

4. The transport time is fixed; 

The transportation time depends on the distance between collection centers and the testing point. 

However, one of the characteristics of this network is that the transportation time will not vary much 

between different collection centers. From every point within the total area, it will only take 30 

minutes to travel to the testing point. A courier will make a routing visiting different collection centers 

within 30 minutes. So, if there are a lot collection centers located close to the testing point the courier 

can visit more collection centers within 30 minutes.  
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5. There are no variable hiring costs; 

At the moment, most collection centers are located at other public places and, the hiring costs are not 

high. Most locations pay an annual fee that does not depend on the number of the collecting time 

windows. Therefore, the variable hiring costs can be neglected. 

6. Collection centers are located in the middle of the subarea. 

The distance between subareas is measured from the middle of the demand subarea (𝑖) to the middle 

point of the subarea with a collection center (𝑗). In the demand subarea customers first have to travel 

to the middle point. Because it is assumed that the most populated place of the subareas is in the 

middle, the travel distance of customers within the subarea with a collection center (𝑑𝑗
′) are not 

included in the model. 

5.1.2 Model for case study  

The model for the case study will use the same (1) objective function as stated in section 4.3.7. Also, 

the constraints (4, 6, 10, and 12) will stay as stated in section 4.3.6. However there are some constraints 

that have to be modified by using the case study assumptions. 

The case study assumptions state that the capacity of all collectors is equal, thus the set of collectors 

(O), is not needed anymore in the case study model. The equal capacity  will make the individual 

collection capacity of collectors (𝐶𝑜) unnecessary. Furthermore, a collector can only be allocated to 

one collection center. The part of the collecting time window in which a collector collects at a collection 

center (𝑌𝑜𝑗) can be changed into the allocation of collecting time windows (𝑌𝑗). This equal capacity also 

leads to unnecessary constraints. These constraints (5, 8, and 11), are neglected in the case study. 

Because only a total collecting time window can be allocated to a collection center in this model an 

extra constraint (15) is added. This constraint ensures that if one extra collecting time window is 

allocated to a collection center in subarea j, the collector is available for the total duration of the 

collecting time window. 

𝑌𝑗 ∈ 𝑖𝑛𝑡                                                  ∀𝑗 ∈ 𝐽           (15) 

The first and second assumption state that travel costs of collectors are not included in the model. 

Thus, the travel costs do not have to be covered by the budget anymore. Furthermore, the variable 

hiring costs can be neglected by the fifth assumption. Constraint (2) can be modified into constraint 

(16) for this case study.  

∑ 𝑉𝐾𝑖𝑖 + ∑ 𝐻𝑓𝑋𝑗𝑗 + ∑ 𝑃𝑌𝑗𝑗  ≤ 𝐵                     (16) 

Constraint (3) can be modified into constraint (17). This constraint states that collecting time windows 

can only be allocated to a subarea j if there is a collection center at this subarea j.  

𝑌𝑗 ≤ 𝑋𝑗 ∗ 𝑀                                               ∀𝑗 ∈ 𝐽                        (17) 

Constraint (9) has to be modified into constraint (18). This constraint will prevent that the needed 

capacity j is higher than the total maximal capacity at a collection center. 

∑ 𝐾𝑖𝑎𝑖𝑗 ≤ 𝐶𝑌𝑗𝑖                                          ∀𝑗 ∈ 𝐽           (18) 

The travel distance within the subarea with a collection center is omitted. Thus, the last assumption 

will lead to a modification in constraint (7). Constraint (19) limits that customers in subarea i are 

allocated to a collection center in subarea j but the travel distance cannot be further than the overall 

stated maximal distance, used in this case study. 

(𝑑𝑖𝑗 + 𝑑𝑖
′)𝑎𝑖𝑗𝐾𝑖 ≤  𝑑𝑚𝑎𝑥 𝐾𝑖            ∀𝑖 ∈ 𝐼       ∀𝑗 ∈ 𝐽               (19) 
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This model is a mixed integer programming (MIP) model and, can be solved by using a program that 

can solve MIP algorithms. Programs that have a MIP solver are: AIMMS, but also R, C++ or Mathlab 

with a Gurobi, or CPLEX solver can be used.  

5.1.3 Model verification 

The model as described in the previous paragraph is implemented into the programming language 

AIMMS. To check whether the model does what it is supposed to do, a model verification has to be 

performed. The verification is performed by executing two cases, the lower- and upper bound. The 

lower bound contains a budget that covers locating only one collection center. Thus, the needed 

budget to locate one collection center can be calculated. The upper bound is a budget that covers the 

location of a collection center at all possible sites. In this cases, a larger budget is used. For both cases, 

it is checked whether the number of collectors will be enough to help all variable location customers. 

Furthermore, it is checked whether all customers are allocated to a collection center. As result, the 

model performed as expected for both cases.  

The budget does not cover the travel costs for the collectors, this because it is assumed that the 

working day for a collector will start at the point where the collection center is located. 

5.2 Model sets 
As stated in section 3.2, the total area is 1.329 𝑘𝑚2. The area is shown in figure 3-2. The total area has 

to be divided into subareas. The locations of variable location customers are known by postal code or 

address. This postal code is a reference for a region, and it is the easiest way to divide this total area 

into subareas. However, the subareas can be divided based on three digits, four digits, or four digits 

and a letter. Dividing the subareas based on a three digits postal codes will give big subareas. Thus 

these three digits are not used to characterize the subareas. Subareas based on the four digits and the 

first letter postal codes, will give over 1,000 subareas and lots of subareas without customers. Subareas 

based on the four digits postal codes gives a good size of the subareas and a right number of subareas.  

In the scope, 210 postal codes are included. Within these postal codes, 31 areas only include lab 

patients (areas around Nijmegen), 54 areas only include patients taking anticoagulants (areas around 

Arnhem) and 125 areas include both patient divisions. The 210 subareas are both used as demand 

subareas and as potential subareas for locating collection centers. 

5.3 Model input 
In this section, the determination of input parameters is discussed. To start the calculation, input data 

has to be created. Within the different cases, some of this input data can be modified to a better fit 

within the model. 

5.3.1 Number of samples to collect per area per week (𝑲𝒊) 

As stated in section 4.2.3, the location of the variable location customers is based on the continuous 

approximation within the subareas. The current situation of variable location customers is used to 

make a calculation of the distribution of the total variable location customers over these subareas. The 

weekly distribution of customers is not known at the CWZ. The patients taking anticoagulants are all 

known, and they are registered in a system called Portavita. For the lab patients, the distribution of 

patients over the total area of 2015 and 2016 is known.  

With the database of Portavita, all addresses of the current patients taking anticoagulants are known. 

This data is used for the current situation of patients taking anticoagulants. With this data, the 
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distribution of patients taking anticoagulants over the different subareas compared to the total 

number of patients taking anticoagulants is calculated. So, every postal code subarea will have a 

percentage of the total number of patients taking anticoagulants. The sum of all subareas will be 100%. 

To compute the lab patients over the subareas, a list of blood sampling is used. Every patient who has 

tested a blood sample at the CWZ is on a list. On the list, there are areas that include only one patient 

per year. For example, a patient from Amsterdam or Maastricht that was occasionally at the CWZ. For 

that reason, these patients are excluded by using only the main area. The main area includes 94,2% of 

all lab patients over one year and this is the base for all lab patients. With this data, the distribution of 

lab patients over the different postal code areas compared to the total number of lab patients is 

calculated. 

Furthermore, the percentage of different (variable or fixed) customers over the different divisions 

(patients taking anticoagulants or lab patients) is calculated. These percentages stated in this case 

study are based on the outcome of figure 1-3; 59% are patients taking anticoagulants and 41% are lab 

patients. Within these different divisions, a difference is made in the type of customer. The deviation 

of customers over the total patient population is shown in table 5-1.  

Table 5-1: Distribution of customers 

  Home (fixed location 

customers) 

Clinic (variable 

location customers) 

Patients taking anticoagulants 27,7% 31,8% 

Lab patients 4,1% 36,4% 

Another important number to calculate of weekly amount of variable customers, is the total number 

of customers that will be served on a weekly basis. By multiplying the distribution of table 5-1, the 

distribution over the subareas, and the total amount on a weekly basis there can be calculated the 

number of customers per subarea. The total number of customers is stated at 10.000 a week. The 

calculations of the number of customers per subarea are shown in Appendix G.  

5.3.2 Collecting costs of one sample (𝑽) 

As stated in section 4.2.2 the collecting costs consist of material costs, resource costs, transport costs 

and test costs. These costs are all calculated separately to determine the collecting costs per sample. 

Material costs  

The material costs per collection are calculated in appendix H. The total material costs for one 

collection are stated at €0,77.  

Resource costs  

Also shown in appendix H are the costs of resources for one collector. The total costs of these resources 

are €223.75. These resources can be handed over to another collector if a collector quits their job. For 

that reason, these prices depend on the lifespan of the different items. The lifespan of each item is 

shown in table 5-2.  
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Table 5-2: Resource costs 

Item Costs Lifespan (years) Weekly costs 

Cooler  €      120.00  10.0 €               0.23 

Trolley  €         19.75  0.5  €               0.76  

Phlebotomy bag  €         59.00  5.0  €               0.23  

Document bag  €         25.00  5.0  €               0.10  

With this lifespan and the costs, the weekly costs of resources can be calculated. The weekly costs of 

resources per collector are €1.31. One collector will collect on average 75 samples on a weekly basis. 

Thus, the price of resources per sample is rounded €0.02. 

Transport costs 

For transport, a courier is used. Accordingly, a fee for transporting critical products from one place to 

another is assumed. The fee for one transport is stated at €3,-. Within one transport more samples are 

transported so these costs can be divided over all samples. The number of samples per collection 

center can be assumed on 30 samples. And so, the transport costs per sample are €0.10. 

Testing costs 
As already stated in section 3.2, the testing costs have another transaction code, so these costs do not 

have to be covered by the budget. 

All the collecting costs can be added to a total outcome. The total collecting costs are €0.89 per sample.  

 5.3.3 Fixed hiring costs of one collection center (𝑯𝒇) 

The hiring cost per collection center is based on historical data. From 2016 the costs of all collection 

centers are logged. This is shown in Appendix I. These annual costs are divided by 52 to get the weekly 

costs. Because these collection centers are located in 105 subareas, the weekly cost are added and 

divided by 105. This will give a weekly costs per collection center of €20.96. 

5.3.4 Employee costs per shift (𝑷) 

The hourly labor costs of one collector ranged between €22.92 and €24.63. This is stated by a member 

of the payroll administration of the CWZ. For that reason, the mean labor costs of one collector for the 

CWZ per working hour are used and stated at €23.50. The employee costs per collecting time window 

are €23.50 ∗ 𝑚𝑎𝑥𝑖𝑚𝑎𝑙 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 (ℎ𝑜𝑢𝑟). 

5.3.5 Budget (𝑩) 
There are 6,816 samples to collect on a weekly basis. So the current collecting costs are €6,066.24. The 

CWZ has collection centers located at 107 subareas. So the fixed hiring costs are €2,242.72. The total 

number of collecting time windows (of 15 minutes) needed to collect all these samples is 2,779 time 

windows. So the employee costs can be stated at €16,326.63. If all these costs are added together, 

there can be concluded that the current weekly budget for this collection network is €24,635.59. 

5.3.6 Time to collect one sample (𝑻) 

Collecting a sample will not take the same amount of time for every customer. Thus, to every collection 

variability is added. It is assumed that the collection time is normally distributed. The average time it 

takes to collect a sample (𝜇) is five minutes. The standard deviation per sample (𝜎) can be stated at 30 

seconds. The formula to calculate the time to collect one sample is already stated in section 4.2.1. The 

time to collect one sample is 5.98 minutes with a 95% confidence interval. 
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5.3.7 Collection capacity of one collecting time window (𝑪) 
The collection capacity of one collecting time window will depend on the maximal collection time. The 

maximal collection time is the time a collector can spend for collecting samples, without exceeding the 

time to perishability. For this case study, because the transportation time and testing time are fixed 

the maximal collection time can be calculated. 

All the samples have to be analyzed within six hours. This is stated in section 2.3.1. So, the time to 

perishability is six hours. The transportation time from the furthest point to the testing point will never 

exceed 30 minutes of traveling. Consequently, the maximal transportation time is 30 minutes. The 

testing time at busy days will never exceed one and a half hours. So, the maximal collection time can 

be stated at four hours. 

In this model, the number of samples that can be collected within one collecting time window is used. 

Therefore it is necessary to know how long it takes to collect one sample. This is computed in section 

5.3.6 and the collection of one sample takes 5.98 minutes with a confidence interval of 95%. Within 

this model a collecting time windows of fifteen minutes is used, so the collection capacity of one 

collecting time window will be 2.51 collections. 

5.3.8 Distance between different subareas (𝒅𝒊𝒋) 

The distance between the subareas is computed by the Euclidean distance or as the crow flies distance. 

To calculate this distances for all subareas, the coordinates of the different postal codes are used. 

Because the earth is not flat, a correction is made by calculating the distances with the coordinates. 

The Haversine formula takes this correction into account.  

As stated by Shahid, Bertazzon, Knudtson, & Ghali (2009), the Euclidean distance is widely used in 

distance analyses in literature but it tends to underestimate the road distance and travel time in real 

life. Manhattan distance, on the contrary tends to overestimate the road distance and travel time. In 

order to reduce the error with these distance measures, the Euclidean distance is multiplied with 𝜋 =

1.3. 

5.3.9 Distance within demand subarea (𝒅′𝒊) 

The travel distance within the subareas is computed by Continuous Approximation, stated by 

Broekmeulen (2011). To compute the distance within a circle for two unknown points, the formula is: 

𝐸(𝑑) =
128

45𝜋
𝑎 ≅ 0,511 ∗  √𝐴 

For this method, only the size of the subarea (A) is needed. The size of all postal code subareas is 

known, so the Euclidean distance within these subareas can be computed. In order to reduce the error 

with this distance measures, the Euclidean distance within these subareas is multiplied with 𝜋 = 1.3. 

5.3.10 Objective input 

The objective function consists of two parts. The first part will minimize the maximal customer travel 

distance, and the second part will minimize the sum of all customer travel distances. 

For this objective, a value for the parameter alfa is needed. This parameter will give weight to the two 

different parts. Alfa gives weight to the maximal customer travel distance, and one minus alfa gives 

the weight to the total sum of all travel distances. This case study is focused on a hospital in the 

Netherlands. As stated in section 4.2.2, healthcare companies in the Netherland are not allowed to 

discriminate customers by place of residence. The focus will be on the maximal customer travel 

distance, so the input of alfa will be close to one. However, 𝛼 = 1 will stop locating collection centers, 



  Chapter 5. Case study 

   
 

  

   

40 

if the maximal travel distance does not improve. The input value for alfa within the case study has to 

be founded. This is computed in section 5.5.   

5.4 Impact of optimizing the network  
In this section, is tested if improvement is possible for the current network. For this optimization, the 

focus is on the maximal travel distance. The current situation of the CWZ with this optimally calculated 

network in this model. There is investigated what the maximal travel distance is of the current network 

if improvements in the maximal travel distance are possible, and what percentage of variable location 

customers travels further than necessary compared to the optimally calculated network with the same 

budget. And so, the following parameters, 𝛼 = 1 and C=2.51 (15 minutes), are used.  

5.4.1 Results 

To compare the current situation with the optimally calculated network, the same budget is used. 

Therefore the budget is calculated that was used for constructing the current network and the same 

budget is used to calculate the optimal budget. The budget for this comparison is €24,635.59. First, the 

proportion of costs covered by this budget are investigated. This is visualized in figure 5-1. The 

collection costs are the for both. The fixed hiring costs are a bit higher at the current network compared 

to the optimal network. The current network exists of 107 subareas with a collection center and in the 

optimal network, there are 110 collection centers. So the difference in budget is not that big. However, 

the maximal travel distance can make a huge improvement. The maximal travel distance of the current 

network is 20.7 kilometers and the maximal travel distance of the optimal network is 4.7 kilometers, 

so an improvement of 16.0 kilometers is possible.  

 

Figure 5-1: Current situation of the CWZ versus optimal calculated network 

Next, the locations of the collection centers are visualized, and shown in figure 5-2. The heat map 

shows the number of variable location customers spread over the area. On the map it is shown that 

there are more collection centers in populated areas (black boxes) than the optimal network 
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recommends (grey dots). Furthermore, there can be see that the collection centers of the optimal 

network are more often located at the corners of populated areas, and the collection centers of the 

current network more at the centers. In addition, there are no collection centers located at the 

westside (around Megen, Aphen, and Oss) of the total area. Those are the big difference between the 

networks. 

 

Figure 5-2: current and optimal locations of collection centers 

Lastly, the distribution of customers over the travel distance is investigated; this is shown in figure 5-
3. There can be concluded that the travel distance of individual customers fluctuated more widely for 
the current network (left) than the optimal network (right). Most customers at the current network 
have to travel between 19.0 and 20.0 kilometers. This is only between 2.0 and 3.0 kilometers for the 
optimal network. At the current network, there are 6,606 customers that have to travel further than 
4.7 kilometers on a weekly basis. This means, on a weekly basis only 97% of the variable location 
customers have to travel further than needed. 

 
Figure 5-3: Customer travel distance distribution current versus optimal network 
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more collection centers if some part of the specified budget is left, can minimize the customer travel 

distance of all customers. This is the reason why the objective is modified in section 4.3.7. In this 

section the differences in the outcome of the model (locations of collection centers in the total area) 

by changing alfa is compared. This parameter will influence the way the optimal locations are 

computed.  

The start input for the parameter alfa is set at one. The reason why this input parameter is chosen is 

that healthcare companies in the Netherland are not allowed to discriminate customers by place of 

residence. Thus, the parameter alfa must have a bigger influence on the outcome than the parameter 

one minus alfa. The goal of changing these parameters is to minimize the maximal travel distance, but 

also to reduce the total travel distance. The scenarios that investigated in this model to solve this issue 

are parameters α = 1, 0.9999, 0.999, 0.99, and 0.75. Our first goal is to gain insight into the relationship 

between budget and service. For this calculation different budgets will be used, the upper bound, the 

lower bound, and the current budget, but the collecting time window is kept stable at 15 minutes for 

all these scenarios (C=2.51). 

5.6.1 Results 
For both the lower and upper bound budget alfa does not have any influence on the outcome. 

Accordingly, the current budget is used to make some conclusions about alfa. The scenarios with the 

current budget are shown in table 5-3. There can be seen that 𝛼 = 0.9999 gives the same result on 

the maximal travel distance as 𝛼 = 1. By using 𝛼 = 0.999 the maximal travel distance increase with 

0.9 kilometers, however the total travel distance with this alfa is better.  

Table 5-3: Effect of changing alfa on the total distance, maximal distance and the number of collection centers. 

 
Current budget 

 
Total travel distance Maximal travel distance number of collection 

centers 

α= 0.75 12318.9 10.4 114 

α= 0.99 12495.8 6.9 113 

α= 0.999 13183.1 5.6 112 

α= 0.9999 15287 4.7 113 

α= 1 21130 4.7 110 

 
To get more insights into the travel distance of customers the distribution of travel distance over the 
different alfas are plotted in figure 5-4. As expected from table 5-3, 𝛼 = 0.999 has more customers 
traveling less than 3.0 kilometers (87.0%) than 𝛼 = 0.9999 (82.7%). 𝛼 = 0.999 located collection 
centers for 23.7% of the customer within a radius of less than 1.0 kilometers against 10.4% of the 
customers for 𝛼 = 0.9999. 
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Figure 5-4: Customer travel distance distribution over different alfas 

So the increase of the total travel distance of 𝛼 = 0.999 compared to 𝛼 = 0.9999, is nothing if the 

maximal travel distance increases. Therefore 𝛼 = 0.9999 is the best parameter for this model. 

The coming sections will all use 𝛼 = 0.9999. 

5.6 Break-even model 
The current network budget is higher than the revenue from collecting the weekly number of 

collections. The CWZ has to add money every week to pay for this network. Hence, the service distance 

what would happen if the costs of the network were to break even is computed. This means that the 

weekly costs made for this network are paid by the weekly amount of collections. 

B82 and the Trombosedienst receives a fixed charge for every sample they collect; this is stated by a 

transaction code. These transaction codes are shown in table 3-1. This amount of money is different 

for a variable location customer or a fixed location customer. For every variable location customers, 

CWZ receives €3.42. Consequently, the budget for this network is calculated by the number of weekly 

collections of variable location customers multiplied by the amount of money received. The number 

of customers is calculated in section 5.2.1, for calculating the budget the same number of variable 

location customers are used. This network is calculated for 6,816 variable location customers, so the 

budget is €23,310.72. 

5.6.1 Result 

By the use of a break-even budget for this network, the network will locate 56 collection centers and 

allocate 2,735 collectors to these collection centers. The maximal customer travel distances are 6.97 

kilometers.  

The customer travel distance distribution is shown in figure 5-5. There can be concluded that around 

60% of the weekly customers travel less or equal than 3.0 kilometers to arrive at the collection center. 

 

Figure 5-5: Customer travel distance distribution of break-even network 

0

1000

2000

3000

1 0.9999 0.999 0.99 0.75

N
u

m
b

e
r 

o
f 

cu
st

o
m

e
rs

Alfa

Travel distance of customers over different alfas

<=1.0 1.0 - 2.0 2.0 - 3.0 3.0 - 4.0 4.0 - 5.0 5.0 - 6.0 >= 6.0

0

1000

2000

3000

<= 1.0 1.0 - 2.0 2.0 - 3.0 3.0 - 4.0 4.0 - 5.0 5.0 - 6.0 6.0 - 7.0 7.0 - 8.0

N
u

m
b

e
r 

o
f 

cu
st

o
m

e
rs

Travel distance

Customer travel distance distribution



  Chapter 5. Case study 

   
 

  

   

44 

5.7 Trade-off curve between budget and service 
From earlier calculations, there is concluded that the budget has an influence on the service, but the 

degree of influence is still unknown. To see the effect of the budget on service distance, a trade-off 

graph between budget and service is made. Six different scenarios are established to make this trade-

off graph. The first two scenarios are the budget upper bound (€26,988.34) and lower bound 

(€22,055.45). The rest of the scenarios will have a budget between the lower- and upper bound. For 

these scenarios, the starting budget is the budget used in the current network (€24,635.59). The fourth 

scenario use the current budget +5% (€25,867.37), the fifth is the current budget -5% (€23,403.81), 

and the last is the current budget -10% (€22,172.03). All scenarios are computed with a stable alfa and 

collection capacity (𝛼 = 0.9999 and C=2.51/ 15 minutes). 

5.7.1 Results 

First, the upper bound budget is used. The upper bound budget belongs to the scenario when the 

service distance is minimal, the maximal service that can be provided. The minimal service distance 

that can be computed in this model is zero and occurs when every subarea contains a collection center. 

The number of weekly variable customers per subarea is known, the budget needed for this scenario 

can be computed. The upper bound of the budget is €26,988.34.  

Then the lower bound budget is calculated. In this scenario, the lowest service that can be provided in 

the model is calculated. The service distance within this scenario is the highest that can be computed 

with these parameters. This is the case if only locate one collection center is located in the total area. 

In this case, every customer has to visit that collection center. With this option, the necessary number 

of collecting time windows can be calculated. If the fixed hiring costs, collecting costs and employee 

costs of this scenario are added together, the lower bound budget is calculated. The lower bound is 

€22,055.45. 

First, the lower- and upper bounds are used to calculate the extreme values of all parameters. With 

the first budget there can only be located one collection center and with the second budget, a 

collection center at all possible subareas can be located. The outcome of the extreme values is 

summarized by the total travel distances of all customers, and the maximal travel distance (𝑑𝑚𝑎𝑥) 

shown in table 5-4. 

Table 5-4: Effect of objective inputs on lower and upper bound budgets 

 
Budget= min Budget= max  
Total 
distance 

Maximal 
distance 

Number 
of centers 

Total distance Maximal 
distance 

Number of 
centers 

α =0.9999 100018.0 44.2 1 10683.7 4.7 210 

The maximal travel distances are between 44.2 and 4.7 kilometers. The total travel distances are 

between 100,018 and 10,683.7 kilometers. Continuously the same parameters for the other scenarios 

are calculated.  

For the result of all scenarios the number of collecting time windows allocated to the collection centers 

is investigated first, then the number of collection centers located in the total area are discussed, and 

finally, the service (maximal travel distance and total travel distance) are reviewed.  

Collecting time windows allocated to collection centers 

The number of allocated collecting time windows as a function of the budget is shown in figure 5-6. 

The minimal number of collecting time windows (15 minutes) needed for this network are 2718 

collecting time windows, this means 679.50 hours of collecting at collection centers on a weekly basis. 
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The maximal number of collecting time windows of 15 minutes needed for this network is 2812 

collecting time windows, this means 703 hours of collecting at collection centers on a weekly basis. In 

the middle of the upper and lower bound of the budget, the number of collecting time windows 

increases less, so this trend shows a small quadratic relation between the budget and number of 

collecting time windows. 

 

Figure 5-6: Number of collecting time windows compare to budget 

Collection centers 

The number of collection centers shows a linear relation with the budget; this is shown in figure 5-7. 

The function of this linear relation is shown in the figure. 

 

Figure 5-7: Number of collection centers compare to budget 

Service 

The service in this model is defined by the maximal travel distance. And this service is influenced by 

the budget. In figure 5-8, an exponential relation between budget and maximal travel distance is 

shown. This maximal travel distance will increase for every euro below a budget of €24,000. Above this 

budget, the maximal travel distance will stay at 4.7 kilometers.  
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Figure 5-8: Effect of budget on maximal travel distance 

The maximal travel distance will stay at 4.7 kilometers because there is a subarea (postal code: 6816) 

with this travel distance within the subarea. Thus  in figure 5-9 the customer travel distance distribution 

for the different budgets is reviewed. By using the lower bound of the budget, 42.3% of all variable 

location customers has to travel 15.0 kilometers or more. By increasing the budget the can be 

concluded that the number of customers increases at the smaller travels distances. For the current 

budget, 6.2% of the customers travel more than 4.0 kilometers, for the budget +5% this percentage 

decreased to 0.5%.  

 

Figure 5-9: Distribution of customer travel distance over different budgets 
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the years. With this analysis, there can be investigated if the current locations will stay relevant in the 

future. 

The number of patients taking anticoagulants decreases by 150 patients a month. The reason for this 

decrease in patients is due to a new kind of oral anticoagulant agents (non-VKAs). In contrast to 

measuring INR of patients who use VKAs, there is no blood test possible to monitor the coagulation 

status of patients who use non-VKA. However, there are always patients that keep using VKAs, because 
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the non-VKAs do not work for some patients. Therefore there is assumed that 200 patients taking 

anticoagulants will remain. The number of lab patients will increase by ten on a weekly basis the 

coming years.  

For the first results are computed with a stable alfa, collectors capacity and budget (𝛼 = 0.9999, 

C=2.51, and B= 24,635.59). Because a change in customers has influence on the composition of the 

costs covered by the budget, the different budgets needed in the future to keep the maximal travel 

distance and total travel distance as stable as possible are calculated as well. 

5.9.1 Result 

The scenarios are constructed for the coming two years. The input over these two years is used 

because other new technologies can dramatically change the population of customers in the long-

term. However, if these patterns of change in population are followed in the long-term, there can be 

concluded that the number of customers in six years is equal to the number of customers at the 

moment, shown in figure 5-10.  

 

Figure 5-10: Weekly number of collections over the years 

First, the effect of changing the number of variable location customers over the coming years with the 

current budget is computed, shown in table 5-5. To conclude, by using the same budget next year (as 

used the year before) collection centers can be located at all possible subareas with variable location 

customers. The reason for this is the decrease in costs for collecting (fewer samples on a weekly basis). 

The number of weekly collections decreases, so the budget has to cover less collecting costs. This 

means more budget to cover the other costs, so this will increase the number of collection centers.  

Table 5-5: Effect of changing customers over the years on current budget 

Year 0 0.5 1 

Budget  € 24,635.59   € 24,635.59   € 24,635.59  

Number of collection centers 113 197 206 

Maximal travel distance 4.7 4.7 4.7 

Total travel distance 15287.0 9596.7 8500.4 

Weekly collections 6816 6173 5545 
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Next, the different budgets needed over the years to keep the service, maximal travel distance and 

total travel distance as stable as possible are calculated. This is done by keeping the objective function 

stable at 6.0. This number has no value on their own, but gives the outcome of the following function: 

{0.9999 ∗ 𝑑𝑚𝑎𝑥 + (1 − 0.9999) ∑ ∑ (𝑑𝑗𝑖 𝑖𝑗
+ 𝑑𝑖

′ + 𝑑𝑗
′)𝑎𝑖𝑗𝐾𝑖}.  

The outcome of different scenarios is shown in figure 5-11. The budget and the number of collection 
centers decreases throughout the next two years. Both the budget and number of collection centers 
are the highest year 0.5 (€24,633.83; 113) and be the lowest at year 2 (€ 18,361.04; 97). 

 

Figure 5-11: Effect of changing customers over the years when keeping the service stable 

The outcomes of the locations over the coming years are merged. For every subarea, there have to be 

defined how often a collection center is located in this area in the next two years. These results and 

the current collection centers are geographic visualized in figure 5-12. This can be conclude by more 

future locations are located on the west side of the total area. Furthermore, the number of collection 

centers located at the center of Nijmegen and Arnhem can be reduced in the coming years. 

 

Figure 5-12: Geographic visualization of collection centers now and in the future 
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5.9 Distance error of the model  
In this case study not the real distances, but the Euclidean distance (as the crow flies) measure is used. 

However, this distance measure will underestimate the travel distance compare to the real distance. 

In order to reduce the error for these distance measures, the Euclidean distance is multiplied with 𝜋 =

1.3. However, there is still a distance error left and in this section this distance error is investigated for 

the model.  

5.10.1 Result 

To calculate the distance error there are thirty distances randomly selected. For these distances the 

real road distance (given by Google maps) is compared with the distance used in the model. The 

outcome is shown in Appendix J. 

On average can be concluded a distance underestimation of 4.9 kilometers per scenario compared to 

the real distance. The distance errors of all thirty samples are shown in figure 5-13. In this figure, the 

positive distance error means that the used distance in this model will underestimate the real distance, 

and a negative result in the graph means an overestimation of the real distance. 

 

Figure 5-13: Distance error in kilometers of all samples 

There are four scenarios with a distance error of ten kilometers or more. By zooming in on at these 

scenarios there can concluded that these distances are all long travel distances. This can also be 

concluded out of figure 5-14. In this figure, all scenarios are plotted, by adding a trendline. There is a 

linear relationship between the length of the travel distance and the distance error. So long travel 

distances have a bigger error distance than short travel distances. 

 

Figure 5-14: Distance error in kilometers over length of travel distance in kilometers
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6. Conclusions & recommendations 
In this chapter, the conclusions by answering the research questions from section 2.3.2 are drawn. In 

the next section, these conclusions are translated into concrete recommendations for the CWZ. 

6.1 Conclusions 
 The problem stated by the CWZ is; an inefficient network of clinics after the merger of Trombosedienst 

with the CWZ in 2014. This is interpreted this as a location problem, so this thesis is focused on creating 

a model to construct a collection network. The case study of the CWZ is used to test the model and 

fulfill the assignment. To complete the assignment each sub questions  is answered in the discussion 

below.  

The assignment: “Develop a DSS to facilitate the design of a collection network for many perishable 

samples in the public sector.” 

1. What is the current collection network of the CWZ?  

In the total area, the CWZ has around 150 collection centers. For this model postal code subareas of 

four digits are used. This will divide the total area into 210 subareas. The current network exists of 107 

subareas with a collection center, shown in figure 6-1.  

 

Figure 6-1: Current collection center network of the CWZ 

2. How can the variables service and budget be defined for a location problem related to an 

organization in the public sector? 

Service in this model means the satisfaction of customers. It is hard to measure the satisfaction of 

customers, consequently the variable service is difficult to quantify. There can be concluded that only 

the distance towards collection center is a quantifiable and possible option to measure service in this 
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model. For that reason, the service is measured by the distance variable location customers have to 

travel to visit a collection center - the customer travel distance. The maximal customer travel distance, 

the minimal customer travel distance, the total customer travel distance, or the average customer 

travel distance can be used. Public companies in the Netherland are not allowed to discriminate 

customers by place of residence, thus for the model the maximal customer travel distance is used. By 

achieving the highest service, the maximal customer travel distance is minimized.  

The costs that have to be covered by the budget depend on four variables. The first variable is the 

number of samples that have to be collected, the collecting costs. The collecting costs are composed 

of: material costs, resources costs, transport costs and testing costs. The second variable is the number 

of collection centers, the fixed hiring costs. The third part of the costs will depend on the number of 

collecting time windows, but will be consist of two separate parts; the variable hiring costs and 

employee costs. The last part of the costs is depended on the travel distance of the collectors, this is 

called the travel costs.  

Now service with the budget can be combined to create one main goal for this model. The level of 

service is related to the budget. In this model, there will be aimed to maximize service for a given 

budget. In this model the budget is constructed as a fixed parameter and make service the variable 

parameter. Therefore, the maximal service will be calculated by a given budget. This maximal service 

will be achieved by minimizing the maximal customer travel distance.  

3. How can the optimal locations for the collection network be computed by maximizing the 

service within a given budget? 

This model is constructed especially for the public sector, as a result a covering model will be used. The 

main goal in the current model is maximizing service of customers. The maximal customer travel 

distance can be measured by the minmax method, in which the furthest customer travel distance is 

minimized. To maximize this service, a specified fixed budget is used. To achieve the goal, our own 

coverings model is designed.  

The customer travel distance by the minmax objective, so that the furthest customer travel distance 

(𝑑𝑚𝑎𝑥) is minimized. However, locating more collection centers if some part of the specified budget is 

left, can minimize the customer travel distance of all customers. Because it is possible to use the total 

budget, the sum of all distances that all customers have to travel will be added to the objective.. This 

modified objective function will minimize the total travel distance of all customers but also locate the 

maximal number of collection centers as fits within the budget.  

The model is a mixed integer programming (MIP) model. This model can be solved by using a program 

that can solve MIP algorithms.  

4. What is the possible service improvement with the same budget?  

The current network exists of 107 subareas with a collection center and in the optimal network, there 

are 110 subareas with a collection center. The maximal travel distance of the current network is 20.7 

kilometers and the maximal travel distance of the optimal network is 4.7 kilometers, so an 

improvement of 16 kilometers is possible.  

At the current network, there are 6,606 customers that have to travel further than 4.7 kilometers on 
a weekly basis. This means that on a weekly basis only 97% of the variable location customers have to 
travel further than needed. 
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5. How will the budget influence the service within this collection network? 

There is an exponential relation between budget and maximal travel distance. This maximal travel 

distance will increase for every euro below a budget of €24,000. Above this budget, the maximal travel 

distance will stay at 4.7 kilometers. 

The maximal travel distance will stay at 4.7 kilometers because there is a subarea (postal code: 6816). 

By increasing the budget there can be concluded that the number of the customers increases for small 

travel distances. For the current budget, 6.2% of all variable location customers travel more than 4.0 

kilometers. For the budget +5% this percentage decreases to 0.5% of all variable location customers.  

6. What is the best collection network for the coming years for the CWZ? 

The number of customers will decrease the coming years. The number of patients taking 

anticoagulants will decreases by 150 patients a month. The number of lab patients will increase by ten 

on a weekly basis the coming years. These patterns are followed for the next six years the number of 

patients will be smaller than the number of patients at the moment. At the start of the sixth year, the 

number of patients exceeds the current number of patients. 

A simple improvement for the coming years will be to locate collection centers at the west side of the 

total area. Furthermore, there can be concluded that the number of collection centers located at the 

center of Nijmegen and Arnhem can be reduced in the coming years. 

6.2 Recommendations 
Based on these conclusions, the  following recommendations can be formulated for the CWZ. First, it 

is recommended for the CWZ to use the results to improve their collection network. If the CWZ will 

change some locations of collection centers the maximal travel distance can be improved by to 16.0 

kilometers for the same budget. To improve their collection network there are still a few steps to take.  

The first step is that, the CWZ has to translate the subareas for locating collection centers into real 

accommodations to start new collection centers. These real accommodations could be healthcare 

centers, GP’s, or public places. At those new places, there has to be enough space to collect samples 

and also some space for a waiting area.  

In the second step, the CWZ has to take a look which collection centers can be closed.  

The third step is to define the opening hours needed for every collection center individually. The 

number of collecting time windows is computed, however, the CWZ has to make a choice between 

extra opening hours or scheduling an extra collector.  

The fourth step is to divide the different collection centers and opening hours throughout the week. 

Collection centers close to each other have to be opened at different moments during the week. This 

will give the customers more options to find a suitable moment to visit a collection center in the 

neighborhood. Next step is to schedule the collectors throughout the week. How many collectors are 

needed on daily basis and which collector will collect at which collection center.  

Lastly, they can implement the new collection center network and adjust this if needed.  

Secondly, instead of calculating in this model with Euclidean (as the crow flies) distances, it is 

recommended for the CWZ to use road distances. As stated in section 5.9.1, there is a linear 

relationship between the length of travel distance and the distance error. These road distances can be 

bought online, this will cost the CWZ around €450,- but this will improve the reliability of this model. 
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Lastly, it is recommended for the CWZ to conduct a new research toward the acceptable distance 

between customers and collection centers. This collection center network is based on older people, 

but it is not known how far older people can travel to arrive at a collection center. If this distance is 

too far, variable location customers become fixed location customers. By knowing this distance the 

model can made more accurate.  
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Appendix B - Company assignment in a broader perspective 
Instead of looking only at the network we will discuss this with a broader scope by also looking at the 

ways of collecting and testing. The reason for this is that these subjects have an influence on each 

other and evolved technics that optimize only the network will probably not be enough. The process 

of collecting and testing blood can be divided into three parts; collecting part, testing part, and 

transporting part. To avoid sub-optimization, these three parts should be considered in an integrated 

way. 

B.1 Collecting 
The first part is the collecting part. This process will start with a doctor’s request for collecting blood 

of a patient. There are different possibilities within the method to collect all the samples. These 

different possibilities can differ in place of collecting and the method of collecting. For example, the 

place can differ in collecting at home or in a clinic. An example of different methods of collecting is; 

phlebotomy at a clinic or phlebotomy by the patient at home. 

B.2 Testing 
The second part is the testing part.  This process is the analysis method to test the sample. This part 

starts by receiving a sample and the request for testing a component of the blood. The testing part can 

differ in the place of testing. For example; the test can be performed at the location of collection or 

the test can be performed at a laboratory far away from the collection point. 

B.3 Transporting 
The last part is the transport between collecting point and testing point. The logistics depend on the 

method of collecting and the method of testing. For example; if the collecting point is geographically 

far away from the testing point, the samples will have to be transported. If these points are 

geographically close to each other, the logistics are the distribution of data for subsequentt steps. 

By designing an inspection network it is important to establish a method on how to collect and test the 

samples. To establish this method, we distinguish three decisions in the inspection network: 

• Collection method: “What is the best method of bringing the customer and collector together 

for collecting the samples?” 

• Testing method: “What is the best method to test the outcome of the sample?” 

• Transportation method: “What is the best method to bring the information of the outcome of 
the sample to the central point?” 

B.4 Collection, testing, and transportation methods 
Not all collection methods can be combined with testing methods and the transportation method also 

depends on the interaction of the collection- and testing method. The different methods that could be 

used are summarized in below. 

B.4.1 Collection methods 
The organization characteristics are handling perishable items with as a characteristic that many items 

have to be collected at a given fixed site. For choosing the collection method characteristic that many 

items have to be collected at a given fixed site is very important. There are three collection 

configurations found possible for these organization characteristics. These configurations are: 

• one central point 
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• visiting every demand node 

• collection center network 

These configurations are possible collection methods. It is also possible to combine different methods 

to get a mixed collection method. These configurations can be improved in different aspects of the 

following methods: 

o mobile collection center 

o demanders self-supporting 

The conclusion of that section is; because there are a different type of demanders the best method is 

to combine several different methods.  

The method that is not usable as a collection method is the first, one central collection point. The 

consequence of this method is a loss of demanders because of the characteristic that many items have 

to be collected at a given fixed site. This can never be the aim of creating a collection network. For that 

reason collecting at one central point has been excluded as a correct method.  

Because of the many items that have to be collected at a given fixed site, the second method, visit all 

demand nodes, is a good method. But this is also the most expensive type of collecting, therefore it is 

better to combine this method with collecting at collection centers. This will create a collection 

network with both demand nodes as collection points and collection centers for collecting items. To 

create this network it is important to know which demand nodes need to be collected at the fixed site 

and which demand nodes can visit a collection center. To create this division in demand nodes the 

characteristics of a demand node that has to be collected at a given fixed site need to be discussed.  

After creating this network, the other two additional methods (mobile collection centers and self-

supporting demanders on-demand location) can be added if this will improve the network.  

B.4.2 Testing 
The organization characteristics are handling perishable items with as a characteristic that many items 

have to be collected at a given fixed site. For choosing a testing method, the time between collecting 

and testing the perishability of items is the most important. There are four possible test methods found 

for these organization characteristics. These pure test methods are: 

• Central point for testing 

• Test equipment on location 

• Mobile labs 

• Sample conservation 

These pure methods are possibletest methods. It is also possible to combine different methods in a 

network to get more variability and an improved collection network. 

For the testing method we will start with a central point of tests, the first method. After this 

implementation, the other three methods can be added for a decrease in the percentage of samples 

that exceed the expire time. These methods can all be added to a different kind of samples, the 

methods with their differences are formulated below. 
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The method of test equipment on location can be added to the central testing point if there are many 

tests of the same sample. Every test equipment can handle one or a few test procedures. If there are 

many of the same samples, this can improve the testing process.  

The mobile labs can be added if there are many different samples with different test procedures. A 

mobile lab is far more expensive than a single test equipment, but it is not possible to work with more 

than twenty different test equipment. The sample conservation is also a good option if there are many 

different samples. For this method, it is important to check if it is possible to conserve and in what kind 

of way.  The best method depends on the investment of buying mobile labs and the way of conserving.  

B.4.3 Transport  
By combining the collection method with different test methods, the logistics become important 

Because the transport depends on the way of collecting and the testing method, the logistics are 

discussed for a collection network as explained in section B.4.1 and the test method explained in 

section B.4.2. 

When the collection network is combined with the central point of test method, the type of logistics is 

the transportation of samples from the collection point to the central point. This can be done in several 

ways; the collector can transport the samples, or a courier can transport them.  

When the collectors themselves transport the samples, the routes of the collectors have to be planned 

so that they will be back at the central point within a given amount of time. This given amount of time 

depends on the self-life time of the sample and the testing time. The time from the first collection till 

the arrival at the testing point is the self-life time minus the time needed for the tests. Within this 

amount of time, the route can be planned, and the collector can collect as many samples as possible. 

The planning of routes will ask for some extra attention with this stated amount of time. Furthermore, 

the collectors need to carry all the samples they collect in the entire route with them. The way of 

carrying the samples has to be reflected by the carrying criteria of the perishable sample.  

The second method of transport is by courier. The courier will drive a route where they visit different 

collectors to pick up their collected samples. The route of the courier also needs to be within the stated 

amount of time. The collector carries the samples they collect at different collection points when the 

courier visits the collector, the collector will give all their samples to the courier. In this method, the 

collector can stay on their location and continue the route for collecting more samples. The courier 

drives in between the route several times towards the central point to hand over the samples for the 

testing part. This will lead to a positive result on the fluctuation arrival rate of samples. 
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Appendix C – Process of collecting a sample of fixed location customers 

 

Figure C-0-1: Process of collecting a sample of fixed location customers
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Appendix D- Age distribution of different type of patients 
The age distribution of lab patients is shown in figure D-1. There is a peak around the age between 25 

and 30 years old and a peak around the age of 65 years old. And around the age of 35 and 45 years 

old, there is off-peak. The first peak could be the result of stress, this age group is the start of an adult 

life; they are at the start of their career path, want to buy or have bought a house, and care about their 

health. This off-peak can be a result of the age group that has to care for their family, and has less time 

for their own health. A last peak is a group that just retired and reinvented the life, they are really 

careful in living healthy. So they want to know how they are doing. 

 

Figure D-0-1: Age distribution of lab patients 

In figure D-2 the age distribution of patients taking anticoagulation is shown. Most patients are around 

the age of 78 years old. Furthermore, this figure shows that the age of patients visit at home is even 

older, around 82 years old.  

 

 

Figure D-0-2: Age distribution of patients taking anticoagulants 
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Appendix E – Collection centers 
Table E-0-1: Collection centers 

Depart
ment Name of phlebotomy clinic Adress City 

Postal 
code Monday Tuesday 

Wednesda
y Thursday Friday Saturday 

TD A1PoliZuid MargaKlompélaan6 Arnhem 6836BH 
10:00-
10:30 

10:00-
10:30   

10:00-
10:30 10:00-10:30   

TD A2DorpshuisWillemdeZwijger,Rheden MeestervanLeeuwenplein3 Rheden 6991EW  8:15-9:45           

TD 
A3MultiFunctioneelCentrumKlarendal,Arnhe
m Klarendalseweg193 Arnhem 6822GJ 

10:00-
10:30           

TD 
A4SociaalcultureelcentrumDePoort(Careon),
Velp Heeckerenstraat201 Velp 6882DA 

10:00-
10:30           

TD A5Recreatieruimte,Velp Croydonplein1 Arnhem 6831LA 7:30-9:00           

TD A6WoonzorgcentrumLorentzhuis,Velp Rijnstraat1 Velp 6882LR 8:00-9:15           

TD A7KluphuisMuziekverenigingArnhem-West Nassaustraat4a Arnhem 6812CD 8:45-9:00           

TD A8Cunerahof,Driel Cunerahof2 Driel 6665CS 
9:30-
10:15           

TD A9(+D1)Thermion,Lent YvesMontandstraat91 Lent 6663MD 8:15-9:00     8:15-9:00     

TD 1ADorpshuisdeTichel,Haalderen Kolkweg5A Haalderen 6685BC 8:30-8:45           

TD 2ADorpshuis,Angeren Emmastraat23 Angeren 6687BP 
10:00-
10:30           

TD 3ACultureelcentrumdeWieken,Elst PrinsesIrenestraat49 Elst 6661EA 8:00-9:30           

TD 4AGezondheidscentrumSchuytgraaf,Arnhem Metamorfoseallee101 Arnhem 6846DZ 8:00-8:15           
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TD 5ADorpshuis'tKriekske,Valburg Stationsstraat20 Valburg 6675AW 
10:15-
10:30           

TD B0HetSchild,Wolfheze Wolfhezerweg101 Wolfheze 6874BE   8:15-9:45         

TD B1Woon-zorgcentrumWaalstaete,Arnhem Waalstraat36 Arnhem 6826BR   8:00-9:15         

TD B2Kruiskerk(opstandingskerk),PGA,Arnhem Rosendaalseweg507 Arnhem 6824KL   8:00-8:45         

TD 
B3Fysiocare,wijkgebouwjoubertweg,Oosterb
eek Joubertweg10 

Oosterbee
k 6861DN   8:30-9:30         

TD B5CultureelcentrumdeOase,Dieren Ericaplein1 Dieren 6951CP   
8:00-
10:00         

TD 
B6(+D9)SociaalCultureelcentrumdeLeemhof,
Gendt Dorpstraat1 Gendt 6691AV   8:30-9:30   

10:00-
10:30     

TD B7St.Jozef;HofvanBreunissen,Gendt Kloosterplein4 Gendt 6691CX   
10:00-
10:15         

B82/TD 
B8Gezondheidscentrum,DeSteegakker,Dode
waard Steegakker18 Dodewaard 6669CZ 

8:30-
10:00 

8:00(TD)-
9:00 8:30-10:00 8:30-10:00     

TD B9(+E0)CWZ"deWaalsprong",Oosterhout Carbatinastraat4 Oosterhout 6679GM   8:30-9:30     8:30-9:30   

TD 1B(+1E)GeldersHof,Dieren,Intermezzo Harderwijkerwijk1 Dieren 6952AA   
9:00-
10:00     9:00-10:00   

TD C1ThuiszorgcentrumdeLoofhof,Zetten Stationsstraat1 Zetten 6671AW     8:30-9:15       

TD 
C2SWOA,SteunpuntPetersborg,slochterenwe
g,Arnhem Slochterenweg40 Arnhem 6835DX     8:45-9:30       

TD C3tPluspunt,HenriDunanthof,Arnhem HenriDunanthof3 Arnhem 6836KR     9:45-10:15       

TD C4BuurthuisdeSpil,Arnhem Lupinestraat12 Arnhem 6841GD     
10:30-
10:45       

TD C5SWOA,Gaanderij,Driemondplein,Arnhem Driemondplein1 Arnhem 6843AN     8:00-9:00       

TD 
C6WijkcentrumSymfonie,Bredeschool,Arnhe
m,Rijnstad Valckenierstraat1 Arnhem 6828RM     8:00-8:30       
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TD C8tKoelhuis,Huissen Koelhuisstraat3 Huissen 6851NB     8:00-8:45       

TD C9SporthaldeBrink,Huissen Brink7-8 Arnhem 6852EE     9:30-10:30       

TD 1CJanHovingflat,Elderveld,Arnhem Vlaardingenweg105 Arnhem 6843GW     8:00-8:30       

TD 2CFysiotherapiedeAam,Forum,Elst Forum23 Elst 6661TW     8:15-8:45       

TD 3CApotheekArnhem-Zuid(huissensestraat) Huissensestraat62 Arnhem 6833JB     9:00-9:30       

TD D0VerpleeghuisHeijendaal,Arnhem Elisabethhof201 Arnhem 6812AX       9:45-10:00     

TD 
D2WijkcentrumdeBakermat,vanNispenstraat,
Arnhem vanNispenstraat139 Arnhem 6814JA       8:30-9:15     

TD 
D3MultiFunctioneelCentrum,BonteWetering,
Arnhem BonteWetering89 Arnhem 6823JC       8:00-9:00     

TD 
D4ParkstaeteZalencentrumVOF,Parkstraat,V
elp Parkstraat3 Velp 6881JA       8:00-9:30     

TD D5Kruiskerk,Kruispunt,Lisloddelaan,Arnhem Lisloddelaan30 Arnhem 6832EC       8:00-8:30     

TD D6DeVloedschuur Kerklaan4 Heteren 6666HP       7:30-9:30     

TD D7Ontmoetingscentrum,Doornenburg Kerkstraat3 
Doornenbu
rg 6686BS       8:45-9:30     

TD D8VerpleeghuisLingehof GoudenAppel122 Bemmel 6681WP       8:30-9:30     

TD 1DHuisartsenpraktijk,Lent Schoolstraat29 Lent 6663CP       
10:00-
10:30     

TD 2DAttentWWZ;Meander,Rhederhof Rhedenseweg45 Rheden 6991DV       8:00-8:30     

TD 3DRandwijkshof Bredeweg8a Randwijk 6668AS       8:30-8:45     

TD E1Overdal,Vilente,Oosterbeek Lebretweg2 
Oosterbee
k 6861ZW         8:30-9:30   

TD 
E2Gezondheidscentrum,Ginnekenstraat,Arnh
em Ginnekenstraat16 Arnhem 6843RV         9:00-9:30   

TD E3GymlokaaldeKruisakkers,Elst Kruisakkers5 Elst 6662DV         8:00-9:00   
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TD 
E4PoortvanDoorwerth,Mozartlaan,Doorwert
h Mozartlaan2 Doorwerth 6865GB         8:15-9:45   

TD E5BejaardencentrumdeoudePlataan,Dieren Zutphensestraatweg7 Dieren 6953CG         8:00-9:00   

TD E6Rijnstad,BuurtcentrumdeOosthof,Arnhem Kinderkamp9 Arnhem 6825JA         8:15-9:15   

TD 
E7RodeKruisgebouw,Cattepoelseweg,Arnhe
m Cattepoelseweg263 Arnhem 6815CD         9:30-10:30   

TD E8DorpshuisdeHoendrik,Herveld HetDorpsplein22 Herveld 6674BW         9:00-9:45   

TD E9Dekerk Raadhuisplein35 Huissen 6851BW         7:30-9:00   

TD 2EBeverode AdmHelfrichlaan12 Dieren 6952GG         9:00-10:00   

TD 3EDorpshuisElden,RijkswegWest50 Rijkswegwest50 Elden 6842BD         9:30-10:00   

TD 4EHetSchild,Wolfhezerweg101,Wolfheze Wolfhezerweg101 Wolfheze 6874AD         8:15-10:45   

B82 V1CWZ/B82 WegdoorJonkerbos100 Nijmegen 6532SZ 
8:00-
17:00 

8:00-
17:00 8:00-17:00 8:00-17:00 8:00-17:00 11:00-11:30 

B82/TD V2tMozaiek,Wijchen campuslaan6 Wijchen 6602HX 
8:00-
11:00 

8:00-
11:00 8:00-11:00 8:00-11:00 8:00-11:00   

B82 V3Catharinahof(Brabantzorg),Grave koninginnedijk252 Grave 5361CR 
8:00-
10:30 

8:00-
10:30 8:00-10:30 8:00-10:30 8:00-10:30   

TD 
V4(+6Y)SociaalCultureelCentrumMyllesweer
d,Mill Kerkstraat3 Mill 5451BM 8:30-9:15     8:30-9:15     

TD V5DeGarf,Zeeland,dorpshuizenLanderd Kerkstraat35 Zeeland 5411EA 9:15-9:30           

TD V6Stichting"deZandloper",Bergharen DeWeem1 Bergharen 6617BG 8:30-9:00           

TD 
V7StichtingWelzijn,Opdeheuvel(wasDeBaon),
Groesbeek Ericastraat39 Groesbeek 6561VX 9:00-9:30           

TD V8tKlöster,Langenboom Dominicanenstraat47 
Langenboo
m 5453JN 8:45-9:15           

TD V9WijkaccomodatiedeNielt,Cuijk Lavendel250 Cuijk 5432DV 9:00-9:45           
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B82 1VMedischcentrumSt.Anna St.Annastraat180 Nijmegen 6525GW 
8:00-
11:00 

8:00-
11:00 8:00-11:00 8:00-11:00 8:00-11:00   

TD 2VMeander,Wijchen Passedwarsstraat69 Wijchen 6601AR 9:00-9:45           

TD 3VBuurthuisvanOns(4eventsgroup),Gennep Norbertplein3 Gennep 6591XA 9:00-9:30           

TD 4VDorpshuisdePoel,Rijkevoort vandenBergplein10 Rijkevoort 5447AW 8:15-8:45           

TD 5VDeGoei.jkamer,Groesbeek SintAnthoniusweg8 Groesbeek 6562GM 8:30-9:15           

TD 
6VD'nBond,flexruimteR39,Baansestraat,Over
loon Baansestraat6 Overloon 5825BX 8:00-8:30           

TD 7V(+4W,+Z0)DeMijlpaal,Overasselt KoningingJulianastraat8 Overasselt 6611BR 8:15-9:00 8:15-9:00     8:15-9:00   

TD 8VDeJachthoorn,St.Hubert WethouderLemmenstraat13 StHubert 5454GH 
9:45-
10:00           

B82/TD 9V(+7Y)MedischCentrumNijmegenOost BergenDalseweg61-63 Nijmegen 6522BB 8:30-9:30 8:00-9:30   8:30-9:30 8:00-9:30   

TD W0Joffershof Laurentiusstraat2 
Vierlingsbe
ek 5821AW   8:30-9:00         

TD W1Vijverhof,BergenDal(ZZGzorggroep) Kwakkenbergweg150 BergenDal 6571GA   
9:30-
10:00         

TD W2Dearkvanoost,Nijmegen Cipresstraat154 Nijmegen 6523HR   
9:15-
10:00         

TD W3HuizeNijevelt,Nijmegen Heyendaalseweg117 Nijmegen 6525AH   8:30-9:00         

TD W4tHöfke(Kalorama),Beek Verbindingsweg6 
BeekUbber
gen 6573BV   

9:15-
10:00         

TD W5DorpshuisdeSprong,Ooy PrinsBernhardstraat3 Ooij 6575BB   8:30-9:00         

TD W6App.ComplexGrootBergenDal,BergenDal OudeKleefsebaan221 BergenDal 6572AN   
10:30-
11:00         

TD W7HuizeMalderburch,Malden Broekkant16 Malden 6581AE   8:30-9:15         

TD W8Groenekruis,Mook Groesbeekseweg12 Mook 6585KG   8:30-9:00         

TD 
W9Zorgcentrumsymfonie(parasol)(Pantein),B
oxmeer Weijrstaete1 Boxmeer 5831ZZ   8:00-9:00         
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TD 
1WActiviteitencentrumDoddendaal,Nijmege
n AchterValburg2 Nijmegen 6511DM   9:15-9:45         

TD 2WDorpshuisdeHorst,Horssen Rijdt38 Horssen 6631AT   9:00-9:30         

TD 
3W(+Z9)VerpleeghuisSt.Elisabeth,BenedenLe
euwen Rozenstraat10 

Beneden-
Leeuwen 6658WX   8:30-9:15     8:30-9:15   

TD 5W(+Z4)DorpshuisdeLeghePolder,Beuningen Schoolstraat16 Beuningen 6641DC   8:45-9:30     8:30-9:30   

TD 
6W(+4Z)MedischCentrumBrakkenstein,Kan.
Myllinckstraat KanunnikMijllinckstraat5 Nijmegen 6525WS   

9:15-
10:00     9:15-10:00   

TD 7WKulturhusD'nDulper PastoorSchoenmakersstraat5 
Boven-
Leeuwen 6657CB   8:30-8:45         

TD X1WijkcentrumHatert,Nijmegen Couwenbergstraat22 Nijmegen 6535RZ     8:30-9:30       

TD X2PoliDageraad,Nijmegen Weezenhof91-101 Nijmegen 6536AB     9:00-9:30       

TD 
X3WijkcentrumDageraad,Dukenburg,Nijmeg
en Meijhorst7039 Nijmegen 6537EK     8:15-9:00       

B82/TD X4(+3Z)Pegasusapotheek,Nijmegen DommervanPolderveldtweg27 Nijmegen 6521NC   8:00-9:30 8:00-9:30   8:00-9:30   

TD X5Trefpunt68,Milsbeek Kerkstraat31 Milsbeek 6596AK     9:00-9:30       

TD X6Biezantijn,Nijmegen Waterstraat146 Nijmegen 6541TN     8:30-9:15       

TD X7DePassage(klepke),Oeffelt Passage13 Oeffelt 5441BS     
10:15-
10:45       

TD X8Fysiotherapie,Haps Raadhuisplein13 Haps 5443AT     8:45-9:15       

TD 
X9WoonzorgcentrumdeHoninghoeve,Nijmeg
en Albanystraat7 Nijmegen 6544RA     8:30-9:30       

TD 1XDeSchakel,Nijmegen Archimedesstraat9 Nijmegen 6533MA     8:45-9:30       

TD 2XOntmoetinscentrumdeGrondel,Nijmegen Zwanenveld9082 Nijmegen 6537EP     9:30-10:00       

TD Y1DeMuts,Wijchen Diepvoorde2257 Wijchen 6605GG       8:45-9:15     

TD Y2D'nOeiep,Cuijk Bernhardstraat Cuijk 5431TW       8:45-9:45     



 Chapter 0. Appendix E – Collection centers 

   
 

     

68 

TD Y3ESGdenAsseldonk,NieuwBergen JeroenBoschstraat34 Bergen 5854CZ       9:00-9:15     

TD 
Y4Bejaardencentrumop"Hilton"'tHoogveld,Si
ntAnthonis Paulusstraat1 

SintAnthon
is 5845DZ       9:30-10:00     

TD Y5Bejaardencentrumdelookant,Wanroij Zichtstraat1 Wanroij 5446BG       9:00-9:30     

TD Y6StichtingTriangel,Devriendenkring,Leuth Steenheuvelsestraat39 Leuth 6578AB       8:30-8:45     

TD Y7GasthuisSintJandeDeo,Millingen SintWillibrordstraat1 
Millingena
andeRijn 6566DD       9:00-9:45     

TD Y8DeMallemolen,Groesbeek Kloosterstraat11 Groesbeek 6562AT       8:30-9:30     

TD Y9Kloostertuin,Groesbeek Stationsweg9 Groesbeek 6561BZ       8:45-9:15     

TD 1YVerzorgingshuisLaVernadeArk Leemweg134 Wijchen 6603AM       9:30-10:00     

TD 2YStichtingMFCdegoedeHerder,Gennep Europaplein1 Gennep 6591AV       9:00-9:45     

TD 3YMFC,deKlaproos,Siebengewald Gaesdoncksestraat2a 
Siebengew
ald 5853AX       8:30-8:45     

TD 4YIedersHuus,Afferden Kapelstraat7a Afferden 5851AS       8:15-8:30     

TD 5YDorpsservicepunt Julianaplein9 Gassel 5438AK       9:00-9:30     

TD 
Z1GGZPanteinHartvoorBrabant,Parasol,Boxm
eer Bilderbeekstraat44 Boxmeer 5831CX         8:30-9:00   

TD Z2WijkcentrumdeBrack,Nijmegen Leuvensbroek12-00 Nijmegen 6546XS         9:00-9:45   

TD Z3Dorpshuis,Kloosterhof,Weurt Kapittelweg2A Weurt 6651EB         8:15-8:45   

TD Z5VerpleeghuisWaelwick,Ewijk Schoolpad1 Ewijk 6644CP         9:30-10:00   

TD Z6Ontmoetingscentrum"dePaulus" Molenstraat2 Winssen 6645BT         8:30-9:00   

TD Z7Trefpunt,Deest Grotestraat17 Deest 6653BJ         8:15-8:30   
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B82 Z8GebouwCWZ,Druten Kerkeland3 Druten 6651KN 
8:00-
11:00 

8:00-
11:00 8:00-11:00 8:00-11:00 8:00-11:00   

TD 1ZWijkcentrumdeKlokketoren,Nijmegen SlotemakerdeBruïneweg272 Nijmegen 6532AD         9:15-9:45   

B82/TD 5ZGezondheidscentrumdeSchakel Meijhorst1003 Nijmegen 6537EE 8:30-9:30   8:30-9:30   8:30-9:30   

B82 KesterenHuisartsenpraktijk Torenstraat1 Kesteren 4041GA 8:30-9:30 8:30-9:30 8:30-9:30 8:30-9:30 8:30-9:30   

B82 LiendenHuisartsenpraktijk koninginBeatrixplein8 Lienden 4033GX 8:00-8:30   8:00-8:30   8:00-8:30   

B82 MolenhoekHuisartsenpraktijk Prinsenweg6 Molenhoek 6669CZ 8:00-9:00 8:00-9:00 8:00-9:00 8:00-9:00 8:00-9:00   

B82 Nijmegen'tWeeshuis Begijnenstraat29 Nijmegen 6511WN         8:30-9:30   

 B82 OchtenHerwaarden BurgemeesterH.Houtkoperlaan3a Ochten 4051EW       
10:00-
10:30     

 B82 OchtenMerkestein&vdBurg Liniestraat9b Ochten 4051BN       
10:00-
10:30     

B82 OpheusdenHuisartsenpraktijk Empelstraat19 Opheusden 4043LZ 8:00-8:45 8:00-8:45   8:00-8:45 8:00-8:45   

B82 MedischCentrumOudWest Marialaan348 Nijmegen 6541RR 
8:00-
10:00 

8:00-
10:00 8:00-10:00 8:00-10:00 8:00-10:00   

B82 PraktijkDr.Hellenthal Dennenstraat106 Nijmegen 6543JW 8:30-9:00 8:30-9:00 8:30-9:00 8:30-9:00 8:30-9:00   

B82 GezondheidscentrumLindenholt Horstacker1644 Nijmegen 6546EX 8:30-9:00 8:30-9:00 8:30-9:00 8:30-9:00 8:30-9:00   

B82 GroesbeekseTehuizen Molenweg15 Groesbeek 6561AH     8:00-10:00       

B82 instellingwinkelsteeg winkelsteegseweg99 Nijmegen 6534AP   
8:00-
10:00         

B82 kemnade,Groesbeek nijmeegsebaan9 Groesbeek 6561KE 
8:00-
10:00           

B82 OuderenzorgNijmegen RuysdeBeerenbrouckstraat66-70 Nijmegen 6535XX       8:00-10:00     

B82 sHeerenloo,Druten Kapellekenslaan26 Druten 6651TJ     8:00-10:00       
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Appendix F – Outpatient clinics of blood sampling 
Table F-0-1: Outpatient clinics of blood sampling 

Outpatient clinics of blood sampling Total (2-1-2017 to 14-7-2017) Weekly 
The CWZ clinic B82 59797 2300 
Dodewaard Gezondheidscentrum 1472 57 
Druten CWZ polikliniek Druten 9191 354 
gennep De Regenboog 35 1 
Grave (alleen thuisprik) 189 7 
Grave Catharinahof 5162 199 
Groesbeek Groesbeekse Tehuizen 332 13 
Kesteren Huisartsenpraktijk 1571 60 
Lienden Huisartsenpraktijk 809 31 
Malden Zorgcentrum Huize Malderburch 25 1 
Molenhoek Huisartsenpraktijk 1319 51 
Nijmegen  Berg en Dalseweg  (Apotheek Nijmegen Oost) 813 31 
Nijmegen  Dennenstraat (Praktijk Dr. Hellenthal) 729 28 
Nijmegen Gezondheidscentrum Lindenholt 2743 106 
Nijmegen Marialaan (Medisch Centrum Oud West) 3584 138 
Nijmegen Medisch Centrum St. Anna 6612 254 
Nijmegen Meyhorst (GS de Schakel) 1177 45 
Nijmegen Nijmegen-Oost (Pegasus Apotheek) 722 28 
Nijmegen Oranjesingel 19 1 
Nijmegen 't Weeshuis 494 19 
Ochten Herwaarden 594 23 
Ochten Merkestein & vd Burg 812 31 
Opheusden Huisartsenpraktijk 1537 59 
Overbetuwe (alleen thuisprik route) 10 0 
Wijchen Cultureel en Educatief Centrum `t Mozaïek 5265 203 
Zorgcentrum (Boldershof) 244 9 
Zorgcentrum (Kemnade) 107 4 
Zorgcentrum (Winckelsteeg) 225 9 
(leeg) 6803 262 
Eindtotaal 112392 4323 
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Appendix G – Calculation of customers 
Table G-0-1: Calculation of customers 

 patients taking anticoagulants Lab patients Total Result 

Region Postal code % total % fixed % variable % total % fixed % variable % total % fixed % variable # total # fixed # variable 

1 4041       0,404% 0,041% 0,363% 0,404% 0,041% 0,363% 40 4 36 

2 4043 0,005% 0,000% 0,005% 0,378% 0,038% 0,339% 0,382% 0,038% 0,344% 38 4 34 

3 4051       0,423% 0,043% 0,380% 0,423% 0,043% 0,380% 42 4 38 

4 4053       0,071% 0,007% 0,064% 0,071% 0,007% 0,064% 7 1 6 

5 4054       0,061% 0,006% 0,055% 0,061% 0,006% 0,055% 6 1 5 

6 5341       0,008% 0,001% 0,007% 0,008% 0,001% 0,007% 1 0 1 

7 5342       0,008% 0,001% 0,007% 0,008% 0,001% 0,007% 1 0 1 

8 5343       0,008% 0,001% 0,007% 0,008% 0,001% 0,007% 1 0 1 

9 5344       0,008% 0,001% 0,007% 0,008% 0,001% 0,007% 1 0 1 

10 5345       0,008% 0,001% 0,007% 0,008% 0,001% 0,007% 1 0 1 

11 5346       0,008% 0,001% 0,007% 0,008% 0,001% 0,007% 1 0 1 

12 5347       0,008% 0,001% 0,007% 0,008% 0,001% 0,007% 1 0 1 

13 5348       0,008% 0,001% 0,007% 0,008% 0,001% 0,007% 1 0 1 

14 5349       0,008% 0,001% 0,007% 0,008% 0,001% 0,007% 1 0 1 

15 5351       0,035% 0,004% 0,031% 0,035% 0,004% 0,031% 3 0 3 

16 5361 0,729% 0,369% 0,360% 1,078% 0,109% 0,969% 1,808% 0,478% 1,329% 181 48 136 

17 5363 0,163% 0,120% 0,042% 0,175% 0,018% 0,157% 0,337% 0,138% 0,199% 34 14 24 

18 5364 0,088% 0,037% 0,051% 0,120% 0,012% 0,108% 0,209% 0,049% 0,160% 21 5 16 

19 5366       0,006% 0,001% 0,005% 0,006% 0,001% 0,005% 1 0 1 

20 5367       0,001% 0,000% 0,001% 0,001% 0,000% 0,001% 0 0 0 

21 5368       0,005% 0,000% 0,004% 0,005% 0,000% 0,004% 0 0 0 

22 5371       0,174% 0,018% 0,156% 0,174% 0,018% 0,156% 17 2 16 

23 5373       0,167% 0,017% 0,150% 0,167% 0,017% 0,150% 17 2 15 

24 5374       0,117% 0,012% 0,105% 0,117% 0,012% 0,105% 12 1 11 
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25 5375       0,063% 0,006% 0,057% 0,063% 0,006% 0,057% 6 1 6 

26 5386       0,006% 0,001% 0,005% 0,006% 0,001% 0,005% 1 0 1 

27 5394       0,001% 0,000% 0,001% 0,001% 0,000% 0,001% 0 0 0 

28 5395       0,000% 0,000% 0,000% 0,000% 0,000% 0,000% 0 0 0 

29 5396       0,006% 0,001% 0,005% 0,006% 0,001% 0,005% 1 0 0 

30 5397       0,014% 0,001% 0,013% 0,014% 0,001% 0,013% 1 0 1 

31 5398       0,000% 0,000% 0,000% 0,000% 0,000% 0,000% 0 0 0 

32 5411 0,070% 0,009% 0,061% 0,042% 0,004% 0,038% 0,112% 0,013% 0,099% 11 1 8 

33 5431 1,398% 0,738% 0,659% 0,268% 0,027% 0,241% 1,666% 0,765% 0,900% 167 77 99 

34 5432 0,153% 0,037% 0,117% 0,268% 0,027% 0,241% 0,421% 0,064% 0,358% 42 6 32 

35 5433 0,033% 0,005% 0,028% 0,009% 0,001% 0,008% 0,041% 0,006% 0,036% 4 1 3 

36 5434 0,098% 0,032% 0,065% 0,033% 0,003% 0,029% 0,130% 0,036% 0,095% 13 4 8 

37 5435 0,033% 0,018% 0,014% 0,011% 0,001% 0,010% 0,044% 0,020% 0,024% 4 2 3 

38 5437 0,116% 0,060% 0,056% 0,042% 0,004% 0,038% 0,158% 0,064% 0,094% 16 6 10 

39 5438 0,093% 0,023% 0,070% 0,112% 0,011% 0,101% 0,205% 0,034% 0,171% 21 3 15 

40 5439 0,019% 0,009% 0,009% 0,013% 0,001% 0,012% 0,032% 0,011% 0,021% 3 1 2 

41 5441 0,204% 0,042% 0,164% 0,029% 0,003% 0,026% 0,234% 0,044% 0,190% 23 4 14 

42 5443 0,279% 0,120% 0,159% 0,037% 0,004% 0,034% 0,316% 0,124% 0,193% 32 12 18 

43 5445 0,051% 0,014% 0,037%       0,051% 0,014% 0,037% 5 1 3 

44 5446 0,177% 0,092% 0,084%       0,177% 0,092% 0,084% 18 9 9 

45 5447 0,139% 0,032% 0,108% 0,013% 0,001% 0,012% 0,152% 0,034% 0,119% 15 3 9 

46 5451 0,585% 0,309% 0,276% 0,138% 0,014% 0,124% 0,724% 0,323% 0,400% 72 32 44 

47 5453 0,223% 0,065% 0,159% 0,063% 0,006% 0,057% 0,286% 0,071% 0,216% 29 7 18 

48 5454 0,088% 0,028% 0,061% 0,032% 0,003% 0,029% 0,120% 0,031% 0,090% 12 3 8 

49 5455 0,051% 0,032% 0,019% 0,012% 0,001% 0,010% 0,063% 0,033% 0,029% 6 3 4 

50 5821 0,200% 0,069% 0,131% 0,024% 0,002% 0,021% 0,223% 0,072% 0,152% 22 7 13 

51 5823 0,042% 0,009% 0,033% 0,004% 0,000% 0,003% 0,046% 0,010% 0,036% 5 1 3 

52 5824 0,023% 0,014% 0,009% 0,002% 0,000% 0,002% 0,025% 0,014% 0,011% 3 1 1 
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53 5825 0,204% 0,143% 0,061% 0,034% 0,003% 0,031% 0,239% 0,146% 0,092% 24 15 14 

54 5826 0,028% 0,005% 0,023% 0,003% 0,000% 0,002% 0,031% 0,005% 0,026% 3 0 2 

55 5827 0,033% 0,023% 0,009% 0,005% 0,001% 0,005% 0,038% 0,024% 0,014% 4 2 2 

56 5831 1,352% 0,752% 0,599% 0,150% 0,015% 0,135% 1,502% 0,767% 0,733% 150 77 86 

57 5835 0,153% 0,065% 0,089% 0,017% 0,002% 0,015% 0,170% 0,066% 0,104% 17 7 10 

58 5836 0,102% 0,042% 0,061% 0,015% 0,002% 0,014% 0,117% 0,043% 0,074% 12 4 7 

59 5841 0,135% 0,060% 0,075%       0,135% 0,060% 0,075% 13 6 7 

60 5843 0,042% 0,018% 0,023%       0,042% 0,018% 0,023% 4 2 2 

61 5844 0,056% 0,028% 0,028%       0,056% 0,028% 0,028% 6 3 3 

62 5845 0,544% 0,263% 0,281%       0,544% 0,263% 0,281% 54 26 29 

63 5846 0,028% 0,000% 0,028%       0,028% 0,000% 0,028% 3 0 1 

64 5851 0,181% 0,115% 0,065%       0,181% 0,115% 0,065% 18 12 10 

65 5853 0,186% 0,088% 0,098%       0,186% 0,088% 0,098% 19 9 10 

66 5854 0,474% 0,231% 0,243%       0,474% 0,231% 0,243% 47 23 25 

67 6501       0,682% 0,069% 0,613% 1,100% 0,231% 0,869% 110 23 87 

68 6503       0,682% 0,069% 0,613% 0,886% 0,130% 0,756% 89 13 76 

69 6504       0,682% 0,069% 0,613% 0,046% 0,005% 0,042% 5 0 2 

70 6511 0,321% 0,152% 0,168% 0,682% 0,069% 0,613% 0,965% 0,167% 0,799% 97 17 80 

71 6512 0,107% 0,051% 0,056% 0,682% 0,069% 0,613% 1,165% 0,291% 0,873% 116 29 91 

72 6515 0,046% 0,005% 0,042%       1,509% 0,508% 1,000% 151 51 109 

73 6521 0,186% 0,088% 0,098% 0,682% 0,069% 0,613% 1,197% 0,333% 0,864% 120 33 92 

74 6522 0,386% 0,212% 0,173% 0,682% 0,069% 0,613% 1,564% 0,554% 1,009% 156 55 112 

75 6523 0,729% 0,429% 0,299% 0,682% 0,069% 0,613% 1,318% 0,369% 0,948% 132 37 99 

76 6524 0,418% 0,254% 0,164% 0,682% 0,069% 0,613% 1,262% 0,268% 0,995% 126 27 96 

77 6525 0,785% 0,475% 0,309% 0,682% 0,069% 0,613% 1,592% 0,452% 1,140% 159 45 113 

78 6531 0,539% 0,291% 0,248% 0,682% 0,069% 0,613% 1,053% 0,199% 0,855% 105 20 85 

79 6532 0,483% 0,189% 0,295% 0,682% 0,069% 0,613% 1,616% 0,466% 1,149% 162 47 115 

80 6533 0,813% 0,374% 0,440% 0,682% 0,069% 0,613% 1,067% 0,171% 0,897% 107 17 85 

81 6534 0,274% 0,120% 0,154% 0,682% 0,069% 0,613% 1,495% 0,411% 1,084% 149 41 108 
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82 6535 0,836% 0,387% 0,449% 0,682% 0,069% 0,613% 1,657% 0,466% 1,191% 166 47 117 

83 6536 0,288% 0,092% 0,196% 0,682% 0,069% 0,613% 1,323% 0,351% 0,972% 132 35 99 

84 6537 0,715% 0,332% 0,383% 0,682% 0,069% 0,613% 1,309% 0,342% 0,967% 131 34 98 

85 6538 0,878% 0,387% 0,491% 0,682% 0,069% 0,613% 1,388% 0,489% 0,897% 139 49 103 

86 6541 0,544% 0,272% 0,271% 0,682% 0,069% 0,613% 1,327% 0,402% 0,925% 133 40 99 

87 6542 0,530% 0,263% 0,267% 0,682% 0,069% 0,613% 1,030% 0,176% 0,855% 103 18 83 

88 6543 0,609% 0,410% 0,196% 0,682% 0,069% 0,613% 1,123% 0,190% 0,934% 112 19 88 

89 6544 0,548% 0,323% 0,224% 0,682% 0,069% 0,613% 0,452% 0,132% 0,320% 45 13 32 

90 6545 0,251% 0,097% 0,154% 0,682% 0,069% 0,613% 1,799% 0,709% 1,088% 180 71 122 

91 6546 0,344% 0,111% 0,234% 0,682% 0,069% 0,613% 1,711% 0,543% 1,167% 171 54 118 

92 6551 0,237% 0,111% 0,126% 0,215% 0,022% 0,194% 0,104% 0,029% 0,075% 10 3 8 

93 6561 1,078% 0,636% 0,440% 0,721% 0,073% 0,648% 1,062% 0,279% 0,784% 106 28 73 

94 6562 0,990% 0,470% 0,519% 0,721% 0,073% 0,648% 0,410% 0,167% 0,242% 41 17 27 

95 6564 0,046% 0,023% 0,023% 0,058% 0,006% 0,052% 0,233% 0,038% 0,195% 23 4 18 

96 6566 0,627% 0,235% 0,393% 0,435% 0,044% 0,391% 1,011% 0,389% 0,621% 101 39 68 

97 6571 0,260% 0,152% 0,108% 0,150% 0,015% 0,135% 0,072% 0,031% 0,041% 7 3 5 

98 6572 0,084% 0,023% 0,061% 0,150% 0,015% 0,135% 0,038% 0,010% 0,028% 4 1 2 

99 6573 0,627% 0,351% 0,276% 0,384% 0,039% 0,345% 0,546% 0,129% 0,417% 55 13 38 

100 6574 0,042% 0,028% 0,014% 0,030% 0,003% 0,027% 0,028% 0,001% 0,027% 3 0 2 

101 6575 0,028% 0,009% 0,019% 0,010% 0,001% 0,009% 0,321% 0,059% 0,263% 32 6 22 

102 6576 0,316% 0,106% 0,210% 0,230% 0,023% 0,207% 0,078% 0,017% 0,060% 8 2 5 

103 6577 0,019% 0,000% 0,019% 0,009% 0,001% 0,008% 1,806% 0,540% 1,267% 181 54 123 

104 6578 0,190% 0,046% 0,145% 0,131% 0,013% 0,118% 0,183% 0,043% 0,140% 18 4 14 

105 6579 0,042% 0,014% 0,028% 0,036% 0,004% 0,032% 0,574% 0,141% 0,434% 57 14 41 

106 6581 1,078% 0,466% 0,613% 0,728% 0,074% 0,654% 0,525% 0,114% 0,412% 53 11 36 

107 6582 0,079% 0,032% 0,047% 0,104% 0,010% 0,093% 0,047% 0,016% 0,030% 5 2 3 

108 6584 0,279% 0,111% 0,168% 0,296% 0,030% 0,266% 0,119% 0,030% 0,089% 12 3 7 

109 6585 0,311% 0,092% 0,220% 0,214% 0,022% 0,192% 1,193% 0,549% 0,643% 119 55 72 
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110 6586 0,023% 0,014% 0,009% 0,023% 0,002% 0,021% 0,221% 0,073% 0,148% 22 7 13 

111 6587 0,093% 0,028% 0,065% 0,026% 0,003% 0,023% 0,384% 0,095% 0,290% 38 9 23 

112 6591 0,966% 0,526% 0,440% 0,226% 0,023% 0,204% 0,223% 0,083% 0,141% 22 8 13 

113 6595 0,181% 0,069% 0,112% 0,040% 0,004% 0,036% 0,119% 0,044% 0,075% 12 4 7 

114 6596 0,316% 0,088% 0,229% 0,068% 0,007% 0,061% 2,053% 0,705% 1,347% 205 71 143 

115 6598 0,181% 0,078% 0,103% 0,042% 0,004% 0,038% 1,560% 0,401% 1,160% 156 40 116 

116 6599 0,098% 0,042% 0,056% 0,021% 0,002% 0,019% 1,407% 0,401% 1,005% 141 40 108 

117 6601 1,148% 0,613% 0,533% 0,905% 0,092% 0,814% 1,105% 0,156% 0,949% 111 16 92 

118 6602 0,655% 0,309% 0,346% 0,905% 0,092% 0,814% 1,361% 0,244% 1,118% 136 24 106 

119 6603 0,502% 0,309% 0,192% 0,905% 0,092% 0,814% 0,056% 0,013% 0,043% 6 1 4 

120 6604 0,200% 0,065% 0,136% 0,905% 0,092% 0,814% 0,684% 0,190% 0,494% 68 19 48 

121 6605 0,455% 0,152% 0,304% 0,905% 0,092% 0,814% 0,188% 0,055% 0,133% 19 6 13 

122 6606 0,019% 0,009% 0,009% 0,037% 0,004% 0,034% 0,114% 0,029% 0,084% 11 3 8 

123 6611 0,358% 0,157% 0,201% 0,326% 0,033% 0,293% 0,023% 0,011% 0,012% 2 1 2 

124 6612 0,098% 0,046% 0,051% 0,090% 0,009% 0,081% 0,154% 0,050% 0,104% 15 5 11 

125 6613 0,051% 0,023% 0,028% 0,063% 0,006% 0,056% 0,326% 0,064% 0,262% 33 6 24 

126 6615 0,009% 0,009% 0,000% 0,013% 0,001% 0,012% 0,063% 0,006% 0,057% 6 1 6 

127 6616 0,070% 0,042% 0,028% 0,085% 0,009% 0,076% 0,031% 0,003% 0,028% 3 0 3 

128 6617 0,149% 0,046% 0,103% 0,177% 0,018% 0,159% 0,065% 0,006% 0,059% 7 1 6 

129 6621       0,063% 0,006% 0,057% 0,098% 0,019% 0,079% 10 2 7 

130 6626       0,031% 0,003% 0,028% 0,100% 0,016% 0,084% 10 2 8 

131 6627 0,005% 0,000% 0,005% 0,061% 0,006% 0,055% 0,309% 0,038% 0,272% 31 4 24 

132 6628 0,051% 0,014% 0,037% 0,046% 0,005% 0,042% 0,125% 0,053% 0,072% 12 5 9 

133 6629 0,033% 0,009% 0,023% 0,068% 0,007% 0,061% 1,701% 0,535% 1,166% 170 53 114 

134 6631 0,116% 0,018% 0,098% 0,193% 0,020% 0,174% 0,813% 0,120% 0,694% 81 12 67 

135 6634 0,060% 0,046% 0,014% 0,065% 0,007% 0,058% 0,616% 0,169% 0,447% 62 17 44 

136 6641 1,064% 0,470% 0,594% 0,637% 0,064% 0,572% 0,384% 0,098% 0,286% 38 10 26 

137 6642 0,177% 0,055% 0,122% 0,637% 0,064% 0,572% 1,727% 0,494% 1,233% 173 49 122 

138 6644 0,311% 0,138% 0,173% 0,305% 0,031% 0,274% 0,877% 0,088% 0,789% 88 9 77 



 Chapter 0. Appendix G – Calculation of customers 

   
 

     

76 

139 6645 0,237% 0,083% 0,154% 0,147% 0,015% 0,132% 0,298% 0,085% 0,212% 30 9 22 

140 6651 0,901% 0,410% 0,491% 0,826% 0,084% 0,742% 0,319% 0,066% 0,253% 32 7 24 

141 6652 0,051% 0,005% 0,047% 0,826% 0,084% 0,742% 0,242% 0,052% 0,190% 24 5 18 

142 6653 0,139% 0,069% 0,070% 0,158% 0,016% 0,142% 0,160% 0,027% 0,132% 16 3 13 

143 6654 0,125% 0,046% 0,079% 0,193% 0,020% 0,174% 0,696% 0,173% 0,523% 70 17 51 

144 6655 0,093% 0,037% 0,056% 0,149% 0,015% 0,134% 0,054% 0,006% 0,049% 5 1 5 

145 6657 0,028% 0,014% 0,014% 0,132% 0,013% 0,118% 1,285% 0,528% 0,756% 128 53 76 

146 6658 0,307% 0,134% 0,173% 0,390% 0,039% 0,350% 0,676% 0,178% 0,499% 68 18 44 

147 6659       0,054% 0,006% 0,049% 0,958% 0,229% 0,729% 96 23 74 

148 6661 1,078% 0,507% 0,570% 0,207% 0,021% 0,186% 0,218% 0,058% 0,161% 22 6 12 

149 6662 0,469% 0,157% 0,313% 0,207% 0,021% 0,186% 0,336% 0,143% 0,194% 34 14 20 

150 6663 0,335% 0,166% 0,168% 0,624% 0,063% 0,560% 0,126% 0,043% 0,083% 13 4 7 

151 6665 0,195% 0,055% 0,140% 0,023% 0,002% 0,020% 0,490% 0,155% 0,335% 49 16 32 

152 6666 0,293% 0,138% 0,154% 0,044% 0,004% 0,039% 0,029% 0,019% 0,010% 3 2 2 

153 6668 0,107% 0,042% 0,065% 0,019% 0,002% 0,017% 0,188% 0,041% 0,147% 19 4 13 

154 6671 0,325% 0,138% 0,187% 0,165% 0,017% 0,148% 0,625% 0,239% 0,386% 63 24 41 

155 6672 0,023% 0,018% 0,005% 0,006% 0,001% 0,005% 0,152% 0,035% 0,117% 15 4 11 

156 6673 0,102% 0,032% 0,070% 0,085% 0,009% 0,077% 0,005% 0,000% 0,005% 0 0 0 

157 6674 0,404% 0,217% 0,187% 0,221% 0,022% 0,199% 0,082% 0,009% 0,074% 8 1 6 

158 6675 0,079% 0,028% 0,051% 0,073% 0,007% 0,066% 0,433% 0,076% 0,358% 43 8 32 

159 6676 0,005% 0,000% 0,005% 0,000% 0,000% 0,000% 1,847% 0,659% 1,187% 185 66 125 

160 6677 0,042% 0,005% 0,037% 0,040% 0,004% 0,036% 0,008% 0,000% 0,008% 1 0 1 

161 6678 0,186% 0,051% 0,136% 0,247% 0,025% 0,222% 0,291% 0,080% 0,211% 29 8 20 

162 6681 1,120% 0,586% 0,533% 0,727% 0,074% 0,654% 0,400% 0,145% 0,255% 40 14 25 

163 6684 0,005% 0,000% 0,005% 0,003% 0,000% 0,003% 0,251% 0,072% 0,180% 25 7 14 

164 6685 0,181% 0,069% 0,112% 0,109% 0,011% 0,098% 1,189% 0,329% 0,860% 119 33 79 

165 6686 0,293% 0,134% 0,159% 0,107% 0,011% 0,096% 0,968% 0,204% 0,765% 97 20 72 

166 6687 0,228% 0,069% 0,159% 0,023% 0,002% 0,021% 0,186% 0,120% 0,065% 19 12 10 
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167 6691 0,762% 0,286% 0,477% 0,427% 0,043% 0,384% 0,283% 0,198% 0,084% 28 20 15 

168 6669 0,413% 0,148% 0,267% 0,554% 0,056% 0,498% 0,260% 0,129% 0,131% 26 13 14 

169 6811 0,186% 0,120% 0,065%       0,232% 0,074% 0,159% 23 7 12 

170 6812 0,283% 0,198% 0,084%       0,376% 0,148% 0,229% 38 15 20 

171 6813 0,260% 0,129% 0,131%       0,158% 0,060% 0,098% 16 6 8 

172 6814 0,232% 0,074% 0,159%       0,195% 0,088% 0,108% 20 9 10 

173 6815 0,376% 0,148% 0,229%       0,265% 0,097% 0,168% 26 10 14 

174 6816 0,158% 0,060% 0,098%       0,558% 0,272% 0,285% 56 27 30 

175 6821 0,195% 0,088% 0,108%       1,129% 0,876% 0,248% 113 88 60 

176 6822 0,265% 0,097% 0,168%       0,548% 0,198% 0,351% 55 20 29 

177 6823 0,558% 0,272% 0,285%       0,595% 0,281% 0,313% 59 28 32 

178 6824 1,129% 0,876% 0,248%       0,051% 0,046% 0,005% 5 5 3 

179 6825 0,548% 0,198% 0,351%       0,316% 0,120% 0,196% 32 12 17 

180 6826 0,595% 0,281% 0,313%       0,376% 0,194% 0,182% 38 19 20 

181 6827 0,051% 0,046% 0,005%       0,474% 0,254% 0,220% 47 25 25 

182 6828 0,316% 0,120% 0,196%       0,325% 0,175% 0,150% 33 18 17 

183 6831 0,376% 0,194% 0,182%       0,251% 0,157% 0,094% 25 16 13 

184 6832 0,474% 0,254% 0,220%       0,479% 0,171% 0,309% 48 17 26 

185 6833 0,325% 0,175% 0,150%       0,479% 0,198% 0,281% 48 20 26 

186 6834 0,251% 0,157% 0,094%       0,172% 0,046% 0,126% 17 5 9 

187 6835 0,479% 0,171% 0,309%       0,288% 0,138% 0,150% 29 14 15 

188 6836 0,479% 0,198% 0,281%       0,938% 0,323% 0,617% 94 32 50 

189 6841 0,172% 0,046% 0,126%       0,186% 0,051% 0,136% 19 5 10 

190 6842 0,288% 0,138% 0,150%       0,209% 0,032% 0,178% 21 3 11 

191 6843 0,938% 0,323% 0,617%       0,163% 0,051% 0,112% 16 5 9 

192 6844 0,186% 0,051% 0,136%       0,889% 0,314% 0,576% 89 31 49 

193 6845 0,209% 0,032% 0,178%       0,527% 0,144% 0,384% 53 14 30 

194 6846 0,163% 0,051% 0,112%       0,781% 0,429% 0,351% 78 43 42 

195 6851 0,836% 0,309% 0,528% 0,053% 0,005% 0,047% 0,534% 0,254% 0,281% 53 25 29 
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196 6852 0,474% 0,138% 0,337% 0,053% 0,005% 0,047% 0,548% 0,184% 0,365% 55 18 29 

197 6861 0,781% 0,429% 0,351%       0,037% 0,009% 0,028% 4 1 2 

198 6862 0,534% 0,254% 0,281%       0,228% 0,115% 0,112% 23 12 12 

199 6865 0,548% 0,184% 0,365%       0,869% 0,470% 0,397% 87 47 46 

200 6869 0,037% 0,009% 0,028%       0,762% 0,309% 0,454% 76 31 41 

201 6874 0,228% 0,115% 0,112%       0,544% 0,286% 0,257% 54 29 29 

202 6881 0,869% 0,470% 0,397%       0,093% 0,046% 0,047% 9 5 5 

203 6882 0,762% 0,309% 0,454%       0,585% 0,212% 0,374% 59 21 31 

204 6883 0,544% 0,286% 0,257%       0,776% 0,397% 0,379% 78 40 41 

205 6891 0,093% 0,046% 0,047%       0,269% 0,148% 0,122% 27 15 14 

206 6951 0,585% 0,212% 0,374%       0,074% 0,032% 0,042% 7 3 4 

207 6952 0,776% 0,397% 0,379%       0,098% 0,018% 0,079% 10 2 5 

208 6953 0,269% 0,148% 0,122%       0,088% 0,037% 0,051% 9 4 5 

209 6955 0,074% 0,032% 0,042%       0,887% 0,420% 0,468% 89 42 47 

210 6956 0,098% 0,018% 0,079%       0,074% 0,037% 0,037% 7 4 4 

211 6957 0,088% 0,037% 0,051%       0,088% 0,037% 0,051% 9 4 36 

212 6991 0,887% 0,420% 0,468%       0,887% 0,420% 0,468% 89 42 34 

213 6994 0,074% 0,037% 0,037%       0,074% 0,037% 0,037% 7 4 38 
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Appendix H – Costs of material 
 

Table H-0-1: Costs of material for one collection 

Material necessary for one 

collection 

  Price excl. Price of one 

collection 

Tube 1 per item  €         0,08   €              0,08  

Needle 1 per item  €         0,15   €              0,15  

Swabs 2 per ball  €         0,02   €              0,04  

Plaster 0,1 per roll  €         0,51   €              0,05  

Tourniquet 0,01 per item  €       31,85   €              0,32  

Needle holder 0,01 per item  €         0,75   €              0,01  

Waste bin 0,01 per item  €         0,85   €              0,01  

Table mat 1 per item   €         0,12   €              0,12  
   

 Price of material 

collection (excl. )   

 €              0,77  

 

Table H-0-2: Material costs per collector 

Fixed costs per collector: 
   

Cooler 1 per piece  €     120,00   €          120,00  

Trolley 1 per piece  €       19,75   €            19,75  

Phlebotomy 

bag 

1 per piece  €       59,00   €            59,00  

Document bag 1 per piece  €       25,00   €            25,00  
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 Appendix I – Hiring costs of collection center 
Table I-0-1: Hiring costs of collection centers 

NR. Name of phlebotomy clinic Annually Weekly 

A1 Poli Zuid  €  24.230,79   €     465,98  

A2 Dorpshuis Willem de Zwijger, Rheden  €    1.750,20   €        33,66  

A3 Multi Functioneel Centrum Klarendal, Arnhem  €                 -     €               -    

A4 Sociaal cultureel centrum De Poort (Careon), Velp  €       980,00   €        18,85  

A5 Recreatieruimte, Velp  €                 -    
 

A6 Woonzorgcentrum Lorentzhuis, Velp  €                 -    
 

A7 Kluphuis Muziekvereniging Arnhem-West  €       600,00   €        11,54  

A8 Cunerahof, Driel  €       588,00   €        11,31  

A9 Thermion, Lent  €    2.124,72   €        40,86  

1A Dorpshuis de Tichel, Haalderen  €       612,50   €        11,78  

2A Dorpshuis, Angeren 

3A Cultureel centrum de Wieken, Elst  €       626,56   €        12,05  

4A Gezondheidscentrum Schuytgraaf, Arnhem  €                 -     €               -    

5A Dorpshuis 't Kriekske, Valburg  €       375,00   €          7,21  

    
  

B0 Het Schild, Wolfheze 
  

B1 Woon-zorgcentrum Waalstaete, Arnhem 
  

B2 Kruiskerk (opstandingskerk), PGA, Arnhem  €       616,85   €        11,86  

B3 Fysiocare, wijkgebouw joubertweg, Oosterbeek  €    2.006,68   €        38,59  

B5 Cultureel centrum de Oase, Dieren  €       975,00   €        18,75  

B6 Sociaal Cultureel centrum de Leemhof, Gendt  €                 -     €               -    

B7 St. Jozef; Hof van Breunissen, Gendt  €       351,00   €          6,75  

B8 Gezondheidscentrum, De Steegakker, Dodewaard  €       741,72   €        14,26  

B9 CWZ "de Waalsprong", Oosterhout  €                 -     €               -    

1B Gelders Hof, Dieren  €       900,00   €        17,31  

    
  

C1 Thuiszorgcentrum de Loofhof, Zetten  €       648,90   €        12,48  

C2 SWOA,Steunpunt Petersborg, slochterenweg, Arnhem  €       181,52   €          3,49  

C3 t Pluspunt, Henri Dunanthof, Arnhem  €       175,00   €          3,37  
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C4 Buurthuis de Spil, Arnhem  €       765,00   €        14,71  

C5 SWOA, Gaanderij, Driemondplein, Arnhem  €       312,68   €          6,01  

C6 Wijkcentrum Symfonie, Brede school, Arnhem, Rijnstad  €       182,00   €          3,50  

C8 t Koelhuis, Huissen  €                 -     €               -    

C9 Sporthal de Brink, Huissen  €    1.197,00   €        23,02  

1C Jan Hovingflat, Elderveld, Arnhem  €                 -     €               -    

2C Fysiotherapie de Aam, Forum,  Elst  €       856,20   €        16,47  

3C Apotheek Arnhem-Zuid (huissense straat)  €                 -     €               -    

    
  

D0 Verpleeghuis Heijendaal, Arnhem  €                 -     €               -    

D1 Het Thermion, Lent 

D2 Wijkcentrum de Bakermat, van Nispenstraat, Arnhem  €    1.912,50   €        36,78  

D3 Multi Functioneel Centrum , Bonte Wetering, Arnhem  €                 -     €               -    

D4 Parkstaete Zalencentrum VOF, Parkstraat, Velp  €    2.170,35   €        41,74  

D5 Kruiskerk, Kruispunt, Lisloddelaan, Arnhem  €    1.275,00   €        24,52  

D6 De Vloedschuur  €                 -     €               -    

D7 Ontmoetingscentrum, Doornenburg  €       450,00   €          8,65  

D8 Verpleeghuis Lingehof  €                 -     €               -    

D9 Sociaal Cultureel centrum de Leemhof, Gendt  €    1.156,55   €        22,24  

1D Huisartsenpraktijk, Lent  €                 -     €               -    

2D Attent WWZ; Meander, Rhederhof  €       600,00   €        11,54  

3D Randwijkshof  €       180,00   €          3,46  

    
  

E0 CWZ "de Waalsprong", Oosterhout  €                 -     €               -    

E1 Overdal, Vilente, Oosterbeek  €                 -     €               -    

E2 Gezondheidscentrum, Ginnekenstraat, Arnhem  €                 -     €               -    

E3 Gymlokaal de Kruisakkers, Elst  €       667,70   €        12,84  

E4 Poort van Doorwerth, Mozartlaan, Doorwerth  €       550,90   €        10,59  

E5 Bejaardencentrum de oude Plataan, Dieren  €       600,00   €        11,54  

E6 Rijnstad, Buurtcentrum de Oosthof, Arnhem  €       327,50   €          6,30  

E7 Rode Kruisgebouw, Cattepoelseweg, Arnhem  €       852,40   €        16,39  

E8 Dorpshuis de Hoendrik, Herveld  €       774,05   €        14,89  

E9 De kerk  €                 -     €               -    

1E Gelders Hof, Dieren, Intermezzo  €       900,00   €        17,31  
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2E Beverode  €       600,00   €        11,54  

3E Dorpshuis Elden, Rijksweg West 50 

4E Het Schild, Wolfhezerweg 101, 6874AD Wolfheze 
  

    
  

V2 t Mozaïk, Wijchen  €       512,64   €          9,86  

V3 Catharinahof(Brabantzorg), Grave  €    1.823,76   €        35,07  

V4 Sociaal Cultureel Centrum Myllesweerd, Mill  €       183,75   €          3,53  

V5 De Garf, Zeeland, dorpshuizen Landerd  €       696,00   €        13,38  

V6 Stichting "de Zandloper", Bergharen  €       288,25   €          5,54  

V7 Stichting Welzijn, Op de heuvel (was De Baon), Groesbeek  €       215,89   €          4,15  

V8 t Klöster, Ut Turp, Langenboom  €          75,25   €          1,45  

V9 Wijkaccomodatie de Nielt, Cuijk  €       784,00   €        15,08  

1V Medisch centrum St. Anna  €    3.276,00   €        63,00  

2V Meander, Wijchen  €    1.243,13   €        23,91  

3V Buurthuis van Ons (4events group), Gennep  €       624,00   €        12,00  

4V Dorpshuis de Poel, Rijkevoort  €       520,00   €        10,00  

5V De Goei.j kamer, Groesbeek  €       649,92   €        12,50  

6V Dorpshuis de Poel, Rijkevoort  €       294,00   €          5,65  

7V De Mijlpaal, Overasselt  €    1.299,50   €        24,99  

8V De Jachthoorn, St. Hubert  €                 -     €               -    

9V Medisch Centrum Nijmegen Oost  €                 -     €               -    

    
  

W0 Joffershof  €       233,00   €          4,48  

W1 Vijverhof, Berg en Dal (ZZG zorggroep)  €       870,00   €        16,73  

W2 De ark van oost, Nijmegen  €       233,00   €          4,48  

W3 Huize Nijevelt, Nijmegen   €                 -     €               -    

W4 t Höfke (Kalorama), Beek  €                 -     €               -    

W5 Dorpshuis de Sprong, Ooy  €       340,62   €          6,55  

W6 App. Complex Groot Berg en Dal, Berg en Dal  €                 -     €               -    

W7 Huize Malderburch, Malden  €                 -     €               -    

W8 Groene kruis, Mook 

W9 Zorgcentrum symfonie (parasol) (Pantein), Boxmeer  €       694,92   €        13,36  

1W Activiteitencentrum Doddendaal, Nijmegen  €       520,00   €        10,00  
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2W Dorpshuis de Horst, Horssen  €       520,00   €        10,00  

3W Verpleeghuis St. Elisabeth, Beneden Leeuwen  €                 -     €               -    

4W De Mijlpaal, Overasselt  €                 -     €               -    

5W Dorpshuis de Leghe Polder, Beuningen  €       580,12   €        11,16  

6W Medisch Centrum Brakkenstein, Kan. Myllinckstraat  €    1.573,00   €        30,25  

7W Kulturhus D'n Dulper 

    
  

X1 Wijkcentrum Hatert, Nijmegen  €       633,50   €        12,18  

X2 Poli Dageraad, Nijmegen  €       520,00   €        10,00  

X3 Wijkcentrum Dageraad, Dukenburg, Nijmegen  €       638,80   €        12,28  

X4 Pegasus apotheek, Nijmegen  €                 -     €               -    

X5 Trefpunt 68, Milsbeek  €       625,00   €        12,02  

X6 Biezantijn, Nijmegen  €       603,10   €        11,60  

X7 De Passage (klepke), Oeffelt  €       360,00   €          6,92  

X8 Fysiotherapie, Haps  €    1.679,28   €        32,29  

X9 Woonzorgcentrum de Honinghoeve, Nijmegen  €                 -     €               -    

1X De Schakel, Nijmegen  €       633,50   €        12,18  

2X Ontmoetinscentrum de Grondel, Nijmegen  €       121,80   €          2,34  

    
  

Y1 De Muts, Wijchen  €                 -     €               -    

Y2 D'n Oeiep, Cuijk  €    1.250,00   €        24,04  

Y3 ESG den Asseldonk, Nieuw Bergen  €       351,52   €          6,76  

Y4 Bejaardencentrum op "Hilton" 't Hoogveld, Sint Anthonis  €       355,12   €          6,83  

Y5 Bejaardencentrum de lookant, Wanroij  €                 -     €               -    

Y6 Stichting Triangel, De vriendenkring, Leuth  €       239,20   €          4,60  

Y7 Gasthuis Sint Jan de Deo, Millingen  €       437,13   €          8,41  

Y8 De Mallemolen, Groesbeek  €    1.060,00   €        20,38  

Y9 Kloostertuin, Groesbeek  €                 -     €               -    

1Y Verzorgingshuis LaVerna de Ark  €                 -     €               -    

2Y Stichting MFC de goede Herder, Gennep  €       216,67   €        24,07  

2Y De regenboog, Gennep 
  

3Y MFC, de Klaproos, Siebengewald  €       765,00   €        14,71  

4Y Ieders Huus, Afferden  €       358,80   €          6,90  

5Y Dorpsservicepunt  €                 -     €               -    
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6Y Myllesweerd Cultureel Centrum  €       191,25   €          3,68  

7Y Medisch Centrum Nijmegen Oost  €                 -     €               -    

    
  

Z0 De Mijlpaal, Overasselt  €                 -     €               -    

Z1 GGZ Pantein  Hart voor Brabant, Parasol, Boxmeer  €       475,16   €          9,14  

Z2 Wijkcentrum de Brack, Nijmegen  €       215,30   €          4,14  

Z3 Dorpshuis, Kloosterhof, Weurt  €                 -     €               -    

Z4 Dorpshuis de Leghe Polder, Beuningen  €       569,06   €        10,94  

Z5 Verpleeghuis Waelwick, Ewijk  €                 -     €               -    

Z6 Ontmoetingscentrum "de Paulus"  €    1.116,90   €        21,48  

Z7 Trefpunt, Deest  €                 -     €               -    

Z8 Gebouw CWZ, Druten  €                 -     €               -    

Z9 Verpleeghuis St. Elizabeth, Beneden-Leeuwen  €                 -     €               -    

1Z Wijkcentrum de Klokketoren, Nijmegen  €       422,05   €          8,12  

3Z Pegasus apotheek  €                 -     €               -    

4Z Medisch Centrum Brakkenstein, Kan. Myllinckstraat  €                 -     €               -    

5Z Gezondheidscentrum "de Schakel". (IBOTEC)   €    3.141,84   €        60,42  

B82    €                 -     €               -    

1 Ut Turp  €       249,52   €          4,80  

2 Joffershof  €                 -     €               -    

3 OBG  €       127,50   €          2,45  

4 Mozaïk, Oosterhof te Wijchen;           €    2.048,40   €        39,39  

4A AMC groep - Kosten Schoonmaak - hoort bij 4A  €       265,68   €          5,11  

6 Huisarstenpraktijk, Torenstraat 1, Kesteren  €    3.825,00   €        73,56  

8 Medisch centrum Oud-West  €    5.771,40   €     110,99  

9 Medisch centrum Hees Neerbosch  €    2.610,00   €        50,19  

10 huisartsenpraktijk Dodewaard, de steegakker  €    5.441,00   €     104,63  
 

Total weekly costs per collection center:  
 

 €    20,96  
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Appendix J – Sampling distance error 
 

Table J-0-1: Distance errors of thirty samples 

 
FROM 
(PC4) 

TO (PC4) ECHT EUCLIDEAN VERSCHIL 

1 4054 5341 50.0 21.3 28.7 

2 6994 5368 58.4 56.0 2.4 

3 5825 6669 59.6 54.9 4.7 

4 5367 6532 24.5 27.8 -3.3 

5 5351 6575 37.6 34.5 3.1 

6 4041 5431 44.7 42.3 2.4 

7 5827 5851 16.2 8.6 7.6 

8 6666 6956 41.4 36.9 4.5 

9 6579 6825 34.6 19.2 15.4 

10 6953 5349 68.9 65.3 3.6 

11 5349 5434 25.6 29.5 -3.9 

12 5446 6842 54.3 45.3 9.0 

13 6573 6574 2.2 2.8 -0.6 

14 5375 6579 40.0 33.8 6.2 

15 6523 5398 51.2 47.8 3.4 

16 6957 5364 76.9 58.0 18.9 

17 5347 6671 35.3 30.2 5.1 

18 5366 5441 41.6 38.4 3.2 

19 6621 6841 46.7 44.7 2.0 

20 5367 6674 29.5 25.6 3.9 

21 5823 6674 60.3 55.8 4.5 

22 5373 6546 18.9 18.2 0.7 

23 6891 6531 31.1 33.1 -2.0 

24 5346 5363 18.5 20.2 -1.7 

25 6515 6891 25.1 29.2 -4.1 

26 5841 5341 42.3 39.0 3.3 

27 5363 4051 42.0 27.9 14.1 

28 6827 6832 6.3 3.1 3.2 

29 5439 6627 40.0 31.3 8.7 

30 6511 5851 40.7 36.5 4.2 

 


