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Management summary 
This report aims to explore the use of quantitative evaluation models like simulation and optimization in a 

business process redesign situation. 

The case chosen for this study is a project concerning the centralisation of production for compounded 

intravenous drugs in the Maastricht University Medical Centre (MUMC+). The project aims at safe drug 

production to reduce medication errors originating from the compounding process. The increasing pressure 

to control healthcare costs gives rise to the main question of this report: 

How to increase efficiency in the production process of perishable intravenous drugs in a hospital 
pharmacy? 

This question is explored by three sub-questions:  

 How is efficiency defined in a hospital pharmacy?  

 What process characteristics can be modified to potentially make the production of perishable 

intravenous drugs more efficient?  

 What is the quantitative impact of these changes on the efficiency of the production of perishable 

intravenous drugs? 

During discussions with the project management efficiency was operationalized in the following three 

questions: 

 What is the effect of different redesign scenarios on the percentage of production produced in 

time? 

 What is the effect of the different scenario on the utilization of the resources? 

 What is the minimal hired number of pharmacy assistants for the satisfying capacity schedule in 

each scenario? 

To answer these questions in a quantitative way required the building of two evaluation models was 

required: one simulation model to answer the first two questions, and an optimization model to answer the 

last question. In creating both models the guidelines for model development by Law (2007) were used. First 

a base model was constructed, then redesign scenarios were defined and selected through workshops with 

key staff members, which is followed by adaptations of this base model to fit the redesign scenarios. 

Modelling 
The scope of this thesis is from the arrival of the medication orders from physicians in the electronic 

subscription system (EPS=-system), each medication arrival containing multiple sub-orders, till the delivery 

of these sub-orders in predetermined distribution rounds. 

There are three roles in the process: the planner, producer and assistant producer, which are all qualified 

as pharmacy assistants. Two pharmacy assistants are required to operate the laminated airflow cabinet 

(LAF-cabinet) where the actual production takes place to comply with the GMP-Z3 production guidelines 

for heightened protection. Other tasks are mainly combining sub-orders into batches, gathering materials 

and preparing the batches for production. 

Modelling the process in a simulation model required the use of complex modelling techniques because of 

scheduled tasks, varying arrival volume and medication characteristics and cancellation of orders. 
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Furthermore, the collection and analysis of data required for this model proved difficult since no effective 

method is available to the pharmacy to extract data from the EPS-system about the medication orders. 

Redesigns 
To explore feasible redesign scenarios three workshops were organized with key staff members in the 

production process. Input for the redesigns was a combined set of business process redesign best practises 

by Reijers and Mansar (2005) and TRIZ-principles by Chai, Zhang and Tan (2005). Scenarios with different 

settings for opening hours, production heuristics and automation were defined using the literature, 

workshops, extension plans and pilot runs of the model. 

Next the constructed base models were adapted to reflect the selected scenarios. This required extra data 

collection, adaptation of schedules, task durations and roles. Data on the prescription of medication orders 

for the intensive care department was not available. Admission data from the patients records was used as 

a proxy.  

Outcomes and recommendations 

 

Figure 1: Graph of outcome of operationalized effectiveness measures for main situations 

Table 1: overview of minimum number of employees required for scenario 

Situation AS-IS REG.1 REG.2 REG.3a REG.3b REG.4a REG.4b 

Minimum 7 9 9 9 6 9 6 

 

Production in the weekend lowers the stress on the system which is especially high during the Monday 

morning shift. This requires two more employees at the assumption of no illnesses or vacation. The 

automation of planning tasks has led to a lower workload of the planner as was expected (REG.3a and 

REG.4a). The automated situation seems to have a slightly better rating in producing orders on time, 

however this is too close to be significant. 

Based on the evaluated scenario’s, the largest efficiency gain seems to lie in providing the pharmacy 

assistants in the process with a tool to retrieve new medication sub-orders from the process and to receive 
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an update when a medication order is no longer active instead of manually comparing lists. This could also 

lead to a more effective way of producing medication in advance.  

For further process improvements, or other decision making situation, further analyses could be performed 

on the data stored in the electronic prescription system. However, a method for the pharmacy staff to 

effectively retrieve data from the  electronic prescription system (EPS-system) is currently lacking. 
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1 Introduction 
This chapter aims to highlight the importance of efficiency of pharmacy units in hospitals. Hereafter, the 

research questions are discussed which will return throughout the report. 

1.1 Safe drug production 
One of the main challenges in the healthcare sector in the Netherlands today is to provide safe and high 

quality care while facing an increasing demand because of demographic developments such as ageing, 

dealing with a shortage of healthcare employees and an increasing emphasis on controlling healthcare 

costs in a competitive environment (Rais & Viana, 2010; Vanwersch, 2010). 

One of the problems in delivering good quality care under this external pressure is the management of 

administering intravenous medication. Medication errors in administering drugs can result in undesirable 

side effects for patients and have a negative influence on their recovery. Care must be taken to reduce the 

number of errors to a minimum. Therefore, guidelines prescribe that admitting intravenous medication to 

patients may only be performed by a qualified physician, or, under certain conditions, by a qualified and 

competent nurse under the authority of the attending physician (NVZA & V&VN, 2009). 

However, intravenous therapy and the preparation process involved must still be regarded as a high risk 

process (Cousins, Sabatier, Begue, Schmitt, & Hoppe-Tichy, 2005; NVZA & V&VN, 2009). Moreover, 

intravenously administered drugs are associated with the highest error frequencies among other 

administering options (Krähenbühl-Melcher, et al., 2007). Most errors in preparation and administering 

drugs are made during the compounding of drugs, especially when this requires multiple steps (Taxis & 

Barber, 2003). 

Compounding of drugs consists of a series of steps to transform the generic raw medication to the specified 

concentration and amount in a suitable container for administering. In order to accommodate the safe 

compounding of medication skilled pharmacy assistants work in a protected environment. Investments in 

equipment, the room and staff are required to achieve this. Nevertheless, there is a shift from 

decentralized ad-hoc preparation by the nurses to centralisation of drug preparation process in dedicated 

production units (Bedouch, et al., 2008; Poley, Bouwmans, & van Ineveld, 2000; Grafhorst, et al., 2001). 

This production unit produces the required compounded medication for a couple of nursing wards. 

Centralized drug preparation has the advantage of allowing for investments in a sterile production 

environment which can be used more effectively than if production would be spread out across multiple 

decentralised locations. However, in order to utilize the economics of scale advantage it is important to 

know how to effectively manage the production process in this centralized unit. 

1.2 Research questions 
Because of the pressure to look for improvement of current processes there is a growing need to gain 

insight in how to increase the efficiency of the production process. A solution to managing the production 

process should incorporate the volatility of the patients’ prescriptions as well as dealing with the 

perishability of the intravenous drugs. The subject of this study is to evaluate suggestions for the 

improvement of the efficiency of intravenous drugs compounding of a hospital pharmacy. The main 

question for this research project is thus defined: 

How to increase efficiency in the production process of perishable intravenous drugs in a hospital 
pharmacy? 
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To answer this question it is first required to define efficiency from the perspective of the hospital 

management. Measuring improvements is not possible without an operationalized definition of efficiency. 

The first sub-question is formulated as follows: 

How is efficiency defined in a hospital pharmacy? 

This question aims to explain the concept of an efficient pharmacy production unit: how can this concept 

be operationalized and what process performance indicators are important when dealing with efficiency. 

Furthermore, the trade-off between optimizing efficiency and retaining a safe production environment is 

explored. 

Besides the operationalization of the concept of efficiency, suggestions for improving the efficiency should 

be gathered. The second sub-question aims to explore the alternatives: 

What process characteristics can be modified to potentially make the production of perishable 
intravenous drugs more efficient? 

The purpose of this question is to gather redesign scenarios for improving the efficiency of the process 

from both literature and the process owners. Also, the feasibility of applying the redesign scenarios will be 

assessed.   

To aid the decision whether or not to implement a redesign scenarios, the scenarios will be evaluated on 

the effect they have on the process. This leads to the third and final sub-question: 

What is the quantitative impact of these changes on the efficiency of the production of perishable 
intravenous drugs? 

A quantitative evaluation of the improvement options provides the decision makers with valuable 

information and insights in the current process, as well as the redesign scenarios.  Since not all possible 

solutions can be evaluated due to time constraints, only a number of situations will be evaluated. 
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2 Research methodologies 
To answer the research questions several methods were used which will be further explained in this 

chapter. First, the case based design of the project will be discussed, followed by an overview of the 

structure of the discovery of process improvements. Finally, the chosen methods for evaluating a selection 

of the improvement suggestions is discussed. 

2.1 A case based approach 
The specific operationalization of efficiency is different from situation to situation. To evaluate how 

evaluation methods can contribute to the business process redesign process a case based approach is 

chosen. 

To test the applicability of evaluation methods a specific process had to be modelled for which different 

redesign scenarios could be tested. This urges to select a specific case to base the evaluation model on. An 

advantage of a case based approach is the ability to investigate barriers to using evaluation tools in a 

healthcare context. 

An important criteria for the selection of a case is management support for changes. It is critical for 

improvement programs to be seen as important by management, since they must be willing to allocate 

resources to it and are likely to be interested in the result of the program (Pritchard, 1990). 

A practical case is found at the Maastricht University Medical Centre (MUMC+) in the Feniks project. This is 

an academic hospital which has recently (December 2012) finished a pilot study into the centralisation of 

compounding intravenous drugs for a number of nursing departments. The hospital management is 

currently looking to expand this process to more parts of the hospital in the near future. Furthermore, 

sufficient management support for the extension of the project and to explore options to optimize 

efficiency. In addition, the hospital environment provides enough complexity for the centralisation to be 

interesting. Especially in larger organizations more effort has to be put in the set-up and management of 

centralized processes, compared to smaller organizations, which increases complexity. 

Although this pharmacy process does not deal with patients directly, the variability of patients treatments 

often has a direct relation with the administered medication. Expected is that the variability of patient care 

is reflected in the dosages and types of medications prescribed and administered. 

2.2 Business process redesign workshops 
After the case selection, literature is reviewed in order to find possible options for improvements of the 

current process. For this the author of this thesis selected the business process redesign best practices by 

combining the business process redesign best practises by Reijers and Mansar (2005) and TRIZ-principles by 

Chai, Zhang and Tan (2005). After combining overlapping suggestions examples were added to provide 

suggestions for how to apply these suggestions for improvement in the Feniks process. The resulting 

document can be found in appendix A, which was used as an input in order to find case specific solutions 

for the Feniks project.  

By means of three workshops sessions the researcher aimed to stimulate the discovery of case specific 

business process redesign opportunities together with the most important actors of the project. The goal of 

the first session was to introduce the process and the shortlist of suggestions to build upon the input from 

literature. The goal of the second session was to list suggestions from the participants and to discuss them 

with the group. The goal of the third and final session was to select feasible suggestions to apply and 

evaluate. The outcome of these sessions is discussed in §6.3. 
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2.3 Evaluating improvement suggestions 
To answer the third research question about the impact of the selected improvement suggestions a 

quantitative evaluation model has to be constructed for the current situation which is suitable for 

adaptation to fit the redesign scenarios. In developing this model the modelling guidelines as described by 

Law (2007) are applied. While the guidelines describe the development of a simulation model the same 

steps are generally applicable to developing other evaluation models. For this project two separate 

‘evaluation’ models were required to evaluate the effect of the redesign. 

2.3.1 Quantitative evaluation models 
For the construction of a quantitative evaluation model the method described by Law (2007) is chosen 

because it applies to developing simulation models. Furthermore the method includes a guideline to 

involve the stakeholders of the process to be involved in the model development. 

The method of Law (2007) consists of the following steps; 1) check assumptions, 2) construct models and 

verify the models, 3) make pilot runs, 4) check validity of model, 5) design experiments, 6) make production 

runs, 7) analyse output data, and 8) document, present, and use results. As shown in Figure 2 for the 

purpose of this project the 8 steps are grouped into three phases: building the base model, experimenting 

with the model and documenting the results. 

 

Figure 2: steps in model development according to Law (2007) shown in three phases. 

2.3.2 Data gathering and analysis 
To construct, verify and validate the model data about the process characteristics are required. 

Furthermore, it may be required to gather more data to model additional redesigns of the process. To 

analyse the current process data about the prescribed medication, tasks and task durations and about the 

personnel constraints were gathered for the creation of both models. This is further discussed in §4.2. 

Medication prescription data included the name of the medication, date of admission and the originating 

ward. For regular nursing wards this could be gathered from the electronic prescription system. However, 

some departments which were included in this study were using a different information system in which no 

information about the medication orders was stored. For these departments medication admission data 

from the electronic patient records was used as a proxy for the prescription behaviour. 

Pharmacy assistants were observed during normal process execution on several occasions to determine 

which tasks were involved and to gather an appropriate duration of these tasks. Results of these 

observations were reviewed with a staff member and were refined by a second observation day. 

Additionally documents describing the tasks and the different roles in the process were available.  

Base model

• Check assumptions

• Construct model

• Verify the model

• Make pilot runs

• Check validity of model

Experimentation

• Design experiments

• Make production runs

• Analyze output data

Document results

• Document, present, and 
use results
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3 Related literature 
This chapter provides additional information from different fields which are relevant for this master thesis 

research. Literature on applicable guidelines to compounding drugs is discussed in the first section, 

followed by an overview of applications of evaluation models in a health care environment that are often 

discussed in literature. 

3.1 Hospital pharmacy compounding guidelines 
In the literature two main risks for medication errors were found: contamination of the prepared product 

and errors in the process of intravenous compounding (NVZA & V&VN, 2009). 

Recommendations to reduce the risk for contamination of the prepared product are given by the good 

manufacturing practice hospital pharmacy in chapter 3, known as GMP-Z3. These guidelines were published 

in 1996 and were completely revised in 2009-2011. Since 2007 the Dutch healthcare inspectorate has 

enforced the incorporation of these guidelines (NVZA, 2013). The GMP-Z3 describes three levels of 

protection to avoid contamination: limited, heightened, maximum protection (KNMP/NVZA, 1996). For 

example, a heightened protection level sets requirements for both the room, the knowledge of the 

personnel and the proceedings. 

A higher level of protection relates to a lower number of contaminations (Grafhorst, et al., 2001). The 

introduction of a Laminar Air Flow cabinet (LAF-cabinet) which, together with structured protocols for 

compounding, has proven to be able to reduce the rate of contamination from 40% to 8% or less (Uges, 

Mutsaers, & Wilms, 2005). 

The second risk is in the compounding process itself. More complex medicine, which require more 

preparation steps, leave more room for errors to be made. Because of the increasing complexity of care in 

academic hospitals these complex medicine are more common. Expertise of the pharmacists producing the 

medication helps prevent errors in the preparation. Research shows that most errors in preparation and 

administering drugs are made during the compounding of drugs, especially when this requires multiple 

steps (Taxis & Barber, 2003).  

As for the perishability of the drug, another guideline advises the preparation of a dose in a limited 

protected environment may be done up to eight hours in advance of administering the drug, which then 

may take up to twenty-four hours to be fully administered (NVZA & V&VN, 2009). While most drugs have a 

longer shelf life than eight hours there are some with a shelf life as short as one hour as will become clear 

in the case. 

Related research into the compounding process of hospital pharmacies is directed at inventory 

management like inventory and ordering policies for the raw production material (Vila-Parrish, Ivy, & King, 

2008) or to find out which products can be made in a make to stock fashion (Vidal, Sahin, Martelli, 

Berhoune, & Bonan, 2010). However, when to produce these items in a volatile environment is not 

explicitly discussed. 

3.2 Use of evaluation models in healthcare 
This section focuses on the use of evaluation models in healthcare that are known in the literature. In light 

of the operationalization of the effectiveness this section is limited to the use of simulation models and the 

use of optimization models in healthcare, since this correspondents with the two models which were 

created in this case. 
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3.2.1 Use of simulation models 
Simulation potentially improves cost, IT-alignment, decision support, training and quality and dealing with 

increasing complexity of patients and organization structures (Barjis, 2009). Since healthcare processes are 

regarded to be characterized by uncertainty and complexity, simulation is seen as the method of choice for 

modelling processes in a healthcare environment (Brailsford, 2007). 

In their survey of peer-reviewed literature between 1997 and 2006 Jahangirian et al. (2010) identify 3 types 

of simulation studies, see Table 2. The highest classification is a “type A” study where a real problem and 

real data were used to create a simulation model. However, of the included 281 studies in their survey only 

about five papers appear to be related to the healthcare sector. So while simulation has been applied 

widely in industry to evaluate effects in both production and administrative processes, there is currently 

not enough literature to prove that simulation is successfully used in the health care sector. 

Table 2: Overview of classification for simulation studies as presented by Jahangirian et al. (2010) 

Classification Real problem Real data 

Type A Yes Yes 

Type B Yes No 

Type C No No 

 

This seems to be consistent with other finding that there are a low number of successful implementations 

in healthcare outside academia, compared with manufacturing industry or defence (Brailsford, 2007; Barjis, 

2009).  

Barjis (2009) identifies several challenges in using and implementing simulation models in a healthcare 

environment. These are: difficulties in collecting real data, complexity in the workflow routing and the little 

attention given to conceptual modelling. 

Nonetheless, Buchanan (2003)  discusses an example of the use of simulation as a decision support tool in a 

pharmacy reengineering situation. In this case, simulation aided the decision for centralisation in order to 

show the impact of the drug dispensing comparing a centralized and a decentralized situation. Buchanan 

(2003) notes that simulation is sometimes not a good predictor of outcomes, but can help in the decision 

making process. Outcomes of the simulation model and measurements after implementation of the 

situation can differ because it is likely that some of the circumstances, out of the fixed set of circumstances 

on which the simulation model was build, have changed before the change is implemented. 

Brailsford (2007) discusses that generalizability could be a barrier to implementation of simulation models 

in practice. While models have to be developed in close co-operation with the practitioners to gain 

acceptance, this causes problems in the generalizability of the model because of the “not invented here 

syndrome”. Models are seen to be specific to the hospital they were developed for and not applicable to 

other cases. An example is the situation of having more than 1000 publications on simulation models for 

emergency departments, however, no general reference model has been developed yet (Brailsford, 2007). 

Again this is different from industry, where reference models are used as a generic blueprint of a process, 

of which specific situation is derived by configuration of the generic models. In example, models exists for 

banking, (e)-retailing, supply chain management and telecommunication processes (Fettke, Loos, & 

Zwicker, 2005; Aalst, Dreiling, Gottschalk, Rosemann, & Jansen-Vullers, 2005). 
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3.2.2 Use of analytical optimization models in healthcare 
Optimization models are used in decision making when there has to be a trade-off between different 

competing factors for a range of options. Optimization techniques can be applied in various areas of the 

healthcare sector like planning, management and logistics, healthcare practice and in specialised and 

preventive healthcare (Rais & Viana, 2010). 

For example, optimization models in healthcare are used for resource scheduling for increasing “capacity 

utilisation, cost control measures and improving tactical as well as operational efficiencies of services and 

facilities. Special attention has been given to nurse scheduling but several other issues have also been 

addressed.” (Rais & Viana, 2010, p. 8) 

So although optimization models are suitable in multiple areas in the healthcare sector, most of the usage 

is found in scheduling. 

3.2.3 Combinations of simulation and analytical models 
A few published studies were found during the literature research for writing the previous paragraphs. As 

described in the previous section, simulation studies in healthcare are limited. The subset of simulation 

studies in which this is combined with an optimization model is even smaller. Still, two case studies were 

identified as useful during the literature search executed in preparation for the assessment of the usage. 

The first case study combines simulation and goal programming in the planning of a medical assessment 

unit (Oddoye, Jones, Tamiz, & Schmidt, 2009). The second case is about blood platelet production and 

combines simulation and dynamic programming (Haijema, van der Wal, & van Dijk, 2007). In both cases the 

combination of simulation and optimization proved to be more successful than the use of the techniques 

separately. 
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4 AS-IS situation 
This chapter provides background information to the case and the current (AS-IS) situation of the process. 

Furthermore §4.3 contains information about the data gathered about the process from both the available 

information systems and gained by observing the process. 

4.1 Case background 
In 2008 an improvement project started in the MUMC+ referred to as the Feniks-project. This project 

concentrates on improving the quality of the preparation of intravenous medication by improving 

medication safety, quality improvement through specialization and to provide nurses with more time for 

the patient (Van der Plas & Goessens, 2010; MUMC+, 2010). 

In the current situation a pilot project has been successfully evaluated in which intravenous medication is 

compounded and prepared for admission at a central production unit. This production unit is built as a 

room with heightened protection according to the GIMP-Z3 regulations (KNMP/NVZA, 1996) as described in 

§3.1. Currently two independent production facilities are planned, one facility with one LAF-cabinets on the 

fifth floor of the hospital which was used for the pilot project, and building a second facility with three LAF-

cabinets on the third floor of the hospital.  

Five regular nursing wards participated in the pilot project. Two of these wards were composed of both 

medium care beds and low care beds which were treated as independent units. In total 154 beds were 

involved in the pilot project (Stuurgroep Feniks, 2011) which is about 22% from the 715 beds available in 

total (Maastricht UMC+, 2012). 

One of the long term goals of the project is to provide a centralized production service for intravenous 

medication 24-hours a day and seven days a week. The extension of this project is considered to be done in 

four phases, which are estimated to take three years to complete (Stuurgroep Feniks, 2011). These 

expansion plans will result in a higher demand for medication to be compounded in the production facility 

and the need to manage more different medication orders from different departments. Based on 

calculations by the project team the availability of five cabinets should be sufficient to provide a 24-hour 

service for the whole hospital. However, dealing with the expansion only by hiring more employees to 

operate the LAF-cabinets is an expensive option. Redesigning the process to become more efficient could 

help to deal with the increasing demand in a novel manner. 

4.2 Description of current process 
First the current process is described. This description is used as a basis for the redesign options and the 

creation of the evaluation models. This description was made using the available documentation, 

interviewing staff members and from observations of the process. The description was validated by a senior 

pharmacy assistant. 

The description focuses on the resources and their associated roles in the process. Next, data objects and 

their relation will be introduced. Finally, the two come together in the description of the tasks in the 

process. Figure 3 provides an overview of the current situation and the connection between the tasks, roles 

and data objects. The scope of the analysed process are all tasks which are directly involved with the 

production of a medication order. This is from the medication order until the storage of the medication 

dose. 
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Figure 3: Conceptual model of production process 
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An important factor in the production process are the predetermined distribution rounds, even though the 

delivery of orders is generally not performed by the production team. The medication is delivered at four 

distribution rounds which take place at set times during the day. The product delivery rounds are at the 

same time throughout the hospital, except for the intensive care units. For the nursing wards the product 

distribution rounds are at 7:30 am, 11:00 am, 4:00 pm and 10:00 pm each day.  

The moment on which the medication sub-orders are transported from the production unit to the wards is 

usually 15 minutes before the time of the distribution round, except for the distribution round at 7 o’clock, 

which is transported at 7:30 am. An overview of the distribution rounds and their delivery times is provided 

in Table 3. 

During the pilot the central production facility was located on one of the participating wards and available 

on work days from 6:30 am till 11:00 pm. This was sufficient to cover all the medication requests during 

weekdays as all distribution rounds are within this range. 

Table 3: Overview of distribution rounds and their delivery times 

Distribution round 7h 11h 16h 22h 

Delivery time 7:30 10:45 15:45 21:45 

 

4.2.1 Resources and roles 
There are both human resources and machinery required to produce medication orders. Human resources 

have a qualification and a specific role to which tasks are assigned. In this process all roles can be executed 

by pharmacy assistants working at the production location.  

These pharmacy assistants can have three different roles in the process: the role of planner, producer and 

assistant producer. In Figure 3 these roles are shown on the horizontal bar as names of the ‘swimming 

lanes’. There is one lane which has no label, which means that tasks in this lane can be executed by a 

resource with any role. 

The delivery and stock keeping is done by a clinical pharmaceutical employee (Dutch: “Klinisch 

Farmaceutisch medewerker”), but this is considered out of the scope for this description. 

The location is set up a to provide a heightened protection level, according to the GMP-Z3 protection levels 

(KNMP/NVZA, 1996). Among other things, it requires performing aseptic operations in a laminated airflow 

cabinet (LAF-cabinet) which is made sterile prior to production. This production unit is equipped with one 

LAF-cabinet. To operate the LAF-cabinet a producer and an assistant producer is required. When starting 

the production the producer has to prepare him/herself by to put on sterile gloves. In addition the 

producer is not supposed to move away from the LAF-cabinet because this heightens the risk for 

contamination. Therefore the assistant producer is required to: provide the producer with required 

materials, provide information on which product to produce and to take care of labelling and storing the 

produced products. 
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4.2.2 Data objects 

VTGM-list

-expirationDate : Date
-Chargenr : Integer
-storageContainer : Drug container

Admission sticker

-storageContainer : Drug container

Production protocol

EPS result

-StartTime : Date
-Schedule : Schedule
-Department : String

Medication order

-Name : String

Medication

-dueDate : Date
-zn : Boolean
-dosage : Integer
-CITO : Boolean

Sub-order

-hasParent1

-hasChild

1..*

**

Sticker set

1

1..*

1
..*

1

1..*

-calculation : Boolean
-shelfLife : Integer
-storage : Storage Condition

Batch Form

* 1

1
1

-name : Distribution Round Name
-deliveryTime : Date

Distibution Round

+1 = 7u
+2 = 11u
+3 = 16u
+4 = 22u

«enumeration»
Distribution Round Name

* 1

+1 = 1D
+2 = 2D
+3 = 3D
+(...) = (...)

«enumeration»
Schedule

+1 = Fridge
+2 = Room temperature

«enumeration»
Storage Condition

+1 = Injection
+2 = Perfusor
+3 = Infusion bag

«enumeration»
Drug container

-Name : String
-BirthDate : Date

Patient

1 *

*

1

Production Sticker1..*1

 

Figure 4: Data objects diagram (note: not all schedule possibilities are listed) 

The input for the process are medication orders given by physicians working at the different locations in the 

hospital. A medication order is for a specific medication for a specific patient. Furthermore the medication 

order has a start date and time and a schedule to determine exactly when what amount of medication 

should be administered. Both the medication order and the accompanying sub-orders are stored in tables 

in the electronic prescription system electronic prescription system (EPS, Dutch: “Elektronisch Voorschrijf 

Systeem”) 

Note that medication orders can be cancelled at any moment. This can have multiple causes, which are 

patient related, like: a change in the patient’s condition, an allergic reaction, transfer to a different ward or 

when the patient is discharged. Sometimes the medication order has a specific end date set, but this is only 

the case in a minority of the events. 

The sub-orders are for a specific combination of the admitting time of day and concentration of the 

medicine to a specific patient. The delivery of these orders has to be done before the due date is reached. 

Since medication is delivered at predetermined distribution rounds the due date is tied to a specific 

distribution round. Finally the suborders are represented in the process by production stickers. These 

contain the same information as the sub-order, but in a hard-copy form as shown in Figure 5. In practice 

these stickers are colour coded per ward, e.g., each nursing ward has its own colour to make distinguishing 

the prepared medication easy during delivery. 
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Figure 5: Example of a medication sub-order sticker 

Furthermore, the produced product should be labelled with another type of sticker describing the 

expiration date of the product, the name of the medication, the dosage of the medication and the name of 

the patient for which this product was produced. This sticker is required for identifying the finished product 

when admitting the drug to the patient, increasing admission safety. For each order sticker an admission 

label needs to be created in the process. 

The steps required for producing the requested medication are stored in production protocols. For each 

type of medication at least one protocol is available. Sometimes there are multiple protocols for different 

dosages of the medicine, or for different drug containers. There are three types of drug containers: in a 

syringe fit for inserting in a perfusor, in an infusion bag or as an injection (Figure 6). Note that not all 

medication can be produced in all three forms. 

   
 (1) (2) (3) 

Figure 6: Examples of packaging: (1) perfusor with syringe (Mattes, 2008), (2) infusion bag (Harmid, 2008) and (3) injection 
(Biggishben, 2006) 

 In the production process batches are formed. These are groups of sub-orders which have the same 

medication and dosage. Each batch is accompanied by a batch form, which contains the production stickers 

and the same number of admission stickers. On the batch from the shelf life of the produced product and 

storage condition are mentioned. Finally, a calculation has to be performed for some batch forms. 

The sub-orders are retrieved from the EPS-system by applying filters to the database the resulting 

information is processed in two ways: printed into production stickers in a sticker set, or printed as a 

tabular format to check for changes. This tabular format is called a VTGM-list (Dutch: “voor toediening 

gereed maken”; prepare for admittance), an example is shown in Figure 7. This list is grouped by patient 

and sorted by patient number. Changes in the VTGM-list are discovered by manually comparing subsequent 

lists. 

 

 

Name of medication 
Mode of admission 

Distribution round 

Dosage 
Patient’s name and 

 birth date 
Medication sub-order id 

Department 
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Figure 7: Example of VTGM-list with example patients 

4.2.3 Tasks and limits 
The roles of the resources and the data objects all come together in the tasks executed in the process of 

producing the medication. These tasks are also depicted in Figure 3. 

Tasks like inventory management and the development of protocols, which take place before orders are 

produced, are outside the scope of this project. The same goes for the delivery and admitting the 

medication at the nursing wards. Furthermore, tasks during the process like manually tallying the type and 

number of units and training activities are not modelled. 

4.2.3.1 Check for changes in the system 

Periodically the active medication orders in the EPS-system are checked. This means a copy of all sub-

orders which are expected to have to be delivered in a specific time window is retrieved from the EPS-

system. This result is than printed as a VTGM-list, or in both a VTGM-list and a sticker set containing the 

same sub-orders. 

The time window which is checked varies throughout the day. The filter option in the data request only 

allows for specific time settings. Both the start time and the duration of the time window can be set only in 

intervals of 3 hours. However, the planner can select the orders which need to be produced based on the 

admittance time. Since the planner selects orders based on what distribution round they need to be 

delivered in the time window can be simplified to be said to contain medication sub-orders belonging to a 

certain distribution round. 

The task of checking the EPS-system is done as follows. When medication sub-orders of a distribution round 

are first retrieved both a sticker set and a VTGM-list are created for each ward, containing all medication 

sub-orders for active medication orders. The sticker sets are used in the creation of the batches and to 

identify medication sub-orders in the process. The VTGM-lists at this point is printed for reference later on. 
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In order to notice changes in the process the VTGM-list is printed periodically and compared to the 

previous list to detect new or deleted medication sub-orders. The checking for changes in the current 

situation is done almost every hour. An overview of what is done when is found in Table 4. Each row in this 

table represents an execution of either printing the VTGM-list or printing both the sticker sets and the lists, 

and medication sub-orders are seen.  

After 3:00 pm medication sub-orders for the next day are also taken into production. Medication orders for 

the next day which have a long shelf life (LSL), meaning a shelf life of more than 24 hours, are produced if 

their preparation has been finished. However, medication sub-orders which have a short shelf life (SSL) can 

be prepared for production, but will only be produced the next day. This leads to the situation that on 

Friday products with a short shelf life will not be prepared, since the production facility is closed on the 

next day. 

Table 4: schedule for the selection of active medication sub-orders from the EPS-system. (LSL = only orders for medication with a 
long shelf life is selected) 

 Check changes in EPS schedule AS-IS 

 Time 
of day 

DR 7u DR 11u DR 16u DR 22u 

Print 
stickers and 
VTGM-lists 

6:30 x x   

9:00  x x x 

15:00  x (Friday LSL only) x (Friday LSL only)  x 

Print VTGM-
lists 

7:00 x x   

8:00  x   

10:00  x x  

11:00   x x 

12:00   x x 

13:00   x x 

14:00   x x 

16:00  x (Friday LSL only) x (Friday LSL only)  x 

17:00  x (Friday LSL only) x (Friday LSL only)  x 

18:00  x (Friday LSL only) x (Friday LSL only)  x 

19:00  x (Friday LSL only) x (Friday LSL only)  x 

20:00  x (Friday LSL only) x (Friday LSL only)  x 

21:00  x (Friday LSL only) x (Friday LSL only)  x 

22:00  x (Friday LSL only) x (Friday LSL only)   

 

4.2.3.2 Processing a sticker-set 

The use of sticker sets require some additional tasks in the process. In the form of surplus and irrelevant 

stickers. 

Since the query cannot be run on the right time periods there will be surplus stickers on the sticker sets. For 

example, retrieve all orders required to be produced for the distribution round of 7:00 am, the query to the 

database retrieves all orders which need to be delivered between 3:00 am and 12:00 pm (+9 hours). It is up 

to the planner to further filter the results for the timeframe which was intended which is between 6:30 am 

and 11:00 am, since the next distribution round is delivered at 11:00 am. 

Furthermore, the filter applied to the EPS-system is not able to accurately select only intravenous 

medication orders, which results in irrelevant stickers. For example, there can be stickers for oral 

medication which pass the filter but are mend to be produced by the production unit.  
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Stripping the sticker sets of these of surplus and irrelevant stickers is done by two persons (four-eyes-

principle) to lower the chance of missing stickers or group them in the wrong batch. However, this is 

requires the sticker sets to be printed twice. One set is processed by the planner who groups the remaining 

order stickers in an initial group to determine initial group sizes. 

The next step is to check for each of these initial groups if they can be merged with an existing group in the 

system, or, if that is not the case, a new group has to be created. In this process the initial group with the 

largest number of sub-orders is processed first. 

4.2.3.3 Processing a VTGM-list 

New orders can be added, or existing orders removed. On set times a new version of the VTGM-list is 

printed by the planner. Each time a new version is printed this version is checked against the previous 

version manually to note changes.  

If an addition is found the information about the patient is looked up in the computer system to be able to 

print the corresponding production stickers. Next step is to determine if this addition can be merged with 

an existing group in the system, or, if that is not the case, a new group has to be created. 

If a medication order is removed, all sub-orders are also removed. When a sub-order is removed which is 

believed to be in the process the planner tries to remove all sub-orders belonging to the medication order 

from the process, when they have not yet been produced. 

4.2.3.4 New batch from 

When it is determined that a new group should be formed a batch from is created by the planner. Groups, 

or batches, are represented by a batch form, which is printed on paper. Among other things a batch from 

contains, the protocol required to produce a batch. Both the production stickers and the admission labels 

are attached to a paper copy of the protocol, one for each medication sub-orders. The last step is to 

perform the calculation for the required amounts of material or to fill in blanks in the amounts used in the 

steps of the protocol. Whether this calculation has to be made depends on the protocol, some protocols 

can be customized to specific drug concentrations, and others are for a specific concentration. 

4.2.3.5 Prepare tray 

A production tray is prepared for each group of orders. The tray serves as a meant to hold the materials 

required for the production of the batch and to keep the group of sub-orders together after production. 

Usually the trays are prepared by the person who does strips the second sticker sheet of irrelevant and 

surplus stickers. They are then attached in groups to the site of the tray.  

4.2.3.6 Gather required materials 

If it is determined that a new group should be formed a batch from is created by the planner and a 

production tray is prepared by another employee. After these two tasks are completed the required 

material to produce the batch is taken from the storage, unwrapped and transferred to the tray. What 

material needs to be gathered depends on the batch. 

4.2.3.7 Releasing for production 

The shelf life has a role in when a batch can be produced. Products which have a short shelf life (<24 hours) 

are treated separately. The planner decides at the creation of the batch when each batch is released for 

production. In general these products are released for production an hour before the distribution round in 

which they need to be delivered. Products with long shelf life are ready for production as soon as the 

required material for the production is gathered. 
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4.2.3.8 Production run and post production 

When the required material is gathered and the batch is released for production it is possible to start the 

production of a series of batches. As mentioned before both the producer and the assistant producer have 

to operate the LAF-cabinet at the same time. The order of batches in the production queue after the 

release for production and in the series is to produce groups with the shortest due date first. If two groups 

have the same due date the medicine with shortest shelf life is produced last. 

The production of a series is a batch process in itself which requires set-up time to, among other things, 

prepare the LAF-cabinet for production and for the producer to put on sterile gloves. This preparation for 

the production of a series starts when: there are orders to be produced, there is a producer, an assistant 

producer and a production cabinet available. 

If during production new items are released for production these items are added to the series in progress. 

Only when there are no orders which can be produced directly, the production of a series is ended. 

The production of each batch consists of both tasks for the producer as for the assistant producer. The 

assistant producer unpacks the material required for the packaging of the batch, sterilises the material 

already present in the batch and transfers all items to the production cabinet. Only one batch can be 

produced in the production cabinet at any given time. The producer produces each medication item 

according to the medication protocol. When a medication item is produced it is packaged and removed 

from the cabinet by the assistant producer. Once an item is packaged, it is available for delivery. However, 

most medication is stored in a refrigerator or at room temperature before delivery.  

At the end of a production run each batch requires to be signed by the producer. The producer checks that 

what is written on the order matches with the products which were produced. The packaged items are 

stored in a cabinet or in a refrigerator until they need to be delivered 

4.2.3.9 CITO-request 

Orders can also enter the process as a priority order. This is called a CITO-order, where “cito” is Latin for 

quick or fast. A CITO-order starts when the planner is called a physician or nurse that a certain sub-order 

needs priority. These are orders which need to be produced within 15 minutes. After the handling of the 

call the planner will look up the order in the EPS-system and print a batch from and the required stickers 

just for the requested order. These orders are handled with priority. 

4.2.3.10 “If necessary” medication 

A large part of the medication orders contains sub-orders which are prescribed “if necessary”. This means 

the physician has already approved the medication order for a patient but it depends on the situation of 

the patient when to take the medication, if the medication is taken at all. 
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4.3 Data gathering 
The building of models to analyse the effect of the different situations requires data about the product 

demand from each of the departments which will play a role. In the following sections the process of 

estimating the demand for the regular wards and for the intensive care departments is described. Followed 

by information about the tasks, task durations and task-role restrictions in this process is provided. 

The distinction between arrival data analysis for the regular wards and for the intensive care units is made 

because the first set originates from the electronic prescription system (EPS-system), while the later set 

was retrieved from data on administered medication from the patient data management system (PDMS-

system) which is used by the intensive care units. 

4.3.1 Arrival data analysis for medication orders for regular wards 
Data about physician prescriptions for regular wards in 2011 was available in the electronic prescription 

system. This data is analysed for the 5 low care wards and 2 medium care wards which were connected in 

the pilot process: A5, B5, C5, VMC5, D5, A3 and VMA3. For each prescription the name of the medication, 

admission schedule frequency, the amount of medication to give per admission, the start date and end 

date of a medication order were retrieved.  

Historic data in the EPS-system from 2011 was used as a basis for this analysis. Several queries were 

performed to filter irrelevant medication orders. The impact of this is shown in Table 5. 

Data which is stored in the electronic prescription system is difficult to retrieve by pharmacy staff members 

because only one table can be filtered at one time. Only the information technology department can access 

the database using SQL-queries, enabling the combination of multiple tables to retrieve the required data.  

Currently only information about the production of medication was available which is gathered during the 

pilot process by manually tallying the produced items and later transfer this into a Microsoft Excel sheet. 

This situation was mend to be for the pilot process, however, these tasks are still continued while the 

process is further developed. 

Table 5: Impact of selection on the number of records for analysis 

Query #records 

in result 

Remarks Estimated order volume 

of result 

- 327,404 Original file (table “Medication History”) - 

1 240,006 Removing records with no department code, or a test code 2,943,201 

2 43,456 Filtering non parenteral drugs by administration code. 261,220 

3 16,284 Selection of departments in pilot project. 92,022 

4 10,615 Selecting 80% of the most produced drugs 73,782 

 

4.3.1.1 Arrival intensity of medication order in general 

For approximately 87% of orders an exact time for the start and the end of the medication order was 

known. With this information the number of medication orders started at each hour is calculated. This 

differs for each day of the week. 

4.3.1.2 A view on medication 

When a medication orders have different properties like the type of medication prescribed, when it should 

be admitted and in what dose, if it is a CITO-order and if it is a prescription for “if required”-medication. 

However, the admittance schedule and dosage of the order is strongly correlated with the type of medicine 

which is prescribed. While physicians are allowed (at least by the system) to input any combination of 

settings, medical guidelines and habits limit the range of options. Some medicine have one or two 
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dominant admission regimes, however, other medicine are more tailored to the situation of the patient and 

are admitted in a wide range of concentrations and schedules. 

From the data analysis it becomes clear that the day of the week seems to have little influence on what 

medication is prescribed, i.e., the distribution of medication orders across different medicine seems equal. 

However, when looking at the distribution of medication orders across medicine on the time of day this 

seems to vary from hour to hour. This is shown in Figure 9. 

 

 

Figure 8: Number of new medication orders during the day 

 

Figure 9: Distribution of the chance for an order to be of a specific medicine given the hour of the day. Each colour represents a 
specific medication name. 

4.3.1.3 Estimating the other attributes of medication order 

Medication orders have different properties like the type of medication prescribed, when it should be 

admitted, if it is a CITO-order and if it is a prescription for “if required”-medication. As mentioned in the 

previous paragraph, the other attributes of the medication order can be seen as a function of the 

prescribed medication. However, estimating combination of attributes for all types of medication poses 

some trouble. Even when filtered for empty or tests orders (query 1), relevant medication (query 2) and 

relevant departments (query 3) there is still a lot of variation in attributes of medication orders.  
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Several queries were used to filter irrelevant data from the medication history tables. The volume of a 

medication order is estimated by multiplying the duration of the order times the number of production 

orders per day. The number of production orders is given by the schedule codes, however these codes 

need to be converted to the number of admissions per day each code represents. The exact conversion can 

be found in Table X in the Appendix A. For this estimation it is assumed is that 10% of the prescribed “if 

required”-medication is also admitted. If all “if required” medication is admitted, this would account for 

approximately 28% of all sub-orders. The estimated volume of sub-orders shown in Table 3. 

The data with medication orders contains a lot of incidental prescriptions. This is due to the variability in 

patients requiring different medication. However, the main demand for medication consists of only a few 

medicine, for example, 80% of the total number of medication orders from the regular wards is formed by 

only 30 (=16%) of the medicine. 

Because there is no protocol for all of the 187 medicine in the data set a selection was made as follows. For 

each department the most use medicine was selected until 80% of the volume for that department was 

covered.  

Finally the durations of new medication orders is based on an empiric density distribution for each 

medicine. 

Table 6: Selected medication and properties 

Medication Schedule DR’s Shelf life 

Aciclovir 3D [7,16,22] 24 

Amoxicilline 2D [7,16] 8 

Benzylpenicilline-Na 4D [7,11,16,22] 24 

Bumetanide GEEN [11] 24 

Ceftazidim 3D [7,16,22] 24 

Ceftriaxon 2D [7,16] 24 

Ciclosporine 2D [7,16] 12 

Clindamycine 3D [7,16,22] 24 

Cotrimoxazol 3D [7,16,22] 6 

Esomeprazol 1D11 [11] 12 

Flucloxacilline 6DA [7,11,16,16,22,22] 24 

Granisetron ZN [7] 24 

Haloperidol 2DZN [7,16] 24 

Hydrocortison 3D [7,16,22] 8 

Insuline GEEN [11] 12 

Kaliumchloride GEEN [11] 24 

Magnesiumsulfaat 1D [7] 24 

Meropenem 3D [7,16,22] 24 

Metoclopramide 3DZN [7,16,22] 24 

Morfine 6DZN [7,11,16,16,22,22] 24 

Ondansetron 3ZN [7,16,22] 24 

Pantoprazol 2D [7,16] 24 

Piperacilline 3D [7,16,22] 24 

Piritramide 6DZN [7,11,16,16,22,22] 24 

Prednisolon 1D [7] 24 

Vancomycine 2D [7,16] 24 
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4.3.2 Arrival data analysis for medication orders for intensive care units 
Data gathering and analysis was difficult due to the absence of data on medication orders issued for the 

intensive care units.  

However, admission data over this period was available which contained the name of the medication, the 

time of admission and the amount of medication given. This admission data is logged by the nurses who 

admit the drugs to the patient. This data was used as a proxy for the prescription behaviour. 

Unfortunately, only printed daily overviews of patients admission data were archived at the pharmacy 

department. This data is also stored in the patient data management system (PDMS-system), but the 

pharmacy staff does not have (easy) access to this system.  

The extraction of the data by the information technology department proved to be labour-intensive, 

because of two main reasons. First, the system is set-up to provide per patient overviews of drug 

admissions and in order to get an overview of all admissions in a period the record for all patients seen 

during this period had to be combined. Second, the systems output was limited to only combine these 

overviews for a maximum of five patients at one time, which caused the need to manually combine the 

provided overviews. 

There are three intensive care units in the hospital. Because of workload and time constraints only part of 

the data from the three intensive care units could be extracted. To cope with this only the data of unit D3 

was retrieved, which was assumed to be similar in volume and patient mix to unit E3. Furthermore, data 

was extracted for a half of the patients from F3 which were randomly selected from each month. To correct 

for the volume, each admission from F3 is counted twice. This leads to the estimated number of medication 

admissions in 2011 as shown in Table 7.  

Table 7: Estimated number of medication admissions intensive care units 2011 

Department Type Annual estimate of 

drug admissions 

Per day Per day 

(8-22u) 

IC D3 Intensive care 28,203 154 48 

IC E3 Intensive care 28,203 154 48 

IC F3 Intensive care 44,052 223 87 

Total  100,458 275 182 

 

4.3.3 Task duration and roles 
During two observation days tasks were identified and for each tasks several measurements were taken by 

the researcher. Each task has at least 10 measurements, but this can be up to 60 for the smaller tasks which 

occur more frequently in the process. 

Production of a unit of medication was measured in steps. Each protocol could be broken down to a set of 

generic steps, which consisted of one or more production steps and one time duration for each type of 

drug container. Each protocol was defined as a series of these smaller tasks. The total production time for a 

single order of a specific mediation is the sum of all small tasks which make up the protocol belonging to 

the medication of the order. 

The duration for these small tasks are given in Table 8. Other tasks were identified and given a duration 

distribution as shown in Table 9. 
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Table 8: Duration of production steps  

    Time distribution (seconds) 

    Minimum Mode maximum 

Production step 

Extract from ampoule 5,73 16,5 64,64 

Dissolve (fast) 12,56 36,5 80,62 

Dissolve (slow) 21,51 45,5 169,62 

Complicated 34,67 70,5 290,68 

Drug container 

Injection 3,88 5,5 31,32 

Infusion bag 10,99 20,1 82,08 

Perfusor 22,65 30,0 40,74 

 

4.3.4 Resource planning 
In the current situation the planning consists of two shifts: a morning and an afternoon shift. The number 

of employees which are required to be in a shift is decided upon in advance as a strategic decision and 

known at least 1 month in advance for each day and shift combination. The morning shift runs from 6:30 

am until 3:00 pm, the afternoon shift from 2:30 pm until 11:00 pm and the evening shift runs from 10:30 

pm until 7:00 am the following day.  
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Table 9: overview of tasks, their duration and assigned role. (AP= assistant producer) 

Task Duration (minimum, maximum, mode)  Unit Role 

Check EPS: print order 

stickers twice 

7 minutes, 10 minutes, 8 minutes According to 

schedule 

Planner 

Sort and remove order 

stickers 

12 minutes, 20 minutes, 15 minutes Per set All 

Prepare production stickers 

on tray 

1e: 10 seconds, 30 seconds, 15 seconds 

2e: 1 second, 5 seconds, 3 seconds 

Per item All 

Create new batch form 1 minute, 3 minutes, 2 minutes Per batch Planner 

Add initial orders to 

existing group 

1 minute, 3 minutes, 2 minutes Per batch Planner 

Gather required materials 

for batch 

1 minute, 3 minutes, 2 minutes Per batch All 

Start-up time production 

run 

90 seconds, 3 minutes, 2 minutes Per production 

run 

Producer 

Take and check batch 10 seconds, 14 seconds, 12 seconds Per batch AP 

Prepare admission stickers 1e: 5 seconds, 15 seconds, 12 seconds 

2e: 1 second, 5 seconds, 2 seconds 

Per item AP 

Add extra material 6 seconds, 14 seconds, 7 seconds Per item AP 

Unwrap items in batch 1 second, 13 seconds, 6 seconds Per item AP 

Disinfect batch contents 2 seconds, 4 seconds, 3 seconds Per batch AP 

Transfer batch to cabinet 30 seconds, 1 minute, 40 seconds Per batch AP 

Produce items Depending on medication see Table 8. Per item Producer 

Wrap item 14 seconds, 35 seconds, 23 seconds Per item AP 

End production run 30 seconds, 90 seconds, 60 seconds Per production 

run 

Producer 

Paragraph produced batch 10 seconds, 35 seconds, 20 seconds Per batch Producer 

Store produced medication 

item 

1e: 10 seconds, 15 seconds, 13 seconds 

2e: 3 seconds, 7 seconds, 5 seconds 

Per item All 

Check EPS: print VTGM-

lists 

1 minute, 3 minutes, 2 minutes According to 

schedule 

Planner 

Check VTGM-list for 

changes 

10 minutes, 12 minutes, 10,5 minutes Per set of 

VTGM-lists 

All 

New order: search 

information 

30 seconds, 60 seconds, 50 seconds Per alteration Planner 

New order: print stickers 

twice 

2 minutes, 6 minutes, 5 minutes Per alteration Planner 
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5 Model design 
The current situation is modelled in two models to enable experimenting with different settings. In this 

chapter the building of the base model (first phase in guidelines Law (2007)) is described. First two 

important aspects of the simulation model are described. More information on the simulation model can 

be found in Appendix C. Furthermore a summary of the LP-model is provided. 

5.1 The simulation model 
The simulation model was constructed in CPN-tools according to the process description and was verified in 

a separate meeting with pharmacy staff. 

The result of the pilot runs was found to differ with the perspective of the pharmacy management. To solve 

this disagreement a meeting with a staff member of the production facility and a staff member of the 

pharmacy was scheduled to discuss the assumptions of the model. Additionally an extra observation day 

was scheduled to discover possible missing important tasks. This led to revision of the previous steps and 

eventually resulted in an adapted simulation model. 

The simulation model is divided into two main parts: the Feniks process and the environment for the 

process. The Feniks process produces the medication sub-orders retrieved from the electronic prescription 

system (EPS). The environment consists of the arrival of medication orders, which provide the schedule for 

the sub-orders, the modelling of the electronic prescription system and the delivery and admission of 

orders. An overview can be found in Figure 10. 

The delivery and admission is not explicitly in the scope of this model, but is required to model to some 

extent since the delivery takes place on several predetermined moments during the day in distribution 

rounds. Since medication orders can be cancelled at any time, the sub-order is only to be counted as on-

time when the parent medication order is still active at the time of the distribution round. 

The difficulty for the simulation model was in modelling the arrival pattern and EPS-system properly. Other 

parts of the model are described in Appendix C. 

 

Figure 10: Schematic overview of main elements in the simulation model and the division between the environment and the 
interaction of the production process with the environment. 
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5.1.1 Modelling the arrival of medication orders 

 

Figure 11: Generating arrival of medication orders 

As can be seen from the data collection the intensity of the arrival process varied over time. This arrival 

process is modelled using the thinning algorithm from an example by Law (2007). A normal Poisson arrival 

process is modelled with λmax, which is the maximum intensity over time, in this case the maximum number 

of arrivals during one hour from all the hours in a week. This potential arrival is then accepted with 

probability depending on the hour of the week. This probability is the average number of arrivals in that 

hour of the week divided by λmax. Thus the closer the value for this hour is to the λmax the more likely it is 

that an order will be accepted. This probability is modelled with the acceptArrival() function, which 

returns true or false with the appropriate probability for the hour of the week. 

Once it is determined an accepted arrival has arrived the new medication order has to be generated. This is 

done by executing the newMO(id) function, which only requires an attribute to uniquely identify the 

medication order later in the process. The characteristics of a medication order depends mainly on the type 

of medication. To generate a medication order first a type of medication is drawn with a probability 

function depending on the hour of the day. From that point the other characteristics are assigned, see Code 

segment 1. 

Once the type of medication is known the other characteristics like the duration and the schedule are 

determined. The duration is drawn from an empiric distribution which characteristics are based on the 

information about medication order durations which was available for that type of medicine. To achieve 

this the function drawMedDur(med_value) is used. In this model only one schedule is associated with a 

type of medication, which is copied from the medication value. 

Code segment 1: the creation of a new medication order 

fun newMO(id:INT):MO = 

let 

 val med_value =  drawMedication(dayHour()) 

 val dur = drawMedDur(med_value) 

 val schedule = #sched med_value 

in 

 {id=id,med=med_value,duration=dur,schedule=schedule} 

end; 

5.1.2 Modelling the EPS-system 

There has to be some kind of conversion between the medication orders which are active and the sub-

orders to create. When a new medication order arrives a number of sub-orders is created. Since the end 

time of the order is not explicitly known in the system it is not clear how many orders should be created. 

This problem is solved by setting a horizon for which the sub-orders are created. Since the production is 
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never for more than 24 hours ahead a safe value for the horizon is chosen to be two days. Each day new 

sub-orders for one more day are added to the horizon, so the maximum outlook never falls below 1 day. 

At the initial sub-order creation the medication order is stored in a timed queue using the technique 

described by van der Aalst, Stahl and Westergaard (2012) for embedding time stamps in tokens. The delay 

which is given is the duration of the medication order. Once the medication order is available, the id of the 

medication order is added to the removed medication orders list and any available sub-orders are removed 

from the EPS-system. 

 

Figure 12: Moddeling the possible transitions which occur for the EPS-system 
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5.2 The LP-model 
The development of the optimization problem was to solve the question of what minimum number of 

employees is required to satisfy the capacity schedule. The minimal required capacity is an input to the 

problem which will require a table like Table 10 to be filled out. 

Table 10: Minimal resource requirement in AS-IS situation 

 Week 1 Week 2 Week 3 Week 4 

shift M T W T F S S M T W T F S S M T W T F S S M T W T F S S 

M 3 3 3 3 3 0 0 3 3 3 3 3 0 0 3 3 3 3 3 0 0 3 3 3 3 3 0 0 

A 3 3 3 3 3 0 0 3 3 3 3 3 0 0 3 3 3 3 3 0 0 3 3 3 3 3 0 0 

E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 

The whole planning has to be within the rules and regulations for employees, which are summarized in the 

next statements: 

 An employee does not have more than 1 shift on a day. 

 There is a forward rotating schedule, i.e., an employee can only work in a shift when the 

employee has not worked an earlier shift the day before. 

 An employee has at most 3 afternoon or night shifts in a row. 

 An employee can only work whole weekends (Saturday and Sunday in a weekend). 

 An employee works at most two weekends every 4 weeks. 

 An employee works at most 18 days every 4 weeks. 

 An employee works at most 5 days in a row. 

Before the constraints can be converted into a mathematical constraint in the LP-problem some notation 

needs to be defined. Three sets were defined: 

S := set of shifts = {M, A, E} (Morning, Afternoon, Evening) 

T := set of days = {mo1,tu1,we1,th1,fr1,sa1,su1,mo2,tu2,we2,th2, … , su4} 

E := set of employees = {1,2,3,4,…,e} 

In this problem the parameters and the decision variable are defined as follows: 

Bt,s := required number of employees for shift s on day t. 

Ct,s := Cost of having one person in shift s on day t 

Xe,t,s := Boolean if an employee e works at shift s on day t. 

This leads to the goal function and the objective of the LP-model, which is to minimize the total employee 

cost. 

𝑚𝑖𝑛 ∑ ∑ ∑ 𝑋𝑒,𝑡,𝑠𝐶𝑡,𝑠
𝑠𝜖𝑆𝑡𝜖𝑇𝑒𝜖𝐸

 

Each of the planning restrictions is translated to a mathematical formula. 

 Have the base capacity 

∑ 𝑋𝑒,𝑡,𝑠
𝑒𝜖𝐸

≥ 𝐵𝑡,𝑠     ∀𝑡, 𝑠 
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 Maximum of 1 shift per day 

∑ ∑ 𝑋𝑒,𝑡,𝑠
𝑡𝜖𝑇𝑠𝜖𝑆

≤ 1     ∀𝑒 

 The schedule must be a forward rotating schedule. This means an employee may work in a shift 

when it has no shift the day before or no shift which is earlier than the considered shift. 

𝑋𝑒,𝑡,"𝑀" ≤ 1 − (𝑋𝑒,𝑡−1,"𝐴" + 𝑋𝑤,𝑡−1,"𝐸")     ∀𝐸, 𝑡 

𝑋𝑒,𝑡,"𝐴" ≤ 1 − 𝑋𝑒,𝑡−1,"𝐸"     ∀𝑒, 𝑡 

 An employee has at most three afternoon or evening shifts in a row. 

𝑋𝑒,𝑡,"𝐴" ≤ 4 − (𝑋𝑒,𝑡−1,"𝐴" + 𝑋𝑒,𝑡−2,"𝐴" + 𝑋𝑒,𝑡−3,"𝐴")     ∀𝑒, 𝑡 

𝑋𝑒,𝑡,"𝐸" ≤ 4 − (𝑋𝑤,𝑡−1,"𝐸" + 𝑋𝑤,𝑡−2,"𝐸" + 𝑋𝑤,𝑡−3,"𝐸")     ∀𝑒, 𝑡 

 An employee may work at most two weekends out of four weeks. 

∑ ∑ 𝑋𝑒,𝑡,𝑠
𝑠𝜖𝑆𝑡𝜖{𝑧𝑎1,𝑧𝑎2,𝑧𝑎3,𝑧𝑎4}

≤ 2     ∀𝑒 

∑ ∑ 𝑋𝑒,𝑡,𝑠
𝑠𝜖𝑆𝑡𝜖{𝑧𝑜1,𝑧𝑜2,𝑧𝑜3,𝑧𝑜4}

≤ 2     ∀𝑒 

 An employee works at most 18 days every 4 weeks 

∑ ∑ 𝑋𝑒,𝑡,𝑠
𝑠𝜖𝑆𝑡𝜖𝑇

≤ 18     ∀𝑒 

 An employee works at most 5 days in a row. 

∑ 𝑋𝑒,𝑡,𝑠 + 𝑋𝑒,𝑡+1,𝑠 + 𝑋𝑒,𝑡+2,𝑠+𝑋𝑒,𝑡+3,𝑠 + 𝑋𝑒,𝑡+4,𝑠 + 𝑋𝑒,𝑡+5,𝑠
𝑠𝜖𝑆

≤ 5     ∀𝑒, 𝑡 

 

His mathematical problem was implemented in AIMMS, which is a system to process different optimization 

problems. The use of this software above the solver in Microsoft Excel was required due to the large 

number of decision making variables and constraints when implemented in an Excel sheet. More 

information about how this was formulated in AIMMS lanuage can be found in Appendix D. 
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6 Results 
The relation between the situation, models and the outcomes is depicted in Figure 13. This provides a 

logical sequence in which a situation is evaluated in both models to obtain the quantitative outcome. The 

models are isolated from each other, however they are based on the same situation.  

 

Figure 13: Relationship between the situations, the models and the outcomes 

6.1 Operationalization of Efficiency 
In collaboration with three members of the Feniks project team relevant factors were determined which 

are used to judge the scenarios defined during the workshops in which redesign options were discussed. A 

high level of efficiency is associated with providing a reasonable service while minimizing the number of 

employees required to provide this service. 

The quality of the service is defined as the number of orders produced on time. A high percentage of orders 

produced on time is associated with a good quality of service. While a good quality of service also involves 

producing the right volume and concentration of drugs and this is guaranteed expertise of the pharmacy 

assistants in the central production unit and by compulsory checks. 

Second part of efficiency is to minimize the number of employees required to provide the service. This 

lowering of the employees is constrained by the amount of time an employee can work. This is determined 

by both labour laws, which limit the availability of the employee, as by the amount of work a resource can 

do when available. The second will be measured in the evaluation by the utilisation of a resource. 

The following sub-questions were formulated to each serve as an input for further models and to measure 

the efficiency of the pharmacy production: 

 What is the effect of the different production scenario on the percentage of production produced 
in time? 

 What is the effect of the different scenario on the utilization of the resources? 

 What is the minimal hired number of pharmacy assistants for the satisfying capacity schedule in 
each scenario? 
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6.2 Development of evaluation models 
To be able to evaluate the alternative situations quantitatively a choice for an appropriate evaluation 

model, or multiple models, has to be made. These models are also described in chapter 5. 

6.2.1 Choice for specific evaluation model(s) 
For each of the outcomes to the defined sub questions as defined in paragraph 6.1 an appropriate 

evaluation method must be selected. Two different approaches are chosen in order to derive an answer to 

all the 3 questions for each situation. 

The first and second questions are often of interest in a multi-product single machine scheduling problem. 

These types of problems can be classified in three dimensions (Winands, Adan, & van Houtum, 2011): the 

presence of setup times, customized of standardize products and a stochastic or deterministic 

environment. In this framework the Feniks case can be regarded as complex since customized products are 

made with relevant setup times in a stochastic environment. Moreover uncertainty and variability are key 

characteristics of healthcare processes and therefore require a stochastic approach (Brailsford, 2007). 

While Winands, et al. (2011) describe a technique for dealing with these complex problems called SELSP, 

products are made in a make-to-stock fashion. An important part of compounding intravenous medication 

is the high degree and customization and shelf life constraints which make a make-to-order strategy a more 

practical choice. 

Mathematical analytical methods can answer the same questions in less complex cases, however, the 

production line resembles a flow shop where there can be many different products requiring different 

treatments. The complexity of the processes could cause analytical methods to be not applicable to a flow 

shop like environment (Silver, Pyke, & Peterson, 1998). Another reason for choosing simulation is approach 

which allows interaction between the modeller and the stakeholders in the process, as noted by Brailsford 

(2007). This interaction could be useful in the future usage of the created models especially when searching 

for process improvements in the business process redesign sessions. 

The third question resembles an optimization problem, which can be answered using an analytical 

approach by developing a linear program in which the labour laws are implemented as constraints. 

6.2.2  AS-IS simulation model testing and outcome 
To determine the warm-up length a time series was made with the settings from the AS-IS situation. The 

conclusion for both figures are that the averages soon pick up to a level which is around the grand average 

the remainder of the graph seems to centre around. Since the arrival pattern is cyclical with a period of 7 

days, this time period is also chosen as warm-up time for the simulation. 

Table 11: outcomes of AS-IS situation 

Utilisation % on time Minimal 

number of 

employees Producer 

Assistant 

Producer Planner LAF-cabinet 

avg. std. avg. std. avg. std. avg. std. avg. std. 

72,96% 17,95% 48,86% 10,80% 65,56% 5,70% 53,23% 21,31% 44,17% 9,30% 7 
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6.3 Improvement options from workshops  
Workshops were organized for the discovery of alternative process configurations. First the outcome of the 

workshop is discussed, followed by how these new situations can be modelled in the processes. 

6.3.1 Workshop meeting results 
In the first workshop session a list with suggestions for improvement directions was provided to the 

participants to stimulate creative thinking. The list with improvements contained examples from the best 

practises of Reijers and Mansar (2005) and redesign principles by Chai, Zhang and Tan (2005) and on how 

these suggestions could be translated to this particular process. This list can be found in appendix A. The 

participants were asked to prepare suggestions for improvement for the next workshop session in one 

week to be able to discuss them. 

In the second workshop redesign options were discussed. Each of the suggestions in the appendix A were 

discussed, as well as suggestions by the pharmacists. At this time the development of the simulation and 

optimization model was underway and an overview of these models was provided. 

The third workshop session lead to the selection of the following suggestions: 
- Change the production heuristic. 
- Automation of some of the tasks of the planner. 

Only the automation of tasks is named as a best practise by Reijers and Mansar (2005). The different 

production heuristics were suggested by pharmacists during the workshop. 

Furthermore, these suggestions will be evaluated with changes in the process which were already planned. 

These changes are thee expansion to the intensive care units and producing in the weekends. Overall, the 

evaluated situations can be characterized on several dimensions:  

1. Departments. A decision is required about which departments can be connected to the centralized 

production facility. When the intensive care units are included the different distribution rounds 

must be adapted to have 4 or 8 distribution rounds during a day. 

2. Service hours. Different decisions can be made on when the service of producing drugs is available. 

In the pilot situation the service was only available during work days between 6:30 am and 11:00 

pm. However, the regular wards requested the expansion of this service to the weekends. An 

intermediate step is considered where the service will also be available on weekend days from 6:30 

am until 3:00 pm. 

3. Personnel planning restrictions. Personnel restrictions have not been changed, since these are 

derived from laws and the collective labour agreement.  

4. Production heuristic. Two different heuristics were discussed during the workshop. The first is to 

produce all orders which are known at one time irrespective of the distribution round they are due 

for. This is called “produce in advance” and can only be done with the products which have a long 

shelf life (>24 hours). Another option is to only start production for the next distribution round 

when the previous distribution round has been delivered. This is called “produce per distribution 

round”. 

5. Automation. Experimentation with automating (a part of) the tasks of the planner has shown 

during the pilot runs that there could be an option to work without a planner when the filtering and 

sorting system works perfect. Other tasks can also be executed by the remaining pharmacy 

assistants.  
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Figure 14: Overview of situation settings 

From the workshops two scenarios which focused on the internal process were selected for further 

analysis. The first redesign of the process is to change the production heuristic from production in advance 

to production per distribution round. 

The second redesign was the automation of a part of the planning process. This considers the effect on the 

process when the stickers could be filtered and grouped automatically, which is modelled by removing the 

task duration and resource requirement for the automated tasks. 

Other situations will be also evaluated, but these were already part of the project expansion planning. The 

first expansion phase of the project is to extend the existing pilot situation in two ways: 

- The first extension is the inclusion of intensive care units during the production hours in the pilot 
situation by building a second independent production location on the third floor near the intensive 
care units. 

- To improve the service to the wards participating in the pilot project, the second extension consists of 
making the service available for a part of the weekend. The service will be extended to cover 6:30 am 
till 3:00 pm on Saturdays and Sundays. 

An overview of the different situations with their respective combinations of values for each of the 

dimensions can be found in Table 12.  

Situation

External

1. Departments

Regular wards
(4 distribution 

rounds)

IC-units
(8 distribution 

rounds)

2. Service  hours

Workdays 6:30 am -
11:00 pm

Workdays + 
weekend (6:30 am -

3:00 pm)

3. Personnel 
planning restrictions

General labour laws 
and collective 

agreement

Internal process

4. Production 
heuristic

Produce in advance

Produce per 
distribution round

5. Automation

No automation

Automate planning; 
no planner
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Table 12: Overview of evaluated situations 

Situation 

External dimensions Internal dimensions 

Source Departments Service hours 

Personnel 

planning 

restrictions 

Production 

heuristic Automation 

AS-IS Regular wards Workdays 

Labour laws 

and collective 

labour 

agreement 

Produce in 

advance 
No automation - 

REG.1 

Regular wards 
Workdays + 

weekend 

Produce in 

advance 

No automation 

Expansion plan 

REG.2 

Produce per 

distribution 

round 

Workshops 

REG.3a Produce in 

advance 

Automate 

planning 
Workshop 

REG.3b no planner Pilot runs 

REG.4a 
Produce per 

distribution 

round 

Automate 

planning 
Expansion plan 

REG.3b no planner Pilot runs 

IC.1 

IC-units Workdays 

Produce in 

advance 

No automation Workshops 

IC.2 

Produce per 

distribution 

round 

IC.3 
Produce in 

advance Automate 

planning; no 

planner 

Workshop/ Pilot 

runs 
IC.4 

Produce per 

distribution 

round 

 

6.3.2 Implementing alternative situations in evaluation models 
The alternative situations have to be evaluated in the models. To represent each situation the models are 

changed. What is changed for what situation is described in the following paragraphs. 

6.3.2.1 Modify process for arrival data from IC-units 

The simulation model had to be adapted to handle the input data for the intensive care units. Since there is 

no data from the IC-units on the medication orders given by the physicians, admission data was used. The 

consequence of this was that it was not known when a specific medication sub-order was known in the 

EPS-system, or when a potential order is discontinued. Therefore it is assumed all orders for a specific 

distribution round are available 5 hours before the delivery of the distribution round, and no orders are 

removed. 

The IC unit has different distribution rounds which are delivered at different times of the day, to which the 

delivery times have to be adapted, as shown in Table 13. 

Table 13: Overview of distribution rounds and their delivery times for the IC-units 

Distribution 
round 

8u 10u 12u 14u 16u 18u 20u 22u 

Delivery time 7:45 9:45 11:45 13:45 15:45 17:45 19:45 21:45 

 

The environment is adapted to include a new generator. The IC-generator page consists of a number of 

small generators which each generate orders for a different distribution round (Figure 16). 2 hours before 
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the delivery time of the distribution rounds these generators create the accumulated orders which are then 

placed in the EPS-system in which they serve as an input for the production process. 

The generator is slightly adapted to include a place which keeps the setting of the lambda for that 

distribution round so it can be reused, see Figure 17. On the specified time the accepted arrivals will be 

turned into arrivals with data. 

 

Figure 15: close up of the environment process, where the EPS-system is replaced by a generator for the IC-units 

 

 

Figure 16: adapted environment process for intensive care units 

 

Figure 17: modified version of the arrival generator 

Finally, also the checking of the EPS changes. First of all, there is no ‘EPS’ which is checked at the intensive 

care departments, however in this situation the checking still regulates what orders are entering the system 

at what moment. The schedule is extended for the extra distribution rounds, as shown in Table 14. 
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Table 14: Schedule for checking the ‘EPS’ for the intensive care units 

 Check changes in EPS schedule IC.1 and IC.3 

 Time of 
day 

DR 
8u 

DR 
10u 

DR 
12u 

DR 
14u 

DR 
16u 

DR 
18u 

DR 
20u 

DR 
22u 

Print 
stickers and 
VTGM-lists 

6:30 x x       

9:00  x x x x    

15:00     x x x x 

Print VTGM-
lists 

7:00 x x       

8:00  x       

10:00   x x x    

11:00   x x x    

12:00    x x    

13:00    x x    

14:00     x x x x 

16:00      x x x 

17:00      x x x 

18:00       x x 

19:00       x x 

20:00        x 

21:00        x 

 

6.3.2.2 Include weekdays 

The expansion to the weekend required adaptation in the schedules. The checking of the EPS-system now 

also has to occur on Saturday and Sunday. Furthermore there should be resources in the process at 

Saturday and Sunday.  

Table 15: Schedule for checking the EPS in expansion to weekdays (REG.1). (LSL= long shelf life) 

 Check changes in EPS schedule REG.1 and REG.3 

 Time of day DR 7u DR 11u DR 16u DR 22u 

Print 
stickers and 
VTGM-lists 

Weekday 

6:30 x x   

9:00  x x x 

15:00  x x   x 

Weekend 
day 

6:30 x x   

9:00   x x (LSL only) x (LSL only) 

13:00 x    

Print VTGM-
lists 

Weekday 

7:00 x x   

8:00  x   

10:00   x x  

11:00   x x 

12:00    x x 

13:00    x x 

14:00    x x 

16:00  x x  x 

17:00  x x  x 

18:00  x x  x 

19:00  x x  x 

20:00  x x  x 

21:00  x x  x 
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 Check changes in EPS schedule REG.1 and REG.3 

 Time of day DR 7u DR 11u DR 16u DR 22u 

22:00  x x   

Weekend 
day 

7:00 x x   

8:00  x   

10:00   x x (LSL only) x (LSL only) 

11:00   x (LSL only) x (LSL only) 

12:00    x (LSL only) x (LSL only) 

13:00    x (LSL only) x (LSL only) 

 

6.3.2.3 Change production heuristic 

A change in the production heuristic also leads to a change in the schedule for which the EPS is checked, 

since this check controls what sub-orders are used as input for the production unit. 

Table 16: Schedule for production per distribution round 

 Check changes in EPS schedule REG.2 and REG.4 

 Time of day DR 7u DR 11u DR 16u DR 22u 

Print 
stickers and 
VTGM-lists 

Weekday 

6:30 x    

7:30  x   

11:00   x  

16:00    x 

22:00  x    

Weekend 
day 

6:30 x    

7:30  x   

11:00   x (LSL only)  

Print VTGM-
lists 

Weekday 

7:00 x    

9:00  x   

10:00  x   

12:00   x  

13:00   x  

14:00   x  

15:00   x  

17:00    x 

18:00    x 

19:00    x 

20:00    x 

21:00    x 

Weekend 
day 

7:00 x    

9:00  x   

10:00  x   

12:00   x (LSL only)  

13:00   x (LSL only)  

14:00   x (LSL only)  

 

 

Table 15: Schedule for checking the EPS in expansion to weekdays (REG.1). (LSL= long shelf life) (continued) 
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6.3.2.4 Automate planner 

In the situation where some tasks are performed by the information system the durations are set to zero. 

However, still a resource is required to be idle for a moment to press the button, or request the 

information.  

From the pilot runs it became clear that a process in which there was no specific planner could be a viable 

scenario. Because requesting the information becomes less labour intensive the task does not have to be 

executed by a specific planner who has much of the knowledge of what is being planned in his or her head. 

The changes to the properties of the transitions are given in Table 17. These changes were implemented in 

two steps: first the adaptation of the task durations (REG.3a and REG.4a) followed by an adaptation of the 

task roles (REG.3b and REG.4b) 

Table 17: Changes to tasks properties to automate the tasks of the planner. Changed valued in bold italics. 

Task Duration (minimum, maximum, mode)  Unit Role 

Check EPS: print order 
stickers twice 

automated According to 
schedule 

System 

Sort and remove order 
stickers 

automated Per set System 

Create new batch form 1 minute, 3 minutes, 2 minutes Per batch All 

Check EPS: print VTGM-
lists 

automated According to 
schedule 

All 

Check VTGM-list for 
changes 

automated Per set of 
VTGM-lists 

All 

New order: search 
information 

30 seconds, 60 seconds, 50 seconds Per 
alteration 

All 

New order: print stickers 
twice 

2 minutes, 6 minutes, 5 minutes Per 
alteration 

All 
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6.4 Outcome of redesign scenarios 
In this section the outcome of the models will be discussed. The extended outcome of the models per 

situation can be found in Appendix E. 

To determine the warm-up length a time series was made with the settings from the AS-IS situation. The 

conclusion for both figures are that the averages soon pick up to a level which is around the grand average 

the remainder of the graph seems to centre around. Since the arrival pattern is cyclical with a period of 7 

days, this time period is also chosen as warm-up time for the simulation. 

6.4.1 Outcomes for regular wards 
Table 18: Summary overview of the results from the simulation and LP-problem for the regular wards 

Sit. Utilisation % on time Minimal 

number of 

employees Producer 

Assistant 

producer Planner LAF-cabinet 

avg. std. avg. std. avg. std. avg. std. avg. std. 

AS-IS 72,96% 17,95% 48,86% 10,80% 65,56% 5,70% 53,23% 21,31% 44,17% 9,30% 7 

REG.1 52,62% 2,01% 28,24% 2,40% 45,29% 2,10% 44,25% 1,73% 60,94% 1,65% 9 

REG.2 54,04% 2,42% 21,12% 1,52% 36,53% 1,41% 41,66% 1,81% 44,48% 3,43% 9 

REG.3a 55,39% 1,97% 25,15% 1,78% 34,02% 1,86% 46,70% 1,44% 61,38% 1,56% 9 

REG.3b 56,60% 0,80% 39,46% 2,10% - - 37,05% 1,00% 51,33% 3,64% 6 

REG.4a 57,23% 2,24% 17,18% 1,47% 23,99% 1,59% 43,86% 1,60% 51,42% 1,82% 9 

REG.4b 58,94% 1,31% 27,96% 2,30% - - 37,47% 0,72% 39,57% 3,86% 6 

 

On the whole the switch to working in the weekends seems to have the effect of the utilisation going down 

while the percentage on time goes up. The percentage on time going up is largely due to preparations for 

Monday can take place on Sunday taking the pressure a bit off the Monday mornings. 

The decision to produce per distribution round (REG.2 and REG.4) results in a little higher workload overall, 

however, it does seem to have a neutral effect on the percentage of on time delivered sub-orders.  

The automation has led to a lower workload of the planner as was expected (REG.3a and REG.4a). The 

automated situation seems to have a slightly better rating in producing orders on time, however this is too 

close to be significant. The drop in workload is especially high when comparing the AS-IS (or REG.1) 

situation to REG.4a, the workload is almost half. 

However, removing the planner completely from the process lowers the percentage of the orders delivered 

on time. From REG.3a to REG.3b the percentage on time drops with 16% while from REG.4a to REG.4b the 

drop is about 23%. All while the workload of the assistant producer and the producer do not become 

extremely high. The cause for this lies in the fact that the LAF-cabinet has to be operated by two pharmacy 

assistants who then are unable to do preparation activities. 

When calculating schedules for extending the opening hours to include the mornings of the weekends, at 

least 9 full time employees are required. When there could be one less pharmacy assistant, because the 

work of the planner handling the stickers can be performed by the computer, there is only a minimum of 6 

full time employees required.  
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6.4.2 Outcomes for Intensive care units 
Since the situations involving the intensive care units are modelled in a different simulation model these 

outcomes cannot be compared directly with the outcomes for the regular wards. Because of the 

simplification that all orders are known 5 hours in advance of the distribution round makes it easier to 

produce the orders and to be on time (see §6.3.2 for more information on how this was implemented). 

However, production strategies can still be compared to each other.  

Table 19: Summary overview of the results from the simulation and LP-problem for the intensive care units 

Sit. Utilisation % on time Minimal 

number of 

employees Producer 

Assistant 

producer Planner LAF-cabinet 

avg. std. avg. std. avg. std. avg. std. avg. std. 

IC.1 30.20% 0.34% 28.79% 0.34% 25.28% 0.34% 28.28% 0.34% 90.52% 2.27% 17 

IC.2 37.55% 0.52% 36.65% 0.65% 36.45% 0.17% 30.30% 0.23% 89.00% 2.46% 17 

IC.3 30.78% 0.34% 29.04% 0.31% 13.61% 0.25% 27.43% 0.39% 93.40% 2.26% 12 

IC.4 35.37% 0.30% 33.92% 0.73% 15.98% 0.16% 29.94% 0.30% 93.65% 1.97% 12 

 

Producing items per distribution round (IC.2 and IC.4) takes more time of the producer and the assistant 

producer. Since change in utilisation of the LAF-cabinet this can be seen as more work needs to be done in 

preparing groups. 

Automation results in a lower workload for the planner (as was expected) and in a higher percentage of 

medication which is delivered on time. However, these numbers may not be accurate because of the 

assumption for orders for the distribution rounds to be known in advance. This causes the percentage on 

time to be very high, even without a planner, because there are no updates which have to be prepared, 

unlike the situations for the regular wards. Furthermore, there are no cancelling of medication orders 

causing further inaccuracy. 

Nonetheless, in these scenarios the planner is also far less busy in the automated situation (IC.3 and IC.4) 

than in the non-automated situations (IC.1 and IC.2) 
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7 Conclusions 
In this final chapter the conclusions are presented. First the three sub questions will be answered. This is 

followed by a discussion of the results leading to suggestions for further research. 

7.1 Defining efficiency 
The driver behind the drive for efficiency is to minimize the costs of labour and the cost of wasted 

medication. This translated to the percentage of orders being delivered on time and the search for the 

lowest number of employees required to satisfy the labour schedule. 

The selected operationalization of efficiency provides a clear time perspective with the percentage of 

medication produced on time and cost perspective with the number of employees employed. The 

utilisation rate restriction can be seen as representing a quality information under the assumption that with 

lower utilisation employees suffer less from mistakes of fatigue. However, there is not a clear view on 

which direction is most important to improve, and thereby to increase efficiency. 

7.2 Searching for opportunities 
During the workshop meetings several suggestions were presented from literature on how to improve the 

current process. From the discussion five aspects were proposed to be changed, focusing both on external 

decisions and on the internal structure of the process. In this project the external aspects were of 

importance because of the strategy to expand the project. 

From the best practises only automation was selected as possibly applicable to the process. Another 

solution of producing medication per distribution round was also tested. 

7.3 Evaluating the impact of changes on the system 
In this thesis a number of redesign scenarios were evaluated using a simulation model to evaluate the 

effect on the lateness of the orders, the workload of the employees and the minimum amount of 

employees required to be able to build a feasible work schedule. 

Two types of evaluation models were used: simulation and linear programming to provide a quantitative 

answer on these dimensions for each redesign situation. The gathering and analysis of the data which had 

to be gathered to serve as an input to the simulation models proved difficult. This included both 

information about the medication orders issued by physicians as well as defining the tasks and durations in 

the model.  

From the results can be concluded that automation some of the tasks for the planner this has, as expected, 

a positive impact on the workload of planer, without affecting the percentage of orders delivered on time. 

Also the workload for the other roles benefit from this change since they now are required to redundantly 

check the work of the planner.  

Because of the restrictions on the planning of the resources, needing one pharmacy assistant more or less 

during a shift has a large influence on the number of full time employees to hire. However, removing the 

planner as a whole from the process is unbeneficial to the percentage of medication which is delivered in 

time. Without the planner the producer and the assistant producer have to choose between either 

checking for changes and preparing groups for production, or, producing order groups in the LAF-cabinet. 

Which is difficult since both actions have to be performed right before the delivery of a distribution round.  

7.4 Discussion of results 
Efficiency is in this case defined in three different aspects explicitly covering the time and cost dimensions 

on the devils quadrangle. However, this definition does not capture the flexibility and quality dimension 

directly, which can pose future problems when only evaluating the effects of timeliness and costs. 
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In the organized discussions with staff members the suggestions for business process redesign from the 

literature were not all found applicable. Still variations were proposed on different aspects of the process, 

both on external aspects as demand and opening hours, as well as on internal aspects as when to schedule 

production and automation of tasks. 

For evaluating the outcomes for efficiency in the different situations a simulation model and optimization 

model was used. 

Evaluating the different situations using simulation and optimization was more difficult task taking into 

account the complex situation next to the perishability of a part of the inventory. Examples are the 

fluctuating arrival intensity, repeated orders with unknown due date and various combinations of 

medication and schedules, scheduled tasks and order cancellation. In addition there was no data available 

for medication orders at the intensive care departments, requiring further assumptions which make the 

outcome of the simulation model very unreliable.  

Another observed problem was that the evaluation models are perceived as too technical to directly be 

used by hospital management. For the perti-net model in particular the control-flow of a process is hard to 

separate from the goods/order/case flow of the process. This proved to be a barrier in communicating 

about the model, which is crucial to the validation process. 

The use of CPN-Tools as a simulation package has both drawbacks and advantages. The advantage of CPN-

Tools is that the model can reflect the encountered complex situations because the petri net language is 

not domain specific. However, the drawback is that there is no standard library of building blocks and the 

whole process has to be constructed from scratch. This can lead to re-inventing the wheel, also for more 

general parts of the model as the generation of arrivals and the use of scheduled tasks and resources. 

Because of the large amount of possible orders and the limited time and data simplifications had to be 

made which caused not every combination of medication, duration, dosage, type of packaging and 

preferences could be incorporated. Furthermore, comparing the intensive care units to the regular wards 

proved to be difficult since the models arrival process had to be rigorously adapted for this and data on the 

prescribed medication orders was not stored. To provide a solution more assumptions had to be made for 

the arrival process, diminishing the credibility and representability of the model representing these 

scenarios.  

7.5 Recommendations 
To the hospital it can be important to define what directions for improvements in terms of quality, 

timeliness, flexibility and costs are important to improve upon. With that in mind, other redesign directions 

can be found using the best practices. To provide clear process indicators for measuring the process 

efficiency, possibly comparing statistics like spillage and timeliness of delivery of emergency orders among 

hospitals, to help determine which direction needs improvement. 

For further process improvements, or other decision making situation, further analyses could be performed 

on the data stored in the electronic prescription system. However, a method for the pharmacy staff to 

effectively retrieve data from the  electronic prescription system (EPS-system) is currently lacking. 

Moreover, for the intensive care units only printed overviews per patient are available from the patient 

data management system (PDMS-system). A solution to this could be to grant read-only access to the 

system which is currently used by the information systems department, which contains the possibility to 

build structured query’s in Microsoft SQL server. Another solution is to outsource this data gathering and 

analysis to the information technology department, and integrate this with other process improvement 

projects. 
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 During this project some questions  Providing some of the staff members of the pharmacy department 

with read-only rights to the data stored in the electronic prescription system in a way that information from 

tables can be combined has a potential to improve the pharmacy process by analysing this. Another 

solution could be to  

Furthermore, based on the evaluated scenario’s, the largest efficiency gain seems to lie in providing the 

pharmacy assistants in the process with a tool to retrieve new medication sub-orders from the process and 

to receive an update when a medication order is no longer active instead of manually comparing lists. This 

could also lead to a more effective way of producing medication in advance.  

7.6 Future research 

Suggest research directed at combining the understand ability of business process diagrams with the 

possibility for simulation to evaluate those. Adapting the created models can be time consuming since 

these models can be very complex, making it both difficult for process owners to understand the models 

and to change and reuse the models to reflect the new situation when the expansion of the Feniks project 

is in the next phase. 

Furthermore, since other hospitals could benefit from this initiative a reference model may be created to 

aid the development of similar process structures elsewhere and to embed the best practices which are 

already learned. 

Another option would be to build a standard library for common constructs as variable inputs and 

scheduled tasks for CPN-Tools like available in other simulation software packages. 
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9 Appendices 

Appendix A – Overview of selected redesign heuristics 

Reduce contact moments 
To reduce the number of interactions with customers and other third parties.  

 Incoming bed lists 

 Incoming calls for emergency orders which are not in the EPS-system 

Order types 
If required, create new process flow for tasks related to the same types of orders. 

Task elimination 
Eliminate unnecessary tasks from the business process.  

 Only check VTGM-list on predetermined the ‘right’ times. 

Triage 
Consider to divide a task into two or more alternative tasks or consider to merge to or more alternative 

tasks to a larger tasks. 

 Divide incoming orders in different groups based on the degree of complexity of the production 

process for that kind of orders. 

Parallelisation 
Consider if tasks can be executed in parallel. 

Exceptional situations 
Design the company process for common orders and isolate the exceptional orders  

 CITO-orders 

 Less frequent medication orders  frequent medication orders 

Flexible assignment 
Assign tasks first to employees with the smallest number of tasks they may execute. In this way the 

employees who are able to perform more tasks can be used flexible at later stages. 

 Incorporate clinical pharmaceutical employees in addition the pharmacy assistants. 

Shared responsibility 
Avoid shared responsibility between employees from different departments. 

 Checking the medication order for the patient is now being done outside of the production facility, 

however if an order is erroneous the item should not be produced.  

Customer groups 
Consider to create teams from different departments who together execute the whole process for a 

specific group of orders. 

 Specific group of orders for children 

 Working in teams consisting of a planner, producer and assistant 
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Case manager 
Appoint a single person to be responsible for each (type of) order. This is the case manager.  

 A single contact person for questions of the customers 

Extra resources 
Add extra resources if there is too little capacity.  

 Where in the process should these resources be added?  

Specialist-generalist 
Consider to have more specialized employees or more general employees. 

 clinical pharmaceutical employees and pharmacy assistants 

 Pharmacy assistants specialized in certain types of medication 

Add control task 
Check the completeness and correctness of the raw materials and check the delivery before it is shipped to 

the customer. 

 Check if mediation order is valid (tasks of pharmacy assistants within the pharmacy) 

 Check if medication order is still active before producing. 

Task automation 
Consider the automation of tasks 

 Automatically check for new changes in the prescription system  

 Automatically group and plan known sub orders 

Integrate technologies 
Remove constraint on the business process by applying new technology 

 Production robot 

Interfacing 
Consider to standardize communication between customers and third parties.  

 A single point of entry: the electronic prescription system 

Segmentation 
Divide an object or system in independent segments  

 Divide medication orders based on familiarity with the production protocol, department or the 

degree of complexity for production. 

Preventive counter measures  
Take preventive counter measures to deal with both good and bad effects.  

 Actions to deal with the volatility of medication orders 

Preventive actions 
Transform an object or system before this is required in the process (either partially or as a whole). 

 Create sets to produce a certain type of medication beforehand during the low hours. 



55 
 

Feedback 
Keep and use customer feedback 

 Keep a record of why produced medication is returned, and what counter measures can be taken. 
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Appendix B – Arrival data analysis regular wards 
This analysis started out with a copy of the historic medication orders (table id 52009) from the electronic 

prescription system (EPS) in of the MUMC+ in Maastricht. The copy includes all medication orders which 

were started in 2011. Since this is a historic log table, medication orders are only included when they not 

have been cancelled before the start date of the order. 

The first analysis is done using Microsoft Access. A database program was required because just the 

information in the historic medication orders table has to be combined with other tables to get meaningful 

results. Three tables were added to the Access database: a table containing the translation from 

department numbers to the department name, a table containing information about the article numbers of 

the medication and a table containing the translation of the admission schedule codes to how many orders 

this need to be produced in which distribution round. 

Table 20: Overview of tables derived from EPS database and other sources 

Attribute Value  

Table Medication history Departments Article numbers Admission 

schedules 

#records 327,404 317 6,129 102 

#columns 22 3 52 2 

Source EPS-system EPS-system Excel file EPS-system 

 

Select relevant data 
Several queries were used to filter irrelevant data from the medication history tables. 

Table 21: Impact of selection on the number of records for analysis 

Query #records 

in result 

Remarks Estimated order volume 

of result 

- 327,404 Original file (table “Medication History”) - 

1 240,006 Removing records with no department code, or a test code 2,943,201 

2 43,456 Filtering non parenteral drugs by administration code. 261,220 

3 16,284 Selection of departments in pilot project. 92,022 

4 10,615 Selecting 80% of the most produced drugs 73,782 

 

Patterns in arrival 
With the results from the third query patterns in the arrival of medication orders are determined. The 

number of medication orders started per day varied highly over the day as can be seen in Figure 18. A 

weekly pattern was expected. As can be observed from Figure 19, the fluctuations among weeks are more 

or less stable. Finally, the day of the week has a big influence on the number of started medication orders 

as can be observed from Figure 20. 

For approximately 87% of orders an exact time for the start and the end of the medication order was 

known. With this information a more precise arrival pattern emerges for each day. Figure 8 shows a double 

peak for the weekdays and a single peek in the morning for the weekend days. This results in an estimated 

number of arriving medication orders for each hour on each weekday.
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Figure 18: Pattern of the sum of medication orders started per day in 2011 (for all regular wards) 

 

Figure 19: Pattern of the sum of medication orders started per week in 2011 (for all regular wards) 
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Figure 20: Pattern of the amount of medication orders started per weekday in 2011 (for all regular wards) 

 

Figure 21: Number of new medication orders during the day 
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Figure 22: Distribution of the chance for an order to be of a specific medicine given the day of the week 

 

Figure 23: Distribution of the chance for an order to be of a specific medicine given the hour of the day 
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Reducing complexity of order combinations 
After selecting only the relevant medication orders, with the correct mode of admission and for the 

relevant departments, there were still many combinations left. There were 187 unique medication names, 

73 different admission schedules and 117 dosages. Even if every medication order for the same medication 

had the same dosage, which was not the case, all possible combinations were about 13,500. Since there are 

only 16,284 medication orders observed it seemed unlikely that for every combination enough 

observations could be made to reliably construct the likeliness of this unique combination. Instead it was 

chosen to test the efficiency of the production unit using the most common produced medication. To select 

the most common produced mediation this had to be estimated. 

Estimating medication volume 
The volume of a medication order is estimated by multiplying the duration of the order times the number 

of production orders per day. The number of production orders is given by the schedule codes, however 

these codes need to be converted to the number of admissions per day each code represents. 

Table 22: Translation between schedule codes and distribution rounds 

Code Timeslots Weights per distribution round 

7 11 16 22 Tot Zn 

7u 

Zn 

11u 

Zn 

16u 

Zn 

22u 

Tot 

zn 

none 

12D  0:00  2:00  4:00  

6:00  8:00 10:00 

12:00 14:00 16:00 

18:00 20:00 22:00 

2 2 3 2 9 0 0 0 0 0 0 

1D  7:00 1 0 0 0 1 0 0 0 0 0 0 

1D0  0:00 0 0 0 1 1 0 0 0 0 0 0 

1D10 10:00 1 0 0 0 1 0 0 0 0 0 0 

1D11 11:00 0 1 0 0 1 0 0 0 0 0 0 

1D12 12:00 0 1 0 0 1 0 0 0 0 0 0 

1D13 13:00 0 1 0 0 1 0 0 0 0 0 0 

1D14 14:00 0 1 0 0 1 0 0 0 0 0 0 

1D15 15:00 0 1 0 0 1 0 0 0 0 0 0 

1D16 16:00 0 0 1 0 1 0 0 0 0 0 0 

1D17 17:00 0 0 1 0 1 0 0 0 0 0 0 

1D18 18:00 0 0 1 0 1 0 0 0 0 0 0 

1D19 19:00 0 0 1 0 1 0 0 0 0 0 0 

1D1ZN  7:00 zn 1 0 0 0 1 1 0 0 0 0 0 

1D2  2:00 0 0 0 1 1 0 0 0 0 0 0 

1D20 20:00 0 0 1 0 1 0 0 0 0 0 0 

1D21 21:00 0 0 1 0 1 0 0 0 0 0 0 

1D22 22:00 0 0 0 1 1 0 0 0 0 0 0 

1D23 23:00 0 0 0 1 1 0 0 0 0 0 0 

1D2ZN  7:00 zn zn 1 0 0 0 1 1 0 1 0 2 0 

1D3ZN  7:00 zn zn zn 1 0 0 0 1 1 0 1 1 3 0 

1D7  7:00 1 0 0 0 1 0 0 0 0 0 0 

1D8  8:00 1 0 0 0 1 0 0 0 0 0 0 

1D9  9:00 1 0 0 0 1 0 0 0 0 0 0 

1DZN zn 0 0 0 0 0 1 0 0 0 1 0 

24D  0:00  1:00  2:00  

3:00  4:00  5:00  

6:00  7:00  8:00  

9:00 10:00 11:00 

12:00 

4 5 7 8 24 0 0 0 0 0 0 

2D  7:00 16:00 1 0 1 0 2 0 0 0 0 0 0 

2D012  0:00 12:00 0 1 0 1 2 0 0 0 0 0 0 

2D1022 10:00 22:00 1 0 0 1 2 0 0 0 0 0 0 
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Code Timeslots Weights per distribution round 

7 11 16 22 Tot Zn 

7u 

Zn 

11u 

Zn 

16u 

Zn 

22u 

Tot 

zn 

none 

2D1122 11:00 22:00 0 1 0 1 2 0 0 0 0 0 0 

2D1123 11:00 23:00 0 1 0 1 2 0 0 0 0 0 0 

2D1ZN  7:00 16:00 zn 1 0 1 0 2 1 0 0 0 1 0 

2D214  2:00 14:00 0 1 0 1 2 0 0 0 0 0 0 

2D2ZN  7:00 16:00 zn zn 1 0 1 0 2 1 0 1 0 2 0 

2D3ZN  7:00 16:00 zn zn zn 1 0 1 0 2 1 0 1 1 3 0 

2D416  4:00 16:00 0 0 1 1 2 0 0 0 0 0 0 

2D4ZN  7:00 16:00 zn zn zn 

zn 

1 0 1 0 2 1 1 1 1 4 0 

2D517  5:00 17:00 0 0 1 1 2 0 0 0 0 0 0 

2D618  6:00 18:00 0 0 1 1 2 0 0 0 0 0 0 

2D720  7:00 20:00  1 0 1 0 2 0 0 0 0 0 0 

2D722  7:00 22:00 1 0 0 1 2 0 0 0 0 0 0 

2D812  8:00 12:00 1 1 0 0 2 0 0 0 0 0 0 

2D817  8:00 17:00 1 0 1 0 2 0 0 0 0 0 0 

2D820  8:00 20:00 1 0 1 0 2 0 0 0 0 0 0 

2D921  9:00 21:00 1 0 1 0 2 0 0 0 0 0 0 

2DIVB2  8:00 20:00 1 0 1 0 2 0 0 0 0 0 0 

2DOB2  8:00 20:00 1 0 1 0 2 0 0 0 0 0 0 

2DZN zn zn 0 0 0 0 0 1 0 1 0 2 0 

2ZN zn zn 0 0 0 0 0 1 0 1 0 2 0 

3D  7:00 16:00 22:00 1 0 1 1 3 0 0 0 0 0 0 

3D111622 11:00 16:00 22:00 0 1 1 1 3 0 0 0 0 0 0 

3D1ZN  7:00 16:00 22:00 zn 1 0 1 1 3 1 0 0 0 1 0 

3D2ZN  7:00 16:00 22:00 zn 

zn 

1 0 1 1 3 1 0 1 0 2 0 

3D3ZN  7:00 16:00 22:00 zn 

zn zn 

1 0 1 1 3 1 0 1 1 3 0 

3D71116  7:00 11:00 16:00 1 1 1 0 3 0 0 0 0 0 0 

3D71624  0:00 7:00 16:00 1 0 1 1 3 0 0 0 0 0 0 

3D81217  8:00 12:00 17:00 1 1 1 0 3 0 0 0 0 0 0 

3D81420  8:00 14:00 20:00 1 1 1 0 3 0 0 0 0 0 0 

3D81624  0:00  8:00 16:00 1 0 1 1 3 0 0 0 0 0 0 

3DIVB2  0:00  8:00 16:00 1 0 1 1 3 0 0 0 0 0 0 

3DOB2  8:00 14:00 20:00 1 1 1 0 3 0 0 0 0 0 0 

3DZN zn zn zn 0 0 0 0 0 1 0 1 1 3 0 

3ZN zn zn zn 0 0 0 0 0 1 0 1 1 3 0 

4D  7:00 11:00 16:00 

22:00 

1 1 1 1 4 0 0 0 0 0 0 

4D1ZN  7:00 11:00 16:00 

22:00 zn 

1 1 1 1 4 1 0 0 0 1 0 

4D281420  2:00  8:00 14:00 

20:00 

1 1 1 1 4 0 0 0 0 0 0 

4D2ZN  7:00 11:00 16:00 

22:00 zn zn 

1 1 1 1 4 1 0 1 0 2 0 

4D4101622  4:00 10:00 16:00 

22:00 

1 0 1 2 4 0 0 0 0 0 0 

4D4111622  4:00 11:00 16:00 

22:00 

0 1 1 2 4 0 0 0 0 0 0 

4D4ZN  7:00 11:00 16:00 

22:00 zn zn zn zn 

1 1 1 1 4 1 1 1 1 4 0 

4D5111723  5:00 11:00 17:00 

23:00 

0 1 1 2 4 0 0 0 0 0 0 

4D6121824  0:00  6:00 12:00 

18:00 

0 1 1 2 4 0 0 0 0 0 0 
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Code Timeslots Weights per distribution round 

7 11 16 22 Tot Zn 

7u 

Zn 

11u 

Zn 

16u 

Zn 

22u 

Tot 

zn 

none 

4D7111624  0:00  7:00 11:00 

16:00  

1 1 1 1 4 0 0 0 0 0 0 

4D7121622  7:00 12:00 16:00 

22:00  

1 1 1 1 4 0 0 0 0 0 0 

4D8121620  8:00 12:00 16:00 

20:00 

1 1 1 1 4 0 0 0 0 0 0 

4DIVB2  2:00  8:00 14:00 

20:00 

1 1 1 1 4 0 0 0 0 0 0 

4DOB2  8:00 12:00 16:00 

20:00 

1 1 2 0 4 0 0 0 0 0 0 

4DZN zn zn zn zn 0 0 0 0 0 1 1 1 1 4 0 

4ZN zn zn zn zn 0 0 0 0 0 1 1 1 1 4 0 

5D  6:00 10:00 14:00 

18:00 22:00 

1 1 1 2 5 0 0 0 0 0 0 

5DZN zn zn zn zn zn 0 0 0 0 0 1 1 1 2 5 0 

5ZN zn zn zn zn zn 0 0 0 0 0 1 1 1 2 5 0 

6D  0:00  4:00  7:00 

11:00 16:00 20:00 

1 1 2 2 6 0 0 0 0 0 0 

6D2610141822  2:00  6:00 10:00 

14:00 18:00 22:00 

1 1 1 3 6 0 0 0 0 0 0 

6D2ZN  0:00  4:00  7:00 

11:00 16:00 20:00 

zn zn 

1 1 2 2 6 1 0 1 0 2 0 

6D4812162024  0:00  4:00  8:00 

12:00 16:00 20:00 

1 1 2 2 6 0 0 0 0 0 0 

6DA  0:00  4:00  7:00 

11:00 16:00 22:00 

1 1 2 2 6 0 0 0 0 0 0 

6DZN zn zn zn zn zn zn 0 0 0 0 0 1 1 2 2 6 0 

6ZN zn zn zn zn zn zn 0 0 0 0 0 1 1 2 2 6 0 

7D  5:00  8:00 11:00 

14:00 17:00 20:00 

23:00 

1 2 2 2 7 0 0 0 0 0 0 

7DZN zn zn zn zn zn zn zn 0 0 0 0 0 1 2 2 2 6 0 

8D  0:00  4:00  7:00 

10:00 13:00 16:00 

19:00 22:00 

2 1 2 3 8 0 0 0 0 0 0 

8DZN zn zn zn zn zn zn zn 

zn 

0 0 0 0 0 2 1 2 3 8 0 

8ZN zn zn zn zn zn zn zn 

zn 

0 0 0 0 0 2 1 2 3 8 0 

9D  2:00  5:00  8:00 

10:30 13:00 15:30 

18:00 20:30 23:00 

2 2 2 3 9 0 0 0 0 0 0 

9DZN zn zn zn zn zn zn zn 

zn zn 

0 0 0 0 0 2 2 2 3 9 0 

DUMMY zn 0 0 0 0 0 0 0 0 0 0 0 

FOUT1  8:00 20:00 1 0 1 0 2 0 0 0 0 0 0 

FOUT2  2:00  6:00 10:00 

14:00 18:00 22:00 

1 1 1 3 6 0 0 0 0 0 0 

FOUT3  7:00 1 0 0 0 1 0 0 0 0 0 0 

GEEN vlg 

afspr/continu/ogv 

spiegel/vlg 

schema/vlg anaest. 

0 0 0 0 0 0 0 0 0 0 1 

ZN zn  0 0 0  1 0 0 0 0 0 
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An estimate for the order volume is done as follows. First the duration of each order was calculated as the 

difference between the start and the stop time. 14 medication orders were removed in this process, 

because the stop time was smaller than the start time. Next, each schedule gets a value for the each of the 

distribution rounds. All values are shown in Table 22. A difference had to be made between certain 

admissions and possible admissions in the prescribed schedule. The second group is optional medication 

which will be called in during the day, but generally with enough time for preparation. This group is 

indicated by the prefix “zn” which is in turn an abbreviation for the Dutch “zo nodig” meaning “If 

necessary”. Finally a category is reserved for mediation orders which have no predefined admission plan, or 

a customized admission plan. These will be treated separately. 

In practice the percentage of “If necessary” medication which is actually currently produced is estimated to 

be very low according to the production staff, probably less than 10 per day. The formula to estimate the 

number of sub-orders is: 

 

𝑁𝑜𝑟𝑑𝑒𝑟𝑠 = 𝑀𝑂𝑙𝑒𝑛𝑔ℎ𝑡(1 ∙ [Total weight normal orders] + 0.1 ∙ [total weight 'if necessary' medication]

+ 1 ∙ [none]) 

 

Reducing medication variation 
The data with medication orders contains a lot of incidental prescriptions. This is due to the variability in 

patients requiring different medication. However, the main demand for medication consists of only a few 

medicine, for example, 80% of the total number of medication orders from the regular wards is formed by 

only 30 (=16%) of the medicine. 

Because there is no protocol for all of the 187 medicine in the data set a selection was made as follows. For 

each department the most use medicine was selected until 80% of the volume for that department was 

covered. The resulting selection is shown in Table 23. The percentage in the cell represents the percentage 

of medication orders for that medication for the department. The sum for each department is above 80% 

with 57 (=27%) types of medicine selected. Table 23 shows which medication is produced most at which 

department. This is used as the basis of query 4 in Table 5. 

Table 23: Volume of prescribed medication per department, only if medication is required for minimal one department it is 
displayed in this table. The number is the estimated volume in 2011. (“-“ denotes this medicine was never prescribed in 2011, 
“*” denotes this medicine is not required for the 80% coverage)  

Medicine VEA3 VEA5 VEB5 VEC5 VED5 VMA3 VMC5 

Aciclovir - 504,40 * - * - * 

Albumine * * 298,73 * * * * 

Amoxicilline * - 427,79 812,04 * * - 

Amoxicilline/ 

clavulaanzuur 

3864,91 2890,48 5285,57 1385,80 3441,96 773,89 327,89 

Benzylpenicilline-Na - 1009,03 - - - - - 

Bumetanide 253,27 - - - 461,60 85,09 - 

Ceftazidim 158,65 * * 156,09 328,10 68,44 123,22 

Ceftriaxon * - - 202,62 - - - 

Ciclosporine - 555,80 - - * - - 

Clindamycine 154,52 * 377,48 - 318,14 125,64 * 

Cotrimoxazol * * * - * 58,85 * 

Esomeprazol 212,67 622,95 357,04 - 273,38 * 113,70 

Flucloxacilline 348,73 463,68 2303,90 * 2249,73 66,04 87,10 
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Medicine VEA3 VEA5 VEB5 VEC5 VED5 VMA3 VMC5 

Granisetron * 648,13 * - - - - 

Haloperidol - - - - - 196,03 - 

Hydrocortison - - 561,17 - 460,43 * - 

Insuline 477,63 397,01 1865,06 1628,45 611,67 96,88 102,06 

Kaliumchloride 575,08 4224,17 1103,31 685,74 649,59 95,59 940,69 

Magnesiumsulfaat * 396,46 - - - - - 

Meropenem 168,94 944,12 - - 307,22 101,43 * 

Metoclopramide - 486,09 - 210,76 - - 408,09 

Morfine 366,22 1021,53 * 211,90 265,13 * 90,38 

Ondansetron * * * 232,90 519,24 * 120,01 

Pantoprazol - * 444,40 - 536,21 - - 

Piperacilline * * * * * 74,78 * 

Piperacilline/ 

tazobactam 

1622,94 4817,54 1181,43 280,59 1238,85 292,05 102,39 

Piritramide 527,51 - 406,35 982,39 3598,05 * 989,95 

Prednisolon 179,12 823,60 - * * - * 

Vancomycine * 519,33 * 142,16 * * * 

Total selected volume 8.910,19 20.324,32 14.612,23 6.931,44 15.259,30 2.034,71 3.405,48 

Selected volume as 

percentage of 

department’s total 

volume 

80,63% 80,31% 80,61% 80,98% 80,24% 81,55% 80,18% 

Reducing schedule variation 
Each medication order has a code determining the schedule. In the dataset multiple codes are used. For the 

purpose of this model the schedule code which was most used is selected. Now, as far the production is 

concerned, the important information in the schedule is how many orders for which distribution round 

should be produces. By reducing the schedule codes to a list of production rounds this becomes usable in 

the simulation environment. Not that some codes have the same result when looking at the distribution 

rounds.  

Dealing with duration patterns 
The duration of medication orders depends on the type of medication provided, of which the probability 

density function is shown in Figure 24. 

Each of the selected medications have an empiric density distribution for the duration of the medication 

order. This empiric distribution has a value for every three hours up to seven days. The chance for a 

medication order to be active for more than seven days is very small. 
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Table 24: Selected medication and properties 

Medication Schedule DR’s Expiration 

Aciclovir 3D [7,16,22] 24 

Amoxicilline 2D [7,16] 8 

Benzylpenicilline-Na 4D [7,11,16,22] 24 

Bumetanide GEEN [11] 24 

Ceftazidim 3D [7,16,22] 24 

Ceftriaxon 2D [7,16] 24 

Ciclosporine 2D [7,16] 12 

Clindamycine 3D [7,16,22] 24 

Cotrimoxazol 3D [7,16,22] 6 

Esomeprazol 1D11 [11] 12 

Flucloxacilline 6DA [7,11,16,16,22,22] 24 

Granisetron ZN [7] 24 

Haloperidol 2DZN [7,16] 24 

Hydrocortison 3D [7,16,22] 8 

Insuline GEEN [11] 12 

Kaliumchloride GEEN [11] 24 

Magnesiumsulfaat 1D [7] 24 

Meropenem 3D [7,16,22] 24 

Metoclopramide 3DZN [7,16,22] 24 

Morfine 6DZN [7,11,16,16,22,22] 24 

Ondansetron 3ZN [7,16,22] 24 

Pantoprazol 2D [7,16] 24 

Piperacilline 3D [7,16,22] 24 

Piritramide 6DZN [7,11,16,16,22,22] 24 

Prednisolon 1D [7] 24 

Vancomycine 2D [7,16] 24 

 

 

Figure 24: Distribution of duration per medication type 
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Appendix C – Description of the CPN-model 
From the process description a simulation model was created. The CPN model was created using “CPN 

Tools”1 version 3.4.0. CPN-tools are a software package in which coloured petri nets with time and 

hierarchy extensions can be designed and simulated. In the model the main modelling direction is from top 

to bottom and from left to right, however this was not possible in all aspects. This section begins an 

overview of the model and the modelling of some more general concepts. This is followed by detailed 

description of how several aspects were implemented in the model. 

General overview 
The simulation model is divided into two main parts: the Feniks process and the environment for the 

process. The Feniks process produces the medication sub-orders retrieved from the electronic prescription 

system (EPS). The environment consists of the arrival of medication orders, which provide the schedule for 

the sub-orders, the modelling of the electronic prescription system and the delivery and admission of 

orders. An overview can be found in Figure 10. 

The delivery and admission is not explicitly in the scope of this model, but is required to model to some 

extent since the delivery takes place on several predetermined moments during the day in distribution 

rounds. Since medication orders can be cancelled at any time, the sub-order is only to be counted as on-

time when the parent medication order is still active at the time of the distribution round. 

 

Figure 25: Schematic overview of main elements in the simulation model and the division between the environment and the 
interaction of the production process with the environment. 

 

 

                                                           
1 See http://www.cpntools.org for more information about the software. 
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Environment 

 

Figure 26: overview of environment model 

The environment consists of three parts: the modelling of the available resources, the arrivals in the 

prescription system and the scheduled delivery of distribution rounds. Next to this, the medication sub-

orders which are produced during the closing time of the production facility by the nurses at the wards are 

modelled here. An overview of the model is shown in Figure 26. 

Production process (Feniks process) 

The Feniks process consists of the checking of the EPS for changes and creating groups which will be 

produced together in a batch, a preparation phase before production and the production itself. Next to 

these basic tasks there is the handling of the rush orders, the so called “cito” orders. Finally, there is also a 

part of the model which handles the cancellation of orders to remove the out-dated sub-orders before they 

are produced. An overview of this part of the model is shown in Figure 27. 



68 
 

 

Figure 27: Overview of the Feniks model 

Modelling time 

The base time unit of the model is 1 second. This is because the production of one unit is in this order of 

magnitude. Since time is important several functions were created which return the day, hour or second 

which have passed since the start of the simulation or since the current week, day, hour or minute. For 

example [SimulationDay(),weekDay()] returns the number of full days since the start of the 

simulation and the day of the week (0-6). [dayHour(),hourMinute(),minuteSecond()] returns the 

current simulation time in a digital clock notation like (hh,mm,ss) 

Some tasks in the model are only executed on certain times with certain values. For this schedules had to 

be modelled. All schedules are modelled in the same way this is most easy to see in the model part shown 

in Figure 28. The schedule mechanism consists of the transition ‘check EPS’ and the place ‘Timer check’. The 

place contains a token for each time the task can be executed in the schedule. In this case the token is 

coloured with information because the task differs slightly for each time it is executed. 
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Figure 28: The removal of medication orders which are produced by nurses outside of the opening hours 

 

Prioritizing transitions 

Groups of transitions with the same priority were created to ensure proper execution of the model. Priority 

is given by a predefined integer. Every group has their own integer value assigned to transitions using a 

label. 

Table 25: Overview of the different priority labels and values for transition 

Description Label Code Integer 

value 

Involved resources 

Planner Assistant 

producer 

Producer 

All system transitions P_SYSTEM 1 - - - 

Transitions for 

handling CITO orders 

P_CITO 5 x x x 

Planner helping to 

store orders 

P_STORE2 10 x - - 

To check the EPS for 

changes 

P_EPS 20 x - - 

To process the result of 

the EPS check 

P_RESULT 30 x - - 

Adding orders to 

existing group 

P_EXGROUP 40 x - - 

Creating new group for 

orders 

P_NEWG 50 x - - 

All preparation tasks 

before production 

P_PREP 60 x x x 

Store produced orders P_STORE 70 - x  

Start a new production 

run 

P_NEWRUN 80 - x x 

Prepare new item for 

production 

P_EPREP2 90 - x - 

Tasks after the 

production of an item 

P_EPREP 100 - x - 

Produce an item P_PROD 110 - - x 

End a production run P_ENDRUN 120 - x x 

 

Modelling resources 

The available resources are regulated by the schedule for resources. This schedule has a seven day period. 

Each schedule item has a start time, a role type and a duration. The schedule is modelled as constant. An 

example is shown in Code segment 2. 
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Code segment 2: example of resource schedule 

val init_resource_schedule =  

1`{role=planner,duration=hour(16)+minute(30)}@(day(0)+hour(6)+minute(30))++ 

1`{role=omloop,duration=hour(16)+minute(30)}@+(day(0)+hour(6)+minute(30))++ 

1`{role=bereider,duration=hour(16)+minute(30)}@+(day(0)+hour(6)+minute(30)) 

Specific elements 
Next to the more general modelling several specific concepts were modelled in this simulation model. 

Modelling the arrival of medication orders 

 

Figure 29: Generating arrival of medication orders 

As can be seen from the data collection the intensity of the arrival process varied over time. This arrival 

process is modelled using the thinning algorithm from an example by Law (2007). A normal Poisson arrival 

process is modelled with λmax, which is the maximum intensity over time, in this case the maximum number 

of arrivals during one hour from all the hours in a week. This potential arrival is then accepted with 

probability depending on the hour of the week. This probability is the average number of arrivals in that 

hour of the week divided by λmax. Thus the closer the value for this hour is to the λmax the more likely it is 

that an order will be accepted. This probability is modelled with the acceptArrival() function, which 

returns true or false with the appropriate probability for the hour of the week. 

Once it is determined an accepted arrival has arrived the new medication order has to be generated. This is 

done by executing the newMO(id) function, which only requires an attribute to uniquely identify the 

medication order later in the process. The characteristics of a medication order depends mainly on the type 

of medication. To generate a medication order first a type of medication is drawn with a probability 

function depending on the hour of the day. From that point the other characteristics are assigned, see Code 

segment 1. 

Once the type of medication is known the other characteristics like the duration and the schedule are 

determined. The duration is drawn from an empiric distribution which characteristics are based on the 

information about medication order durations which was available for that type of medicine. To achieve 

this the function drawMedDur(med_value) is used. In this model only one schedule is associated with a 

type of medication, which is copied from the medication value. 

 

Code segment 3: the creation of a new medication order 

fun newMO(id:INT):MO = 

let 

 val med_value =  drawMedication(dayHour()) 

 val dur = drawMedDur(med_value) 
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 val shed = #sched med_value 

in 

 {id=id,med=med_value,duration=dur,shedule=shed} 

end; 

 

Modelling the EPS-system 

There has to be some kind of conversion between the medication orders which are active and the sub-

orders to create. When a new medication order arrives a number of sub-orders is created. Since the end 

time of the order is not explicitly known in the system it is not clear how many orders should be created. 

This problem is solved by setting a horizon for which the sub-orders are created. Since the production is 

never for more than 24 hours ahead a safe value for the horizon is chosen to be two days. Each day new 

sub-orders for one more day are added to the horizon, so the maximum outlook never falls below 1 day. 

At the initial sub-order creation the medication order is stored in a timed queue using the technique 

described by van der Aalst, Stahl and Westergaard (2012) for embedding time stamps in tokens. The delay 

which is given is the duration of the medication order. Once the medication order is available, the id of the 

medication order is added to the removed medication orders list and any available sub-orders are removed 

from the EPS-system. 

 

 

 

Figure 30: Updating the model 

Modelling checking changes and grouping of orders 

Checking the EPS model for changes and processing them is modelled in the ‘Gather new groups’ subpage 

which is shown in  
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Figure 31:  Overview of the ‘gather new groups’ subpage 

First orders are retrieved from the EPS-system. This is done using a scheduled task. Together with the 

orders also a list of cancelled medication order ids is taken. The orders are then immediately pre-grouped, 

where each group gets a unique group id. Orders can initially be grouped together when they are for the 

same type of medication and they have the same due date. This sub-system produces a token which is a 

compound of the checking mode, the new order groups and the list of removed medication order ids. 
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Figure 32: Checking the EPS for changes 

After this initial result is retrieved the result has to be processed before the results can be used in the 

process. The tasks required for this processing depend on the medium which was used which can be either 

the ‘VTGM-list’ or the ‘Sticker set’. 

The processing of a VTGM-list is quite straightforward, however, the planner can be interrupted between 

steps to do other tasks, if tasks with a higher priority become available, see Figure 33. 

Processing the sticker set is less straightforward since there are two people involved (four-eyes-principle) 

and one of them must be the planner. To achieve this a memory place connected to both tasks is modelled 

to remember the resource id of the person who last executed the previous task. The restriction on the 

transitions is such that the other transition cannot be executed by the same resource, see Figure 34. 
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Figure 33: process VTGM-list 

 

Figure 34: process Sticker set 
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Both results end with adding the initial groups to the remaining part of the process. A decision has to be 

taken to either add the initial group to an existing order group, or if none is available start a new group see 

Figure 35. Since these order groups can be anywhere in the system a solution was implemented to enabling 

the altering of the number of orders in a group without having to look in all possible places.  

The solution for this is to create a dummy copy of the group containing only the group data, but not the 

orders themselves. In this way the dummy copies can flow through the system while the original data and 

the orders are stored in one database place. By turning this pace into a fusion place the data can be used at 

transitions where this is necessary. The fusion place is coloured blue in the images from the model. New 

groups are sorted first on earliest due date, but when two groups have the same due date the group which 

has the longest shelf life will be processed first. 

 

Figure 35: Combining new groups with existing groups 

 

Modelling the preparation of sub-orders 

In order to start preparing a group both a batch form and a tray must be ready, see Figure 36 for a 

representation of the model. A batch form is created by the planner and the task duration does not depend 

heavily on the composition of the group. Preparing a new tray however involves a small action for each of 

the items in the batch. With the fusion place the contents of the batch is gathered to determine the right 

delay time. The delay time is composed of two parts, a time for the first item, which includes some set-up 

time and a part for the subsequent items. After both the tray and the batch form are completed the pre-

production preparation can begin. 

When the group is released to the production queue depends on the shelf life of the group. If the group has 

a long shelf life (>24 hours) there is no delay added. However, if the group has a shorter shelf life the group 

is not released to the production queue until a specified time before the due date of the group. In this case 

the group is not released until one hour before the due date of the group. 

In the production queue orders are also sorted first on earliest due date first and second on longest shelf 

life first.  
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Figure 36: preparation of groups 

Modelling the production of sub-orders 

The production of the sub-orders consists of tasks in the laminated airflow cabinet (LAF-cabinet) and 

storage of the produced medication, see Figure 37. 

 

Figure 37: The sub process ‘production’ 

The process in the LAF-cabinet is depicted in Figure 38. 
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Figure 38: Overview of the LAF-cabinet 

Modelling order cancellation 

Once the parent medication order is removed all children in the queues should also be removed. This is 

done by editing the groups in the fusion place. If there is a group which has become empty the group needs 

to be removed, as well as the dummy which was created. To achieve this the order group id is passed to a 

fusion place which connects with removal transitions next to the buffer places.  
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Figure 39: remove procedure 
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Appendix D – LP in AIMMS 
The model was implemented as an executable model in AIMMS. 

MAIN MODEL Main_Feniks_Project 

 

  SECTION Main_Declarations 

 

    DECLARATION SECTION  

 

      SET: 

         identifier   :  Shift 

         index        :  s ; 

 

      SET: 

         identifier   :  Day 

         subset of    :  Integers 

         index        :  t 

         initial data :  {1..28} ; 

 

      SET: 

         identifier   :  Employee 

         index        :  e ; 

 

      PARAMETER: 

         identifier   :  RequiredNumberOfEmployees 

         index domain :  (s,t) ; 

 

      VARIABLE: 

         identifier   :  AssignedToShift 

         index domain :  (e,s,t) 

         range        :  binary ; 

 

      VARIABLE: 

         identifier   :  TotalSheduleCost 

         range        :  free 

         definition   :  sum[(e,s,t), AssignedToShift(e,s,t) * 2] ; 

 

      MATHEMATICAL PROGRAM: 

         identifier   :  MinimalCostShedule 

         objective    :  TotalSheduleCost 

         direction    :  minimize 

         constraints  :  AllConstraints 

         variables    :  AllVariables 

         type         :  Automatic ; 

 

      CONSTRAINT: 

         identifier   :  MaxOneShift 

         index domain :  (e,t) 

         definition   :  sum [ s , AssignedToShift(e,s,t)] <=1 ; 

 

      CONSTRAINT: 

         identifier   :  HaveBaseCapacity 

         index domain :  (s,t) 
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         definition   :  sum[ e , AssignedToShift(e,s,t)] >= 

RequiredNumberOfEmployees(s,t) ; 

 

      CONSTRAINT: 

         identifier   :  ForwardRotatedShedule1 

         index domain :  (e,t) 

         definition   :  AssignedToShift(e,'Night',t) + 

AssignedToShift(e,'Early',t+1) + AssignedToShift(e,'Late',t+1) <= 1 ; 

 

      CONSTRAINT: 

         identifier   :  ForwardRotatedShedule2 

         index domain :  (e,t) 

         definition   :  AssignedToShift(e,'Late',t) + 

AssignedToShift(e,'Early',t+1) <= 1 ; 

 

      CONSTRAINT: 

         identifier   :  MaxThreeLateShifts 

         index domain :  (e,t) 

         definition   :  AssignedToShift(e,'Late',t) + 

AssignedToShift(e,'Late',t+1)  + AssignedToShift(e,'Late',t+2) + 

AssignedToShift(e,'Late',t+3) <= 3 ; 

 

      CONSTRAINT: 

         identifier   :  MaxThreeNightShifts 

         index domain :  (e,t) 

         definition   :  AssignedToShift(e,'Night',t) + 

AssignedToShift(e,'Night',t+1)  + AssignedToShift(e,'Night',t+2) + 

AssignedToShift(e,'Night',t+3) <= 3 ; 

 

      CONSTRAINT: 

         identifier   :  MaxWorkweek 

         index domain :  (e) 

         definition   :  sum [ (s,t), AssignedToShift(e,s,t)] <= 18 ; 

 

      CONSTRAINT: 

         identifier   :  MaxFiveWorkDays 

         index domain :  (e,s,t) 

         definition   :  AssignedToShift(e,s,t) + AssignedToShift(e,s,t+1)  + 

AssignedToShift(e,s,t+2) + AssignedToShift(e,s,t+3) + AssignedToShift(e,s,t+4) + 

AssignedToShift(e,s,t+5) <= 5 ; 

 

    ENDSECTION  ; 

 

    DECLARATION SECTION WeekendDeclarations 

 

      CONSTRAINT: 

         identifier   :  MaxTwoWeekends1 

         index domain :  (e) 

         definition   :  sum [ s , AssignedToShift(e,s,7) + 

AssignedToShift(e,s,14) + AssignedToShift(e,s,21)+ AssignedToShift(e,s,28)] <= 2 

; 

      CONSTRAINT: 

         identifier   :  MaxTwoWeekends2 
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         index domain :  (e) 

         definition   :  sum [ s , AssignedToShift(e,s,6) + 

AssignedToShift(e,s,13) + AssignedToShift(e,s,20)+ AssignedToShift(e,s,27)] <= 2 

; 

 

      CONSTRAINT: 

         identifier   :  LinkWeekends1 

         index domain :  (e) 

         definition   :  sum [ s , AssignedToShift(e,s,6)] = sum [s, 

AssignedToShift(e,s,7)] ; 

 

      CONSTRAINT: 

         identifier   :  LinkWeekends2 

         index domain :  (e) 

         definition   :  sum [ s , AssignedToShift(e,s,27)] = sum [s, 

AssignedToShift(e,s,28)] ; 

 

      CONSTRAINT: 

         identifier   :  LinkWeekends3 

         index domain :  (e) 

         definition   :  sum [ s , AssignedToShift(e,s,20)] = sum [s, 

AssignedToShift(e,s,21)] ; 

 

      CONSTRAINT: 

         identifier   :  LinkWeekends4 

         index domain :  (e) 

         definition   :  sum [ s , AssignedToShift(e,s,13)] = sum [s, 

AssignedToShift(e,s,14)] ; 

 

    ENDSECTION  ; 

 

  ENDSECTION Main_Declarations ; 

 

  PROCEDURE 

    identifier :  MainInitialization 

  ENDPROCEDURE  ; 

 

  PROCEDURE 

    identifier :  MainExecution 

    body       :   

      solve MinimalCostShedule; 

       

      if (MinimalCostShedule.ProgramStatus <> 'Optimal') then 

           empty AssignedToShift,TotalSheduleCost; 

      endif; 

 

  ENDPROCEDURE  ; 

  PROCEDURE 

    identifier :  MainTermination 

    body       :   

      return DataManagementExit(); 

  ENDPROCEDURE  ; 

ENDMODEL Main_Feniks_Project ;  
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Appendix E – Detailed results of models 
This appendix provides an overview of the results obtained in the different situations for both the 

simulation and the LP-model. 

Piloting simulation results 
To determine the warm-up length a time series was made with the settings from the AS-IS situation. The 

average number of medication orders was measured per day and is shown in Figure 40. The average 

number of sub-orders which had to be produced are shown in Figure 41. These are the orders which were 

in the electronic prescription system (EPS) at their due date, which means they had to be delivered to the 

wards. 

 

Figure 40: Time series of average number of mediation orders in system per day 

 

Figure 41: Time series of number of sub-orders required to produce per day 

The average number of medication orders in the system per day is quite unstable, and the pattern keeps 

repeating up to simulation of 500 days. There is not a consistent period, which is mainly due to the varying 

arrival pattern of medication orders. The conclusion for both figures are that the averages soon pick up to a 

level which is around the grand average the remainder of the graph seems to centre around. Since the 

arrival pattern is cyclical with a period of 7 days, this time period is also chosen as warm-up time for the 

simulation. 
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In order to further determine the run length of the simulation 3 pilot runs were made with the AS-IS 

situation settings, each with 10 replications. The outcomes are in Table 26. From this it is decided that a run 

length of 49 days is sufficient. 

Table 26: Overview of outcome pilot runs with different lengths 

 Avg. 90% Half CI  95% Half CI  99% Half CI Min Max 

# MO’s 1222.90 19.33 23.85 34.27 1157 1277 

Avg. batch size 3.78 0.21  0.26  0.37 3.03  4.38 

# Expected orders 5109.53 193.72 239.06 343.48 4338.13  5534.75 

# CITO orders 77.50 4.27  5.27  7.57 64.00  85.00 

21 days 

 Avg. 90% Half CI  95% Half CI  99% Half CI Min Max 

# MO’s 1829.30 22.72  28.04  40.28 1774  1887 

Avg. batch size 4.12 0.29  0.36  0.51 3.54  5.03 

# Expected orders 8500.41 198.33  244.75  351.65 7955.63  9149.63 

# CITO orders 114.40 5.25  6.48  9.31 100.00 126.00 

35 days 

 Avg. 90% Half CI  95% Half CI  99% Half CI Min Max 

# MO’s 2427.90 21.17  26.12  37.53 2380 2499 

Avg. batch size 3.93 0.22  0.27  0.39 3.53  4.86 

# Expected orders 11933.16 211.65  261.19  375.27 11422.88  12493.12 

# CITO orders 157.00 8.22  10.15  14.58 133.00 182.00 

49 days 
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AS-IS 
For this situation the result of the pilot is used. 

Situation External dimensions Internal dimensions Source 

Departments Service hours 

Personnel 

planning 

restrictions 

Production 

heuristic Automation 

AS-IS Regular wards Workdays Labour laws 

and collective 

labour 

agreement 

Produce in 

advance 

No automation - 

 

Day Utilisation % on time 

Producer Assistant producer planner LAF-cabinet 

avg. std. avg. std. avg. std. avg. std. avg. std. 

Mon 78,44% 12,53% 61,29% 9,41% 60,59% 5,91% 56,73% 20,67% 5,26% 10,37% 

Tue 71,17% 16,83% 49,00% 14,32% 62,28% 5,18% 53,50% 19,01% 27,17% 17,15% 

Wed 71,99% 19,76% 39,54% 7,95% 63,04% 4,70% 51,11% 20,11% 56,26% 8,12% 

Thu 70,73% 23,01% 40,16% 10,28% 62,34% 4,84% 50,05% 22,50% 60,51% 3,83% 

Fri 72,49% 17,61% 54,30% 12,02% 79,54% 7,89% 54,76% 24,25% 48,42% 4,54% 

Sat - - - - - - - - 67,41% 11,80% 

Sun - - - - - - - - - - 

Avg. 72,96% 17,95% 48,86% 10,80% 65,56% 5,70% 53,23% 21,31% 44,17% 9,30% 

 

REG.1 – Extension to the weekend 
Situation External dimensions Internal dimensions Source 

Departments Service hours 

Personnel 

planning 

restrictions 

Production 

heuristic Automation 

REG.1 Regular wards Workdays + 

weekend 

Labour laws 

and collective 

labour 

agreement 

Produce in 

advance 

No automation Expansion plan 

 

Day Utilisation % on time 

Producer Assistant producer planner LAF-cabinet 

avg. std. avg. std. avg. std. avg. std. avg. std. 

Mon 52,54% 2,90% 25,33% 2,02% 43,93% 2,21% 42,75% 1,38% 49,73% 1,38% 

Tue 53,19% 2,75% 22,88% 2,48% 40,95% 2,43% 41,61% 2,27% 61,64% 1,45% 

Wed 53,02% 3,57% 25,24% 1,76% 42,96% 1,55% 42,81% 2,50% 59,42% 2,28% 

Thu 54,15% 1,74% 26,48% 1,48% 43,84% 0,96% 44,01% 1,12% 60,67% 1,09% 

Fri 54,16% 1,23% 27,79% 1,89% 45,19% 2,27% 44,59% 1,30% 61,10% 1,46% 

Sat 51,09% 0,89% 34,68% 3,54% 49,64% 2,68% 46,97% 1,86% 72,79% 1,48% 

Sun 50,17% 0,98% 35,30% 3,62% 50,49% 2,60% 47,05% 1,66% 61,26% 2,41% 

Avg. 52,62% 2,01% 28,24% 2,40% 45,29% 2,10% 44,25% 1,73% 60,94% 1,65% 
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REG.2 – Extension to the weekend – per DR 
Situation External dimensions Internal dimensions Source 

Departments Service hours 

Personnel 

planning 

restrictions 

Production 

heuristic Automation 

REG.1 Regular wards Workdays + 

weekend 

Labour laws 

and collective 

labour 

agreement 

Produce per 

distribution 

round 

No automation Workshop 

 

Day Utilisation % on time 

Producer Assistant producer planner LAF-cabinet 

avg. std. avg. std. avg. std. avg. std. avg. std. 

Mon 55,64% 2,97% 14,39% 1,17% 31,13% 1,01% 38,84% 1,93% 49,06% 1,56% 

Tue 53,59% 2,93% 18,96% 1,24% 34,71% 1,00% 40,38% 2,09% 46,41% 2,68% 

Wed 53,75% 3,25% 19,10% 1,19% 34,61% 0,86% 40,37% 2,30% 49,06% 3,31% 

Thu 53,03% 2,90% 20,56% 1,37% 35,47% 1,28% 40,74% 2,33% 44,31% 3,44% 

Fri 53,92% 2,83% 21,82% 0,82% 36,59% 1,03% 42,28% 1,70% 43,72% 3,90% 

Sat 53,12% 1,13% 30,00% 2,44% 44,17% 2,04% 45,80% 1,09% 35,57% 5,86% 

Sun 55,25% 0,91% 23,03% 2,41% 39,05% 2,65% 43,25% 1,20% 43,26% 3,28% 

Avg. 54,04% 2,42% 21,12% 1,52% 36,53% 1,41% 41,66% 1,81% 44,48% 3,43% 
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REG.3 – Extension – automation 
Situation External dimensions Internal dimensions Source 

Departments Service hours 

Personnel 

planning 

restrictions 

Production 

heuristic Automation 

REG.3 Regular wards Workdays + 

weekend 

Labour laws 

and collective 

labour 

agreement 

Produce in 

advance 

Automate 

planning; no 

planner 

Workshop 

 

Day Utilisation % on time 

Producer Assistant producer planner LAF-cabinet 

avg. std. avg. std. avg. std. avg. std. avg. std. 

Mon 55,79% 1,78% 22,85% 1,35% 32,39% 0,95% 45,25% 1,20% 51,01% 1,84% 

Tue 55,88% 3,80% 21,25% 1,31% 30,04% 1,29% 43,96% 2,51% 61,12% 1,19% 

Wed 56,02% 2,26% 22,60% 1,36% 31,97% 1,58% 45,38% 1,39% 58,94% 2,11% 

Thu 54,90% 2,44% 24,09% 1,27% 33,18% 1,25% 45,35% 1,39% 60,63% 1,18% 

Fri 54,99% 1,30% 25,62% 1,77% 34,65% 2,42% 46,21% 1,21% 62,14% 1,31% 

Sat 55,91% 0,98% 28,45% 2,70% 37,02% 3,01% 50,64% 1,30% 73,22% 2,03% 

Sun 54,25% 1,20% 31,19% 2,71% 38,91% 2,55% 50,10% 1,07% 62,57% 1,26% 

Avg. 55,39% 1,97% 25,15% 1,78% 34,02% 1,86% 46,70% 1,44% 61,38% 1,56% 

 

Day Utilisation % on time 

Producer Producer Producer Producer 

avg. std. avg. avg. avg. avg. avg. avg. avg. avg. 

Mon 57,07% 0,44% 37,63% 1,82% - - 36,29% 0,92% 38,03% 6,91% 

Tue 57,50% 0,72% 35,36% 1,71% - - 36,39% 0,46% 57,82% 2,27% 

Wed 57,45% 0,58% 36,50% 2,02% - - 36,25% 0,56% 56,76% 1,03% 

Thu 57,11% 0,52% 37,62% 2,11% - - 36,31% 0,32% 58,06% 2,11% 

Fri 57,05% 0,63% 37,75% 1,10% - - 36,49% 0,48% 58,48% 1,33% 

Sat 56,29% 1,20% 42,93% 2,17% - - 37,85% 2,11% 68,20% 2,04% 

Sun 53,73% 1,55% 48,45% 3,76% - - 39,80% 2,14% 22,00% 9,79% 

Avg. 56,60% 0,80% 39,46% 2,10% - - 37,05% 1,00% 51,33% 3,64% 

 

REG.4 – Extension – per DR – automation 
Situation External dimensions Internal dimensions Source 

Departments Service hours 

Personnel 

planning 

restrictions 

Production 

heuristic Automation 

REG.4 Regular wards Workdays + 

weekend 

Labour laws 

and collective 

labour 

agreement 

Produce per 

distribution 

round 

Automate 

planning; no 

planner 

Expansion plan 
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Day Utilisation % on time 

Producer Assistant producer planner LAF 

avg. std. avg. std. avg. std. avg. std. avg. std. 

Mon 56,37% 2,86% 11,71% 1,28% 19,11% 1,36% 39,92% 2,19% 51,76% 1,10% 

Tue 56,52% 3,47% 15,78% 1,86% 22,81% 1,94% 42,71% 1,98% 51,85% 1,57% 

Wed 58,01% 2,44% 15,85% 1,10% 22,85% 1,12% 43,35% 1,86% 55,61% 1,42% 

Thu 55,95% 2,24% 17,01% 1,40% 23,50% 1,54% 42,83% 1,49% 53,21% 1,06% 

Fri 56,98% 2,51% 17,74% 1,62% 24,17% 1,48% 44,22% 1,69% 53,72% 2,11% 

Sat 57,10% 0,84% 24,22% 1,96% 30,68% 1,89% 48,28% 0,78% 47,37% 2,15% 

Sun 59,67% 1,29% 17,96% 1,04% 24,77% 1,77% 45,73% 1,18% 46,46% 3,32% 

Avg. 57,23% 2,24% 17,18% 1,47% 23,99% 1,59% 43,86% 1,60% 51,42% 1,82% 

 

Day Utilisation % on time 

Producer Producer Producer Producer 

avg. std. avg. std. avg. std. avg. std. avg. std. 

Mon 60,77% 2,63% 18,30% 1,87% - - 36,11% 1,38% 48,56% 4,65% 

Tue 59,88% 0,81% 25,39% 2,43% - - 37,59% 0,36% 37,30% 3,44% 

Wed 59,76% 0,87% 25,37% 2,04% - - 37,20% 0,65% 46,15% 4,73% 

Thu 58,69% 1,18% 29,00% 2,38% - - 37,73% 0,77% 37,22% 2,34% 

Fri 58,57% 1,95% 28,18% 1,94% - - 37,24% 1,11% 42,00% 2,39% 

Sat 56,49% 0,97% 38,63% 3,06% - - 38,69% 0,34% 29,94% 4,32% 

Sun 58,46% 0,75% 30,84% 2,37% - - 37,70% 0,40% 35,84% 5,13% 

Avg. 58,94% 1,31% 27,96% 2,30% - - 37,47% 0,72% 39,57% 3,86% 
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IC.1 – Extension to IC units 

Simulation length (Day's) 41     

Resource Planner 

Assistant 

producer Producer 

LAF-

cabinet 

utilisation % 25,28% 28,79% 30,20% 28,28% 

Std. dev. 0,34% 0,34% 0,34% 0,34% 

 

Dr 

0 1 2 3 4 

Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. 

7:45:00 88,77% 31,33% 96,89% 6,20% 95,28% 8,25% 95,75% 8,21% 94,71% 7,56% 

9:45:00 98,14% 3,23% 96,89% 5,06% 97,24% 4,53% 95,95% 6,82% 96,26% 5,60% 

11:45:00 81,20% 30,24% 93,50% 6,55% 93,46% 6,95% 93,24% 6,79% 92,23% 7,05% 

13:45:00 43,83% 37,37% 84,16% 8,89% 87,61% 7,98% 85,57% 9,55% 82,62% 9,86% 

15:45:00 84,20% 8,97% 87,52% 7,37% 83,32% 10,11% 81,22% 10,24% 82,29% 10,04% 

17:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

19:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

21:45:00 95,89% 8,85% 95,45% 9,63% 96,14% 8,31% 95,79% 9,11% 96,39% 7,61% 

Total 78,95% 6,73% 93,80% 0,85% 93,97% 1,15% 93,04% 1,62% 92,83% 0,99% 

 
Minimal required number of employees:  17 (running 2 locations) 

IC.2 – Extension to IC units – per DR 

Simulation length (Day's) 41     

Resource Planner 

Assistant 

producer Producer 

LAF-

cabinet 

utilisation % 36,45% 36,65% 37,55% 30,30% 

Std. dev. 0,17% 0,65% 0,52% 0,23% 

 

Dr 

0 1 2 3 4 

Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. 

7:45:00 93,31% 8,73% 92,61% 10,43% 92,68% 11,48% 92,05% 11,34% 88,90% 16,29% 

9:45:00 95,25% 8,17% 94,10% 9,79% 93,03% 11,22% 92,32% 12,57% 89,25% 17,36% 

11:45:00 94,55% 9,91% 96,19% 8,10% 94,07% 9,95% 92,16% 12,67% 91,24% 14,41% 

13:45:00 91,41% 7,10% 86,90% 9,43% 90,56% 4,63% 87,17% 9,09% 84,97% 7,07% 

15:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

17:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

19:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

21:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

Total 91,29% 2,52% 89,58% 2,29% 89,97% 2,93% 88,53% 2,07% 85,67% 2,49% 

 
Minimal required number of employees:  17 (running 2 locations) 
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IC.3 – Extension to IC units – automation  

Simulation length (Day's) 41     

Resource Planner 

Assistant 

producer Producer 

LAF-

cabinet 

utilisation % 13,61% 29,04% 30,78% 27,43% 

Std. dev. 0,25% 0,31% 0,34% 0,39% 

 

Dr 

0 1 2 3 4 

Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. 

7:45:00 94,89% 16,16% 95,97% 9,46% 98,14% 3,98% 95,71% 8,94% 94,69% 14,09% 

9:45:00 100,00% 0,00% 98,68% 2,71% 99,38% 1,45% 97,82% 3,53% 97,56% 3,85% 

11:45:00 94,84% 14,68% 96,75% 4,81% 96,80% 4,83% 92,18% 11,54% 94,82% 6,28% 

13:45:00 59,94% 22,19% 87,94% 11,28% 86,02% 9,77% 86,39% 13,87% 77,63% 15,19% 

15:45:00 97,79% 2,91% 98,08% 2,44% 98,16% 2,66% 91,16% 5,91% 91,41% 7,50% 

17:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

19:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

21:45:00 99,88% 0,40% 99,46% 1,14% 98,34% 3,83% 98,10% 4,00% 97,52% 5,62% 

Total 87,81% 1,73% 95,88% 2,35% 95,87% 1,39% 94,47% 2,68% 92,93% 3,15% 

 
Minimal required number of employees:  12 (running 2 locations) 

IC.4 – Extension to IC units – per DR – automation 

Simulation length (Day's) 41     

Resource Planner 

Assistant 

producer Producer 

LAF-

cabinet 

utilisation % 15,98% 33,92% 35,37% 29,94% 

Std. dev. 0,16% 0,37% 0,39% 0,30% 

 

Dr 

0 1 2 3 4 

Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. Avg. Std. dev. 

7:45:00 97,69% 3,82% 97,81% 3,23% 96,27% 5,13% 94,89% 7,39% 92,03% 11,74% 

9:45:00 97,93% 4,13% 95,75% 6,67% 97,32% 4,47% 95,33% 7,69% 93,29% 10,86% 

11:45:00 97,61% 4,32% 96,77% 7,10% 96,44% 5,93% 96,36% 6,77% 95,42% 9,36% 

13:45:00 98,11% 2,80% 92,86% 7,98% 91,72% 6,06% 89,25% 7,51% 87,31% 9,01% 

15:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

17:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

19:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

21:45:00 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 100,00% 0,00% 

Total 96,98% 1,56% 94,35% 2,16% 94,27% 2,08% 92,63% 1,58% 90,00% 1,57% 

 
Minimal required number of employees:  12 (running 2 locations) 

 

 


