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SUMMARY 

Authors: Hannah Gullander & Sara Johansson 

Examiner: Helena Forslund 

Supervisor: Petra Andersson 

Title: The Effects of Installing Automated Ward Solutions for Medicine 

Research Questions: 

Research Question I: How does the material management process of medicine differ 

between a ward with, and without, an Automated Ward Solution (AWS)? 

Research Question II: How do time and costs differ in the material management process 

of medicine between a ward with, and without, an AWS? 

Research Question III:  How has the instalment of a central storage affected the number 

of orders placed for wards? 

Purpose: 

The purpose is to map and compare the material management process of medicine 

between a ward with, and without, an AWS. Further the mapped processes will be 

timed, allocated costs by applying TDABC and then compared. The purpose is as well 

to describe how the instalment of a central storage has affected the frequency of orders 

placed for wards.     

Methodology:  

This project is a qualitative case study as the authors wished to understand the 

phenomena of having installed AWSs for medicine in a real context. The primary data 

was collected through interviews, observations and studying of documents; the 

secondary data was collected through scientific articles and literatures. The collected 

data answered the research questions with the help of process mapping and TDABC.  

Conclusion: 

In the created process maps it is found that the extensiveness of the different processes 

when compared are similar for both wards; however the allocated costs calculated 

through TDABC sometimes differ due to the involvement of the Pharmaceutical Unit as 

it carries a higher capacity cost per minute. Ward 5 can be assumed to have a higher 

security and accuracy due to the instalment of an AWS and by having laid more 

responsibility on the Pharmaceutical Unit. The AWS has however led to a larger waste 

for Ward 5 as it cannot return regular medicine anymore. This project could not directly 

connect that the instalment of a central storage with reduced order lines; however it can 

be assumed that it has contributed to the decreased order lines placed. 
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1. INTRODUCTION 

This chapter aims to introduce the reader to common problems in the health-care 

industry before thoroughly explaining the case by; presenting the Central Hospital of 

Växjö (CLV) which is the project’s object of study; briefly explaining CLV’s previous 

and current material management process of medicine for wards; briefly explaining the 

instalment of a central storage as well as including a description of Automated Ward 

Solutions. This is followed by discussing CLV’s perceived problems which concludes 

this project’s research questions and purpose. The chapter ends with an illustration of 

the project’s disposition.  
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1.1 Background 

The spending on health care in the developing world accounts for a large and growing 

share of many countries’ gross domestic product (Cooper et al., 2011). Due to this large 

spending, healthcare providers become increasingly concerned with the cost-

effectiveness as well as the increased information transparency in the healthcare process 

(Goundrey-Smith, 2013). This has caused the health care industry to search for new 

approaches in order to lower costs, though at the same time increase quality and value. 

Supply chain management has been successfully adopted by other industries to achieve 

this; however the healthcare industry has been slow in applying these practices. With 

30-40% of hospitals’ expenses related to logistic activities and with general similarities 

in needs and flow-complexity of health care and industry; this suggests that an 

introduction of supply chain theories can be beneficial for the health care sector. 

(Aronsson et al., 2011)  

The logistics and supply chain management represents a potential area for operation 

cost reduction (Christopher, 2011). The most powerful supply chain management 

concept is that of cost management and an organization’s costs must be understood 

(Anklesaria, 2008; Cousins et al. 2008). French et al. (2013) highlights the fact that 

healthcare is complex; and it is difficult to measure how changed processes have 

affected costs and time. Hospital supply chain concerns on a day-to-day basis the 

pharmaceutical and medical supplies. These activities are traditionally organized on 

separate units of the hospital. (Jacobs, 2011) Coordinating this flow of material and its 

related tasks is by many authors such as Arnold et al. (2008); Jonsson (2008); Park et al. 

(2011); Alvarado-Iniesta et al. (2013) and Chandra et al. (2013) termed as the “Material 

Management Process”.  As according to Callender & Grasman (2011) inefficiencies in 

the health care sectors can be reduced by the material management process being 

specifically focused on “Inventory Management”, which Slack et al (2012) explains as 

the activity of controlling and planning the accumulation of resources as they flow 

through the supply network. Both terms are to be used henceforth in the project; 

however “material management process” will be the main term as it includes “inventory 

management”. The expenditure on materials is about 30-35% of most hospitals’ 

operating budget. Therefore the material management process is the first place to look 

when the aim is to reduce costs in a hospital. (Chandra et al., 2013) 
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The material management process can be divided into different, smaller processes 

according to the categories provided by the SCOR-model such as Plan, Source and 

Return (SCOR Supply Chain Council, 2014; Mattsson, 2012). With the guidance of 

these three categories, this project will divide the material management process into five 

different processes in order to ease the explanation, examination and analysis of the 

material management process. 

Potential cost-binding activities in a supply chain are due to the business’ time 

consumption (Bregman, 2013). This aligns with Mattsson (2012) and Lumsden (2012) 

who both claim consideration of time is gaining a greater importance. In order to 

quantify costs and measure time for different activities; they need to first be identified. 

This can be done by having a process map made. (Lambert & Pohlen, 2011; Damelio, 

2011; Bergman & Klefsjö, 2010; Anklesaria, 2008) From the different activities in a 

process map a Time-Driven Activity Based Costing model (TDABC) can be applied. 

This model entails that costs are allocated by using time as the main driver, and that an 

activity’s cost is calculated by the total cost for exempli gratia a department, divided by 

its time consumption in a given period of time in order to get a cost per time unit and 

then be able to apply it to each activity. (Kaplan & Andersson, 2007) This is a suitable 

model to use in a health-care setting as it is hard to otherwise accurately be able to 

quantify process improvements in terms of time, costs and employee resources (French 

et al., 2013)  

Other potential cost-binding activities in a supply chain are due to the business’ 

inventory management (Abdelaziz & Mejri, 2012).To have an optimized inventory can 

make a positive difference for an organisation as there can be high costs related to 

staying either above or below the optimal level (Abdelaziz & Mejri, 2012). Jacobs 

(2011) explains that normally in hospitals, inventory requires the biggest working 

capital.  

Pan & Pokharel (2007) and McClellan (1994) state that hospitals work in an 

environment where demand is uncertain, and Cardoso et al. (2012) explains that 

hospitals’ uncertainty derives from lack of available information. Uncertainties are most 

commonly buffered by inventory; however this is likely to lead to excess safety stock, 

increased costs and an inefficient resource allocation (Yu et al., 2001). Safety stock is a 

major difference in inventory management at a hospital compared to another business 
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(Jacobs, 2011); in a hospital excess safety stock is common as it is prohibited to have a 

shortage of medicine (Baboli et al., 2011), and calculating the cost of running out of 

stock is harder in a hospital as consideration for a patient’s well-being or even its life 

could be at stake (Jacobs, 2011). Munge (140120) concurs as he explains that a ward at 

CLV must always have access to a medicine either from storage in-house or from the 

storage held at the pharmacy.  

1.2 Case Description 

Landstinget Kronoberg is the Health-Sector of Kronoberg County in Sweden. It is 

responsible for the health care in the county and is run by elected representatives in the 

county council. Landstinget Kronoberg aims to give health care with respect for 

people’s equal worth and that this care is given with a secure and high quality. It 

employs over 5000 people in 2 hospitals, 33 health centres, 15 public dental health 

clinics as well as clinics for rehabilitation and psychiatry. (Landstinget Kronoberg, 

2013a) One of these hospitals is the previously mentioned object of study for this 

project, CLV, which consists of 20 wards, 25 receptions and 27 clinics (Landstinget 

Kronoberg, 2013b).  

1.2.1 Description of CLV’s Previous Material Management Process of Medicine 

Granberg, Head of Department at Ward 5 (140306) explains that year 2008, the hospital 

introduced a new unit called the Pharmaceutical Unit due to the need for structure in 

wards regarding their material management process of medicine as it was “chaotic”; 

orders were being placed without control and much time was spent by nurses on the 

material management process of medicine instead of on patients. According to Pia 

Törndahl, Pharmacist at the Pharmaceutical Unit (140303), the Pharmaceutical Unit is 

responsible for the inventory of medicine and medical supply for the previously 

mentioned 20 wards located within the hospital compound. The Pharmaceutical Unit 

terms this as them providing the wards with a “pharmaceutical service”. Further, 

Törndahl (140404) explains that as a means of trying to control a ward’s inventory an 

ordering system called “Provider” was installed at CLV. It works as a support program 

to the already installed ordering system “E-builder”. It is the Pharmaceutical Unit’s 

wish that every ward would place their orders through Provider; this as it first of all 

shows every ward which latest ordered a certain medicine, which might lead to the ward 
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not having to place an order at all as they then could borrow from that ward; but it also 

provides statistical data for the Pharmaceutical Unit. The order is then automatically 

transferred and processed through E-builder by itself and from there sent to the 

pharmacy located within CLV. 

Before December 2013; the pharmaceutical service only entailed that the 

Pharmaceutical Unit once a week went to the different wards’ storage facilities to 

control the inventory levels and determine which medicines that needed to be ordered; 

and then placed the order to the pharmacy. The minimum stock levels had been decided 

in a yearly meeting with the Pharmaceutical Unit and the specific ward; it was 

according to these pre-determined quantities that the inventory was controlled. The 

ordered medicines would arrive the next day and the Pharmaceutical Unit would then 

unpack and shelf them. When a ward would be out of stock of a medicine promptly 

needed, on any day other than when the Pharmaceutical Unit performed an inventory 

control, they would themselves place an order to the pharmacy located in CLV. The 

ward would then alone be responsible for the unpacking and shelving of the received 

medicines. Each ward was also alone responsible for the handling of unused narcotics, 

and the routines regarding this could differ from each ward; either the narcotic was 

discarded directly or sorted and placed back on the shelf. (Törndahl, 140303) 

CLV’s material management process of medicine for wards worked as follows; the 

Pharmaceutical Unit had negotiated a price with the pharmaceutical industry on the 

medicine to be purchased. This medicine was stored by a wholesale distributor who 

later sold the medicine for that predetermined price to CLV’s pharmacy who stored the 

medicine in their storage facility. When the pharmacy received an order either from the 

Pharmaceutical Unit after their weekly inventory control or directly from the wards 

themselves; the pharmacy would pack the order and deliver it to the ward’s storage 

facility. Each ordered medicine is delivered at a fixed cost. This entails that it is not the 

quantity of items of a certain medicine being billed, but the quantity of orders of 

different medicines. Therefore the more sporadic orders placed a part from the weekly 

replenishment from the Pharmaceutical Unit’s pharmaceutical service, the higher the 

costs. (Munge, 140120; Törndahl, 140303) Depending on the selected order delivery 

time; the fixed cost per order line may vary. Below follows a table summarizing the 

three different types of orders that can be placed and their according fixed costs; 
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Delivery time Fixed Cost per Order Line charged by CLV’s Pharmacy 

24 hours 55,90 SEK 

4 hours 76,70 SEK 

Emergency 93,20 SEK 
Table 1: Fixed Cost per Order Line of Medicine at CLV (Munge, 140428) 

The previous material management process of medicine for wards can be illustrated as 

below. This model is self-made and will therefore not depict another author as 

reference. Henceforth, every figure, table or picture without a reference depicted is to be 

understood as a self-made creation by this project’s authors. 

 

Figure 1: CLV’s Previous Material Management Process of Medicine 

1.2.2 Description of CLV’s Central Storage 

As a way of trying to reduce the number of order lines placed, it was concluded that a 

common storage facility, a “central storage”, would be appropriate at CLV in order to 

avoid the actions as illustrated below; 

  

Figure 2: CLV’s Actions before the Instalment of a Central Storage 

This central storage would act as buffer storage to which the wards would turn for 

medicine needed, before having to place an order at the pharmacy as previously done. 

The original idea developed into installing Automated Ward Solutions (AWS) to 

function as the central storage; this as the Pharmaceutical Unit wished have an 

electronic system where it is possible for the wards to see the stock levels, to have an 

electronic system indicating when a product needs to be replenished; an electronic 

system providing statistics which can function as a decision base for future stock level 

decisions and increase the secure handling of narcotics. (Munge, 140120) The desired 

function of the central storage is illustrated below; 

 

Figure 3: CLV’s desired Actions after the Instalment of a Central Storage 

Pharmaceutical 

industry 

Wholesale 

distributor 

CLV’s 

pharmacy 
Wards  Patient 

Medicine out of stock at ward Place an order at CLV’s pharmacy 

Medicine out of 

stock at ward 

Check the central 

storage 

If not available at the central 

storage; place an order at 

CLV’s pharmacy 
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During the process of exploring the possibilities of installing AWSs at CLV, the 

Pharmaceutical Unit found that it could be beneficial to install AWSs at a ward as well, 

due to the same reasons as for the central storage. From the electronic system it would 

then be possible for the nurses to see if the ward-AWSs had a certain medicine in case it 

was not available at the central storage; providing the nurses yet another option before 

placing an order at the pharmacy. The decision was made to install an AWS as a central 

storage and to conduct a trial by installing two AWSs at the medicinal Ward 5 and the 

surgical ward 34; these were installed in December 2013. (Munge, 140120) The central 

storage and Ward 5 are two out of three objects of study in this project. 

1.2.3 Description of an AWS 

An AWS includes dispensers, cabinets and electronic locks (Health Tech, 2010a). The 

dispensers (see picture 1) are suitable for one-dose pharmaceuticals, and other small 

products for which the hospital requires high security and 100 % traceability of 

extractions. In order to get the medicine or supply, the nurse must first log in and 

thereafter choose the patient, product and amount; thereafter only the exact amount 

requested will be available for extraction. (Munge, 140120; Health Tech, 2010a) 

 

Picture 1: Automated Ward Dispenser (Health-tech, 2010b) 

The cabinets (picture 2) can store larger volumes than the dispensers. The medicines are 

here placed in electronically locked cabinet drawers in which each drawer consists of 

multi sized sections. These sections are either closed (picture 3) or open (picture 4). 

When the cabinet is closed the nurse can, after entering the same information as for the 

dispenser, open the cabinet drawer and see a light lit up on the cover of one of these 
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sections (picture 3). The nurse will then only be able to open this now unlocked section 

in the drawer and extract the amount of medicine needed. These sections are used for 

medicine from opened packages. (Munge, 140120; Health Tech, 2010)  In an open 

drawer, the nurse can access any section. The medicine is here stored in sealed 

packages, in no alphabetical order and not grouped according to type of medicine; this 

to minimize the risk of a nurse extracting the wrong medication. (Munge, 140219) 

 
Picture 2 Automated Ward Cabinet (Health-Tech, 2010c) 

Picture 3: Automated Ward Cabinet: Drawer with Closed Sections 

Picture 4: Automated Ward Cabinet: Drawer with Open Sections 

 

The electronic lock (see picture 5) can be placed on any door and is connected to the 

AWS computer system. When extracting, the electronic lock will detach allowing for 

the door to be opened. CLV uses this lock on refrigerators. (Munge, 140219) 

 

Picture 5: Automated Electronic Lock 
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1.2.4 Description of CLV’s Current Material Management Process of Medicine and 

the Project’s Focus Area 

For the remaining wards without an AWS installed, their storage facility layout has not 

changed. One of these wards is the medicinal Ward 3, which will be an object of study 

in this project. Here, the storage facility’s walls are lined with shelves, with a working 

area underneath. The shelves provide storage space for medicine and equipment which 

does not need to be refrigerated; for those which do, there is a refrigerator next to the 

shelves. The shelves are marked with stickers with barcodes; indicating where each 

medicine is to be placed. (Törndahl, 140303) 

 

Picture 6: Storage at Ward 3 

After the instalment of AWSs, the pharmaceutical service given by the Pharmaceutical 

Unit has developed and now entails more tasks than previously.  Activities that still are 

the same regardless of an AWS installed or not are that the stock levels are still 

determined by yearly meetings, the lead time for receiving the medicines is still the day 

after the order is placed and a ward can still place orders directly to the pharmacy. For a 

ward without an AWS, the routines and the pharmaceutical service provided are still the 

same, with the exception that the nurses now go to the central storage or a ward-AWS 

prior to placing an order to the pharmacy.  

For the wards with an AWS the pharmaceutical service looks a bit different; the 

Pharmaceutical Unit does its inventory control twice a week here and is also responsible 

for the reverse logistics of unused narcotics. Furthermore, the Pharmaceutical Unit is 

now also responsible for the stock keeping and replenishment of the central storage; it 
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places orders to the pharmacy and unpacks and distributes the medicines into the central 

storage’s AWS and handle possible narcotics to be returned. (Törndahl, 140303)  

The current material management process of medicine for CLV’s wards looks different 

compared to that in figure 1. The first three steps are the same; the Pharmaceutical Unit 

still negotiates a price with the pharmaceutical industry, the wholesale distributor still 

keeps it and sells it to the pharmacy and the pharmacy still holds the inventory and 

handles orders received at a fixed cost. The change is however that the orders can now 

be delivered to either a ward without an AWS, a ward with an AWS or to the central 

storage. From either place, the medicine is then distributed to the patient. (Munge, 

140120)  

This project will not examine the steps from the pharmaceutical industry to the 

pharmacy’s storage of medicine; nor the distribution from CLV’s pharmacy to a 

specific storage facility or the distribution of medicine from a nurse to the patient. This 

project’s focus will solely be on the storage facilities with or without an AWS as well as 

the central storage with an AWS; including the possibility that wards may interact with 

each other and the central storage in terms of the material management process of 

medicine. The table below depicts the project’s objects of study; 

The Project’s Objects of Study 

 Ward 3 without an AWS 

 Ward 5 with an AWS 

 The Central Storage with an AWS 
Table 2: The Project’s Objects of Study 

Figure 4 below illustrates the current material management process of medicine for 

CLV’s wards and the circled area below illustrates this project’s focus. Henceforth, it is 

only the circled area which is addressed whenever the term “material management 

process of medicine” is used in the empirical.  

 

Figure 4: CLV’s Current Material Management Process of Medicine with the Project’s Focus Area 

  

Pharmaceutical 
industry 

Wholesale 
distributor 

CLV's 
pharmacy 

Ward without an 
AWS 

Central storage 
with an AWS 

Ward with an 
AWS 

Patient 
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1.3 Research Discussion 

1.3.1 Research Discussion for Research Question I 

“How does the material management process of 

medicine differ between a ward with, and without, an 

Automated Ward Solution (AWS)?” 

According to Jonsson & Mattsson (2011) an AWS is a type of Paternoster storage as it 

is automated and suitable for picking stock and smaller objects from opened packages. 

Jacobs (2011) further explains how automated storages are used to control the dispensed 

medications and medical supplies in such a way that inventory management becomes 

automated and traceable; the system generates reports to be used when managing costs 

and optimizing medicine and supply utilization. Munge (140219) explains that those 

attributes, together with the impressions from their visits and the stories they heard from 

other counties laid as decision base for the investment in AWSs. The mentioned visits 

were made in order to see and learn more about the AWSs at Karolinska University 

Hospital, Skaraborg Hospital Skövde, Hallands Hospital Halmstad and Hallands 

Hospital Varberg. 

Munge (140219) says that it wasn’t the original idea to have AWSs placed in wards, but 

it was understood that this ought to be a good idea and that the decision was based more 

on a “gut feeling” rather than hard data. These AWSs were installed hoping that they 

would reduce orders placed by wards, increase secure narcotics handling, decrease the 

risk for taking or returning the wrong medicine, free up time for nurses to place on 

patients and to have an electronic system which would provide statistics, stock 

information and alert when it is time to replenish. Further, the AWSs were also installed 

hoping that they would be beneficial on intangible aspects such as the nurses’ perceived 

sense of secure handling of medicine. Munge (140120) has expressed the wish of 

evaluating how the AWS has affected the material management process of medicine for 

a ward with an AWS.  In order to make the evaluation the authors find that it will be 

necessary to make a comparison of the “current situation” (at a ward with an AWS) to 

the “past situation” (at a ward without an AWS).   
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This calls for a mapping of different processes concerning the material management of 

medicine to be made; as a process map is useful to understand how material moves and 

where inventory is kept (Jacobs, 2011). By creating a process map the work becomes 

more visible which improves understanding; and interpreting a process map will answer 

questions of how the different processes are used. (Damelio, 2011) In accordance with 

Bergman & Klefsjö (2010), Damelio (2011) and Heinrich et al. (2009), the authors need 

to get a systematic presentation of the current situation at CLV in order to gain an 

understanding of the material management process of medicine for a ward. This aligns 

with Granberg (140306) who states that it is important to have mapped processes in 

order to understand the impact the AWS’s have on the Pharmaceutical Unit, as well as 

the wards.  

In order to ease the comparison between the past and current situation, the authors find 

that they will need to break down the material management process of medicine based 

on the categories Plan, Source and Return provided by SCOR (SCOR Supply Chain 

Council, 2014). These processes will be; replenishment of medicine, stock inventory of 

medicine, extraction of medicine for trolley, extraction of medicine  for patient and  

reverse logistics of medicine as these align with the explanations given by Mattsson 

(2012) and Lumsden (2012) of what the categories entail. 

1.3.2 Research Discussion for Research Question II 

“How do time and costs differ in the material 

management process of medicine between a ward 

with, and without, an AWS?” 

Many different costs can be identified in a supply chain and they often represent a big 

proportion of a company’s total cost and these can be hidden within the material and 

information flow from procurement to distribution (Christopher, 2011). This is true for 

CLV as Munge (140219) says that they have good information regarding the purchasing 

cost of medicine but a problem is that they have little knowledge of the costs around the 

material management process of medicine.  

As Munge (140120) has expressed, CLV is primarily interested in knowing if the 

investment in AWSs was a good decision, and how it has affected the material 

management process of medicine for a ward where it has been installed. As according to 
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Kaplan & Andersson (2007) costs in a process’ activities can be driven from time 

through a TDABC model. Other authors seem to align with this as Mattsson (2012) 

stresses the importance of reducing time in a material management process and as 

Bregman (2013) states, a business’ time consumption affects its costs. Harrison & van 

Hoek (2011) state that to have measured time helps identifying and improving the 

activities consuming the most time and creating inefficiencies, and that the major 

advantage of measuring time is the ease with which it is understood as a measurement 

since it is not as subjective or open for interpretation. Lambert & Pohlen (2011) further 

explains that metrics and measurements give management means of assessing whether 

performances have improved or not; this could be applied to a comparison between a 

ward with, and without, an AWS; as an evaluation of an AWS and if it has led to an 

improvement or not is desired by CLV as according to Munge (140120). French et al. 

(2013) validates the use of TDABC in a health-care setting as they explain that it is a 

suitable model to use in such a complex environment as that of a health-care institution.  

Kaplan & Andersson (2007) as well as French et al. (2013) explain that in order to be 

able to apply TDABC it is necessary to first create a process map from which then time 

can be measured and later costs can be applied to each process or activity. The authors 

find that they need to use the process maps created in Research Question 1 in order to 

know which activities to time and later allocate costs through TDABC. Further the 

authors find that they need to compare the measured time and allocated costs between a 

ward with, and without, an AWS in order to see if there are any differences due to 

having an AWS installed.  

1.3.3 Research Discussion for Research Question III 

“How has the instalment of a central storage affected 

the number of orders placed for wards?”  

A centralised inventory approach entails according to Abdelaziz & Mejri (2012), that 

the inventory is perceived as a shared pool of goods across multiple units. This lessens 

the burden on each unit of having to manage storage space and safety stock levels for 

each item and reduces the behaviour of a decentralised system where each unit tries to 

reach its own objectives and goals without consideration of the other units. By having a 

centralised inventory, Shahabi et al. (2013) state that costs and waste can be reduced 

and efficiency can be increased.  
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Munge (140120) explains that the Pharmaceutical Unit recognized a problem in that the 

wards would rather place orders at the pharmacy before verifying if the medicine was 

already available in-house at other wards; this as it is a time consuming process to have 

to call other wards and ask if they have the medicine in question. This led to excessive 

order placement as well as medicine becoming obsolete and as a means of decreasing 

this; the decision was taken to have a central storage implemented. Jonsson & Mattsson 

(2011) adds that a shared inventory leads to larger quantities being stocked together 

which can open up for investments in automated solutions. Precisely such an investment 

was made at CLV as it was decided to have an AWS to function as the central storage. 

The reasons explained by Munge (140120) for why an AWS was installed to function as 

the central storage aligns with Jacobs’ (2011) previous explanation of an automated 

storage’s attributes; it controls dispensed medicine in an automated and traceable way.   

By having centralized information each participant knows more about the others and 

treats them as strategic partners, which eases the inventory replenishment (Yu et al., 

2001; Marklund, 2002). Storing and handling all this information requires a well-

developed information technology (IT) system from which real-time stock level 

information can be acquired (Marklund, 2002; Seo et al., 2000). Jacobs (2011) adds that 

an automated storage generates reports to be used when managing costs and optimizing 

medicine utilisation. It was the Pharmaceutical Unit’s wish according to Munge 

(140120) that such a centralised information system would be available at CLV, which 

was another reason for having an AWS function as a central storage. From the AWS 

statistics on which wards using the central storage can be extracted, the replenishment 

metrics can be electronically monitored and real-time stock levels can be acquired by 

nurses searching for a medicine. 

The authors find that it is necessary to investigate the numbers of orders placed for 

wards before and after the instalment of a central storage as well as gain an 

understanding from different nurses at different wards; this in order to see if the central 

storage achieved what it aimed to in terms of reducing excessive order placement by 

wards and if the wards use the central storage as a safety stock. 
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1.4 Research Questions  

Research Question I: How does the material management process of medicine differ 

between a ward with, and without, an Automated Ward Solution (AWS)? 

Research Question II: How do time and costs differ in the material management process 

of medicine between a ward with, and without, an AWS?  

Research Question III:  How has the instalment of a central storage affected the number 

of orders placed for wards?  

1.5 Purpose 

The purpose is to map and compare the material management process of medicine 

between a ward with, and without, an AWS. Further the mapped processes will be 

timed, allocated costs by applying TDABC and then compared. The purpose is as well 

to describe how the instalment of a central storage has affected the frequency of orders 

placed for wards.   
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1.6 Disposition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: The Project’s Disposition 
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2. METHODOLOGY 

This chapter aims to justify the authors’ chosen methods for this project; including a 

description of its primary and secondary sources. Each section presents the method(s) 

and thereafter justifies this project’s method(s). The chapter ends with a summary 

model of the chosen methods. 
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2.1 Research Strategy  

A case study is an empirical investigation of a contemporary phenomenon (the case) in 

depth in its real-world context, the boundaries between the case and the context may be 

unclear (Yin, 2014). The basic case study requires an intensive and detailed analysis of 

a single case. It is concerned with the particular nature and complexity of the specific 

case in question. It can for example be done on a single organization, a single location, a 

person or a single event. (Bryman & Bell, 2013) According to Yin (2014) it is suitable 

to do a case study when the aim is to understand the real-world case and to do so, 

important contextual conditions tends to be involved. In order to eliminate a large 

reliance on one single approach, it favours a combination of qualitative methods, such 

as observation and unstructured interviews; as those are methods which generate 

intensive, detailed data for the examination of the case. (Bryman & Bell, 2013) The 

findings of case studies are not statistically generalizable as they will be too small of a 

sample to represent a larger population; they are rather analytically generalizable, 

meaning that the generalization goes beyond the case’s setting (Yin, 2014). Bell (2007) 

suggests that a case study is suitable for researchers working on their own as they offer 

an opportunity to study a delimited aspect of a problem during a limited amount of time.  

The Project’s Research Strategy: 

The aim is to study the effects of installing the AWSs in the real context at CLV. The 

research questions aim to see how the costs and structure of the material management 

process of medicine was impacted by the AWSs. The authors need to gain an 

understanding of the process of material management process of medicine at wards in 

terms of costs allocated through time; this in order to be able to see the impact (if any) 

of the AWSs. The authors therefore found it suitable to perform a case study to get to 

study these questions in depth. A case study is flexible and allows for a combination of 

methods of collection of data which will help the authors in gathering an understanding 

of the problem. As this is a case study, it will be analytically generalizable in terms of 

the results being able to go beyond the setting of CLV. The study can be helpful for 

other studies in terms of how the authors conducted their process mapping and 

quantification. The results could also serve as a part of another health-care institution’s 

decision base for weather or not to implement a central storage and/or invest in AWSs. 

A further evaluation of the project’s generalizability is depicted in chapter 7.  
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2.2 Epistemology & Ontology 

The epistemology consists of two contrasting doctrines and according to Bryman & Bell 

(2013) these are difficult to pin down and are described slightly differently by different 

authors. One is positivism which is the epistemological position that supports the 

application of methods of natural sciences to study the social reality. It says that the 

purpose of theory is to produce hypotheses that can be tested and can then allow 

explanations of laws to be assessed. Further knowledge is acquired by gathering facts 

that provide basis for laws. It presumes that science can and must be conducted in an 

objective value-free way. It is common for case studies to follow the positivistic 

doctrine. The other doctrine is interpretivism which advocates a view that the social 

sciences, such as people and institutions, are fundamentally different from the natural 

sciences. This entails that the social world requires a different logic in the procedure of 

research. This is a doctrine which has its heritage in the theology’s hermeneutics which, 

when incorporated into social sciences, tries to interpret human action. (Bryman & Bell, 

2013) 

Ontology is the science of “being” and is used when discussing the social entities’ art or 

nature. In objective ontology there are categories of facts that cannot be affected, for 

example an organization which is a concrete object which has its own rules. Here 

strategies and procedures are developed to get things to run smooth. Constructive 

ontology on the other hand questions that the categories do have already pre-established 

rules that cannot be questioned nor changed. This can be described as a culture in which 

there is a constant process of construction and reconstruction. (Bryman & Bell, 2013) 

The Project’s Epistemology and Ontology: 

This project followed a positivistic doctrine as the authors wished to be objective, and 

explain the collected empirical data and theory, rather than interpreting it. The authors 

treated CLV as a concrete object which has set rules and procedures and therefore 

ontological objectivism was followed. During interviews and observations the authors 

accepted the results in an objective way; the same was done in the studying of the 

documents provided by CLV. By following the positivistic doctrine, the authors could 

gain an insight in CLV’s material management process of medicine in order to 

contribute to the empirical data in an objective way. 
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2.3 Scientific Approach  

The most common relationship between theory and research is represented by deductive 

theory. Here a hypothesis (or hypotheses) is composed based on what is known theory 

to that domain by the researcher. This hypothesis is then subjected into empirical 

scrutiny and translated into researchable entities. The researcher must specify how data 

can be collected in relation to the concepts that make up the hypothesis. This is a logical 

and linear way of research where from theory a hypothesis is deduced and this drives a 

process of data collection. (Bryman & Bell, 2013)  

The method that works the other way, or involves induction, is inductive theory. Here 

the researcher starts in the empirical and then feeds it back into the theory and research 

findings associated with a certain domain. The method includes amongst others 

grounded theory which is a process where reflection on theoretical data has been carried 

out. The researcher goes back to collect further data in order to establish conditions in 

which the theory will or will not hold. Such a theory is often called iterative and 

involves a lot of weaving back and forth between theory and data. (Bryman & Bell, 

2013)  

It is not always clear if a researcher use only deductive theory as the publication of new 

theoretical data may be published during their research, or the relevance of a data to a 

certain theory becomes clear only after the data is collected (Bryman & Bell, 2013). 

One approach that includes this uncertainty is called abduction and is a mix of 

qualitative and quantitative, approaches and concepts and is an approach commonly 

used in case studies (Alvesson & Sköldberg, 2008; Johnson & Onwuegbuzie, 2004). 

Abduction is a more logical and practical alternative which is the uncovering of the best 

set of explanations for understanding one’s results (Johnson & Onwuegbuzie, 2004). 

This can be done through interpretation of a comprehensive hypothetical pattern; that if 

real, would explain the case in question. This interpretation shall then be attested by 

new observations. Abduction therefore has some traits of both induction and deduction 

but it is important to note that it is not a simple “mix” of the two as it adds new steps. 

The empirical is developed throughout the process and theory is refined and adjusted 

along the way as well. Abduction also differs from the other two approaches in the 

sense that it aims to bring understanding. (Alvesson & Sköldberg, 2008) 
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Yin (2014) explains how it is common for case studies to make the mistake to assume 

that the case’s qualitative nature calls for an inductive approach, when in fact a case 

study requires to first gain an understanding of the phenomena through theory; which 

according to the paragraphs above calls for either an approach of deduction or 

abduction. 

The Project’s Scientific Approach: 

The authors found the approach of abduction was the most appropriate for this project. 

This as they conducted a case study where the logical and practical approach offered by 

abduction was suitable. The authors moved between empirical and theoretical data 

throughout the process. They started with an empirical problem and then turned to 

theory to gain a better understanding of models and previous research done in similar 

context. Thereafter more empirical was gathered. When needed more theory was 

gathered as it became relevant; it was adjusted and refined along the whole process to 

stay relevant for the case. As abduction is an approach that brings forward 

understanding it was more relevant than the deductive objective or inductive 

interpreting approach.  

2.4 Research Method  

Quantitative and Qualitative research methods are two ways to distinguish 

methodological issues. Quantitative research is a strategy that emphasizes the 

quantification when gathering and analysing data. It tends to entail a deductive approach 

between research and theory where the intonation is put on the testing of theory. It 

incorporates positivism in the sense of practices and norms of the natural scientific 

model. It views the social reality in an external and objective reality. By contrast the 

qualitative research is a strategy that emphasizes words rather than quantities when 

collecting and analysing data. In the relationship between theory and research it tends to 

follow the inductive approach with an intonation on the generation of theory. It rejects 

the positivistic norms and practices and prefers the ways in which individuals interpret 

their social world. It views the social reality as constantly shifting due to individuals’ 

creation. (Bryman & Bell, 2013) Yin (2014) explains how in a case study it is common 

to deliberately use both qualitative and quantitative data, but still have the case stay true 

to its qualitative approach; this because the case’s research questions have been at a 

higher level, whereas the quantitative data was collected for an embedded unit. This 
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shows that there are no fixed boundaries between the two methods, as according to 

Creswell (p. 3, 2014); “a study tends to be more towards qualitative than quantitative or 

vice versa”. 

The Project’s Research Method: 

The purpose of this project is to map the material management process of medicine for a 

ward with and a ward without an AWS; as well as concluding the impact of installing 

an AWS as a central storage. This was made by conducting interviews, observations and 

having studied documents at CLV which called for a qualitative research method. The 

importance laid in the whole picture where CLV is considered a higher level; not just a 

specific activity or an embedded unit such as the nurses of CLV. Also, as the authors 

wished to conduct a deep and thorough empirical investigation, it was more desirable to 

conduct interviews over surveys making a quantitative research method less 

appropriate. Observations gathered quantifiable empirical data which was used in the 

TDABC-model and the studying of documents also provided quantitative data; however 

this quantifiable data was collected with the purpose that its results would be specific 

for certain activities and not the whole picture. The collection of data continued until 

deemed fulfilled, which was possible with a qualitative research method and a case 

study; and enhanced the depth of this project’s research. As previously mentioned, 

different research methods have different connections to epistemology; the authors 

however stayed true to this project’s positivistic nature in both the qualitative and 

quantitative data.  

2.5 Sample Selection 

Probability sample is selected randomly and each unit in the population has a known 

chance to be selected; this will then mathematically represent a subgroup of some larger 

population (Berg, 2009; Bryman & Bell, 2013). Non-probability sample is not selected 

using a random selection method which implies that some units in a population are 

more likely to be selected than others; this is not a representative sample and is 

therefore harder to generalize. Convenience sample is a type of non-probability sample 

where the sample is simply available to the researcher.  Snowball sampling is in a sense 

a form of convenience sampling where the researcher start by contacting a group of 

people who are relevant to the research and then uses their contacts with others to 

collect further data. (Bryman & Bell, 2013) 
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This Project’s Sample Selection: 

As this project was handed to the authors by Magnus Munge, Department Manager at 

the Pharmaceutical Unit, it was natural that he was the first source, making him a 

convenience sample.  

Research Question I & II 

As it became more clear how the authors wanted to conduct this project and which 

processes it was that they wished to map Munge directed them, in a snowball-sampling 

fashion, to other viable sources. These sources were other employees within 

Pharmaceutical Unit which he saw fit to best answer the authors’ questions and 

participate in their observations as well as the Head of Department for wards 3 and 5. 

These were chosen as they both represent a so called “Medicinal Ward” in which Ward 

3 does not have an AWS installed but Ward 5 does. As they are both the same type of 

wards, but with different inventory systems it was decided that they could most clearly 

show distinct differences (if any) between a ward with, and a ward without, an AWS 

installed. The head of departments in turn directed the authors to different nurses who 

they saw fit to answer their questions and to participate in their observations.  

 

Figure 6: The Sample Selection for Research Question I & II 
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Research Question III 

For Research Question III the authors relied on a non- probability convenience sample 

as they went to each ward and asked if there was a nurse who had time to answer a 

couple of questions. Further the nurses answering in these interviews had varying years 

of experience; although the authors made sure they had at least one year of experience, 

which ensured that they had been there before the central storage was installed. Some 

nurses had more knowledge about the ordering process of medicine as they were one of 

the few with the authority to place orders of medicine for wards.  

 

Figure 7: The Sample Selection for Research Question III 

2.6 Data Collection 

When data which has not been available before is collected, for example through 

interviews or observations, this is called primary data (Dahmström, 2011). Interviews 

are one of the most important sources of information in a case study (Yin, 2014). There 

are three categories of interviews; structured, semi- structured and unstructured 

interviews. Structured interviews are often done in connection with quantitative 

research; as this type of interview promotes a standardization of both asking questions 

and recording answers. Semi-structured is more flexible and usually has a list of 

questions on a topic that is to be covered; this is often referred to as the interview guide. 

Here the interviewee has more freedom in formulating their response. In unstructured 

interviews the researcher has barely prepared some prompts on a certain range of topics. 

(Berg, 2009; Bryman & Bell, 2013) 

Observations are according to Yin (2014) another suitable source of evidence for a case 

study as the aim is to study a case in the real-world setting. Observations can add new 

depths to the researchers’ understanding of the context. Observations are made on the 

field and can be done by side walking an activity or participating in meetings, with the 

purpose of finding behaviours during a certain period of time. Bryman and Bell (2011) 
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concluded that observations compared with interviews can help provide more accurate 

information about events. The reliability of the observation can be increased by having 

more than one single observer making the observation (Yin, 2014). Validity in 

observation usually relates to if it measures what it is supposed to measured (Bryman & 

Bell, 2013). Bryman & Bell (2013) suggest that observations works best when it is used 

together with other methods; this as it does not provide reason for the observed pattern 

of behaviour.  

Studying documents can help verifying other data already collected and help as the 

researcher might be able to ask new questions after having read a document (Yin, 2014). 

These documents provided by an organization are also considered primary data. This 

includes for example protocols, brochures, reports, letters, meeting notes, decisions, and 

financial documents.  They came from practical use and have not been “organized” in 

the sense to be a base for scientific research. The researcher has to be critic when 

analysing documents to avoid bias. (Bell, 2007)  

When using data that has already been collected, this is called secondary data 

(Dahmström, 2011). This includes interpreting data found in literature, articles and 

databases (Bell, 2007). Secondary data is usually a faster process than collecting 

primary data, but can also require that time is spent in order to understand the 

complexity of data collected by another researcher (Dahmström, 2011).  

The Project’s’ Data Collection:  

The primary data for this project has been collected through interviews, observations 

and the studying of internal documents. The initial interviews with Munge were 

unstructured; as the authors did not yet have an understanding of the phenomena they 

did not want to lead the discussion in any certain way but let it up to Munge to freely 

express the phenomena. The authors then gathered secondary data in terms of scientific 

articles and literatures in order to gain a deeper understanding and to know how to 

conduct their project. After gaining an understanding, the projects disposition was 

planned, the research questions were formulated and the specific data to be collected for 

each question was decided and will be explained in the subsections below. All 

interviews, observations and internal documents used for all research questions are 

depicted in the tables below; 
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Interviews 

Name Position Date RQ I RQ II RQ III 

Magnus Munge 
Department Manager at 

the Pharmaceutical Unit 

140120 x   

140219 x  x 

140422  x x 

140428  x  

Pia Törndahl 
Pharmacist at the 

Pharmaceutical Unit 

140303 X  X 

140404 x   

140429 x   

Cecilia Lundgren 
Dispenser at the 

Pharmaceutical Unit 
140404 x   

Anna Strömberg Dispenser at the 

Pharmaceutical Unit 

140408 x   

140414 x   

Lise-Lotte Augustine 
Head of Department 

Ward 3 

140312 x  x 

140513  x  

Emelie Petersson Nurse at Ward 3 140312 x   

Malin Ivarsson Nurse at Ward 3 140417 x   

Anneli Sollersjö Nurse at Ward 3 140423 x   

Helen Ahlgren Nurse at Ward 3 140423   x 

Christian Granberg 
Head of Department 

Ward 5 

140306 x  x 

140417  x  

Sofia Löfqvist 

Nurse & Head of 

Department Assistant at 

Ward 5 

140306  x  x 

Monika Mlynarz Nurse at Ward 4 140506   x 

Elisabeth Johansson Nurse at Ward 40 140506   x 

Lina Karlsson Nurse at Ward 1 140506   x 

Johanna Roth Nurse at Ward 19 140506   x 

Emma Olofsson Nurse at Ward 34 140506   x 

Kristin Oertel Nurse at Ward 13 140506   x 

Johanna Gustafsson Nurse at Ward 33 140506   x 

Table 3: The Project’s Data Collection through Interviews 
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Observations 

Name Position Date RQ I RQ II RQ III 

Cecilia Lundgren Dispenser at the 

Pharmaceutical Unit 

140404 x x  

140409 x   

140429  x  

Anna Strömberg Dispenser at the 

Pharmaceutical Unit 

140408 x x  

140415 x x  

Malin Ivarsson Nurse at Ward 3 140417 x x  

Anneli Sollersjö Nurse at Ward 3 140423 x x  

Sofia Löfqvist Nurse & Head of 

Department Assistant at 

Ward 5 

140410 x x  

Anna Johansson Nurse at Ward 3 140429 x x  

Sara Holmqvist Nurse at Ward 5 140429 x x  
Table 4: The Project’s Data Collection through Observations 

 

Internal Documents 

Name Explanation of content RQ I RQ II RQ III 

Orders Placed Historic data of orders placed  

Jan-April; 2011-2014 
  x 

Table 5: The Project’s Data Collection through Internal Documents 

Data Collection for Research Question I: 

The scientific articles were found through the databases ScienceDirect, EBSCO, 

Springer Link, Wiley Online Library, Google Scholar, Business Source Premier and 

Emerald by using search terms such as; “material management process hospital”, 

“process mapping”, “flowcharting symbols” and “data collection process mapping”. 

The literatures were chosen based on their relevance regarding material management 

process and process mapping. Literatures weigh heavier in the sections because the 

authors found that they provided a more in-depth description of material management 

process and process mapping compared to the articles they found. 

The primary data for Research Question I was collected through semi-structured 

interviews with Magnus Munge, employees at the Pharmaceutical Unit, the Head of 

Department at wards 3 and 5 as well as nurses on each of those wards. As the authors 
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found the need to map different processes in order to gain an understanding on a wards 

material management process of medicine, the people mentioned above participated in 

different process maps depending on their relevance.  

Once the process maps had been drawn according to the interview responses, these 

were, along with the written empirical data, confirmed by the interviewees to ensure the 

authors had understood the process correctly. The authors then made observations to see 

if the process when executed in real life accorded to the map that was drawn; this also 

offered the opportunity to change their process maps in case an activity was made which 

had not been mentioned in the interviews. The observations were made simultaneously 

by both authors in order to increase the observations’ reliability. 

Data Collection for Research Question II: 

The scientific articles were collected from the databases ScienceDirect, Google Scholar, 

Business Source Premier and Emerald by using search terms such as “measurement 

tools”, “metrics”, “supply chain measures”, “cost in material management process” and 

“time-driven activity-based costing”. The scientific articles were based on Kaplan & 

Andersson (2007), which is the literature that weighs the heaviest in this part. The 

articles were chosen as the authors wanted to see how TDABC could be applied in a 

health-care setting. The authors find that the literature’s large weight is validated as it 

was Kaplan & Andersson who invented the concept of TDABC.  

The primary data for Research Question II was collected through observations which 

took place according to the process map produced in Research Question I. The aim of 

the observations was to gather data on consumed time for selected activities. The 

observations were made simultaneously by both authors in order to increase the 

observations’ reliability. In order to gather data on costs, interviews were performed 

with Magnus Munge and the head of departments for Ward 3 and Ward 5. 

Data Collection for Research Question III: 

The scientific articles were collected from the databases Science Direct, EBSCO, 

Springer Link and Emerald by using the search terms such as “in house central storage 

hospitals” and “safety stock”. The literatures were chosen based on their relevance to 

central storage, orders and safety stock. 
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The primary data was collected through semi-structured interviews with employees at 

the Pharmaceutical Unit to gain an understanding in the impact of the installation of an 

AWS as a central storage and by semi-structured interviews with nurses at different 

wards in order to gain an understanding of their perception of the central storage as well 

as through the studying of internal documents.  

2.7 Analysis Method  

The aim of a case analysis is to produce empirically based findings by examining, 

categorizing or otherwise recombining evidence that has been collected during the 

study. To define the priorities of the study it is important to get started on the analysis. 

To attend to all the evidence collected, displayed and presented during the study is 

necessary in order to create a high-quality analysis. A strategy to work by is through 

following the theory which helped shape the prerequisites for empirical collection, this 

as the theory often provides analytical qualities. The theory can then be compared 

against the empirical findings through a “pattern matching”. (Yin, 2014) 

The Project’s Analysis: 

Research Question I: 

The analysis for Research Question 1 was performed by dividing the chapter into two 

different parts. The first part put theory against empirical in analytical discussions 

through a pattern matching, which generated in process maps for both Ward 3 and Ward 

5. These process maps enabled the second part where each process map for Ward 3 was 

compared to its equivalent for Ward 5. This showed similarities and differences, which 

generated a basis for conclusion to be used later when answering Research Question I. 

Below is an illustration of the analysis’ disposition: 

 

 

 

 

 

 



 

 

School of Business and Economics 

 
30 

 

Figure 8: Analysis’ Disposition for Research Question I 

Research Question II: 

The analysis for Research Question II was divided into three different parts. The first 

part determined the capacity cost per minute for Ward 3, Ward 5 and the 

Pharmaceutical Unit through an analytical discussion and pattern matching of theory 

and empirical. The second part generated time-equations for Ward 3 and Ward 5through 

an analytic discussion and pattern matching of theory and empirical. The third part 

generated in calculated scenarios for Ward 3 and 5 through an analytic discussion and 

pattern matching between theory and the outcomes of the previous parts. This was done 

by applying the capacity cost per minute from part I into the different time-equations 

from part II. This resulted in a proposed process cost according to pre-determined 

assumptions for the calculated scenarios. To enable a comparison of wards, each 

process was given a calculated average cost by dividing all possible cost outcomes with 

the amount of calculated scenarios for a process. In order to cover possible deviations 

which the observations might not have covered; a sensitivity analysis was performed 

and included in the process average costs. The different costs for Ward 3 and Ward 5 

were then compared to each other to give a basis for conclusion in order to be able to 

answer Research Question II. Below follows an illustration of the analysis’ disposition: 

 Analysis Model for Research Question I 

PART I 

 

 

 

                                      

                                       
 

PART II 

 

 

 

 

                               

                                                                   

Theory 

 The Material Management Process 

 SCOR 

 Process Mapping 

Empirical 

 The Material Management Process 

 Replenishment of Medicine 

 Stock Inventory of Medicine 

 Extraction of Medicine 

 Reverse Logistics of Medicine 

Analytical Discussion Outcome: 

Process Maps for Ward 3 and Ward 5 

Process Maps Ward 3 

 Replenishment of Medicine 

 Stock Inventory of Medicine 

 Extraction of Medicine for Trolley 

 Extraction of Medicine for Patient 

 Reverse Logistics of Medicine 

Process Maps Ward 5 

 Replenishment of Medicine 

 Stock Inventory of Medicine 

 Extraction of Medicine for Trolley 

 Extraction of Medicine for Patient 

 Reverse Logistics of Medicine 

Basis for Conclusion 

Analytical 

Discussion 

Analytical 

Comparison 



 

 

School of Business and Economics 

 
31 

 

Figure 9: Analysis’ Disposition for Research Question II 
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Research Question III: 

The analysis for Research Question III has been performed by putting the theory against 

the empirical findings through a pattern matching. The analysis sometimes mentions 

references which are not depicted in the empirical chapter for Research Question III; 

this is because it has already been depicted earlier in the project and the authors felt it 

would be redundant to write the same data twice. This sub section ends with a table 

showing the basis for conclusion in order to answer Research Question III. This table 

will provide different statements as according to what CLV has expressed they wished 

the central storage would achieve and based on the findings from the analytical 

discussion, the statements will either hold true or not as shown in the table. Below 

follows an illustration of the analysis’ disposition: 

Figure 10: Analysis’ Disposition for Research Question III 

2.8 Ethics 

Researchers in case studies ought to aim for the highest possible ethical standard, 

including for example; not plagiarising or falsifying data; breaching copyright or 

intellectual property laws; avoiding dishonesty; accepting responsibility for the work 
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theory (Yin, 2014; Bryman & Bell, 2013). As case studies often investigate in the lives 

of other human beings there is a great ethical obligation; therefore the researcher has to 

ensure the rights and welfare of those people or organisations that form the focus of the 

study (Berg, 2009; Yin, 2014). Ethics in case studies involving human beings revolve 

mainly around the following four issues; whether there is harm to the participants, lack 

of informed consent, invasion of privacy, or if there is deception involved. Each of these 

issues will be further explained below. (Yin, 2014; Bryman & Bell, 2013)  
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Research that might cause harm to the participants is regarded by most as unacceptable. 

But what is understood to be harm?  It can come in the form of physical harm, or 

psychological harm which includes but is not limited to stress and negative impact on 

development or self-esteem which can harm the participant’s future career 

opportunities. (Bryman & Bell, 2013; Yin, 2014)  

Invasion of privacy is another important issue and to infringe on the right of privacy in 

research is regarded as unacceptable. Information from a respondent that might be 

sensitive shall not be available to unauthorized audience; and if the respondents request 

anonymity this shall be granted.  (Bryman & Bell, 2013; Yin, 2014) 

Lack of consent is the most debated area of ethics in business. It tends to focus on what 

is variously known as disguised or covert observation. This concern letting the 

prospective research participants receive as much information as needed to make an 

informed decision in whether to participate or not. This also includes that the 

respondents should be told if recording- or observation techniques are to be used during 

an interview. (Bryman & Bell, 2013; Yin, 2014) 

Deception occurs when the research is represented as something other than what it 

really is by the researcher. This might be condoned to a certain extent because the 

researcher aims to receive a more natural response from the participants by limiting 

their understanding of what the research is about. (Bryman & Bell, 2013; Yin, 2014) 

The Project’s’ Ethical Standpoint:  

As this project is a case study involving human beings, the authors evaluated the ethics 

according to the four main issues presented above. There was no harm to the 

participants as data was only collected from documents, interviews and observations. 

Landstinget Kronoberg, where the study was conducted, had a good understanding of 

the aim of the research; therefore no lack of informed consent was present. When the 

authors conducted observations at CLV everyone involved was informed on what 

methods to be used. When the authors chose to use a recorder during interviews the 

respondent(s) was informed beforehand. The authors do not see that this study 

transgressed on anyone’s privacy; those asked to participate in interviews could choose 

to not answer and those who participated in the observations agreed beforehand. The 

authors have not presented their research with intended deception as the aim of the 

research will not alter the outcome of the interviews nor observations.  
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2.9 Quality Criteria 

Yin (2014) suggests four tests of quality measurements which are suitable for case 

studies; these are construct validity, internal validity, external validity and reliability. 

Validity is considered by many to be the most important quality criteria in research. 

This is concerned with the integrity of the conclusions drawn from the research. 

(Bryman & bell, 2013)  

Construct validity concerns if the study actually investigates what it claims to study and 

if this then leads to accurate observations of reality (Gibbert et al., 2008). Constructive 

validity can be achieved by using multiple sources of evidence in the collection of data 

and have key informants review the report (Yin, 2014).  

Internal validity is concerned with if a conclusion which incorporates a causal 

relationship of more than a single variable actually makes sense (Bryman & Bell, 2013). 

Internal validity can be strengthened by using logic models to show the relationship 

(Yin, 2014).  

External validity reflects if a result of a study holds true also to generalize outside of 

this specific research context (Bryman & Bell, 2013).  Many case studies fail to achieve 

statistical generalization as the sample and case is too small to reflect a larger 

population; it may however be achieved by analytical generalisation in which the case’s 

results can go beyond the case’s environment (Yin, 2014). 

Reliability is concerned with if the results of the research are repeatable. One 

prerequisite for this is the need to document the procedures to allow for another 

investigator to repeat the case. (Yin, 2014; Bryman & Bell, 2013) This term is 

commonly used in relation to if the measurements are consistent. Reliability tends to be 

more of an issue in quantitative research, as this research is concerned with if a measure 

is stable and can be considered reliable, or not. (Bryman & Bell, 2013) 

The Project’s Measurement of Quality 

To strengthen the reliability of the research the authors documented the whole process; 

from the selection of theory and how this led to certain empirical data collection; how 

this empirical was collected through different samples and sampling techniques and 

how the analysis method was conducted. In order to achieve construct validity the 

authors let key informants confirm that the information was correct. The authors further 
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used a wide range of scientific articles and literature in order to ensure constructive 

validity. Internal validity is showed by the authors through the models of the 

relationship following throughout the project. The project’s external validity comes 

from its analytical generalizability. This project will serve as help and guidance for 

other health-care institutions thinking of installing a central storage or AWSs; as well as 

helping other researchers in how to apply process mapping and TDABC in a real 

context. A deeper explanation on the project’s validity and reliability is presented in 

chapter 7. 

2.10 Method Summary 

 

Method Selection 

Epistemology & Ontology Positivistic & Objective 

Scientific Approach Abductive 

Research Method Qualitative 

Research Strategy Case Study 

Sample Selection Non-Probability, Judgemental & 

Snowball 

Data Collection Primary data through 26 interviews, 10 

observations and 1 internal document; 

Secondary data through literature and 

scientific articles. 

Ethics No harm to participants; informed 

participants; no invasion of privacy; no 

deception 

Analysis Method Pattern Matching 

Quality Criteria Constructive, Internal & External Validity 

and Reliability 

 

Table 6: Summary of the Project’s Methodology 
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3.  RESEARCH QUESTION I  

“How does the material management process of 

medicine differ between a ward with, and without, an 

Automated Ward Solution (AWS)?” 

 

This chapter aims to present the theory and empirical related to research question I. The 

empirical will separately treat Ward 3 without an AWS from Ward 5 with an AWS. The 

analysis will be performed in two steps, which will result in a basis for conclusion. 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Overview of Chapter Three’s Disposition 
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3.1 Theory of the Material Management Process and Process Mapping 

3.1.1 The Material Management Process  

Mattsson (2012) presents the material flow and information flow as examples of flows 

on which focus is laid when managing a supply chain. These are commonly seen as 

one-way flows going from a distributor to a customer, however, consideration needs to 

be taken to the reverse logistics of misplaced or defect products. These two flows are 

indirectly connected to each other; information can lead to a material flow when for 

example an order is placed and a material flow can lead to an information flow in for 

example reverse logistics. (Mattsson, 2012) This project’s focus is as previously 

established on the material management process and consequently on the material flow. 

The information flow will therefore not be treated separately under its own sections; but 

will be seen as a complement to the material flow and material management process.  

The material management process coordinates, executes and supervises tasks related to 

the flow of material (Chandra et al., 2013); which includes materials that flow from 

suppliers into the organisation, flows of material within the organisation and flow of 

material from the organisation to the final user. (Jonsson, 2008; Park et al., 2011; 

Alvarado-Iniesta et al., 2013; Arnold et al., 2008) Many health care organisations have 

recognized the need and importance of implementing supply chain management tools. 

Supply chain management within health care organisations includes for example the 

material flow of pharmaceuticals and medical supply. By improving the material 

management process in hospitals, internal performance will improve significantly and 

costs can be reduced. (de Vries & Huijsman, 2011)  

A flow of material is triggered by a demand which is for example stock replenishment 

or an order having been placed. The desired quantity is determined and handed over to a 

purchasing function which then places an order at a supplier. If the demand is for a 

product in stock, the order is handled by a function which plans in- and outbound 

deliveries which then picks, packs and delivers the order. (Mattsson, 2012) A flow of 

material is rarely continuous nor is the rate of supply the same as the rate of 

consumption (Jonsson, 2008); inefficiencies in health care sectors can therefore be 

reduced by the material management process being focused on inventory management 

(Callender & Grasman, 2010). 
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3.1.1.1 SCOR 

A way to divide a material management process is by the categories provided by the 

SCOR model. SCOR divides it into for example; Plan, Source, and Return. Each of 

these different steps can be found in the supply chain’s different links, and can be 

broken down to different levels with different amount of detail and measurements. 

(Mattsson, 2012) This project will use the categories provided by SCOR, but not the 

model itself. 

Plan: This step entails planning demand and supply in order to create a balance between 

resources and requirement as well as determining communication along the supply 

chain. The step includes as well the determination of business rules to improve and 

measure such as inventory. (Mattsson, 2012) In order to keep a balance, the resources 

will need to be replenished. Determining the inventory levels can be made by a 

replenishment point system. This is made by comparing the available quantity in stock 

to a predefined quantity, usually termed as a replenishment point. When the stock level 

has gone below this point, an order needs to be placed which will satisfy the desired 

stock level quantity. This quantity considers as well the lead time for replenishment and 

a safety stock level. (Mattsson, 2012; Lumsden, 2012) 

When an order has been placed, the products will eventually be delivered. When the 

products arrive at a storage facility they need to be inspected; either on quality, quantity 

or both. Verifying the quantity is made by simply cross-referencing the delivered 

quantity against the quantity stated in the order and packing list. The quality can be 

verified before delivery by the supplier or by making a sample or total control of the 

delivery. After a delivery has been controlled and approved, the products will need to be 

put into the storage facility. Depending on the method of stock-keeping there are 

different rules for how the placement ought to be performed. With a fixed placement; 

every product shall be placed at the same location every time whereas with a flexible 

placement an empty space can be used for any product. When the product has been 

replenished, the stock level status shall be updated. (Lumsden, 2012) 

Making sure that the stock levels are up to date is made by inventorying where the 

actual stock level is verified against the records. If any deviation is found it needs to be 

investigated and the records adjusted to the correct stock level. (Lumsden, 2012) The 

stock levels are most commonly controlled on a regular basis; be it per day, week or 
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month and this control can be made in different ways, the most efficient being the 

automatized ways. For example, the most common way for identifying objects and 

related information is by barcodes. The barcodes are printed on stickers, and read by 

laser scanners. Another way is by a completely automated information handling, where 

the computer system updates by itself the new stock levels, alerts when a replenishment 

point is reached, compiles statistics over consumption, creates forecasts as well as 

calculates optimal ordering quantities and safety stock levels. (Mattsson, 2012) 

Source: This step includes the processes for satisfying a demand by acquiring material. 

These processes are for example; acquisition, receiving of goods, transports and 

handling of material. (Mattsson, 2012) Acquiring material can be done from an 

inventory, which can be kept in a physical storage facility. This facility should be 

designed so that maintenance and handling costs are minimized; this can be done by 

having a high filling rate and low operating costs. (Jonsson, 2008) The inventory is 

taken from the facility to its destination by different means; either by different vehicles 

or by a physical person (Jonsson & Mattsson, 2011; Lumsden, 2012) 

In order to be able to take a product, information is needed on what product that needs 

to be extracted as well as its thought out destination; and this information is mediated 

through a picking order (Jonsson & Mattsson, 2011; Grosse & Glock, 2013). The 

information can be sent in different ways; man to man, man to information system, 

information system to man or information system to information system. The first 

entails that a person communicates directly with another person without the information 

being stored or processed through an information system. The second involves that a 

person initiates the communication of information, and stores and processes it through 

an information system. The third entails that the information system initiates the 

communication of information and delivers it to a person and the last involves that 

information systems communicates with each other without a physical person being 

involved. (Mattsson, 2012) 

When the destination is a specific client, the exact amount depicted in the order is 

always extracted. The extraction can be made in different ways; one of them is the so 

called man-to-material method. This method entails that the person physically goes to 

the storage and extracts the product directly from the storage. It is common to bundle 

many picking orders into one in order to reduce time that is consumed when acquiring 
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the different products, this as order picking is recognized to be a time-consuming 

process. (Jonsson & Mattsson, 2011; Grosse & Glock, 2013) 

Return: This step includes the processes involved in the reverse logistics of products 

(Mattsson, 2012). Reverse logistics can be defined as “the role of logistics in product 

returns, source reduction, recycling, materials substitution, reuse of materials, waste 

disposal and refurbishing, repair and re-manufacturing” (Mattsson p. 398, 2000); where 

focus is laid on the material flow from point of consumption back to point of origin 

(Arnold et al., 2008; Rogers & Tibben-Lemke, 2001). It is performed worldwide by 

various industry sectors, as its importance has been increasingly acknowledged; 

especially by the statement given by the Reverse Logistics Executive Council claiming 

that firms in US have lost billions of dollars due to bad reverse flow management (de 

Brito & Dekker, 2004).  

3.1.2 Process Mapping 

3.1.2.1 Purpose of Process Mapping  

A process consists of many resources which turn input to output, where output should 

have a higher value than the input, in order to satisfy internal and/or external customers 

(Slack et al. 2012; Jacobs, 2011). By having a process map, the work becomes more 

visible. This visibility improves understanding and communication (Damelio, 2011; 

Soliman, 1998; Bergman & Klefsjö, 2010); and allows for a systematic presentation of a 

division’s processes and the activities, people and data which creates an output 

(Heinrich et al., 2009; Biazzo, 2002). It also helps provide a common reference for all 

involved (Anklesaria, 2008; Recker et al., 2010).  

These maps are often used to show the current work in an organization and can be 

referred to as a ”snapshot” in time; showing all steps, functions, outputs and inputs 

(Harrison & van Hoek, 2011; Recker et al., 2010); and how accurately these are 

depicted affects the process map’s quality (Recker et al., 2010). Analysing the processes 

shown in the map will help the organization identify key performance indicators and 

actions in order to reduce costs, cycle-times and defects as well as establish, strengthen 

and evaluate process performance measures (French et al., 2013; Damelio, 2011; 

Haponava & Al-Jibouri, 2010; Singprasong & Eldabi, 2011). It can show what is 

causing logistical costs, where the largest cost binding activities take place and which 



 

 

School of Business and Economics 

 
41 

 

products, suppliers and customers that have the most significant effect on the logistical 

efficiency and profitability. (Jonsson & Mattsson, 2011) 

A process map can also be used in order to show how an organisation wishes to work by 

examining a map of the current situation and then changing it to align with the 

organisations goals and wishes. Therefore, process maps are a prerequisite for creating 

successful designs of an organisation, for reengineering processes and for benchmarking 

projects. (Damelio, 2011) 

3.1.2.2 Creating the Process Map 

The first thing to do according to Damelio (2011) is to choose which process to be 

mapped. This should be chosen in regard to one or more criterion of the following; cost 

reduction, impact on customer-perceived value, cycle time reduction, defect reduction, 

bottleneck elimination or obsolete technology. Melan (1992) continues with explaining 

that after a process has been chosen, a start and finish needs to be established and that 

within these boundaries, activities will be identified. According to Mattsson (2012) a 

process begins with a demand and finishes with the demand being satisfied; either at a 

customer or leading to another process.  

Mattsson (2012) explains the importance of the activities having a clear beginning and 

end in order to be properly measured, and not just the process itself; the activities needs 

to also have a logical relation to each other. If a group of activities are always 

performed before another group of activities; these should be considered as a 

prerequisite and they should all be included in the same process. If not, the different 

groups of activities should be treated as separate processes. 

Soliman (1998) and Melan (1992) explains that the activities will first be defined on a 

macro level; meaning that the activities are presented in groups and allowing for a 

framework to be used when defining activities on a micro level; it is these activities 

which will be depicted later in the process map. Damelio (2011) and Yin (2014) 

explains how collecting the necessary information in order to create the map can be 

done in different manners; such as one-on-one interviews, group interviews, 

observations or the reviewing of documents (Damelio, 2011; Yin, 2014). When creating 

a process map in a hospital, Singprasong & Eldabi (2011) suggests data collection 

through one or more meetings with the staff. 
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3.1.2.3 Designing the Process map 

The most popular method of process mapping and also the most detailed is the 

flowchart. A flowchart gives a simplified view and shows all tasks that make up a 

process, the sequence of these tasks, the relationship between the tasks as well as the 

input/output for a specific work progress. (Damelio, 2011; Meyer et al., 2007) A 

flowchart is used to answer the question of how the work is essentially done (Damelio, 

2011). When drawing a flowchart, outputs must be defined, the work that provides that 

output as well as the input necessary to create the output. A flowchart can be drawn 

both vertically and horizontally. (Melan, 1992) The more symbols used in a flowchart, 

the bigger will its usefulness become (Damelio, 2011). Below is a description of the 

different symbols to be used in a flowchart;  

Table 7: Flowcharting Symbols (Damelio, 1996; Meyer et al., 2007; Melan, 1992; Karan et al., 2003) 

 Boundary: Indicates the start or finish of a process 

 
Operation: Indicates an activity that changes an input 

 
Movement: Shows the moving of output between locations 

 
Inspection: Shows that the flow has paused so the output can be 

evaluated and receive approval for continuing.  

 
Delay: Indicates when something is put in a temporary storage or just 

simply has to wait. 

 
Storage: Indicates when an output is put in storage and needs 

authorization to be retrieved. 

 
Decision: Identifies a point of decision in the process. The decision 

should be written inside and each path emerging from it should be 

labelled with for example yes/no or complete/incomplete. 

 
Document: This identifies when an output becomes recorded on 

paper. 

 Database: This identifies when an output has become electronically 

stored. 

 

Arrows: arrows show the flow within the process. 

 Demarcation line: Indicates when the work flow crosses 

organizational interfaces 

 Display: Indicates when something is shown on a computer screen 

 Loop limit: Indicates start and finish of a loop. 
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Below is an example of a traditionally used flowchart. This depicts the step of “order 

taken” within an order fulfilment process. It uses seven different symbols of those 

shown above in order to illustrate how these can be used. (Damelio, 1996) 

 

Figure 12: Order Fulfilment Process “Order Taken” Step – Flowchart view (Damelio, 1996) 

When a process is more complex, Jonsson & Mattsson (2011) suggest the design of a 

cross-functional map. Damelio (2011) explains that it shows different functions, steps, 

order of steps, input/output for a specific work process as well as who is responsible for 

each task. It includes processes between and within functions and is sometimes also 

known as a swim lane diagram due to its resemblance to a pool’s lanes. The term swim 

lane diagram is used by for example Singprasong & Eldabi (2011) as they explain it to 

be a common method for mapping a hospital’s functions and processes in order to 

understand the personnel’s workflow.  

Mattsson (2012) explains that an organisation’s functions in its material management 

process are those which together are involved in the activities related to value adding 

and the movement of material along the material flow. Jonsson & Mattsson (2011) and 

Gadde et al. (2012) identifies some functions, not limited to hospitals, to be as follows; 

forecasting, customer order treatment, material and production control, transport 

planning, purchasing, material handling, production, storage and external transport of 

goods. A cross-functional map can help in the discovery of how and where to work 

quicker, more efficiently and with less resources. Damelio (2011) explains that these 

opportunities can become visible from having clarified the input/output requirements; 

and the more they cross function-barriers the more opportunities for improvement there 

will be. By simplifying the processes and not including unnecessary steps, it will be 

easier to discover more opportunities for improvement. Below is an example of a cross-

functional map, showing the order fulfilment process.  
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Figure 13: Order Fulfilment Process – Cross-Functional Map View based on Damelio (1996) 

Damelio (2011) warns for common mistakes when creating a process map and these are 

for example when some areas are too detailed and others too vague; when steps are 

missing; when the map becomes too clustered or when the terminology is not clear and 

creates misunderstandings for those involved 

3.1.2.4 Analysing a Process Map 

Analysing a process is done in order to understand the process (Karan et al., 2003; 

Damelio, 2011). The first step is to interpret the completed process map. Interpreting a 

process map will answer questions of how the different processes are used. When 

interpreting, questions should be asked such as; which steps that require a certain 

output? What is the order of the different steps? Who is responsible for each step? What 

are the interfaces between functions? What is the input and output for each step? 

(Damelio, 2011) Singprasong and Eldabi (2011) also emphasize asking “why” 

throughout the analysis.  

3.2 Empirical Data on the Material Management Process of Medicine 

3.2.1 The Material Management Process of Medicine for Ward 3 without an AWS 

3.2.1.1 Replenishment of Medicine 

The replenishment of medicine at Ward 3’s storage facility is controlled and performed 

by the Pharmaceutical Unit through their pharmaceutical service (Augustine, 140312; 

Törndahl, 140303); however as explained under section “3.2.1.3 Extraction of 

Medicine” a nurse may have to place an emergency order (Petersson, 140312). The first 

step is when an employee from the Pharmaceutical Unit, once a year, has an inventory 

review together with nurses at Ward 3 (Törndahl, 140303; Petersson, 140312). At this 
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meeting; criteria for the replenishment of medicine of their basic inventory is discussed; 

which currently consists of 282 medicines. The minimum and maximum levels for each 

medicine is decided, based largely on an average of historic ordering data but also takes 

the nurses wishes into account. Consideration is also taken to the medicine’s price and 

turnover rate, as it is unfavourable to keep a large stock of more expensive medicine 

with a low turnover rate and it is also unfavourable to place many orders of a less 

expensive medicine with a high turnover as each single order line placed comes with a 

fixed fee. Consideration is also taken to the type of medicine, as it is easier to store and 

order pills as opposed to antibiotics and ampoules. (Törndahl, 140303)  

The next step is the weekly replenishment. This entails that employees from the 

Pharmaceutical Unit comes to the ward once a week and verifies the quantity remaining 

of all the medicine in the ward’s storage. The barcode next to a medicine’s storage 

space provides information for the minimum level of that specific medicine which 

should be available. When the employees from the Pharmaceutical Unit finds that the 

amount of medicine is below the minimum level they manually scan the barcode with 

their hand-scanner which then registers a list of the medicine which needs to be ordered 

and replenished. This is a manual process where employees from the Pharmaceutical 

Unit needs to lift and check the amount of medicine remaining by either “shaking” the 

box or open it and look. (Törndahl, 140303; observation Anna Strömberg, Dispenser at 

the Pharmaceutical Unit, 140408) For medicines not kept inside the storage facility, 

such as a specific shower solution kept in a shower-room at the ward, the nurses need to 

manually fill in a list inside the storage facility for the employee from the 

Pharmaceutical Unit to order when making their weekly replenishment routines 

(Petersson, 140312); the same is done for specific medicines which usually is not part of 

the basic inventory, and not deemed urgent (Augustine, 140312). The Pharmaceutical 

Unit will check this list; if something is demanded for replenishment, the employee will 

take out a specific document with barcodes taped to it for these products which are part 

of the basic inventory, but not stored inside the storage facility. The employee will then 

scan the appropriate barcode(s) with its hand-scanner.  If it is a product not part of the 

basic inventory, it will not have a barcode to be scanned. The employee will then write 

down the product, and manually place an order through Provider back at the 

Pharmaceutical Unit. (Törndahl, 140404; observation Strömberg, 140408)  
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After the employees from the Pharmaceutical Unit has verified the inventory of 

medicine at the ward and scanned the barcodes for those medicines that needs to be 

replenished, they return to the Pharmaceutical Unit and connect the hand-scanner to the 

computer. The information from the hand-scanner is then transferred into the hospital’s 

ordering system Provider. Thereafter the employees from the Pharmaceutical Unit 

reviews the list to make sure it is correct and manually alters to the order list if needed. 

(Törndahl, 140303; observation Strömberg, 140408) 

The verification of inventory and placement of orders is done before noon. The 

medicine is then delivered the following day (Törndahl, 140303). The medicine is 

delivered in bigger boxes to the ward which signs that the medicine has been received 

(Augustine, 140312; Petersson, 1403012; Törndahl, 140303). Employees from the 

Pharmaceutical Unit then come to the ward and unpack the box of medicine and checks 

that the medicines delivered are correct according to the order and packing list. They 

then place each medicine in the correct storage space on the shelves or in the 

refrigerator. (Törndahl, 140303; observation Lundgren, 140409) The nurses at the ward 

only place orders themselves in case of emergency or an unusually high consumption of 

a specific medicine due to a patient with specific needs. (Augustine, 140312)  

3.2.1.2 Stock Inventory of Medicine 

The shelves in Ward 3’s storage facility are marked by stickers with barcodes; 

indicating where each medicine is to be placed and the minimum stock level allowed. 

As a part of the pharmaceutical service, a major stock inventory is the Pharmaceutical 

Unit’s responsibility. Once a month, employees from the Pharmaceutical Unit comes to 

the storage facility of Ward 3 and verifies the expiration date for all medicines in the 

basic inventory (Törndahl, 140303); which according to Munge (140428) is 282 items.  

If a medicine has reached or passed its expiration date, the Pharmaceutical Unit will 

discard it. Every third month, the Pharmaceutical Unit will mark all medicines that are 

to expire within the upcoming 6 months; this way, the Pharmaceutical Unit saves time 

as they do not have to verify all medicines during their monthly check-ups, but only 

those marked with a sticker. (Törndahl, 140303) By having the Pharmaceutical Unit 

performing this task, time has been saved for the nurses at Ward 3, who can now place 

this saved time to tend for patients instead; which is very positive (Petersson, 140312). 



 

 

School of Business and Economics 

 
47 

 

3.2.1.3 Extraction of Medicine 

The medicine at Ward 3 is kept in a storage facility at the ward (Petersson, 140312). 

The storage facility is however not the only place in which the medicine is stored, as 

Ward 3 uses a system of trolleys placed in different rooms at the ward to accommodate 

the different patients. These trolleys have drawers assigned to specific patients, in which 

the required medicine is kept. These drawers are meant to provide sufficient medicine 

until the next replenishment point, meaning that the medicine ought to last around 3-4 

days as the trolleys are replenished two times a week, at early afternoons on Mondays 

and Thursdays. This is done by extracting medicine from the storage facility. 

(Petersson, 140312) 

The nurse has to “log in” by swiping a card in a card reader and enter a personal code, 

after which access is given to the storage facility. Then, according to each patient’s 

prescription list; the nurse will search for the medicines on the shelves, extract the 

amount needed and put it in the patient’s assigned trolley-drawer. (Petersson, 140312; 

observation Anneli Sollersjö, Nurse at Ward 3, 140423) A prescription list is a list of 

medicines, and their according dosages, to be provided to the patient (Löfqvist, 

140306); this prescription list can be accessed from any computer in the ward and there 

is one available inside the storage facility (Augustine, 140312; observation Sollersjö, 

140423). In case a medicine is not available in the storage facility, the nurse has to 

extract it from elsewhere, this will be explained further down in this section. When the 

trolleys are filled, they are put in their allocated destinations (Petersson, 140312). 

The demand for medicine is triggered by a patient’s symptom, disease or the 

prescription list given by a physician. When a medicine is needed, the nurse first has to 

determine if it is a narcotic or not. If it is not a narcotic, the nurse will then check the 

patient’s assigned trolley-drawer to see if the required medicine is available there; if so 

the nurse will simply extract the dosage needed from the trolley-drawer. If the medicine 

is not available or if the need is urgent; the nurse will turn to the ward’s storage facility 

(Augustine, 140312; Petersson, 140312). The nurse will log in by swiping a card 

through a card reader and enter a personal code to access the storage facility. Once 

inside, the nurse will search for the required medicine, pick it up from the shelf and take 

the dosage needed. If possible, the nurse will put the remainder of the medicine back on 

its allocated shelf space. (Petersson, 140312) 
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If the medicine needed is a narcotic the nurse will go directly to the storage facility, as 

narcotics are not to be kept in trolley-drawers due to security reasons. The exception 

however is for a certain sleeping pill which is classified as a narcotic but which Ward 3 

has anyhow allowed to be kept in trolleys. If this is the case, the nurse will first turn to 

the trolley-drawer to see if the narcotic is available. If it is not, the nurse will follow the 

same procedures as for other narcotics which is as follows; the extraction process from 

the storage facility is then the same as previously explained, with the exception that the 

nurse has to sign a document showing that a narcotic was extracted. This document is 

part of a record of narcotics in which the nurse registers its name, the patient’s details, 

the date of extraction as well as the amount and type of narcotics which is extracted. 

(Petersson, 140312) This is however cumbersome as all documents have to be archived 

for 10 years, leading to many folders needing storage space (Augustine, 140312). 

If the medicine is not available in the ward’s storage facility, the nurse will first turn to 

the central storage (Augustine, 140312; Petersson, 140312; observation Malin Ivarsson, 

Nurse at Ward 3, 140417; observation Sollersjö, 140423). Here the nurse faces two 

options; either to place an order online through the AWS’s IT-system via a computer in 

Ward 3 prior to accessing the central storage; or by doing a direct extraction inside the 

central storage. If an AWS order is placed, it is stored as a reservation for four hours. 

This allows for plenty of time to extract the order as something urgent might come in 

between; this way, the order does not have to be typed in again if extracted within four 

hours. The time limit was agreed upon between the Pharmaceutical Unit and nurses at 

CLV. The direct extraction entails that the nurse walks to the central storage, and uses 

the computer there to access the AWS’s IT-system and place an order upon which the 

medicine will be immediately extracted. Also here, the nurse is faced with two options; 

either to extract only the dosage needed for the time being or to extract enough to last 

until the next trolley-replenishment. If the medicine not available is a narcotic, the 

routine is a bit different. If the narcotic needs to be extracted from the central storage 

AWS the nurse has to, regardless of an order placed through the AWS’s IT-system or a 

direct extraction made at the central storage; type in the patient’s personal code number 

in order to extract narcotics from an AWS. (Petersson, 140312; observation Ivarsson, 

140417; observation Sollersjö, 140423) 
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The option of placing an order through the AWS’s IT-system is preferable, as then the 

nurse promptly sees if the medicine is available at the central storage or not; as opposed 

to choosing to make a direct extraction only to find out at the central storage that the 

medicine is not available (Petersson, 140312). In either case, when a nurse finds that the 

medicine is not available at the central storage either, the next step is to turn to the other 

AWSs located in either Ward 5 or Ward 34. This is done from the accessed AWS IT-

system, either at Ward 3 or from inside the central storage depending on where the 

nurse is present. (Petersson, 140312; observation Sollersjö, 140423) If the medicine is 

available in another AWS, the nurse either places an order or goes directly to the ward 

and performs a direct extraction (Petersson, 140312). 

Should the medicine not be available in any of the two AWSs at Ward 5 or 34 either, 

the nurse is faced with the next option; checking a list especially provided by the 

Pharmaceutical Unit depicting the basic inventory of the different medicinal wards 

(Augustine, 140312; Petersson, 140312). Törndahl (140429) adds however that this list 

will soon be removed as the nurses are to instead look in CLV’s ordering system.  If the 

medicine is found to be present at one of these wards, the nurse will establish contact to 

see if it is possible to “lend” the medicine from the ward. If it is possible, the nurse will 

walk to that ward and extract the medicine from their storage facility in the same 

fashion as when extracting from the own storage facility.  

If the medicine is however not found to be part of any ward’s basic inventory or if 

lending is not possible; the nurse is faced with the last option which is that of placing an 

own order in Provider. This is however only done if it is concluded that the need of 

medicine is urgent and cannot wait until the storage facility is replenished; these orders 

are called “emergency orders”. Sometimes when the need for a medicine is semi-urgent; 

meaning that there is no need for an emergency order to be placed but as well not 

enough time to wait for the storage facility’s replenishment; a nurse will ask a physician 

to prescribe the medicine upon which the nurse will walk with the patient down to 

CLV’s pharmacy and buy the medicine needed. (Petersson, 140312) If a prescribed 

medicine is neither available nor urgent the nurse will inform the physician that the 

prescribed medicine is not available and then inform the Pharmaceutical Unit of the 

medicine needed so that it can be included in the next storage facility replenishment. 

(Petersson, 140312; observation Sollersjö, 140423) 
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3.2.1.4 Reverse Logistics of Medicine 

The first step for the nurse is to decide whether the medicine to be returned is a narcotic 

or not. If it is not; the nurse will simply go to the storage facility, swipe the card, log in 

with a personal code and gain access to the storage. Thereafter, the nurse will search for 

the right medicine on the shelves, take down the package and return the medicine at 

hand. This is then noted on a document inside the storage facility. (Petersson, 140312)  

Ward 3 keeps its own stock of regularly needed narcotics; these are kept in what the 

ward refers to as a “cabinet of narcotics”. The routine of the ward is that a narcotic is 

only to be extracted when it will be promptly given to the patient; this in order to try to 

minimize the amount of returned unused narcotics. However on those occasions when a 

nurse at Ward 3 has to return a narcotic there is a specific procedure to follow. 

(Augustine, 140312; Petersson, 140312) First, the nurse must decide if the narcotic is 

suitable for return or not; an extracted liquid is not allowed to be returned to its ampoule 

and neither is pills divided into halves allowed to be returned. If this is the case, the 

narcotic will be properly discarded and not returned. (Augustine, 140312; observation 

Sollersjö, 140423) If the narcotic is deemed returnable, the nurse is faced with yet 

another question; was the narcotic extracted from the ward’s own cabinet of narcotics or 

was it extracted from an AWS in either Ward 5, 34 or at the central storage (Petersson, 

140312). 

If the narcotic was extracted from the ward’s own cabinet of narcotics the nurse will 

walk to the storage facility; swipe its card, type in a personal code and then gain access 

to the storage. Then, the nurse will open the cabinet of narcotics and take out the 

specific package of narcotics and count all the pills inside, add the returned amount and 

verify that the sum adds up. If it adds up, the nurse will record the return on a document 

with its name, the patient’s name, the date of return as well as the amount and type of 

narcotic which is returned. If the sum does not add up, the nurse will have to find 

another nurse to count the amount and verify the difference, which is then recorded as a 

deviation in the record of narcotics by both nurses. This record of narcotics is as 

previously mentioned a record which is to be archived. There is a risk of mistakes when 

it is the nurses’ responsibility to return narcotics due to time pressure or other impacting 

factors; a higher dose of a narcotic can for example be placed in a package of the same 

type of narcotic but with a lower dose, or when a narcotic is misplaced altogether in a 
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package of another type. (Augustine, 140312; Petersson, 140312) One nurse at Ward 3 

is responsible for the narcotics, where its responsibility is to verify that the record of 

narcotics match the actual amount inside the cabinet of narcotics at any point in time; as 

well as to verify that the consumption of narcotics is reasonable according to the 

demand based on the currently hospitalized patients at Ward 3 (Petersson, 140312). 

If the narcotic however was extracted from an AWS, the nurse has to follow another 

routine. First the nurse has to conclude from which AWS the narcotic was extracted and 

then walk to the storage facility where it is located (Petersson, 140312). There, the nurse 

will log in to the AWS’s IT-system and choose the return function. The nurse will type 

in the patient’s name and personal code number upon which a specific compartment in 

the AWS will open and the narcotic can be placed inside. (Munge, 140219) After this is 

done, the nurse’s work is finished (Petersson, 140312); the rest of the process is 

continued by the Pharmaceutical Unit (Munge, 140219), and their work regarding the 

reverse logistics of unused narcotics in an AWS will be further explained in the last 

paragraph of the following section 3.2.2. 

3.2.2 The Material Management Process of Medicine for Ward 5 with an AWS 

3.2.2.1 Replenishment of Medicine 

The replenishment of medicine in Ward 5’s AWS is performed and controlled by the 

Pharmaceutical Unit (Granberg, 140306; Törndahl, 140303); however, as explained 

under section “3.2.1.3 Extraction of Medicine” a nurse at the ward might have to order 

medicine itself if it is not found at CLV (Löfqvist, 140306) Once a year, an employee 

from the Pharmaceutical Unit has an inventory review together with nurses at Ward 5 

(Törndahl, 140303; Löfqvist, 140306). At this meeting, criteria for the replenishment of 

medicine are discussed. The minimum and maximum levels for each medicine is 

decided, largely based on an average of historic ordering data as well as considering the 

nurses wishes. Consideration is also taken to the medicine’s price and turnover rate, as 

it is unfavourable to keep a large stock of expensive medicine with a low turnover rate 

as well as it is unfavourable to place many orders of a low priced medicine with a high 

turnover as each order line placed is feed. Furthermore, a consideration needs to be 

taken to the type of medicine, as it is easier to store and order pills as opposed to 

antibiotics and ampoules. (Törndahl, 140303) 
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The next step is the weekly replenishment. Since Ward 5 has an AWS, it is replenished 

twice a week as opposed to a ward without an AWS which is replenished once a week. 

This as it takes longer to replenish an AWS as opposed to a ward without one; and the 

employees at the Pharmaceutical Unit feels that they would cause more of an 

inconvenience if they had to spend almost two hours occupying the AWS. (Törndahl, 

140303) Löfqvist (140306) however explains that the nurses at the ward never feels that 

the Pharmaceutical Unit creates an inconvenience as they easily can log out and let the 

nurses extract their medicine before continuing with the replenishment process. But 

Törndahl (140303) also explains that another reason for dividing the replenishment into 

two occasions is to provide comfort that AWS will not run out of stock.  

The replenishment process of Ward 5’s inventory works as follows; an employee from 

the Pharmaceutical Unit prints a list twice a week from the computer system connected 

to the AWS, showing all the medicine that has reached an inventory level which is at or 

below the minimum level. The employee from the Pharmaceutical Unit then enters this 

list of medicine manually into the ordering system Provider before noon. (Törndahl, 

140303; observation Strömberg, 140408) The medicine is then delivered before noon 

the following day to the ward, where a nurse signs that the box has been delivered and 

then places it unopened inside the storage facility (Granberg, 140306; Löfqvist, 

140306).  

Employees from the Pharmaceutical Unit will then sometime during the afternoon come 

to the ward and access the storage (Törndahl, 140303). Inside the larger box is an order- 

and picking list, which the employee will cross-reference with its own order list to make 

sure that everything seems to be in order. Then, the employee will take out a medicine, 

make a fast check to ensure that there has been no damage and cross reference with the 

order- and picking list. (Cecilia Lundgren, Dispenser at the Pharmaceutical Unit, 

140404; observation Lundgren, 140404) If the delivery does not match the order- and 

picking list, the employee will call the Pharmacy at CLV and report the mistake; it will 

also make a note on the order- and picking list. Further the employee will have to, after 

the replenishment is finished and the employee is back at the Pharmaceutical Unit, log 

into a program named Synergi which is connected to CLV’s pharmacy, and report the 

mistake. (Törndahl, 140404; Törndahl, 140429) 
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If however the right quantity has been delivered, the employee ticks the order- and 

picking list and then walks to the computer inside the storage, logs in and chooses the 

function “replenishment from list”. Then, the employee will scan the barcode of the 

medicine question after which a window will open indicating the amount to be 

replenished and what the actual stock level should be. A light will light up somewhere 

in the AWS, indicating where the medicine should be inserted. (Lundgren, 140404; 

observation Lundgren, 140404) 

The employee opens this compartment, and counts the stock level to make sure that it is 

as according to the AWS’s IT-system. If there happens to be more than it should it is 

not considered critical, and the employee will only correct the actual stock-level is it 

feels that there is enough time; if however the stock level is lower than it should this is 

considered critical and the employee must change the actual stock level. When changing 

the stock level, the employee will have to close the compartment, and walk to the 

computer inside the storage. There, the employee will choose the “inventory” function 

in which it will search for the medicine in question. The employee will then enter the 

correct stock-level amount, press OK and then then press save. (Lundgren, 140404; 

observation Lundgren, 140404) There is however a flaw in the AWS’s IT-system 

according to Lundgren (140404), as there is no possible way to report why there is a 

change in stock level. This is especially bad when the lower stock level considers 

narcotics as the system will only indicate that the employee has changed the stock level 

to be lower without any explanation, which could seem like the employee then has 

taken the narcotics for themselves or for any other purpose but giving it to a patient. 

If the stock level is as according to the AWS’s IT-system, the employee will then begin 

the replenishment. If there is medicine still left in the compartment, the expiration date 

is checked. If it expires before the newer medicine, this medicine will have to be put 

first and then the replenishment will come after. Once a compartment has been filled, 

the employee will close it and then insert the compartment’s closest expiration date in 

the AWS’s IT-system. This process is then continued until all medicine inside the box 

has been replenished. (Lundgren, 140404; observation Lundgren, 140404) It is a tedious 

process to enter each medicine into the IT-system and then placing it in the specific 

storage space; especially for the narcotics which are stored in single storage spaces in 

the dispenser and which sometimes has to be cut from its chart pill by pill. (Törndahl, 

140303; Lundgren, 140404; observation Lundgren, 140404) 
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It can happen that the ward has had to place an emergency order the same day as the 

weekly replenishment. Then the employee from the Pharmaceutical Unit will bring this 

medicine with it up to the ward. This medicine is replenished the same as the medicine 

from the delivered larger box with the exception that the employee will first have to 

choose the function “replenish manually”, scan the medicine’s barcode then manually 

enter the amount to be replenished. (Lundgren, 140404; Observation Lundgren, 140404) 

When all medicine has been replenished, the employee will walk back to the 

Pharmaceutical Unit and log into Provider. There, the employee will choose the 

function “inbound delivery”, search for the delivery’s order number and choose it upon 

which information regarding the ward it concerns, who made the order and what it is 

that has been delivered will be displayed. The employee will verify the information, and 

if all is in order it will press “verify” and then sign the order- and picking list with its 

name and date. This list will be taken back to Ward 5 at the next replenishment and 

inserted into a special “inbound delivery folder” where all order- and picking lists are to 

be kept for two years as according to Swedish law. (Lundgren, 140404; Observation 

Lundgren, 140404) 

Sometimes, the employee cannot find the order inside Provider if it concerns an order 

that the ward has placed itself inside E-builder instead. If that is the case, the employee 

will have to access E-builder instead, search for the order and then press on it. If 

everything seems to be in order, the employee will press “verify” and then sign the 

order-and picking list with its signature and date. Should however there be some sort of 

change in the order, where an ordered medicine has been replaced with an equal but of 

another brand; this will not be automatically updated in E-builder as it would have been 

inside Provider. Then, the employee will have to search for the actually delivered 

medicine, insert the delivered amount, delete the ordered medicine which is still inside 

the system and then press verify and sign the order- and picking list. (Lundgren, 

140404; Observation Lundgren, 140404) As it is more complicated to handle orders 

placed through E-builder, it is the Pharmaceutical Unit’s wish that all wards would be 

using Provider instead (Törndahl, 140404; Lundgren, 140404) 
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3.2.2.2 Stock Inventory of Medicine 

The responsibility of performing a major stock inventory is a part of the pharmaceutical 

service, and is therefore the responsibility of the Pharmaceutical Unit. Once a month, an 

employee from the Pharmaceutical Unit will print out a report from the AWS’s IT-

system which indicates which medicines that are about to expire. If there are any 

medicines that have reached or passed their expiration date, employees from the 

Pharmaceutical Unit will go to Ward 5 and properly discard these medicines. (Törndahl, 

140303) This is a much appreciated service among the nurses at Ward 5, who now feel 

that they have more time to devote to their patients without having to spend hours 

inventorying (Granberg, 140306).  

3.2.2.3 Extraction of Medicine 

At Ward 5, the storage facility for medicine and medical supplies has an AWS installed; 

compiled by dispensers, cabinets, an electronic lock as well as a computer (Granberg, 

140306; Munge, 140219). The storing spaces in the AWS are only marked with a 

number with no indication as to what medicine is to be stored in it, nor is the medicine 

in alphabetic order. There are also a few open shelves for medicines or supplies which 

do not fit in the dispensers or cabinets; however the nurse is not allowed to extract 

anything from the shelf without going through the AWS’s IT-system. (Munge, 140219) 

In case of a power-out or breakdown, the AWS can be manually opened, by a key which 

is to be kept by CLV’s maintenance keeper (Granberg, 140306). Should such an event 

occur, there is a binder available listing the different medicines kept in stock as well as 

their allocated spaces (Munge, 140219; Löfqvist, 140306). Törndahl (140303) expresses 

that a slight disadvantage of an AWS is that the storage space provided is fixed, and 

there is less opportunity to “puzzle” with boxes and supplies as it is on the open shelves 

of a ward without an AWS.  

The storage facility is not the only place where the ward stores its medicine as the ward 

also works by a system of trolleys stationed in the different patient-rooms. Each trolley 

has drawers assigned to specific patients, in which their prescript medicine is kept. 

These trolleys are refilled twice a week by nurses working the nightshift; leading to 

each patient-drawer to contain medicine calculated to last until the next refilling, which 

is approximately 3-4 days. The filling of these trolleys are done by extracting the 

medicine from the AWS according to the prescription list. (Löfqvist, 140306) 
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The extraction is done by logging into the AWS’s IT-system from a computer at the 

ward; creating orders for each patient (Löfqvist, 140306; observation Löfqvist, 140410). 

These orders are reserved online for 4 hours, which is an amount that the 

pharmaceutical unit and CLV’s nurses have compromised. It gives enough time to be 

able to extract the medicine in case of an emergency happening which interrupts the 

extraction process, without having to start over. (Granberg, 140306) The nurse then 

goes to the storage facility located at Ward 5, logs into the computer there and starts 

extracting the medicine, patient by patient. When a patient’s medicine is extracted, it is 

put into its assigned trolley-drawer; this is repeated until all necessary trolley-drawers 

are filled. When the trolleys are filled as demanded, they are then placed in their 

allocated destinations at the ward. In case a medicine is not available in the storage 

facility, the nurse will have to extract it from elsewhere (Löfqvist, 140306; observation 

Löfqvist, 140410); this process will be explained further below. 

The demand for a medicine is triggered by a symptom arising in the patient or due to the 

patient’s prescription list; which is a list of medicines, and their according dosages, to 

be provided for the patient. When the demand for a medicine has been triggered, the 

first step for a nurse is to check whether the medicine is classified as a narcotic or not. If 

it is not; the nurse will check the patient’s trolley-drawer, to see if the medicine is 

available there. If it is available, the nurse will simply extract the prescript dosage from 

the drawer. If however it is not, the nurse will then have to extract it from the AWS. The 

normal routine for nurses in a case like this is to do a direct extraction; entailing that the 

nurse goes directly to the computer inside the storage facility and creates the order for 

the patient there and then immediately extracts it from the AWS. (Granberg, 140306; 

Löfqvist, 140306) 

If the demand is for a medicine that is classified as a narcotic, the nurse will go to the 

storage facility and make a direct extraction from the AWS unless it’s a lighter narcotic 

such as a sleeping pill which is allowed to be kept in trolley-drawers (Granberg, 

140306; Löfqvist, 140306). When doing the direct extraction for a narcotic; the nurse is 

required to type in the patient’s personal code number. There is also an option for 

nurses to not make a direct extraction but rather use the AWSs IT-system and submit a 

patient’s medicine order online in order to later extract it from the AWS. If it is a 

narcotic to be extracted, it is required also here to type in the patient’s personal code 

number. (Granberg, 140306; observation Löfqvist, 140410)  



 

 

School of Business and Economics 

 
57 

 

Regardless of the extraction being direct or from an online order; the nurse is faced with 

the option to either extract only the amount needed at the specific point in time; or to 

extract enough to last until the next scheduled extraction for the trolley-drawers. This is 

however not an option for narcotics since, as previously mentioned, these are not 

allowed to be kept in trolley-drawers. (Löfqvist, 140306) 

There is a possibility that when either making a direct extraction or placing an order 

online; the medicine is not available at the AWS at Ward 5. The nurse can then check 

the AWS’s IT-system to see if it is available at the AWS located in CLV’s central 

storage. If it is, the nurse then faces two options; either to make an order online through 

the AWS’s IT-system and then within four hours walk to the central storage and extract 

it from its AWS, or to walk to the central storage and make a direct extraction from its 

AWS. Which option the nurse chooses often relates to how comfortable it feels with the 

online booking system and/or how urgent the patient’s need for promptly receiving a 

medicine is. If the nurse discovers that the central storage is out of stock as well, the 

nurse will check if the third AWS located at Ward 34 has the medicine available. If 

available, the nurse is once again faced with the same two options as previously 

mentioned. (Granberg, 140306; Löfqvist, 140306; observation Löfqvist, 140410) 

If however the medicine is not available here either; the nurse will have to log into the 

ordering system Provider to see if a ward at CLV has recently placed an order of this 

medicine (Löfqvist, 140306). If there is such a ward, the nurse will establish contact and 

see if it is possible to “lend” the medicine. If possible; the nurse will then walk to that 

ward and extract the medicine. If not possible, or in case there had not been any ward 

that had placed an order for that medicine the nurse is faced with the last option; placing 

an order. Depending on the urgency of the medicine the order can either be an express 

or regular order. With the express order, the medicine can be available within the same 

day; however this is a more expensive option. The regular order is less expensive but 

takes 24 hours to be delivered. The order is to be placed through the ordering system 

Provider; however some nurses are more comfortable with the previous ordering system 

“E-builder” and still places their orders there. This is not preferable as it will make it 

harder for wards to see which wards that placed which orders, if it is done through two 

different systems. (Granberg, 140306; Löfqvist, 140306) The orders placed through the 

system Provider is managed by the Pharmaceutical Unit (Törndahl, 140303); this 

process was depicted earlier under section “3.2.1.1 Replenishment of Medicine” 
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On rare occasions during weekends if there is a stock-out at CLV and the pharmacy’s 

order and delivery service is closed; the nurses will ask a physician to write a 

prescription of the required medicine and then walk together with the patient down to 

the pharmacy and buy the medicine. If the patient is in an extremely urgent need of a 

certain medicine during weekends, there is also the possibility of having it flown here 

by helicopter from other hospitals in Sweden; this has however not yet occurred for 

CLV. (Granberg, 140306) 

3.2.2.4 Reverse Logistics of Medicine 

The first step for the nurse is to determine if the medicine that is to be returned is a 

narcotic or not. If it is not a narcotic, the medicine will be discarded; this as medicine 

which is not classified as a narcotic cannot be returned to an AWS. Previously, a nurse 

would put back unused medicine in its respective packages when they were just stored 

on shelves, but as this is no longer possible more medicine is discarded, which is 

perceived as a waste amongst the nurses. The ward is therefore now searching for new 

routines regarding the trolleys to try and minimize the discarded medicine due to the 

patient leaving, or if the prescription list is changed. (Granberg, 140306) 

There is no detailed common return policy of narcotics for CLV; the wards without an 

AWS installed each have their own way of how to handle this. As Ward 5 does have an 

AWS, the returning of unused narcotics is now a part of the pharmaceutical service 

given by the Pharmaceutical Unit. (Törndahl, 140303) The return of unused narcotics at 

Ward 5 is done through the AWS; which has provided the nurses a sense of more secure 

handling of narcotics (Granberg, 140306). The process of returning narcotics is simple; 

the nurse logs in to the AWS’s IT-system and chooses the return-function, types in the 

patient’s personal code number and then places the narcotic in question in a special 

compartment inside the AWS. This compartment is designed so that objects can only be 

put in but not extracted, which eliminates the risk of somebody extracting narcotics 

undocumented. This compartment can only be emptied by employees of the 

Pharmaceutical Unit. (Munge, 140219; observation Lundgren, 140410) 

Employees from the Pharmaceutical Unit come to the ward once a week to take care of 

the returned unused narcotics. At first, a list from the IT-system connected to the AWS 

is printed; showing all the registered returned narcotics. Then, the compartment with the 

returned unused narcotics is emptied and the employees from the Pharmaceutical Unit 
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verify that what is found in the compartment matches the list of registered returns. 

(Törndahl, 140303; observation Strömberg, 140415) The employee from the 

Pharmaceutical Unit will first sort the narcotics into piles according to their type on a 

counter (observation Strömberg, 140415). If the type of narcotic and its expiration date 

can be identified, it is then registered and inserted into the AWS for future use; if it 

cannot be identified, the narcotic will be registered as waste and properly discarded. 

(Törndahl, 140303; observation Strömberg, 140415) 

3.3 Analysis for Research Question I 

This chapter will treat the analysis for Research Question 1; the analysis will be 

conducted in two different parts. The first part will generate in different process maps 

for Ward 3 and Ward 5 after having discussed the theoretical and empirical findings. 

The second part will compare Ward 3’s process maps with their equivalent for Ward 5 

in order to find similarities and differences. The aim of this chapter is to generate a basis 

for conclusion in order to be able to answer Research Question 1. Below follows an 

illustration of the analysis’ disposition: 

Figure 8: Analysis’ Disposition for Research Question I 
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3.3.1 Analysis Part I 

Part I of the analysis will put theory and empirical findings are put against each other in 

a pattern matching through analytical discussions. The analysis begins with a general 

analytical discussion of the material management of medicine for both wards. This is 

followed by an analytical discussion ward by ward according to the SCOR-model’s 

different categories. It is here that the different process maps are created and illustrated.  

3.3.1.1 The Material Management Process of Medicine at Ward 3 and Ward 5 

The flow of material and information are two flows in supply chain that are considered 

to be connected according to Mattson (2012);  further, Chandra et al. (2013), Jonsson 

(2008), Park et al. (2011), Alvarado-Iniesta et al. (2013) and Arnold et al., (2008) 

defines the material flow as a part of the material management process. This could be 

argued to hold true as according to Munge (140120) the installation of AWSs has 

enabled any ward to through any computer access the AWS IT-system and easier get 

updated information on stock-levels and thus save time when not having to run to 

different wards. This eased information flow then affects the material flow as it enables 

a nurse to find the material it is looking for and acquire it in a more effective way.  

Callender& Grasman (2012) has described that inefficiencies in the health care sector 

can often be reduced by improvements in the material management process specifically 

in inventory management. This connects with de Vries & Huijsman (2011)’s statement 

that hospitals are now realizing that they need to focus more on their supply chain 

management. Munge (140120) concurs as he explains that CLV has now reached a 

point where it has understood that it must focus on its material management process of 

medicine in order to increase safety and possibly reduce costs.  

In order to achieve this, Damelio (2011), Soliman (1998) and Bergman & Klefsjö 

(2010) suggest creating process maps as they make the work more visible and improve 

understanding and communication and Heinrich et al. (2009), Biazzo (2002) and 

Harrison & van Hoek (2011) concurs as they state that a process map allows for a 

systematic presentation as they provide a “snapshot” in time and Anklesaria (2008) and 

Recker et al (2010) adds that a process map can provide a common reference for those 

involved. Melan (1992) continues by explaining that once the process has been chosen; 

a beginning and an end must be defined and that within these boundaries; activities with 
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their input and output will be identified; which aligns with Slack et al., (2012) and 

Jacobs (2011)’s explanation of how a process consists of resources turning input into 

output as well as Heinrich et al (2009) and Biazzo (2002)’s explanation of how a 

process consists of activities people and data creating an output. Mattsson (2012) argues 

that a process begins with a demand, and that the process is fulfilled when the demand 

is satisfied. Damelio (2011), Yin (2014) and Singprasong & Eldabi (2011) suggest 

different ways of collecting data; for each process map this has been done through 

interviews with Törndahl (140303), Augustine (140312), Petersson (140312), Löfqvist 

(140306) and Granberg (140306) who then provided the information necessary for 

determining the beginning and end of a process, its triggering demand, when this 

demand has been fulfilled as well as all activities included between these boundaries.  

The process maps are illustrated according to Damelio (2011) and Meyer et al. (2007)’s 

suggestion of using a flowchart, and the symbols used are according to those provided 

in table 6. At times, the flowchart will be illustrated as a swim lane diagram as 

according to Jonsson & Mattsson (2011), Damelio (2011) and Singprasong & Eldabi 

(2011). Before each process map there will be a description of why this has or has not 

been used. According to SCOR Supply Chain Council (2014) and Mattsson (2012) a 

way to divide an organisations material management process is according to the SCOR-

model into for example plan, source and return. That aligns with Törndahl (140303) 

Augustine (140312), Petersson, (140312), Löfqvist (140306) and Granberg (140306) 

when explaining the different routines regarding the processes in the medicine handling; 

these fall under the different categories in the SCOR-model. These will be depicted in in 

the following sub sections. 
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3.3.1.2 Process Mapping the Material Management Process of Medicine at Ward 3 

without an AWS 

3.3.1.2.1 Plan 

Ward 3 

 

PLAN 
                                                           

               
Figure 14: Analysis’ Disposition over Subsection Plan for Ward 3 

According to Mattson (2012) and Lumsden (2012) the planning of demand and supply 

should result in a balance between resources and requirement; this is achieved through 

replenishment, and the determination of business rules to measure and improve for 

example inventory. Here a replenishment point system is one approach where the 

quantity in stock is compared to the predefined quantity according to Lumsden (2012).  

According to Törndahl, (140303) Ward 3 has together with the Pharmaceutical Unit 

through their pharmaceutical service established rules for replenishment which aligns 

with above authors, and also as it uses a replenishment point system where each 

medicine has a minimum stock level when an order is placed, which is the equivalent to 

a replenishment point.    

When the pharmaceutical has placed an order and it has arrived at Ward 3 they will 

inspect the delivery as they unpack the medicine to verify quantity according to 

Törndahl (140303); a quick quality control is also performed (Törndahl, 140404). This 

aligns with Lumsden (2012) who explains that when products arrive they need to be 

inspected; verification of quantity can be done through cross-referencing the delivered 

quantity with the packaging list, as done at Ward 3 according to Törndahl (140303).  

Then according to Lumsden, (2012) after a delivery has been controlled and approved, 

the products will need to be put into the storage facility depending on the method of 

stock-keeping placement used.  With a fixed placement; every product shall be placed at 

the same location every time whereas with a flexible placement an empty space can be 

used for any product. Törndahl (140303) explains that Ward 3 has barcodes indicating 

the placement of each medicine in the storage and therefore has a fixed placement for 

the inventory. The stock levels are according to Mattson (2012) commonly controlled 
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on a regular basis; this holds true for Ward 3 as Törndahl (140303) says that their 

routine is to check stock levels and replenish once a week, they do this using barcodes 

which is the most  common way according to Mattson (2012).   

Melan (1992) continues by explaining that once the process has been chosen; a 

beginning and an end must be defined and that within these boundaries activities will be 

identified. Mattsson (2012) argues that a process begins with a demand, and that the 

process is fulfilled when the demand is satisfied. In accordance to Törndahl’s (140303) 

explanations, it is clear that the process of replenishment begins with the demand for 

replenishment, and then therefore ends when the replenishment has been performed.  

When reviewing the explanations given by Törndahl (140303) and Petersson (140312) 

it becomes clear that both the Pharmaceutical Unit and Ward 3 are a part of this process, 

making a swim lane diagram as according to Jonsson & Mattsson (2011), Damelio 

(2011) and Singprasong & Eldabi (2011) suitable for depicting the process. Having the 

Pharmaceutical Unit and Ward 3 as two functions aligns with Jonsson & Matsson’s 

(2011) as well as Gadde et al.’s (2012) suggestions; the Pharmaceutical Unit can be 

seen as a forecasting function, order treatment function, material control function, 

purchasing function and a material handling function and Ward 3 can be seen as a 

purchasing function and storage function.  
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Figure 15: Process Map of Replenishment of Medicine for Ward 3 without an AWS 
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The SCOR-model’s category Plan also includes according to Mattsson (2012) and 

Lumsden (2012) the activity of inventorying, which aligns with Törndahl’s (140303) 

explanation of the Pharmaceutical Unit’s routines. The inventory performed once a 

week by checking the medicines on the shelf does not include verifying the expiration 

date of the medicines. Inventorying can according to Mattson (2012) be done on a daily, 

weekly or monthly basis; the latter is how often the Pharmaceutical Unit will inventory 

the expiration dates of medicine in Ward 3’s storage as explained by Törndahl 

(140303); this is done manually and every three months all medicine is verified and 

stickers are put on those which will expire within six months, this way the 

Pharmaceutical Unit does not have to go through all the medicines every month, only 

those with stickers. As there is only one function doing the stock inventory of medicine 

as according to Törndahl (140303) a swim lane diagram as proposed by Jonsson & 

Mattsson (2011), Damelio (2011) and Singprasong & Eldabi (2011) will not be 

relevant. 

 

Figure 16: Process Map of Stock Inventory of Medicine for Ward 3 without an AWS 
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3.3.1.2.2 Source 

Ward 3 

 

SOURCE 

                                                           

                 
Figure 17: Analysis’ Disposition over Subsection Source for Ward 3 

According to Mattson (2012) the SCOR-category Source includes the process of 

satisfying a demand by acquiring material. The demand for medicine at Ward 3 arises 

due to a patient’s symptom or from the prescription list given by a physician explains 

Augustine (140312) and Petersson (140312). Acquiring material can be done through 

inventory, which is kept in a physical storage facility says Mattson (2012); this is in line 

with the practice at Ward 3 as they have a storage of medicine at the ward and also 

trolleys where they keep medicine to satisfy the need of the patients hospitalized at the 

ward as explained by Petersson (140312). Further she states that the trolleys are used in 

the aim to minimize handling of medicine, since they prepare each patient’s trolley 

drawer they can in a more convenient manner look there when the demand arise and 

therefore not have to walk over to the ward’s storage each time. This is in line with 

Jonsson (2008) who expresses that the storage facility should be designed to minimize 

maintenance and handling costs.  

The inventory is then taken from the trolley or in case it is not available there from the 

storage facility to its destination which is the patient by a nurse at Ward 3 says 

Petersson (143012). This concurs with Jonsson & Mattsson (2011) and Lumsden (2012) 

as they describe that the material can be brought to the destination by different means; 

either by different vehicles or by a physical person, the latter is in line with Ward 3’s 

case where this is done by a nurse.  

What medicine the nurse is to pick is in most cases determined by the prescription list 

explains Petersson (140312) and the prescription list here then acts as what Jonsson & 

Mattsson (2011) and Grosse & Glock (2013) calls a picking list, which is what mediates 

the information of what is to be extracted. Mattson (2012) further discusses that this 

information can be sent in different ways and the one that is in accordance with Ward 

3’s work is information system to man; which entails that a person, in Ward 3’s case a 
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nurse, initiates the communication of information at Ward 3 by verifying the 

prescription list, as explained by Petersson (140312) and Augustine (140312).  

Jonsson & Mattsson (2011) and Grosse & Glock (2013) described that the extraction 

process can be done in different ways where one is the man-to-material method, which 

requires that a person physically goes to the storage and extract the product directly 

from the storage; many picking orders may be bundled as order picking is often time 

consuming. Augustine (140312) and Petersson (140312) describes that a nurse picks a 

medicine in the trolley or storage which is aligned with what the authors above 

described. Further Augustine (140312) and Petersson (140312) has explained that the 

ward will fill up the trolleys with specific patient-drawers twice a week in order to save 

time and have the medicine available more close at hand; this can therefore be 

considered as picking a bundle order as mentioned by above authors.  

The extraction process of medicine for trolleys and patients is performed by the nurses 

at Ward 3 according to the explanations given by Petersson (140312) and Augustine 

(140312). As the extraction process of medicine for trolley or patient is quite extensive, 

each type of extraction will therefore be illustrated in its own process map. A swim lane 

diagram as suggested by Jonsson & Mattsson (2011), Damelio (2011) and Singprasong 

& Eldabi (2011) will then not be suitable for depicting the processes. 
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Figure 18: Process Map of Extraction of Medicine for Trolley at Ward 3 without an AWS 
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Figure 19: Process Map over Extraction of Medicine for Patient at Ward 3 without an AWS  
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3.3.1.2.3 Return 

WARD 3 

 

RETURN 

 

                                                           

                                       
Figure 20: Analysis’ Disposition over Subsection Return for Ward 3 

This step includes processes involving reverse logistics which is according to Mattson 

(2012, 2000) the role of logistics in return of products, waste disposal et cetera. The 

focus is here according to Arnold et al. (2008) and Rogers & Tibben-Lemke (2001) the 

flow back from the point of consumption to the origin and handling this flow in a bad 

manner can according to de Brito & Dekker (2004) cost the organization a lot. This is 

aligned with Ward 3 they have a flow of reversed logistics of medicine according to 

Petersson (140312) as they return most unused medicines to its package in the storage 

and unused narcotics to the cabinets of narcotics; this is done in order to decrease waste 

reduce costs. There are however medicines such as half pills or ampoules that cannot be 

returned, these are then properly discarded says Petersson (140312) which then agrees 

with the authors above.   

As there is only one function performing the stock inventory of medicine as according 

to Törndahl (140303) a swim lane diagram in line with Jonsson & Mattsson (2011), 

Damelio (2011) and Singprasong & Eldabi (2011)’s explanation will not be suitable for 

depicting this process. 
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Figure 21: Process Map of Reverse Logistics of Medicine for Ward 3 without an AWS 
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3.3.1.3 Process Mapping the Material Management Process of Medicine at Ward 5 with 

an AWS 

3.3.1.3.1 Plan 

Ward 5 

 

PLAN 
                                                           

                      
Figure 22: Analysis’ Disposition over Subsection Plan for Ward 5 

Mattsson (2012) and Lumsden (2012) explains that under the SCOR-category Plan, 

steps including balancing resources and requirements are a part and that this is done 

through the replenishment of stock, and it’s related replenishment system. That makes 

what Törndahl (140303) and Löfqvist (140303) said regarding the replenishment 

routines and replenishment system for Ward 5 relevant for depicting this process. 

Within the replenishment process, Lumsden (2012) also explains how an order placed 

leads to delivery and that this delivery needs to be verified, which aligns with how 

Törndahl (140303) has explained the Pharmaceutical Unit’s working routines to be.  

Lumsden (2012) also explains that the placement can be done in different ways; with 

either a fixed or flexible placement. As according to Törndahl (140303) and Munge 

(140219) the storage facility uses both systems. The shelves assigned to medical 

supplies which are too large to fit in an AWS are indicated with a barcode; therefore the 

replenishment follows a fixed placement. The cabinets follow as well a fixed placement 

as according to Munge (140219) the Pharmaceutical Unit has decided which medicine 

goes into which compartment as they do not want to have an alphabetical order, or 

medicine of the same type close to each other. This is done to avoid confusion and the 

risk of taking the wrong medication. The dispenser however, follows a flexible system 

as when the Pharmaceutical Unit logs in to make the replenishment, it will simply 

suggest an empty compartment (if the medicine is not already inside the dispenser) for 

the replenishment. 
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Törndahl (140303) and Löfqvist (140306) explain that both the Pharmaceutical Unit and 

Ward 5 are a part of this process, making a swim lane diagram as according to Jonsson 

& Mattsson (2011), Damelio (2011) and Singprasong & Eldabi (2011) suitable for 

depicting the process. Having them as two functions aligns with Jonsson & Matsson’s 

(2011) and  Gadde et al.’s (2012) suggestions; the Pharmaceutical Unit can here be seen 

as a forecasting, order treatment, material control, purchasing and material handling 

function and Ward 5 can here be seen as a purchasing and storage function.  

Figure 23: Process Map over Replenishment of Medicine at Ward 5 with an AWS 
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The SCOR-category Plan includes as well according to Mattsson (2012) and Lumsden 

(2012) the activity of inventorying, which aligns with Törndahl’s (140303) explanation 

of the Pharmaceutical Unit’s routines. The inventory is performed on a daily basis by 

checking the AWS’s IT-system which then indicates if a medicine is at or after its 

expiration date, this aligns with Mattsson (2012) stating that inventorying can be 

performed on a daily, weekly or monthly basis through a completely automated 

information handling, where the computer system for example updates the new stock 

levels by itself and indicates when replenishment is needed. 

As there is only one function doing the stock inventory process as according to 

Törndahl (140303) a swim lane diagram as proposed by Jonsson & Mattsson (2011), 

Damelio (2011) and Singprasong & Eldabi (2011) will not be relevant for depicting this 

process.  

 

Figure 24: Process Map over Stock Inventory of Medicine for Ward 5 with an AWS 
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Figure 25: Analysis’ Disposition over Subsection Source for Ward 5 
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As according to Mattsson (2012) the category of Source includes processes satisfying 

the demand for acquiring products; that makes it suitable to include the process of how 

extraction of medicine is performed at Ward 5 as according to Löfqvist (140306) and 

Granberg (140306). Jonsson (2008) explains that acquiring material can be done from a 

physical storage facility which is what Ward 5 has according to Granberg (140306). 

Lumsden (2012) and Jonsson & Mattsson (2011) further explains that this material can 

be taken out from the facility by a physical person through a man-to-material method, 

which aligns with the explanations given by Löfqvist (140306) and Granberg (140306) 

who explains that a nurse personally must walk to a storage and extract a medicine.  

Jonsson & Mattsson (2011) and Grosse & Glock (2013) explains that information is 

needed for an extraction, and that this is mediated through a picking order; in the case 

for Ward 5 according to Löfqvist (140306) this is mediated through the patient’s 

prescription list. Aligned with Mattsson’s (2012) description of how this information is 

sent, the case for Ward 5 according to Löfqvist (140306) and Granberg (140306) it is 

sent by man to information system and information system to man as it is a nurse that 

enters the order electronically and then the system that indicates if the order is available 

or not. Jonsson & Mattsson (2011) and Grosse & Glock (2013) continues with 

explaining that it is always the exact amount depicted in the order which will be 

extracted; this aligns with Ward 5’s work according to Löfqvist (140306) and Granberg 

(140306) as the AWS will only allow access to the medicine depicted in the order. 

Jonsson & Mattsson (2011) and Grosse & Glock (2013) says that it is easier to bundle 

many picking orders into one; this holds true for Ward 5 according to Granberg 

(140306) and Löfqvist (140306) as they claim that it saves time and effort to make 

many orders at once through a computer at the ward rather than making single orders 

through direct extractions at the computer inside a storage facility. 

The extraction process is made by both the night and day shift as according to the 

explanations given by Löfqvist (140306) and Granberg (140306). As the two shifts 

belong to the same function, Ward 5, they will not be treated as separate functions and 

therefore a swim lane diagram as according to Jonsson & Mattsson (2011), Singprasong 

& Eldabi (2011) and Damelio (2011) will not be relevant for depicting these processes. 

As the extraction process of medicine for trolley or patient is quite extensive, each type 

of extraction will be illustrated in its own process map. 
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Figure 26: Process Map of Extraction of Medicine for Trolleys at Ward 5 with an AWS 
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Figure 27: Process Map of Extraction of Medicine for Patients at Ward 5 with an AWS 
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3.3.1.3.3 Return 

WARD 5 

 

RETURN                                                            

                                       
Figure 28: Analysis’ Disposition over Subsection Return for Ward 5 

The SCOR-category of Return includes according to Mattsson (2012) the reverse 

logistics of products. In alignment with Granberg (140306), Löfqvist (140306) and 

Törndahl (140303) this seems to be a process performed also at CLV as there are 

routines regarding the return of medicine. It could therefore be said that CLV has 

recognized its importance as according to Arnold et al. (2008), Rogers & Tibben-Lemke 

(2001) and de Brito & Dekker (2004) who all state that companies have increasingly 

understood the importance of reverse logistics. It seems however to be a flaw in the 

processes of reverse logistics of products at Ward 5, as the AWS has removed the 

possibility of returning medicine not classified as narcotics, and as according to 

Granberg (140306) this is perceived as a waste amongst the nurses who now has to 

discard medicine which could have been used on another patient. The AWS seem 

however to have brought a more standard routine regarding the return of logistics, 

because as according to Törndahl (140303) wards without an AWS have their own 

routines regarding this; in which some wards might not even return it at all. Now 

however, with the AWS it is the Pharmaceutical Unit who handles the reverse logistics 

of narcotics and applies the same routines regarding all AWSs, as explained by 

Törndahl (140303). 

The Reverse Logistics of Medicine is performed by both Ward 5 and the 

Pharmaceutical Unit as according to all explanations given by Granberg (140306), 

Löfqvist (140306) and Törndahl (140303).  As the process does not cross functions, a 

swim-lane diagram as according to Jonsson & Mattsson (2011), Singprasong & Eldabi 

(2011) and Damelio (2011) will not be appropriate; the process of reverse logistics of 

medicine will instead be depicted in two separate process maps, one for Ward 5 and one 

for the Pharmaceutical Unit.   
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Figure 29: Process Map over Reverse Logistics of Medicine at Ward 5 with an AWS 

 

 

Figure 30: Process Map over Reversed Logistics of Medicine by the Pharmaceutical Unit at Ward 5 with an AWS 
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3.3.2 Analysis Part II 

Part II of the analysis will through a comparison generate a basis for conclusion from 

which Research Question I can later be answered. The comparison is enabled by 

analysing the processes as suggested by Karan et al. (2003), Damelio (2011), French et 

al. (2013), Haponava & Al-Jibouri (2010) and Singprasong & Eldabi (2011). This 

analysis will compare each process from Ward 3 with its equivalent from Ward 5; there 

will be a discussion regarding the processes’ deviations and similarities and why these 

have occurred. This section will not include theory as this was analysed in Part I. 

In order to properly compare the different maps, the authors have found that it is best 

made by comparing sections of a process map for Ward 3 to a similar section in the 

equivalent process map for Ward 5. Therefore, the process maps have been divided into 

different coloured and numbered sections by the authors. The division is not following 

some theoretically logical pattern, but is based on where the authors feel that a natural 

division point is present. The sections themselves are not intended to prove or conclude 

anything, they are merely a help in sequentially comparing the different process maps. 

3.3.2.1 Comparison of the Replenishment Process between Ward 3 and Ward 5 

                                           

 
Figure 31: Analysis’ Disposition over Subsection Comparison of Replenishment Process  

Section 1: 

The replenishment process is the same in the sense that both wards are replenished by 

the pharmaceutical service provided by the Pharmaceutical Unit. It differs that Ward 3 

receives replenishment once a week whereas Ward 5 receives it twice a week. The 

process of replenishing for the Pharmaceutical Unit differs between the wards as one 

has an AWS system and the other open shelf storage with bar codes. This section seems 

to be more extensive at Ward 3, as it involves having to access the storage and manually 

scan each barcode, whereas at Ward 5 everything is performed at a computer at the 

Pharmaceutical Unit. 
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In regards to safety, there seems to be more room for error at Ward 3 as much is 

performed manually; the wrong bar code could easily be scanned, or the document with 

articles to be replenished not stored in the storage room could easily be missed. As 

everything at Ward 5 is performed through a computer, there is not much room for 

mistake. 

Section 2: 

The delivery time is 24 hours for both wards and each ward has to sign that they have 

received the medicine from the pharmacy upon delivery. Thereafter employees from the 

Pharmaceutical Unit will come and at both wards check the delivered medicines with 

the packaging list. Thereafter the process differs between the wards, and now it is Ward 

5 that has a more extensive section. For Ward 3, the employee simply has to put each 

medicine on its allocated shelf space when at Ward 5 it has to be entered through the 

AWS IT-system, and sometimes divided into portions.  

In regards to safety, there is more room for error at Ward 5 compared to Ward 3. An 

expiration date could be missed and wrongly typed into the AWS IT-system, or the 

wrong amount of medicine could be placed in the portioned dispensers. At Ward 3, 

there could be mistakes made as putting a medicine on a wrong shelf-place or missing 

to fill in the narcotics journal. 
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Ward 3 Ward 5 Analytical Comparison 

  

 Section 1 is more extensive at Ward 3 

compared to Ward 5 

 Section 1 at Ward 3 includes more 

manual work and leaves more room for 

errors compared to Ward 5, where most 

is done through a computer 

 Section 2 is more extensive for Ward 5 

and includes much more detailed work 

compared to Ward 3 

 Section 2 gives more room for error for 

Ward 5 compared to Ward 3 

 Both wards receive pharmaceutical 

service  

 Delivery time is 24 hours for both 

wards 

Table 8: Comparison and Basis for Conclusion for the Replenishment Process 

1 

2 

1 

2 
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3.3.2.2 Comparison of the Stock Inventory of Medicine Process between Ward 3 and 

Ward 5 

                                           

 
Figure 32: Disposition over subsection Stock Inventory of Medicine Process  

Section 1: 

The stock inventory of medicine process is handled by the Pharmaceutical Unit through 

their pharmaceutical service for both wards. The stock inventory is performed once a 

month for both wards and an inventory review takes place once a year with an employee 

from the Pharmaceutical Unit and nurses at the ward.  

To find out if a medicine is at or after its expiration date is much more extensive at ward 

3, as the medicine must be manually verified in the storage room. Every month, each 

medicine labelled with a sticker is verified, and every third month each medicine must 

be verified and possibly labelled. At Ward 5 however, the employee needs only to log 

into the AWS IT-system to verify. 

Section 2: 

Should there be anything at or after its expiration date, and therefore must be discarded, 

this is more extensive at Ward 5 as it includes the employee having to walk to the 

storage room, log into the IT-system and extract from the AWS whereas at Ward 3 the 

employee needs only to verify what it has already taken down from the shelf-space.  If 

there is nothing to discard, this involves less work for Ward 5, as the employee then will 

not leave the Pharmaceutical Unit, but for Ward 3 the employee still had to access the 

storage room and manually verify the medicine.  
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Pharmaceutical Unit for Ward 3 Pharmaceutical Unit for Ward 5 Analytical Comparison 

 

 

 

 

 

 

 

 Section 1 is more extensive for 

Ward 3 as medicine must be 

manually verified, compared to 

Ward 5 where it is 

electronically verified at the 

Pharmaceutical Unit. 

 Section 2 is less extensive for 

Ward 3 as the employee is 

already inside the storage and 

can manually take the medicine 

from its shelf; whereas for 

Ward 5 the employee must first 

access the storage and then 

extract it from a computer. 

 In section2 if nothing is to be 

discarded, this is less extensive 

for Ward 5 as the employee 

then does nothing whereas as 

for Ward 3 where the employee 

regardless must perform the 

manual verification first. 

 Both wards receive 

Pharmaceutical Service 

 The inventory is performed 

once a month for both wards 

 An inventory review is held 

once a year for both wards 

 Table 9: Comparison and Basis for Conclusion for the Stock-Inventory Process 

1 

2 

1 

2 
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3.3.2.3 Comparison of the Extraction Process for Trolleys between Ward 3 and Ward 5 

                                                               

                                                   
Figure 33: Disposition over subsection Extraction Process for Trolleys 

 

Section 1: 

Section 1 includes all the activities of the process that takes place at the ward. It is more 

extensive for Ward 5 as they have two options in how they will extract medicine for the 

trolley. However it is worth noticing that Ward 3 has two different routines depending 

on if the medicine that is to be extracted is classified as narcotics or regular medicine.  

Section 2: 

The routine for how to handle a case of where a medicine is not available at CLV is the 

same for both wards.  

Section 3: 

This section includes the activities concerned with extracting medicine at AWSs which 

are not located at their ward. This is similar for both wards as it is checked through the 

AWS’s IT-system and they then have to physically go to the AWS and bring the 

medicine back. The nurse at Ward 5 has already made the decision if they will make a 

direct extraction or place an order; the nurse at Ward 3 now has to make this decision, 

therefore the section is slightly more extensive in their process map.  
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Ward 3 Ward 5 Analytical Comparison 

 

 

 Section 1 more extensive for 

Ward 5 as they have two 

options of how to go about the 

extraction.  

 Section 2 the same for both 

wards 

 Section 3 is similar but 

slightly more extensive for 

Ward 3 as it includes having 

the option of two types of 

extraction, this decision has 

already been made at Ward 5.  

   

Table 10: Comparison and Basis for Conclusion for the Process of Extraction of Medicine for Trolley 

1 

2 
3 

2 

3 

1 
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3.3.2.4 Comparison of the Extraction process for Patient between Ward 3 and Ward 5 

                                                               

                                                     
Figure 34: Disposition over subsection Extraction Process for Patient 

Section 1: 

Section 1 is the same for both wards as they turn to the patient’s trolley drawer to see if 

the medicine demanded is available here and if that is the case they will pick the 

medicine from here. If the medicine demanded is narcotics it is not stored in the trolley 

drawer and it has to be extracted from storage and this is part of the next section for 

both wards.  

Section 2: 

Section 2 includes all the activities of the process that takes place at the ward if the 

medicine demanded was not available in the patient’s trolley drawer. It is more 

extensive for Ward 5 as they have two options in how they will extract medicine for the 

trolley. However it is worth noticing that Ward 3 has two different routines depending 

on if the medicine that is to be extracted is classified as narcotics or regular medicine.  

Section 3: 

This section includes the activities concerned with extracting medicine at AWSs which 

are not located at their ward. This is similar for both wards as it is checked through the 

AWS’s IT-system and they then have to physically go to the AWS and bring the 

medicine back. The nurse at Ward 5 has already made the decision if they will make a 

direct extraction or place an order; the nurse at Ward 3 now has to make this decision, 

therefore the section is slightly more extensive in their process map. 

Section 4: 

The routine for how to handle a case of where a medicine is not available at CLV is the 

same for both wards. They will question how urgent the demand is and thereafter make 

the decision of what kind of order will be placed.  
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Ward 3 Ward 5 Analytical Comparison 

 

 

 Section 1 the same for both 

wards  

 Section 2 is about the same 

size but the decisions made 

are different. 

 Section 3 is similar but 

slightly more extensive for 

Ward 3 as it includes having 

the option of two types of 

extraction, this decision has 

already been made at Ward 5. 

 Section 4 is the same for both 

wards.  

 

Table 11: Comparison and Basis for Conclusion for the Process of Extraction of Medicine for Patient 

 

1 1 

2 2 

3 

3 

4 
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3.3.2.5 Comparison of the Process of Reverse Logistics of Medicine between Ward 3 

and Ward 5 

                                                               

                                                   
Figure 35: Disposition over subsection Process of Reverse Logistics 

Section 1: 

This is the same for both wards with the exception that Ward 5 must discard also 

regular medicine where Ward 3 can put it back on its allocated shelf space. 

Section 2: 

This section is the same for both Wards, as a return in an AWS is the same no matter 

which AWS it regards. The only difference is that Ward 3 must walk longer to this other 

AWS, when Ward 5 only needs to access its storage room. 

Section 3: 

There are large differences here as to how a narcotic is returned back to its storage 

inside the storage room. For Ward 5 this is entirely made by the Pharmaceutical Unit 

once a week, and involves an employee having to empty the narcotics compartment, 

sort all narcotics and eventually return those suitable through the AWS IT-system. For 

Ward 3, this is performed by a nurse continuously as narcotic needs to be returned; after 

counting and verifying the quantity, the narcotic is simply put back and noted in the 

narcotics journal. 

 

 

 

 

 

Empirical 

 Process Map of the Reverse 
Logistics of Medicine for 

Ward 3 

Empirical 

 Process Map of the Reverse 

Logistics of Medicine for 

Ward 5 

Basis for conclusion: 

Identified differences and 

similarities 

 

Comparison 



 

 

School of Business and Economics 

 
90 

 

Ward 3 Ward 5 Analytical Comparison 

 

 

 In Section 1, Ward 5 cannot 

return a regular medicine as 

compared to Ward 3 

 In section 2, Ward 3 must 

walk longer to reach an AWS 

as compared to Ward 5 

 In section 3 the 

Pharmaceutical Unit handles 

all returns of narcotics for 

Ward 5 once a week, whereas 

in Ward 3 this is done 

contineously by the nurse 

returning a narcotic. 

 In section 3 the return is 

manually documented at Ward 

3 whereas for Ward 5 this is 

electronically registered 

through the AWS’s IT-system. 

Pharmaceutical Unit for Ward 5 

 

Table 12: Comparison and Basis for Conclusion for the Process of Reverse Logistics 

 

 

2 

3 

1 

3 

1 
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3.3.3 Basis for Conclusion 

Below follows a table where the authors have summarized their findings from comparing the process maps made for Research Question I. Here differences between Ward 3, without an AWS, and Ward 5, with an AWS 

are depicted. The table is divided into four different categories and each process is divided into different situations; these situations were chosen based on the authors’ opinion on what situations that characterizes the 

process and are similar at both wards so that a comparison can be made. The symbol “+” indicates that a ward is more according to the category compared to the other ward; the symbol “-” indicates the opposite. The 

symbol “+/-” indicates that both wards are equal and the abbreviation “N/A” indicates that it is not applicable for the ward. The table wishes to highlight where there is a difference between Ward 3 and Ward 5 by 

making the + and – large and bold; therefore +/- and N/A is illustrated in light grey. 

Basis for Conclusion for Research Question I 

Process Situation Pharmaceutical Unit Involvement Time Consumption Waste Safety & Accuracy 

Ward 3 Ward 5 Ward 3 Ward 5 Ward 3 Ward 5 Ward 3 Ward 5 

Replenishment of 

Medicine Process 

Order placement +/- +/- + - N/A N/A - + 

Unpacking +/- +/- - + N/A N/A + - 

Stock Inventory of 

Medicine Process 

Verification +/- +/- + - N/A N/A - + 

Taking Medicine +/- +/- - + N/A N/A N/A N/A 

Extraction of Medicine 

for Trolley Process 

Being at ward N/A N/A - + N/A N/A - + 

Not being at ward N/A N/A + - N/A N/A +/- +/- 

Medicine not at CLV N/A N/A +/- +/- N/A N/A N/A N/A 

Extraction of Medicine 

for Patient Process 

Being at ward N/A N/A +/- +/- N/A N/A - + 

Not being at ward N/A N/A + - N/A N/A +/- +/- 

Medicine not at CLV N/A N/A +/- +/- N/A N/A N/A N/A 

Reverse Logistics of 

Medicine Process 

Return regular medicine N/A N/A + - - + - + 

Return narcotic - + - + +/- +/- - + 

Register return - + +/- +/- N/A N/A - + 

Table 13: Basis for Conclusion for Research Question I 
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4. RESEARCH QUESTION II 

“How do time and costs differ in the material 

management process of medicine between a ward 

with, and without, an AWS?” 

 

This chapter aims to present the theory and empirical related to research question II. 

The empirical will separately treat Ward 3 without an AWS from Ward 5 with an AWS. 

The analysis will be performed in four steps, which will result in a basis for conclusion.  

 

 

 

 

 

 

 

 

 

 

 

Figure 36: Overview of Chapter Four’s Disposition 
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4.1 Theory of Time-Driven Activity-Based Costing (TDABC) 

By using metrics and measurements, management can more easily see whether 

performance has improved or not (Lambert & Pohlen, 2011). One such concept is that 

of TDABC which is an expansion of the traditional Activity-Based Costing; it entails a 

process’ costs being derived from time consumption and resource consumption such as 

an employee’s monthly salary plus surcharges. It uses time in order to allocate costs 

directly on cost objects. Kaplan & Andersson (2007) Using time as an allocator is 

reasonable as Bregman (2013) states, a business’ time consumption affects its costs. 

TDABC can be used in a health care setting in order to measure costs of a process. This 

is due to the fact that a health-care delivery process is complex and therefore makes an 

accurate measurement of time, costs and employee resource consumption otherwise 

difficult. (French et al., 2013) This aligns with Christopher (2011) who explains that 

costs can be hidden within a material flow. TDABC combined with flowcharts is a 

powerful way to measure and analyse costs and time within health care (French et al., 

2013; Damelio, 2011; Meyer et al., 2007).  To have made a process map for the purpose 

of cost management helps those involved to understand the cost elements for every 

activity; and this information can be used as a base when deciding what to measure and 

where to measure it. (Anklesaria, 2008; Damelio, 2011) 

4.1.1. Time in TDABC 

The main input in TDABC is the time required for an activity to be performed such as 

the time it takes to process an order, or the time it takes to serve a customer (Kaplan & 

Andersson, 2007). Accurate time consumption is necessary and can be obtained by; 

accumulating time from 50-100 direct observations and then calculating an average; 

interviewing employees; using process maps; receiving a time estimate (Kaplan & 

Andersson, 2007; Harrison & Van Hoek, 2011). It is important to keep in mind that not 

only the activities resulting in an output needs to be timed, but also waiting stations, idle 

time and delays. When gathering data, the table below can be used. (Harrison & van 

Hoek, 2011) French et al. (2013) also recommends that each activity is assigned the 

employee performing it.  
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Description Symbol Time Notes 

Machine Complete  1:37  

Inspect 
 

0:45  

Wait Transport 
 

5:53  

Table 14: Example of Process Document for Time based on Harrison & van Hoek (2011) 

4.1.1.1. Time Equation 

According to Kaplan & Andersson (2007) one of the main advantages of the TDABC is 

that it is simple to use and it covers variations in a good way by the use of time 

equations. Activities are combined into one process using only one equation and allows 

for a larger variety and complexity. If a process becomes more complex, more terms 

will be added but the process and its equations stay the same. (Kaplan & Andersson, 

2007) Below follows an example of a time equation taking different variations into 

account;  

Order processing time (minutes) = 10 + 5 [if new customer] 

+ 2 * number of line items 

+ 4 * number of rate quotes 

+ [if international order] 

(2 [if customs form] 

+ 5 [if shipping declaration] 

+ 10 [If consular clearance]) 

+ [if special services] 

(5 [if rush order] 

+ 10 [if credit hold] 

+ 2 [if hazardous material]) 

Table 15: TDABC Time Equation with Variations (Kaplan & Andersson, 2007) 

4.1.2 Allocating Costs using TDABC 

As previously mentioned, Kaplan & Andersson (2007) suggests the use of an 

employee’s monthly salary plus surcharges as the cost to use in TDABC. This cost will 

then need to be allocated on the employee’s practical capacity. This entails that from the 

theoretical capacity, which is the amount of time per month that the employee is 

available for working; the time for breaks, education, travel et cetera is subtracted. The 

employee’s cost is then divided by the practical capacity in order to get a capacity cost 

per minute. It is easy to allocate costs through a time equation; once the capacity 

cost/minute has been established, this is multiplied by the different times given in the 

time equation. (Kaplan & Andersson, 2007)  
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4.2 Empirical Data on Costs and Time 

4.2.1 Data on Costs for the Ward 3, Ward 5 and the Pharmaceutical Unit. 

Augustine (140513) and Granberg (140417) provided the authors with the following 

data for a nurse at Ward 3 and Ward 5: 

Provided Data for Ward 3 and Ward 5 

Hourly rate including surcharges 212 SEK 

Working hours per month 150h 

Overtime per month 2000 SEK 

Table 16: Provided Data on Costs for Ward 3 and Ward 5 

 

Munge (140422) provided the authors with the following data for an employee at the 

Pharmaceutical Unit which works with AWSs: 

Provided Data for the Pharmaceutical Unit 

Monthly Salary 31 000 SEK 

Working hours per day 8h 

Surcharges 50 % of the monthly salary 

Table 17: Provided Data on Costs for Pharmaceutical Unit 
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4.2.2 Data on Time in the Material Management Process of Medicine for Ward 3 without an AWS 

Below the authors will present their gathered data on time in timetables based on Harrison & Van Hoek (2011). Each timetable represents a process. 

Replenishment of Medicine 

Description Time Notes Observation 

Access Ward 3’s storage 

00:05:05 

Average based on 00:05:00 and 

00:05:10,  

Elevator  

Strömberg (140408) 

Lundgren (140429) 

Count medicines 

00:00:06 
  

Average based on total time of 

00:24:43divided by the  basic 

inventory of 282 medicines 

Scan the barcode 

Check the document of extra articles 

needed 

Scan the barcode or manually note 

Go to the Pharmaceutical Unit 00:05:56 Stairs 

Insert data from the hand-scanner to 

Provider 
00:00:58 

 

Review each order 00:00:02 
 

Average based on total time of 
00:00:44 to review 22 order lines  

Send the orders 00:00:01  

Wait for delivery 12:00:00  

Receive and sign for delivery 00:00:30  

Access storage 
00:05:05 

Average based on 00:05:00 and 
00:05:10,  

Elevator 

Lundgren (140409) 
 

Unpack delivery 

00:00:46 

 

Average based on total time of 

00:17:00 to unpack 22 order lines 

Control received content against order- 
and picking list 

Note mistake 

Shelf the medicine 

Table 18: Time Table for Replenishment of Medicine for Ward 3 

Stock Inventory of Medicine 

Description Time Notes Observation 

Access storage 5:30  Lundgren (140429) 

Check expiration date on all medicine 
with stickers 

00:00:05 

 

Average based on 
total time of 

00:24:00 divided 

by the basic 
inventory of 282 

Discard medicine 

00:00:10 

 

Average based on 
total time of 

00:00:20 for 

discarding 2 
medicines  

Check expiration date on all medicine 

00:45:00 

Estimation 

Label with a sticker 

Table 19: Time Table for Stock Inventory of Medicine for Ward 3 

Reverse Logistics of Medicine 

Description Time Notes Observation 

Access Ward 3’s storage 00:00:17  A. Johansson 
(140429) 

 
Find medicine’s allocated shelf 

space 

00:00:05 Regular 

medicine 

Put back medicine 00:00:08 Regular 

Medicine 

Access narcotics cabinet 00:00:15 Narcotic 

suitable for 

return, 
taken from 

Ward 3 

Count medicine to be returned 

and cross-reference with stock-
level 

00:00:45  

Fill in narcotics journal 

Find another nurse and recount 00:03:00  

Fill in deviation on narcotics 
journal 

Put back in narcotics cabinet 

Take the narcotics back to the 

AWS 

00:02:00 Time to 

walk to the 
central 

storage 

AWS 

Go to computer inside the 

storage 

00:00:19  

Log into AWS IT-system and 

choose return function 

Enter narcotic to be returned 00:00:48  

Put back in AWS 

Table 20: Time Table for Reverse Logistics of Medicine for Ward 3 

 

Extraction of Medicine for Trolley 

Description Time Notes Observation 

Access Ward 3’s storage 00:00:15  Sollersjö (140423) 

Verifies patients’ prescription lists 
00:00:43 

 

Average based on total time of 

00:02:50 picking 4 medicines  

Pick up medicine from shelf  Regular medicine 

Access narcotics cabinet 

00:00:59 

Time based on picking one narcotic 

 

A. Johansson 

(140429) 

 
Count & extract 

Fill in narcotics journal 

Put in trolley 00:00:10  Ivarsson (140417) 

Sollersjö (140423) 

A. Johansson 
(140429) 

 

Go to a computer and log into AWS 
IT-system, check AWSs 

00:00:43 
Not in stock A. Johansson 

(140429) 

Register an order for a medicine 00:00:47 Pre-order 
Time based on pre-order of one 

medicine 

Access that storage 00:02:05  Ivarsson (140417) 
Sollersjö (140423) Go to computer inside storage and log 

into AWS IT-system 
00:00:10 Pre-order 

Go to computer inside storage and log 

into AWS IT-system 

00:00:10 Direct extraction 

Register an order for a medicine 00:00:47  Average based on 00:03:09 for 

ordering 4 medicines 

Begin extraction 00:00:48 

 

Average based on 00:03:13 for 

extracting 4 medicines 

Take medicine back to Ward 3 00:02:06  

Put in trolley 00:00:10  A. Johansson 

(140429) 
 

Place emergency order 00:05:00 If not in stock and urgent 

Place normal order in Provider 00:05:00 If not in stock and not urgent 

Table 21: Time Table for Extraction of Medicine for Trolley Process for Ward 3 

Extraction of Medicine for Patient 

Description Time Notes Observation 

Verify patients prescription list 00:01:20  A. Johansson (140429) 

Pick up medicine from trolley 00:00:10  

Access Ward 3’s storage 00:00:17 Regular medicine, 

not in trolley 

Pick up the medicine from shelf in 

storage 

00:00:05 If in stock 

Access narcotics cabinet 00:00:15 Narcotic 

Count and extract 00:00:45 Narcotic and in 

stock 

Fill in narcotics journal Narcotic and in 
stock 

Go to a computer and log into AWS 

IT-system, check AWSs 

00:00:43 If not in stock Ivarsson (140417) 

A. Johansson (140429) 

Register an order for a medicine 00:00:45 Average based on 
00:01:00 and 

00:00:30,  

Pre-order 

Access that storage 00:02:00 Pre-order 

Go to computer inside storage and log 

into AWS IT-system 

00:00:10 Pre-order 

Go to computer inside storage and log 
into AWS IT-system 

00:00:10 Direct extraction 

Register an order for a medicine 00:00:45 Average based on 

00:01:00 and 

00:00:30,  
Direct extraction 

Begin extraction 00:00:24  

Take medicine back to Ward 3 00:02:00  

Place emergency order 00:05:00 If not in stock and 
urgent 

A. Johansson (140429) 

Place normal order in Provider 00:05:00 If not in stock and 

not urgent 

Table 22: Time Table for Extraction of Medicine for Patient Process for Ward 3 
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4.2.3 Data on Time in the Material Management Process of Medicine for Ward 5 with an AWS 

Below the authors will present their gathered data on time in timetables based on Harrison & Van Hoek (2011). Each timetable represents a process. 

Replenishment of Medicine 

Description Time  Notes Observation 

Access IT-system 00:00:22  Strömberg (140408) 

 Print out list of medicine 00:01:40  

Double check list 
00:00:02 

Average based on 15 order lines 
00:00:30 Change the mistake(s) 

Enter orders manually and send 00:00:20 

 

Average based on 15 order lines 

taking 00:05:00  

Wait for delivery 12:00:00 Estimated   

Receive and sign for delivery 00:00:30 Estimated  

Access storage 00:06:36 Stairs Lundgren (140409) 

Log into AWS-system 

00:02:30 
Average based on 00:47:00 for 19 

order lines 

Check quantity and quality 

Note mistake 

Scan the barcode on medicine 

Open AWS drawer and count amount 

Correct the registered to match the 

actual stock level 

Check the expiration date 

Enter this shorter expiration date 

Place in AWS with shortest expiration 
date in front 

Access the Pharmaceutical Unit and 

confirm delivery 

00:07:25 Stairs 

Table 23: Time Table for Replenishment of Medicine Process for Ward 5 

Stock Inventory of Medicine 

Description Time Notes Observation 

Log into Provider 00:00:15  Lundgren (140429) 

Display medicines at or after its 
expiration date 

00:01:30 

 

Print out list of these medicines If there are any 

Access Ward 5’s storage 00:05:30 If there are any 

Log into AWS IT-system 

00:02:30 

 

 

Average based on 

6 medicines that 

expired 00:14:00 
Enter medicine to be discarded 

Extract that medicine from the AWS 

Table 24: Time Table for Stock Inventory of Medicine Process for Ward 5 

 

Reverse Logistics of Medicine 

Description Time Notes Observation 

Access Ward 5’s storage 00:00:15  Löfqvist 

(140410) Discard 00:00:10 Regular 

medicine 

Go to computer inside storage 
00:00:16 

Narcotics 

Log into AWS IT-system 

Enter narcotic to be returned 

00:00:41 

Narcotics 

Put back in AWS’s narcotics 

compartment 

Print list of returned narcotics 00:03:02  Strömberg 

(140415) Access Ward 5’s storage 
00:05:30 

 

Go to computer inside storage 

Log into AWS IT-system and 

open narcotics compartment 

00:00:08  

Empty the compartment 00:00:10  

Sort the medicines 

00:00:16 
 

Average 

based on 

00:03:56 
for sorting 

15 order 

lines 

Choose return function and 
enter narcotic to be returned 

00:00:57 
 

 

Average 

based on 

00:14:25 
for 

returning 

15 order 
lines 

Open the indicated drawer 

Control expiration date 

Move that narcotic to the front 

of drawer 

Put back in AWS’s narcotics 

compartment 

Discard what cannot be 
returned 

00:00:10 Not 
identifiable 

Table 25: Time Table for Reverse Logistics of Medicine for Ward 5 

 

Extraction of Medicine for Trolley 

Description Time Notes Observation 

Go to a computer at Ward 5 and log 

into AWS IT-system 

00:00:32 Pre-order Löfqvist (140410) 

Verify patients’ prescription lists 
00:00:27 

  

Pre-order Register an order for a medicine 

Access Ward 5’s storage 

00:00:26 

Pre-order, in stock 

Go to computer inside storage and log 

into AWS IT-system 

Pre-order, in stock 

Access Ward 5’s storage 

00:00:26 

Direct extraction 

Go to computer inside storage and log 

into AWS IT-system 

Direct extraction 

Register an order for a medicine (+ 

verify) 

00:00:27 Direct extraction 

Begin extraction 00:00:27   

Check other AWSs through computer 00:00:43 Not in stock at ward 

Access that storage 

00:01:54 

In stock in other AWS 

Go to computer inside storage and log 

into AWS IT-system 

In stock in other AWS 

Begin extraction 00:00:27 
per 

medicine 

 

Take medicine back to Ward 5 00:01:57 

 

In stock in other AWS 

Put in trolley 00:00:10 When medicine extracted and 

present at ward 5 

Holmqvist (140429) 

Place emergency order 00:04:30 Not in stock in other AWS, urgent 

Place normal order in Provider 00:04:30 Not in stock in other AWS, not 

urgent 

Table 26: Time Table for Extraction of Medicine for Trolley Process for Ward 5 

Extraction of Medicine for Patient 

Description Time Notes Observation 

Extract from trolley 00:00:25 Regular, in trolley Holmqvist (140429) 

Go to a computer at Ward 5 and log 
into AWS IT-system 

00:00:15 Pre-order 

Register an order for a medicine 00:01:15 Pre-order 

Access Ward 5’s storage 00:00:15 Pre-order, in stock 

Go to computer inside storage and 
log into AWS IT-system 

00:00:20 Pre-order, in stock 

Access Ward 5’s storage 00:00:15 Direct extraction 

Go to computer inside storage and 

log into AWS IT-system 

00:00:21 Direct extraction 

Register an order for a medicine 00:00:27 Direct extraction 

Begin extraction 00:00:43 Average based on 

00:00:50 and 

00:00:35,  

In stock at ward 

Check other AWSs through computer 

+ pre order 

00:01:19 Not in stock at 

ward 

Access that storage 00:01:49 Average based on 

00:02:00 and 
00:01:37 

Go to computer inside storage and 

log into AWS IT-system 

00:00:21 In stock in other 

AWS 

Begin extraction 00:00:43 Average based on 
00:00:50 and 

00:00:35,  

In stock in other 
AWS 

Take medicine back to Ward 5 00:01:49 In stock in other 
AWS 

Place emergency order 00:04:30 Not in stock in 

other AWS, urgent 

Place normal order in Provider 00:04:30 Not in stock in 

other AWS, not 
urgent 

Table 27: Time Table for Extraction of Medicine for Patient Process for Ward 5 
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4.3 Analysis for Research Question II 

The analysis for Research Question II is divided into three different parts. The first part 

will through a pattern matching, analytically discuss theory and empirical in order to 

determine the capacity cost per minute for Ward 3, Ward 5 and the Pharmaceutical Unit. 

The second part of the analysis will through an analytic discussion and pattern matching 

of theory and empirical generate time-equations for Ward 3 and Ward 5. The third part 

will through an analytic discussion and pattern matching between theory and the 

outcomes of the previous parts generate in calculated scenarios for Ward 3 and 5. This 

is done by applying the capacity cost per minute from part I into the different time-

equations from part II. This then results in a proposed process cost according to pre-

determined assumptions for the calculated scenarios. In order to be able to compare the 

wards to each other, each process has been given a calculated average cost by taking all 

possible cost outcomes divided by the amount of calculated scenarios for a process. In 

order to cover possible deviations the observations might not have covered; a sensitivity 

analysis will be performed and included in the process average costs. The different costs 

for Ward 3 and Ward 5 are then compared to each other to give a basis for conclusion in 

order to be able to answer Research Question II. Below follows an illustration of the 

analysis’ disposition: 
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Figure 9: Analysis’ Disposition for Research Question II 
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4.3.1 Analysis Part I 

Figure 37: Analysis’ Disposition Part I for Research Question II 

For Ward 3 and Ward 5, the first step will be to calculate the cost to use, which 

according to Kaplan & Andersson (2007) is the monthly salary plus surcharges. 

Granberg (140417) and Augustine (140513) provided the information of 212 SEK per 

hour including surcharges, 150 working hours per month as well as overtime of 2000 

SEK per month. This leads to that the cost to use is 33 800 SEK. The next step 

according to Kaplan & Andersson (2007) is to calculate the practical capacity, by taking 

the theoretical capacity minus breaks, education, travel et cetera. Granberg (140417) 

and Augustine (140513) provided the information of the theoretical capacity being 150 

hours per month. Finally, Kaplan & Andersson (2007) explains that the capacity cost 

per minute needs to be calculated; this is done by taking the cost divided by the 

practical capacity, and then dividing that sum by 60. Based on the information given by 

Granberg (140417) and Augustine (140513) the capacity cost per minute for a nurse at 

Ward 3 and Ward 5 is 3,75 SEK per minute. The equation for calculating the capacity 

cost is as follows; 

 (212 150) + 2000

150
 
   

  
 3,75SEK/minute 

Equation 1: Capacity Cost per Minute for a Nurse at Ward 3 and Ward 5 

For The Pharmaceutical Unit, the first step will be to calculate the cost to use, which 

according to Kaplan & Andersson (2007) is the monthly salary plus surcharges. Munge 

(140222) provided the information of 31 000 SEK and the surcharges being 50 % of the 

monthly salary. This leads to the cost to use is 46 500 SEK. The next step according to 

Kaplan & Andersson (2007) is to calculate the practical capacity, by taking the 

theoretical capacity minus breaks, education, travel et cetera. Munge (140422) provided 

the information of the theoretical capacity being eight hours per day. By multiplying 

this with the working days per month which is 25, the practical capacity is 160 hours 
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per month. Finally, Kaplan & Andersson (2007) explains that the capacity cost per 

minute needs to be calculated; this is done by taking the cost divided by the practical 

capacity, and then divide that sum by 60. Based on the information given by Munge 

(140422) the capacity cost per minute for an employee at the Pharmaceutical Unit 

working with AWSs is 4,85 SEK per minute. The equation for calculating the capacity 

cost is as follows; 

31000 + (31000   0,5)

(8   5   4)
 
   

  
 4.85SEK/minute  

Equation 2: Capacity Cost per Minute for an Employee at the Pharmaceutical Unit 

Below are the capacity costs per minute for a more comprehensive overview; 

Employee Capacity Cost per Minute 

Nurse at Ward 3 3,75 SEK 

Nurse at Ward 5 3,75 SEK 

Employee at the Pharmaceutical Unit  4,85 SEK 
Table 28: Summary of Capacity Costs per Minute 

4.3.2 Analysis Part II 

Figure 38: Analysis’ Disposition Part II for Research Question II 

According to French et al. (2013), Anklesaria (2008), Meyer et al. (2007) and Damelio 

(2011) a process map helps understanding and determining what to measure, where to 

measure it and that flowcharts together with TDABC is a powerful way to measure and 

analyse costs and time within health care and possibly finding hidden costs as according 

to Christopher (2011). Therefore, it was the process maps created in chapter 3.3.1 which 

were the base when creating the process documents for time as suggested by Harrison & 

Van Hoek (2011). It aligns as well with Kaplan & Andersson (2007) who says that time 

is the main input for TDABC and that this is collected by the help of a process map. 

These time tables were however modified as the authors felt that the column for 

symbols would not add value for this project, and they therefore added another column 

instead stating the observation from which the time was gathered, which is in line with 
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French et al. (2013)’s suggestion of assigning an activity the employee performing it. 

The process maps and their different steps and activities were timed; this aligns with 

Lambert & Pohlen, 2001and Harrison & Van Hoek (2011) who recommends that 

measurements are placed throughout a whole process and that it includes all activities as 

well as waiting times. The gathered time was made through direct observations, 

interviews as well as estimates which aligns with Kaplan & Andersson (2007)’s 

directives. 

It is from these time tables that the data on relevant time was collected for this analysis, 

which will result in time equations allowing variations for each process, as explained by 

Kaplan & Andersson (2007). These variations were found in the time tables which 

derive from the process maps in chapter 3.3.1; and each variation depends on a decision 

node and the path taken from there. The time presented in sub section 4.2. is written in 

hours, minutes and seconds but for the time equations all data has been converted into 

minutes only, as according to the theoretical model provided by Kaplan & Andersson 

(2007) but also in order to ease the calculations. This has led to all data in the time 

equations being based on the calculation that 1 second equals 0,017 minutes. Below 

follows all time equations for the processes for Ward 3 and Ward 5, based on the data 

on time from chapter 4.2.2 and 4.2.3 and according to the model provided by Kaplan & 

Andersson (2007). 
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4.3.1.1 Building Time Equations for the Material Management Process of Medicine for Ward 3 without an AWS 

Replenishment of Medicine 

Replenishment of Medicine 

(minutes) = 

By Pharmaceutical Unit 

+ 5,09 

+0,10*Amount of medicine in basic 

inventory 

+5,96 

+0,98 

+0,03*amount of order lines 

+0,02 

By Ward 3 

+ 0,51 

By Pharmaceutical Unit 

+5,09 

+ 0,78*amount of order lines 

Equation 3: Time Equation for Replenishment of Medicine for Ward 3 without an 

AWS 

Stock-Inventory 

Stock-Inventory (minutes) = By Pharmaceutical Unit 

+ 5,51 

[If not more than three months since 

last inventory] 

 + 0,09 * amount of medicines 

in basic inventory 

 + 0,17 * types of medicine to 

discard 

[If it has been more than three months 

since last inventory] 

 + 45,00 

Equation 4: Time Equation for Stock Inventory of Medicine for Ward 3 without an 

AWS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reverse Logistics of Medicine 

Reverse Logistics of Medicine  

(minutes) = 

By Ward 3 

+ 0,29 

[If regular medicine] 

 + 0,09 * amount of medicine 

 + 0,14 * amount of medicine 

[If narcotic suitable for return and from 

Ward 3] 

 + 0,26 

 + 0,77 * amount of narcotics 

[If the Narcotic does not add 

up] 

  + 3,00* amount of 

narcotics not adding up 

[If narcotic suitable for return and from 

an AWS] 

 + 2,00 

 + 0,32 

 + 0,82 * amount of narcotics 

Equation 5: Time Equation for Reverse Logistics of Medicine for Ward 3 without an 

AWS 

 

Extraction of Medicine for Trolley 

Extraction of Medicine 

for Trolley (minutes) = 

By Ward 3 

+0,26 

[if regular medicine in stock] 

 +0,73 * amount of medicine 

 + 0,17 * amount of medicine 

[if narcotic in stock] 

 +1 * amount of narcotics 

 + 0,17 * amount of narcotics 

[if not in stock at ward, pre-order in another 

AWS] 

 +0,73*amount of orders 

[In stock in other AWS]  

 + 0,80 * amount of orders 

 + 2,09 

 + 0,17 

 + 0,80 * amount to be extracted 

 +2,09 

 + 0,17 * amount to be inserted 

[if not in stock at CLV] 

 + 5*amount to be ordered 

[if not in stock at ward, direct extraction from 

another AWS] 

 +2,09 

 +0,80 * orders to be placed 

 + 0,80 * amount to be extracted 

 +2,09 

 + 0,17 * amount to be inserted 

[if not in stock at CLV] 

 + 0,73*amount to order 

 + 5,00 * amount to be ordered 

Equation 6: Time Equation for Extraction of Medicine for Trolley for Ward 3 

without an AWS 

Extraction of Medicine for Patient 

Extraction of Medicine for 

Patient (minutes) = 

+ 1,34 * amount of patients 

[If regular medicine] 

[In trolley]  

 + 0,17 * types of medicine 

[Not in trolley but at ward] 

 + 0,29 

 + 0,09 * types of medicine 

[If narcotic] 

[In trolley]  

 + 0,17 * types of medicine 

[Not in trolley but at ward] 

 + 0,29 

 + 0,26 

 + 0,77 * types of narcotic 

[If not in stock at ward, pre order] 

 + 0,73 

 + 0,77* orders to register 

[in stock in other AWS] 

 + 2,00 

 + 0,17 

 + 0,41* amount to extract 

 + 2,00 

[if not in stock at CLV] 

 + 0,73*orders to be placed 

+ 5,00 * orders to be placed 

[If not in stock at ward but in stock in other 

AWSs, direct extraction] 

 + 2 

 + 0,17 

[In stock in other AWS] 

 + 0,41 * amount to extract 

 + 2,00 

[if not in stock at CLV] 

 + 0,73*orders to be placed 

 + 5,00 * orders to be placed 

Equation 7: Time Equation for Extraction of Medicine for Patient for Ward 3 

without an AWS 
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4.3.1.2 Building Time Equations for the Material Management Process of Medicine for Ward 5 with an AWS 

Replenishment of Medicine 

Replenishment of Medicine 

(minutes) = 

By Pharmaceutical Unit 

+ 0,37 

+ 1,68 

+ 0,03 * amount of order lines 

+ 0,34 * amount of order lines 

By Ward 5 

+ 0,51 

By Pharmaceutical Unit 

+ 6,61 

+ 2,51* amount of order lines 

+ 7,43 
Equation 8: Time Equation for Replenishment of Medicine for Ward 5 with an AWS 

Stock-Inventory 

Stock-Inventory (minutes) = By Pharmaceutical Unit 

+ 0,26 

+ 1,51 

[If anything is expiring] 

 + 5,51 

 + 2,34 * amount of medicine 

Equation 9: Time Equation for Stock Inventory for Ward 5 with an AWS 

 

 

 

 

 

 

Reverse Logistics of Medicine 
Reverse Logistics of Medicine  

(minutes) = 

By Ward 5: 

+ 0,26 

[if anything to discard] 

 + 0,17 

[if anything to return] 

 + 0,27 

 + 0,70* amount of different 

medicines to be returned 

By Pharmaceutical Unit: 

+ 3,03 

 [If anything has been returned] 

 +5,51 

 +0,14 

 +0,17 

 + 0,27* amount of order lines 

 + 0,97* amount of order lines  

[if anything to discard] 

 +0,17 

 
Equation 10: Time Equation for Reverse Logistics of Medicine for Ward 5 with an AWS 

 

Extraction of Medicine for Trolley 

Extraction of 

Medicine for 

Trolley (minutes) = 

By Ward 5 

[If pre-order] 

 + 0,54 

 [If pre-order and in stock at ward] 

 +0,46 * amount of medicine 

 +0,44 

 +0,46*amount of medicine 

[If pre-order and not in stock at ward] 

 + 0,73 * Amount of types of medicine 

[If not in stock at ward but in another AWS] 

 + 0,46*amount of orders to place 

 + 1,97 

 + 0,46*amount of orders placed to 

extract 

 + 1,97 

 +0,17* amount of extracted orders to 

put in trolley 

[If not in stock at CLV] 

 + 4,51 

 [If direct extraction] 

 + 0,44 

 [If direct extraction and in stock at ward] 

 + 0,46*amount of orders 

 + 0,46* amount of orders to extract 

 + 0,17* amount of medicine to put in 

trolley 

[If direct extraction and not in stock at ward, but 

in stock in another AWS] 

 +1,97 

 +0,46*amount of orders 

 +0,46 amount of orders to extract 

 +1,97 

 + 0,17 * amount of extracted 

medicine to put in trolley 

[If not in stock at CLV] 

 +0,73*amount of orders 

 +4,50*amount of orders 

Equation 11: Time Equations for Extraction of Medicine for Trolley for Ward 5 with an AWS 

Extraction of Medicine for Patient 
Extraction of 

Medicine for 

Patient (minutes) = 

By Ward 5 

+ 0,26 

[If in trolley] 

 + 0,43 * amount to extract 

[If not in trolley, pre order] 

 + 0,26 

[In stock at ward] 

 + 1,26 *orders to place 

 + 0,34 

 + 0,85* amount of medicine to 

extract 

[If not in stock at ward but in other AWS] 

 + 1,32* orders to place 

 + 1,83 

 + 0,36 

 + 0,73* amount to extract 

 + 1,83 

[if not in stock at CLV] 

 + 1,32 * orders to place 

 + 4,50 * orders to place 

 [If not in trolley, direct extraction] 

 + 0,26 

 + 0,36 

[in stock at ward] 

 + 0,45 * amount of medicine to extract 

 + 0,73 * amount of medicine to extract 

[If not in stock at ward] 

 + 1,83 

 + 0,36 

[In stock in other AWS] 

 + 1,32* orders to register 

 + 0,73* amount to extract 

 + 1,83 

[if not in stock at CLV] 

 + 1,32 * orders to place 

 + 4,50 * orders to place 

Equation 12: Time Equation for Extraction of Medicine for Patient for Ward 5 with an AWS 
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4.3.3 Analysis Part III 

Figure 39: Analysis’ Disposition Part III for Research Question II 

4.3.3.1 Calculated Scenarios 

This subsection of the analysis will allocate costs to the different processes for Ward 3 and 

Ward 5 by using TDABC. This is done by using the capacity cost per minute and 

multiplying it with the different times in the time equation as according to Kaplan & 

Andersson (2007). Allocating these costs will be done through what the authors have chosen 

to name as calculated scenarios. Should a time equation include variations, there will be 

different calculated scenarios covering the different possible outcomes of a process. Each 

calculated scenario is based on certain assumptions, which will be explained before each 

calculation is performed. These assumptions are not theoretically based, but can be seen as 

educated assumptions provided by the authors from their gained understanding from 

interviews and observations. These assumptions which are the same for both wards are; that 

the direct extractions are performed without disturbance; that the reverse logistics of 

medicine is calculated from a weekly point of view; that the extraction of medicine for 

patients is calculated from when one round is performed for a patient. All the calculated 

scenarios can be found in appendix 1 and 2.  
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In order to get a comparable result between the wards, the authors decided to calculate an 

average of a process by adding together the different outcomes and divide by the amount of 

calculated scenarios for a process. This way, it does not make a difference if one ward 

happens to have one more calculated scenario compared to another. The calculations for 

these process averages can be found in appendix 3 and below is a summarizing table. For 

this table, the costs have been rounded to the nearest integer. The costs have been calculated 

so that they can be comparable between the wards; therefore the same educated assumptions 

have been given for similar calculated scenarios. 

Process Average Process Cost 

Ward 3 

Average Process Cost 

Ward 5 

Replenishment of Medicine 173 SEK 720 SEK 

Stock inventory of Medicine 201 SEK  92 SEK 

Extraction of Medicine for Trolley 169 SEK 171 SEK 

Extraction of Medicine for Patient 21 SEK 18 SEK 

Reverse Logistics of Medicine 72 SEK 133 SEK 

Table 29: Average Process Costs for Ward 3 & Ward 5 

4.3.3.2 Sensitivity Analysis 

Kaplan & Andersson (2008) suggests gathering data on time by calculating an average from 

50-100 direct observations. Due to this project’s limited time, it is not possible to perform 

that many observations on all processes. The authors have however in many cases in the 

presented data in 4.2.2 and 4.2.3 calculated an average based on an activity being performed 

many times. However, even though the activity was performed multiple times, it was mostly 

performed during the same observation and therefore by the same nurse or employee from 

the Pharmaceutical Unit. This could make the gathered data less reliable than had more 

observations been conducted on different nurses and employees from the Pharmaceutical 

Unit, as there might be deviations occurring which the authors have not been able to capture.  

The sensitivity analysis found in Appendix 4 shows a linear relationship between time and 

costs, when a change in time is applied to a whole process. This is logical as the TDABC 

drives cost through time, and the two variables depend on each other. In order to cover 

possible deviations on single activities, and show how this would affect a process a second 

sensitivity analysis will also be performed on a few handpicked calculated scenarios, where 

the variables have different changes in time. This is done in order to show that the authors 

may have underestimated the time consumption for different activities.  
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The authors have chosen to perform a sensitivity analysis on the process of extraction of 

medicine for trolley and patient for Ward 3. This, as the authors feel that a nurse’s time 

consumption at an AWS could deviate significantly depending on their willingness to adapt 

to working with new technology. The authors have assumed that the nurses at Ward 5 are 

well acquainted with the AWS as they work with it all the time, every day, and therefore a 

sensitivity analysis where time consumption is added would therefore not give a fair result in 

the authors’ opinion. The authors feel as well that the activities performed by the 

Pharmaceutical Unit ought to not deviate significantly as the employees have a well-

developed routine and work in a very similar manner; and therefore a sensitivity analysis is 

not needed.  

The different calculated scenarios will be given increased time consumption of 40, 50, or 60 

percent; these percentage changes will be added randomly throughout the sensitivity analysis 

on activities including an AWS. The calculations for this sensitivity analysis can be found in 

appendix 5. Below is a concluding table with the new process averages based on that 

sensitivity analysis; also here the numbers have been rounded to the nearest integer. 

The sensitivity analysis show that a nurse’s deviating time consumption with an AWS does 

not have a significant impact on the outcome, and that even if the authors’ observations did 

not cover all possible deviations, their result is still a fair view of reality. 

Process Average process cost 

Ward 3 

Average process cost 

Ward 5 

Replenishment of Medicine 170 SEK 720 SEK 

Stock inventory of Medicine 200 SEK  90 SEK 

Extraction of Medicine for Trolley 177 SEK 170 SEK 

Extraction of Medicine for Patient 22 SEK 20 SEK 

Reverse Logistics of Medicine 70 SEK 130 SEK 

Table 30: Average Process Costs for Ward 3 & Ward 5 including sensitivity analysis 
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4.3.3.3 Comparing Process Average Costs including Sensitivity Analysis together with a 

Basis for Conclusion 

This sub section will present a new calculated process average, where the sensitivity analysis 

has been taken into account. This has been done by adding the average process cost from 

table 28, with the cost from table 29, and then divide it by two. The findings are presented in 

the table below. This table will also indicate which ward that is more expensive compared to 

the other and provide a basis for conclusion. In this table, the numbers have been rounded to 

the nearest ten for an easier comparable overview. 

Process 

Average process cost with 

sensitivity analysis Basis for Conclusion 

Ward 3 Ward 5 

Replenishment 

of Medicine 
170 - 720 + 

Ward 5 more expensive as the 

unpacking process requires more 

detailed work, which consumes more 

time. 

Stock inventory 

of Medicine 
200 + 90 - 

Ward 3 more expensive because 

every medicine must be verified 

compared to Ward 5 where only 

those in need to be discarded are 

relevant. 

Extraction of 

Medicine for 

Trolley 

170 +/- 170 +/- No difference between the wards. 

Extraction of 

Medicine for 

Patient 

20 +/- 20 +/- No difference between the wards. 

Reverse 

Logistics of 

Medicine 

70 - 130 + 

Ward 5 more expensive because it 

consumes more time as each narcotic 

must be verified and replenished one 

by one into the dispenser.  
Table 31: Comparing Process Average Costs based on the Sensitivity Analysis together with a Basis for Conclusion 
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5. RESEARCH QUESTION III 

“How has the instalment of a central storage affected 

the number of orders placed for wards?” 

 

This chapter aims to present the theory and empirical related to research question III. 

The analysis will compare the empirical findings to the theory; which will result in a 

basis for conclusion.  

 

 

 

 

 

Figure 40: Overview of Chapter Five’s Disposition 
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5.1 Theory of Centralised Inventory in Material Management of Medicine 

For products which need to be available with a short delivery time, a low centralisation 

is favourable (Jonsson & Mattsson, 2011). Therefore hospitals keep in-house 

inventories on ward levels to ensure the least possible lead time to the patient regardless 

of inventory costs (Harrison & van Hoek, 2011). However, a high centralization offers 

the opportunity of economies of scale with for example the investment in automated 

storage solutions; the numbers of non-value adding activities being reduced and  the risk 

of obsolescence being reduced (Jonsson & Mattson, 2011); thus, costs and waste 

decreases and efficiency increases (Shahabi et al (2013). A hospital normally has at 

least one in-house central storage (Pan & Pokharel, 2007).  

A centralised inventory approach entails according to Abdelaziz & Mejri (2012), that 

the inventory is perceived as a shared pool of goods across multiple units. A centralised 

inventory requires a well-developed IT-system in order for all information to be 

properly stored, handled and coordinated so that real-time stock-levels can be acquired. 

By having such a centralised information system, each participant knows more about 

each other and treats them as strategic partners. (Marklund, 2002: Seo et al., 2000; 

Nicholson et al., 2004; Yu et al., 2001) Having a centralised inventory ought to lead to a 

duplication reduction, which in turn lowers the overall costs (Harrison & van Hoek, 

2011; Arnold et al., 2008), this as a centralised inventory lessens the burden on each 

unit of having to manage storage space and safety stock levels for each item and reduces 

the behaviour of a decentralised system where each unit tries to reach its own objectives 

and goals without consideration of the other units (Abdelaziz & Mejri, 2012).  

Demand and supply will never be fully synchronized and therefore there are 

uncertainties in material management process (Jonsson & Mattson, 2011). It is hard for 

hospitals to anticipate the demand of medicine as it is not possible to predict the patient 

mix and their requirements (Pan & Pokharel, 2007; Slack et al., 2012; Baboli et al., 

2011). To handle this uncertainty safety stock is put in place as it provides more 

quantity in stock than what is expected to be demanded; therefore if demand 

unexpectedly rises a stock out is avoided. (Arnold et al., 2008; Jonsson & Mattson, 

2011) The amount of safety stock kept should be based on a weighing of cost of an 

order and carrying cost (Jonsson & Mattson, 2011). 
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The material management process serves to establish the quantity and time of placement 

of orders needed for the organization. Every unique article or product in an order 

represents an order line. The aim in order placement is to be as effective as possible in 

regard to binding of capital, delivery service and resource utilization within the 

organization. (Jonsson & Mattsson, 2011) The cost of an order does not depend on the 

quantity which has been ordered, but rather the amount of orders placed. Reducing these 

costs can be made by ordering more each time, so that fewer orders are placed in total. 

(Arnold et al., 2008) 

5.2. Empirical Data on Effects of Installing a Central Storage 

5.2.1 Qualitative Data 

According to Munge (140428) the reason there is a decline in orders before the central 

storage was installed is because it was not until 2011 that the wards, receptions and 

units at CLV recognized that each order line came with a price; after that, the wards 

tried to place less orders which resulted in the decline. Elisabeth Johansson, nurse at 

Ward 40, (140506) concurs to this as she feels the nurses’ awareness of the cost of 

placing for example an emergency order has risen. She further explains that since they 

started receiving pharmaceutical service the nurses spend less time on placing orders 

which is positive as this has provided more time to be spent on other tasks.   

Munge (140120) has noticed that orders have decreased because with a central storage 

the nurses go there first for medicine rather than ordering it when it is not found in their 

basic inventory. This way they just pick up the amount they need at the central storage 

and there will not be extra medicine left at a ward where it is not regularly used only to 

be discarded. This way, the wards’ basic inventories has been reduced.  Further by not 

having to search the whole hospital by for example calling other wards, the nurses who 

before might have skipped this step and placed an order, are more prone to search for it 

in-house through the AWS IT-system. Granberg (140306) adds that he has seen a 

significant reduction in orders placed by nurses at the ward since the pharmaceutical 

service was put in place.  
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Johanna Roth, nurse at Ward 19, (140506) is one of the nurses responsible for ordering 

for Ward 19 and she has noticed a significant reduction in order placement since the 

instalment of the central storage. E. Johansson (140506) agrees with Roth (140406) that 

she has noticed a significant reduction in orders placed by the nurses at the ward since 

the central storage. Monika Mlynarz, nurse at Ward 4, (140506) finds that they place 

fewer orders at the ward, now the only orders they place are for medicine in specific 

cases or patients, all other medicine needed not found in their own storage can be found 

in the central storage. Johanna Gustafsson, nurse at Ward 33, (140506) has experienced 

that the number of emergency orders have decreased at their ward as they can now go to 

the central storage while they wait for medicine in question to be ordered with the 

regular weekly replenishment of medicine performed by the pharmaceutical unit. 

Kristin Oertel, nurse at Ward 13, (140506) says it feels like forever ago since they 

placed orders themselves at the ward, and the reason for this is due to the 

pharmaceutical service and the central storage. This is positive as they now get the 

medicine right away rather than order and wait for a medicine to arrive the next day.   

Nurses at many wards agree that they find it very convenient to have a central storage to 

turn to for the medicines they do not store at their ward. They do not have to look in a 

binder nor in the order system to see which other ward have the medicine they need 

which they do not themselves have in stock. This then saves them to not have to call 

other wards and ask to lend it. Further they do not have to then walk to multiple other 

wards to collect the medicines they needed to lend. Now with the central storage they 

will just verify online, unless it is one of the wards right next to the central storage as 

they might just walk over and verify, that the medicine is available at the central 

storage. They then place an order in the AWS’ IT-system or do a direct extraction when 

they get to the central storage. (Roth, 140506; Mlynarz, 140506; E. Johansson, 140506; 

Emma Olofsson, nurse at Ward 34, 140506; Oertel, 140506; Gustafsson, 140506; Lina 

Karlsson, nurse at Ward , 140506; Helen Ahlgren, Nurse at Ward 3, 140423) Roth 

(140506) also points out that it is a good system with the narcotics in the AWS as it is 

traceable who has extracted the narcotics and it feels more secure. It is also convenient 

to no have to count and sign when extracting narcotics at the central storage. 
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5.2.2 Quantitative Data 

In this subsection, quantitative data on orders placed is presented. In appendix 6 a full 

table provided by Munge (140428) is presented, where each ward, reception and clinic 

with access to the central storage is depicted. The authors have from that table chosen to 

extract the data for wards, as these are the ones who are included in this project’s focus 

area. The authors chose to use data from January-March which is indicated as Q1; this 

as the central storage was installed in December 2013 and when writing this thesis it is 

not possible to get data later than March 2014. The authors have chosen to use these 

months for every year back to 2011.  

The reason for the authors not collecting data further back is due to the establishment of 

the Pharmaceutical Unit being in year 2011, and the authors felt that the data before that 

would not be representative as the orders placed were “out of control” as according to 

Granberg (140306). The subsection ends with a graph illustrating the data provided in 

the table below in order to easily present the changes in order lines placed. 

 Ward 2011-Q1 2012-Q1 2013-Q1 2014-Q1 

Ward 40 776 654 491 478 

Ward 17  674 817 510 466 

Ward 5  634 567 510 450 

Ward 34 539 753 543 434 

Ward 3  477 583 493 411 

Ward 1 Heart Intensive Care 451 933 545 365 

Intensive Care Ward 757 622 598 355 

Ward 33 476 611 519 330 

Ward 13 323 502 337 310 

Emergency Care Ward  410 471 399 299 

Ward 19  618 845 476 299 

Ward 4  256 363 332 238 

Ward 11  311 315 278 214 

Ward 8 Maternity Ward 223 260 218 196 

Ward 8 Gynaecology 286 190 180 142 

Ward 10 Neonatal Ward 139 190 103 131 

X-ray Ward 23 43 72 103 

Child Day Care 75 150 105 69 

Total Order Lines Placed 7448 8869 6709 5290 
Table 32: Total Order Lines Placed (extracted from Appendix 1)  

 

 

 



 

 

School of Business and Economics 

 
114 

 

 

Figure 41: Graph over Total Order Lines Placed 

 

5.3 Analysis for Research Question III 

The analysis for Research Question III will be performed by putting the theory against 

the empirical findings by an analytical discussion through a pattern matching. The 

analysis will sometimes mention references which are not depicted in the empirical 

chapter for Research Question III; this is because it has already been depicted earlier in 

the project and the authors felt it would be redundant to write the same data twice. This 

sub section ends with a table showing the basis for conclusion in order to answer 

Research Question III. This table will provide different statements as according to what 

CLV has expressed they wished the central storage would achieve and based on the 

findings from the analytical discussion, the statements will either hold true or not as 

shown in the table. Below follows an illustration of the analysis’ disposition: 

Figure 10: Analysis’ Disposition for Research Question III 
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Jonsson & Mattsson (2011) and Harrison & van Hoek (2011) explains that for products 

which need a short delivery time, it is favourable with a low centralisation and that 

hospitals therefore keep stock at wards; this holds true for CLV as each ward has its 

own storage (Törndahl ,140303).  However, Munge 140120 expresses that it was found 

that the wards placed too many orders by themselves, and also placed orders for 

medicine already available in-house. Jonsson & Mattsson (2011) as well as Arnold 

(2008) argues that an order represents one or several order lines. Order placement must 

therefore be effective due to costs being related to each order line and not the quantity 

per order line. This is the situation at CLV as according to Munge (140120)’s 

explanation of how each order line comes with a fixed price depending on its delivery 

time, and that it is the hope that a centralised inventory will reduce the order lines 

placed by wards themselves by having a central storage acting as a safety stock 

installed. 

This is in line with the arguments presented by Pan & Pokharel (2007) that each 

hospital normally has at least one in-house central storage and by Harrison & van Hoek 

(2011), Arnold et al. (2008) and Abdelaziz & Mejri (2012) that a centralised inventory 

is perceived as a shared pool of goods and ought to lead to a duplication reduction. 

Which it has, according to the collected qualitative data in 5.2.1 where nurses at 

different wards have expressed that much less orders are placed from the wards since 

the establishment of the Pharmaceutical Unit and as well due to the instalment of a 

central storage as they now have one more place to search for medicine before placing 

an order and that they are more aware of the costs connected to each order line placed. 

This is also verified by the quantitative data presented in subsection 5.2.2 where a 

reduction in orderliness is clearly shown as of 2012, which is when the Pharmaceutical 

Unit was fully operational and had been able to make all employees cost-aware. It is 

however from the quantitative data not possible to clearly indicate that the central 

storage has led to a major fall in order lines placed as the order lines were declining also 

before its instalment due to the Pharmaceutical Unit and its Pharmaceutical Service 

(Granberg, 140306); It can instead from the qualitative data be established that the 

central storage has led to less orders placed as the nurses have a safety stock to turn to, 

it has led to a ward’s basic inventory being reduced and  it is saving time for nurses to 

be able to tend to other matters, such as caring for the hospitalized patients. 
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As explained by Marklund (2002), Seo et al. (2000), Nicholson et al. (2004) and Yu et 

al. (2001) a centralised inventory requires a well-developed IT-system from which 

participants can know more about each other  and real-time stock levels can be 

acquired. This holds true at CLV as Munge (140120) explains that all ward have access 

to the central storage and ought to be able to find medicine relevant for them there. The 

nurses interviewed in 5.2.1 concurs as they explain that they turn to the central storage 

when a medicine is not in stock at the Ward, and that it is convenient that there now 

exists a possibility to verify through the AWS IT-system if a medicine is in stock or not 

at the central storage without having to have to go there.  

The AWS being installed in the central storage aligns with Jonsson & Mattsson (2011) 

who explain that having a centralised inventory opens up for the opportunity of 

installing automated storage solutions. It was according to Munge (140120) the reason 

CLV got an AWS in the first place. Having a centralised inventory also reduces the risk 

for obsolescence, decreases costs and waste while increasing efficiency according to 

Jonsson & Mattsson (2011) and Shahabi et al. (2013); this holds true at CLV as 

according to Munge (140120) when less excessive orders are placed, the risk for having 

too much medicine which finally turns obsolete decreases. It also lowers the risk of 

abuse of narcotics, as according to Roth (140423) the AWS in the centralised storage 

makes this handling more secure as it is electronically registered which nurse that 

extracts a narcotic. The centralised storage at CLV can therefore be argued to have 

fulfilled its function as a safety stock as it according to Jonsson & Mattsson (2011), Pan 

& Pokharel (2007); Slack et al. (2012); Baboli et al., 2011 and Arnold (2008) is a stock 

put in place in order to buffer the unbalance between supply and demand in material 

management; especially as in hospitals the demand is hard to predict.  

Basis for Conclusion 

Statement Findings 

Order lines have been reduced Correct, however it is not possible to claim exactly 

how large of the reduction which is due to the 

central storage 

The central storage functions 

as a Safety Stock 

Correct, as nurses claim to first verify the central 

storage before placing their own orders. 

Table 33: Basis for Conclusion for Research Question III 
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6. CONCLUSION AND RECOMMENDATION 

This chapter aims to present the authors’ conclusions which are drawn from the 

different basis for conclusions found in the previous chapters 3.3, 4.3 and 5.3. The 

authors will also use this chapter to express their recommendations for CLV.   
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6.1 Conclusion 

When comparing the time consumption, and the excessiveness of the different 

processes, it seems to be similar in total for both wards, just allocated differently; 

almost always, when one section of a process takes more time for Ward 3, another 

section in the same process takes more time for Ward 5 and vice versa. However, when 

allocating costs to the processes there are sometimes larger differences; this is then due 

to the involvement of the Pharmaceutical Unit as they carry a higher capacity cost. 

In terms of safety and accuracy Ward 5 exceeds Ward 3. This due to having and AWS 

and by having laid responsibility on the Pharmaceutical Unit which has a more focused 

competence in medicine and can devote more time on for example replenishing, 

returning narcotics and unpacking compared to a nurse; this decreases the risk of 

mistakes occurring. The AWS has led to more waste for Ward 5, as it is no longer 

possible to return regular medicine, whereas Ward 3 can. The aspects of waste and 

security cannot be covered through a TDABC but should be given consideration. 

It is not possible to give an exact figure on how much the central storage has affected 

the number of order lines being placed; this due to that the Pharmaceutical Service 

provided by the Pharmaceutical Unit continuously improving the wards’ ordering 

routine. It can however be assumed that it is contributing to less order lines being 

placed; this as nurses at different wards have confirmed that they use the central storage 

as a safety stock and that it is always verified first before an order is placed by the ward. 

6.2 Recommendation 

The authors would like to recommend CLV to install AWS dispensers for storing 

narcotics in all wards. This way, each ward would have a unanimous routine for 

handling narcotics, the security would rise significantly as each extraction and return 

would be electronically documented. The return of narcotics would also become more 

secure as the responsibility would be placed with the Pharmaceutical Unit who has the 

proper time to take in performing this task; as opposed to a nurse who might be stressed 

with patients in need of care and therefore hastily returns a narcotic and increases the 

chance of it being returned in a wrong package or miscalculating the amount. 
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Further, the authors would like to recommend CLV to, as soon as possible, find a 

solution for AWSs being able to return regular medicine as well. This due to the fact 

that both the authors but also interviewed nurses see it as a waste that proper medicine 

must be thrown simply because no return function is available. Should no such function 

be possible to implement, CLV ought to think over if regular medicine should be placed 

in AWSs at all then. It increases security, however it increases costs in terms of possible 

waste.  

Another reason to consider regarding storing regular medicine is the time it takes for the 

Pharmaceutical Unit to replenish the medicine into AWSs compared to if they would 

only shelf it, which could be seen from the calculated scenarios where there was a 

significant cost difference between Ward 3 and Ward 5 regarding replenishment. A 

consideration must then be taken by CLV if the added security is high enough to bear 

the added costs. 

The authors would also like to recommend CLV to perhaps once again hold educations 

for nurses in how to use the AWS; this due to the authors finding when performing their 

observations and interviews that there were still a few nurses who felt uncomfortable 

working with AWSs as they felt they did not understand them; and therefore consuming 

unnecessary time, taking help from other nurses and therefore binding up even more 

time consumption as well as increasing the risk of performing mistakes with the AWS. 

It is as well important that this education stresses the importance of returning narcotics 

back to the AWS it came from instead of throwing it; this based on an experience the 

authors had where a nurse threw newly extracted narcotics in the trash because the 

wrong narcotic was accidentally extracted, instead of returning it before extracting the 

correct narcotic. If CLV can reduce the waste of regular medicine and narcotics; there is 

potential of cost savings. 
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7. REFLECTION AND SELF-CRITICISM 

This chapter aims to reflect the authors’ performance and work progress in accordance 

to the criteria stated in chapter 2.9. 
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The authors are pleased with the progress of this project. The authors had from the start 

a clear structure and a reasonable timetable which was followed throughout the project. 

The clear structure helped the work and ensured that right data was always in the right 

place. The authors early developed models which throughout the project clearly show 

the dispositions and relationships in and between the project’s different chapters. This 

has ensured that the project has internal validity. 

The collection of theory began early and the authors feel that the theory presented in the 

project is concise, to the point, up to date, highly relevant as well a mixture of a wide 

range of literature and scientific articles. This has ensured the project’s construct 

validity. It took however a little while for the authors to fully understand the project’s 

scope and throughout the whole project, theory was added and removed. Had this 

project been conducted again, the authors would have tried to gain a more clear 

understanding earlier in the process in order to save time spent on finding, reading and 

compiling unnecessary theory. 

The collection of empirical data has been a large part of the work in making this project. 

The authors are pleased with the progress of collecting the data, as the employees at 

CLV were always eager to help and the authors felt they could easily gather the 

necessary data. The empirical findings have been double checked with the interviewees 

in order to ensure that the information has been rightfully interpreted. This has ensured 

that the project has construct validity. As previously mentioned, the gathering of 

empirical data was a large part and quite extensive and took much time as many 

observations and interviews were performed. The authors however feel that this was 

never a problem as they always felt that they were in phase with their timetable. 

One obstacle the authors had to face was something which the theory warned them 

about; letting the work of creating process maps become too detailed. At a certain point 

the authors had to realize that they were at risk of getting into too much detail and had 

to draw a boundary of how detailed a process should be; especially as it made the 

gathering of time data more complicated as activities taking sometimes less than a 

second would then have to be timed. Had the authors understood this earlier, it could 

have eased the process; however the authors feel that facing this obstacle did not affect 

the project’s quality in a negative way. 
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The authors wish there would have been more time for observations in order to gather 

data on time as a more reliable average could then have been presented. The authors 

have tried to show how possible deviations not caught in their observations could affect 

the capacity cost by conducting a sensitivity analysis; however they wish that this would 

not have been necessary. This could affect the project’s construct validity as it could be 

argued that not enough sources have been used. However, the construct validity is 

strengthened by the fact that this project has fulfilled its purpose and the wishes given 

by CLV. It has even performed more, as Research Question I and II treats an area which 

the authors themselves took the initiative to examine.   

The project’s process and findings have been thoroughly documented, and throughout 

the project the authors have in detail explained why something is done, what it is based 

on and through different models illustrated different dispositions. This has been done in 

order to enable the research being repeated by somebody else and therefore the project 

has ensured reliability. The project will also be able to serve as a help and guidance for 

others in a health-care setting who are considering installing a central storage and/or 

investing in Automated Ward Solutions. The project is also a support for others who 

wish to apply process mapping and TDABC in a real context as both the theory, 

empirical and analysis clearly shows how this is made. Therefore, the project has 

ensured that it is analytically generalizable and in turn holds external validity. 
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8. FURTHER RESEARCH 

This chapter aims to give suggestions for the continuing of this study in aspects which 

this project does not include. 
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The authors find that it would be interesting to examine a ward by itself, and not only to 

lay the focus in comparing it with another ward. This as the authors found when 

conducting their time-study that there can be differences in time, which could lead to 

significant changes in cost-outcome from a TDABC application, depending on what 

choices a nurse makes. For example, it is found that there is a risk of a direct extraction 

being a more expensive choice in case the medicine is not found in that AWS; and 

therefore unnecessary time has been consumed. Realizing this, it would probably be 

wise for CLV to properly inform nurses of the benefits from making a pre-order and try 

to make this their routine. The authors feel that there are probably many more aspects 

such as this one to be found in a ward’s way of working which could be examined so 

that suggestions for a more effective process can be presented. 

The authors find that it would have been interesting to perform a benchmarking with 

another hospital’s ward that has an AWS installed, and compare their way of working 

with Ward 5 or Ward 34 at CLV in order to see if there are possible improvements to be 

made. 

The authors find that it would be interesting to examine the possibilities of installing 

software that allows for a patient’s electronic journal to be connected to the AWS. This 

way, patient security could be even higher and it would also save time as nurses would 

not have to verify the patient’s prescription list manually. CLV has expressed a wish to 

install such software and the authors wish that they could have helped them with that. 

The authors find that it would have been interesting to examine the replenishment points 

and basic inventory of different wards to ensure that these are at the most optimal level. 

This could be done by classifying medicines in an ABC-XYZ classification, taking into 

consideration seasonal fluctuations in medicines. 

Finally, the authors find it would have been interesting to have had examined the 

investment of AWSs taking into consideration depreciation et cetera, together with this 

project’s findings, in order to see if further investments should be made or not. 
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9. THE PROJECT’S CONTRIBUTION 

This chapter aims to explain the project’s contribution to CLV as well as its 

contribution in a socioeconomic aspect. 
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This project will help CLV in various aspects. For one it provides CLV with the 

possibility to calculate the cost of different processes, which can enable them to 

stimulate different changes in work processes and see the difference in cost outcome. 

When considering if another AWS should be installed, CLV can then use the calculated 

scenarios to see if an investment is worth making or not.  

Further CLV was helped by the project in getting a better overview over who does 

what, and how the work is distributed between a ward and the Pharmaceutical Unit and 

the differences of having an AWS on the ward or not. This will also help in the decision 

of whether or not to install more AWSs at CLV. 

The project has also examined the effects of having a centralised storage which has 

helped CLV understanding the routines of different wards and what needs to be done to 

make all wards utilise the central storage and realize its benefits. It also helps CLV to 

receive confirmation that their investment in a central storage was a correct choice as it 

has fulfilled what they had hoped it would. 

Reviewing the project from a socioeconomic aspect shows that it is of importance; this 

as by showing the benefits of having a centralised storage, other health care institutions 

could install the same which frees up time for nurses that can instead be spent on caring 

for hospitalized patients. It also shows that having an AWS installed increases security 

and accuracy and thereby increases patient security which is important. 
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APPENDICES 

Appendix 1: Calculated Scenarios in the Material Management Process of Medicine for 

Ward 3 without an AWS  

Replenishment of Medicine 

1) This calculated scenario is based on the assumption that Ward 3 has a basic inventory 

of 282 medicines and that 20 order lines have been placed. The capacity cost per minute 

relating the activities performed by the Pharmaceutical Unit will 4,85SEK and the 

capacity cost per minute relating to the activities performed by Ward 3 will be 

3,75SEK. Based on the above stated criteria, the equation is as follows:  

[(     (       )            (       )      )      ]

 [(         )]  [(     (       ))      ]            

Stock-Inventory of Medicine 

1) This calculated scenario is based on the assumption that the last large inventory at 

Ward 3 was less than three months ago, that the basic inventory consists of 282 

medicines and that five medicines need to be discarded.   The capacity cost per minute 

related to the activities performed by the Pharmaceutical Unit will be 4.85SEK. Based 

on the above stated criteria, the equation will be as follows: 

(     (        )  (      ))                 

2) This calculated scenario is based on the assumption that the last large inventory at 

Ward 3 was more than three months ago, that the basic inventory is 282 medicines and 

that five medicines need to be discarded. The capacity cost per minute related to the 

activities performed by the Pharmaceutical Unit will be 4.85SEK. Based on the above 

stated criteria, the equation will be as follows: 

(        (      ))                 

Extraction of Medicine for Trolley 

1) This calculated scenario is based on the assumption that medicine is in stock at the 

ward, that there are 35 regular medicines and five narcotics in need of extraction and to 

be inserted in the trolley. The capacity cost per minute relating to the activities 
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performed by Ward 3 will be 3,75SEK. Based on the above stated criteria, the equation 

will be as follows: 

(     (       )  (       )  (   )  (      ))                 

2) This calculated scenario is based on the assumption that 33 regular medicines and 

four narcotics are in stock at the ward and will be extracted and inserted in the trolley, 

that the decision of pre-order through an AWS has been taken and that two regular 

medicines and one narcotic will be extracted from there and inserted in the trolley. The 

capacity cost per minute relating to the activities performed by Ward 3 will be 

3,75SEK. Based on the above stated criteria, the equation will be as follows: 

(     (       )  (       )  (   )  (      )  (      )  (     )

           (     )       (      ))                 

3) This calculated scenario is based on the assumption that 32 regular medicines and 

four narcotics are in stock at the ward and will be extracted and inserted in the trolley, 

that the decision of pre-order through an AWS has been taken and that one regular 

medicine and one narcotic will be extracted from there and inserted in the trolley and 

that one regular medicine has to be ordered through Provider. The capacity cost per 

minute relating to the activities performed by Ward 3 will be 3,75SEK. Based on the 

above stated criteria, the equation will be as follows: 

(     (       )  (       )  (   )  (      )  (      )  (     )

           (     )       (      )  (   ))      

           

4) This calculated scenario is based on the assumption that 33 regular medicines and 

four narcotics are in stock at the ward and will be extracted and inserted in the trolley, 

that the decision of direct extraction at an AWS has been taken and that two regular 

medicines and one narcotic will be extracted from there and inserted in the trolley. The 

capacity cost per minute relating to the activities performed by Ward 3 will be 

3,75SEK. Based on the above stated criteria, the equation will be as follows: 

(     (       )  (       )  (   )  (      )       (     )

 (     )       (      ))                 
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5) This calculated scenario is based on the assumption that 33 regular medicines and 

four narcotics are in stock at the ward and will be extracted and inserted in the trolley, 

that the decision of direct extraction at an AWS has been taken and that one regular 

medicine and one narcotic will be extracted from there and inserted in the trolley and 

that one regular medicine has to be ordered through Provider. The capacity cost per 

minute relating to the activities performed by Ward 3 will be 3,75SEK. Based on the 

above stated criteria, the equation will be as follows: 

(     (       )  (       )  (   )  (      )       (     )

 (     )       (      )  (      )  (   ))      

           

Extraction of Medicine for Patient 

1) This calculated scenario is based on the assumption that the patient has been prescript 

1 regular medicine or narcotic and that this is in the trolley. The capacity cost per 

minute relating to the activities performed by Ward 3 will be 3,75SEK. Based on the 

above stated criteria, the equation will be as follows: 

((      )  (      ))               

2) This calculated scenario is based on the assumption that the patient has been prescript 

1 regular medicine and that this is not found in the trolley. The capacity cost per minute 

relating to the activities performed by Ward 3 will be 3,75SEK. Based on the above 

stated criteria, the equation will be as follows: 

((      )       (      ))               

3) This calculated scenario is based on the assumption that the patient has been prescript 

1 narcotic and that this is not found in the trolley. The capacity cost per minute relating 

to the activities performed by Ward 3 will be 3,75SEK. Based on the above stated 

criteria, the equation will be as follows: 

((      )            (      ))               

4) This calculated scenario is based on the assumption that the patient has been prescript 

1 regular medicine or narcotic, that this is not found at the ward and that the decision of 

making a pre-order has been taken. The capacity cost per minute relating to the 
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activities performed by Ward 3 will be 3,75SEK. Based on the above stated criteria, the 

equation will be as follows: 

((      )       (      )         (      )   )                

5) This calculated scenario is based on the assumption that the patient has been prescript 

1 regular medicine or narcotic, that the decision of making a pre-order has been taken 

and that this is not found at CLV. The capacity cost per minute relating to the activities 

performed by Ward 3 will be 3,75SEK. Based on the above stated criteria, the equation 

will be as follows: 

((      )       (      )  (      )  (   ))                

6) This calculated scenario is based on the assumption that the patient has been prescript 

1 regular medicine or narcotic, that this is not found at the ward and that the decision of 

making a direct extraction has been taken. The capacity cost per minute relating to the 

activities performed by Ward 3 will be 3,75SEK. Based on the above stated criteria, the 

equation will be as follows: 

((      )         (      )  (      )   )                

7) This calculated scenario is based on the assumption that the patient has been prescript 

1 regular medicine or narcotic, that the decision of making a direct extraction has been 

taken and that this is not found at CLV. The capacity cost per minute relating to the 

activities performed by Ward 3 will be 3,75SEK. Based on the above stated criteria, the 

equation will be as follows: 

((      )         (      )  (      )  (   ))                

Reverse Logistics of Medicine 

1) This calculated scenario is based on the assumption that 20 regular medicines are to 

be returned. The capacity cost per minute relating to the activities performed by Ward 3 

will be 3,75SEK. Based on the above stated criteria, the equation will be as follows: 

(     (       )  (       ))            SEK 

2) This calculated scenario is based on the assumption that 20 regular medicines are to 

be returned and that 10 narcotic will be returned, and that it adds up. The authors will 

also add an estimated time for the work of a nurse continuously having to verify the 
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narcotics journal, and possibly investigate if something seems odd; this based on 

interviews with Petersson (140312) and Törndahl (140429). This time is estimated to be 

one minute per narcotic, which in this scenario makes it to 10 minutes. The capacity 

cost per minute relating to the activities performed by Ward 3 will be 3,75SEK. Based 

on the above stated criteria, the equation will be as follows: 

(     (       )  (       )       (       )    )                

3) This calculated scenario is based on the assumption that 20 regular medicines are to 

be returned and that 10 narcotic will be returned, and that one of them does not add up. 

The authors will also add an estimated time for the work of a nurse continuously having 

to verify the narcotics journal, and possibly investigate if something seems odd; this 

based on interviews with Petersson (140312) and Törndahl (140429). This time is 

estimated to be one minute per narcotic, which in this scenario makes it to 10 minutes. 

The capacity cost per minute relating to the activities performed by Ward 3 will be 

3,75SEK. Based on the above stated criteria, the equation will be as follows: 

(     (       )  (       )       (      )  (   )    )      

          

4) This calculated scenario is based on the assumption that 20 regular medicines are to 

be returned, that 10 narcotics will be returned, and that one of them will be returned to 

an AWS. The authors will also add an estimated time for the work of a nurse 

continuously having to verify the narcotics journal, and possibly investigate if 

something seems odd; this based on interviews with Petersson (140312) and Törndahl 

(140429). This time is estimated to be one minute per narcotic, which in this scenario 

makes it to 9 minutes. The capacity cost per minute relating to the activities performed 

by Ward 3 will be 3,75SEK. Based on the above stated criteria, the equation will be as 

follows: 

(     (       )  (       )       (      )         (      )

  )                
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Appendix 2: Calculated Scenarios in the Material Management Process of Medicine for 

Ward 5 with an AWS  

Replenishment of Medicine 

1) Since the replenishment of medicine is performed twice a week at Ward 5, the result 

of the equation will therefore be multiplied by two to get a fair view of reality. This 

calculated scenario will assume that 20 order lines have been placed. The capacity cost 

per minute related to the activities performed by the Pharmaceutical Unit is 4,85SEK 

and the capacity cost per minute related to the activities performed by Ward 5 is 

3,75SEK. Based on the above stated criteria, the equation will be as follows: 

[(          (       )  (       ))      ]  [(         )]

 [(     (       )      )      ]            

                   

Stock-Inventory of Medicine 

1) This calculated scenario is based on the assumption that 5 items are expiring. The 

capacity cost per minute related to the activities performed by the Pharmaceutical Unit 

is 4,85SEK. Based on these criteria the equation is as follows: 

(               (      ))             

Extraction of Medicine for Trolley 

1) This calculated scenario is based on the assumption that the decision of pre order has 

been taken, that the medicine is in stock at the ward, and that 40 medicines will be 

extracted and put in the trolley. The capacity cost per minute related to the activities 

performed by Ward 5 is 3,75SEK. Based on these criteria equation is as follows: 

(     (       )       (       ))                 

2) This calculated scenario is based on the assumption that the decision of pre order has 

been taken, that 37 medicines are in stock at the ward but that three medicines will be 

extracted from another AWS and put in the trolley. The capacity cost per minute related 

to the activities performed by Ward 5 is 3,75SEK. Based on these criteria equation is as 

follows: 
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(     (       )       (       )  (      )  (      )      

 (      )       (      ))                 

3) This calculated scenario is based on the assumption that the decision of pre order has 

been taken, that 37 medicines are in stock at the ward, that two medicines will be 

extracted from another AWS and put in the trolley and that 1 medicine has to be ordered 

through Provider. The capacity cost per minute related to the activities performed by 

Ward 5 is 3,75SEK. Based on these criteria equation is as follows: 

(     (       )       (       )  (      )  (      )      

 (      )       (      )  (      ))                 

4) This calculated scenario is based on the assumption that the decision of direct 

extraction has been taken, that the medicine is in stock at the ward, and that 40 

medicines will be extracted and put in the trolley. The capacity cost per minute related 

to the activities performed by Ward 5 is 3,75SEK. Based on these criteria equation is as 

follows: 

(     (       )  (       )  (       ))                 

5) This calculated scenario is based on the assumption that the decision of direct 

extraction has been taken, that 37 medicines are in stock at the ward but that three 

medicines will be extracted from another AWS and put in the trolley. The capacity cost 

per minute related to the activities performed by Ward 5 is 3,75SEK. Based on these 

criteria equation is as follows: 

(     (       )  (       )  (       )       (      )  (      )

      (      ))                 

6) This calculated scenario is based on the assumption that the decision of direct 

extraction has been taken, that 37 medicines are in stock at the ward, that two medicines 

will be extracted from another AWS and put in the trolley and that 1 medicine has to be 

ordered through Provider. The capacity cost per minute related to the activities 

performed by Ward 5 is 3,75SEK. Based on these criteria equation is as follows: 

(     (       )  (       )  (       )       (      )  (      )

      (      )  (      )  (     ))                 
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Extraction of Medicine for Patient 

1) This calculated scenario is based on the assumption that a patient has been prescript 

one medicine and that this is in the trolley. The capacity cost per minute related to the 

activities performed by Ward 5 is 3,75SEK. Based on these criteria equation is as 

follows: 

((     (      ))               

2) This calculated scenario is based on the assumption that a patient has been prescript 

one medicine and that this is not found in the trolley but at the ward and that the 

decision of pre-order has been taken. The capacity cost per minute related to the 

activities performed by Ward 5 is 3,75SEK. Based on these criteria equation is as 

follows: 

(          (      )       (      ))                

3) This calculated scenario is based on the assumption that a patient has been prescript 

one medicine and that this is not found in the trolley but at another AWS and that the 

decision of pre-order has been taken. The capacity cost per minute related to the 

activities performed by Ward 5 is 3,75SEK. Based on these criteria equation is as 

follows: 

(          (      )                     )                

4) This calculated scenario is based on the assumption that a patient has been prescript 

one medicine, that the decision of pre-order has been taken and that it is not found at 

CLV. The capacity cost per minute related to the activities performed by Ward 5 is 

3,75SEK. Based on these criteria equation is as follows: 

(          (      )  (     ))                

5) This calculated scenario is based on the assumption that a patient has been prescript 

one medicine and that this is not found in the trolley but at the ward and that the 

decision of direct extraction has been taken. The capacity cost per minute related to the 

activities performed by Ward 5 is 3,75SEK. Based on these criteria equation is as 

follows: 

(               (      )  (      ))               
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6) This calculated scenario is based on the assumption that a patient has been prescript 

one medicine, that the decision of direct extraction has been taken and that it is not 

found at the ward. The capacity cost per minute related to the activities performed by 

Ward 5 is 3,75SEK. Based on these criteria equation is as follows: 

(                         (      )  (      )      )      

          

7) This calculated scenario is based on the assumption that a patient has been prescript 

one medicine, that the decision of direct extraction has been taken and that it is not 

found at CLV. The capacity cost per minute related to the activities performed by Ward 

5 is 3,75SEK. Based on these criteria equation is as follows: 

(                         (      )  (     ))                

Reverse Logistics of Medicine 

1) This calculated scenario will assume that there is something to discard by both Ward 

5 and the Pharmaceutical Unit and that 10 order line is in need of return for Ward 5 and 

the Pharmaceutical Unit. The capacity cost per minute related to the activities 

performed by Ward 5 is 3,75SEK and the capacity cost per minute related to the 

activities performed by the Pharmaceutical Unit is 4,85SEK. Based on these criteria the 

equation is as follows: 

[(               (      ))      ]

 [(                    (       )  (       )      )

     ]            

 

 

 

 

 

 

 

 



 

 

School of Business and Economics 

 
145 

 

Appendix 3: Calculated Process Averages 

 Replenishment of Medicine for Ward 3: 

 
      

 
           

 Stock Inventory of Medicine Ward 3: 

 
             

 
           

 Extraction of Medicine for Trolley Ward 3: 

 
                                  

 
           

 Extraction of Medicine for Patient Ward 3: 

                                      

 
          

 Reverse Logistics of Medicine Ward 3: 

 
                       

 
          

 

 Replenishment of Medicine Ward 5: 

 
      

 
           

 Stock Inventory of Medicine Ward 5: 

 
     

 
          

 Extraction of Medicine for Trolley Ward 5: 

                                         

 
           

 Extraction of Medicine for Patient Ward 5: 

                                       

 
          

 Reverse Logistics of Medicine Ward 5: 

 
      

 
           



 

 

School of Business and Economics 

 
146 

 

Appendix 4: Sensitivity Analysis 1  

Ward 3: 

 

Ward 5: 

 

 

 

 

 

 

Process -30% -10% 
Original Average process 

cost Ward 3 
+10% +30% 

Replenishment of 

Medicine 
121 156 173 190 225 

Stock inventory of 

Medicine 
141 181 201 221 261 

Extraction of 

medicine for 

Trolley 

118 152 169 186 220 

Extraction of 

medicine for 

Patient 

15 19 21 23 27 

Reverse Logistics 

of Medicine 
50 65 72 79 94 

Process -30% -10% 
Original Average process 

cost Ward 5 
+10% +30% 

Replenishment of 

Medicine 
504 648 720 729 936 

Stock inventory of 

Medicine 
64 83 92 101 120 

Extraction of 

medicine for 

Trolley 

120 154 171 188 222 

Extraction of 

medicine for 

Patient 

13 16 18 20 23 

Reverse Logistics 

of Medicine 
93 120 133 146 173 
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Appendix 5: Sensitivity Analysis 2  

Ward 3: 

Extraction of Medicine for Trolley 

1) (     (       )  (       )  (   )  (      ))                 

2) This calculated scenario is based on the assumption that 33 regular medicines and four 

narcotics are in stock at the ward and will be extracted and inserted in the trolley, that the 

decision of pre-order through an AWS has been taken and that two regular medicines and 

one narcotic will be extracted from there and inserted in the trolley. The capacity cost per 

minute relating to the activities performed by Ward 3 will be 3,75SEK. Based on the above 

stated criteria, the equation will be as follows: 

(     (       )  (       )  (   )  (      )  ((        )   )

 ((       )   )       (        )  ((       )   )      

 (      ))                 

3) This calculated scenario is based on the assumption that 32 regular medicines and four 

narcotics are in stock at the ward and will be extracted and inserted in the trolley, that the 

decision of pre-order through an AWS has been taken and that one regular medicine and one 

narcotic will be extracted from there and inserted in the trolley and that one regular medicine 

has to be ordered through Provider. The capacity cost per minute relating to the activities 

performed by Ward 3 will be 3,75SEK. Based on the above stated criteria, the equation will 

be as follows: 

(     (       )  (       )  (   )  (      )  ((        )   )

 ((       )   )       (        )  ((       )   )      

 (      )  (   ))                 

4) This calculated scenario is based on the assumption that 33 regular medicines and four 

narcotics are in stock at the ward and will be extracted and inserted in the trolley, that the 

decision of direct extraction at an AWS has been taken and that two regular medicines and 

one narcotic will be extracted from there and inserted in the trolley. The capacity cost per 

minute relating to the activities performed by Ward 3 will be 3,75SEK. Based on the above 

stated criteria, the equation will be as follows: 
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(     (       )  (       )  (   )  (      )       ((       )   )

 ((       )   )       (      ))                 

5) This calculated scenario is based on the assumption that 33 regular medicines and four 

narcotics are in stock at the ward and will be extracted and inserted in the trolley, that the 

decision of direct extraction at an AWS has been taken and that one regular medicine and 

one narcotic will be extracted from there and inserted in the trolley and that one regular 

medicine has to be ordered through Provider. The capacity cost per minute relating to the 

activities performed by Ward 3 will be 3,75SEK. Based on the above stated criteria, the 

equation will be as follows: 

(     (       )  (       )  (   )  (      )       ((       )   )

 ((       )   )       (      )  (      )  (   ))      

           

Process Average from the Sensitivity Analysis: 

                                  

 
           

 

Extraction of Medicine for Patient 

1) ((      )  (      ))               

2) ((      )       (      ))               

3) ((      )            (      ))               

4) This calculated scenario is based on the assumption that the patient has been prescript 1 

regular medicine or narcotic, that this is not found at the ward and that the decision of 

making a pre-order has been taken. The capacity cost per minute relating to the activities 

performed by Ward 3 will be 3,75SEK. Based on the above stated criteria, the equation will 

be as follows: 

((      )       ((        )   )    (        )  ((        )   )

  )                
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5) This calculated scenario is based on the assumption that the patient has been prescript 1 

regular medicine or narcotic, that the decision of making a pre-order has been taken and that 

this is not found at CLV. The capacity cost per minute relating to the activities performed by 

Ward 3 will be 3,75SEK. Based on the above stated criteria, the equation will be as follows: 

((      )       ((        )   )  ((        )   )  (   ))      

          

6) This calculated scenario is based on the assumption that the patient has been prescript 1 

regular medicine or narcotic, that this is not found at the ward and that the decision of 

making a direct extraction has been taken. The capacity cost per minute relating to the 

activities performed by Ward 3 will be 3,75SEK. Based on the above stated criteria, the 

equation will be as follows: 

((      )    (        )  ((        )   )  ((        )   )   )

               

7) This calculated scenario is based on the assumption that the patient has been prescript 1 

regular medicine or narcotic, that the decision of making a direct extraction has been taken 

and that this is not found at CLV. The capacity cost per minute relating to the activities 

performed by Ward 3 will be 3,75SEK. Based on the above stated criteria, the equation will 

be as follows: 

((      )    (        )  ((        )   )  ((        )   )  (   ))

               

Process Average from the Sensitivity Analysis: 
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Appendix 6: Total Order Lines Placed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2011-KV1 2012-KV1 2013-KV1 2014-KV1 

AUP exkl moms Förpackningar Varurader AUP exkl moms Förpackningar Varurader AUP exkl moms Förpackningar Varurader AUP exkl moms Förpackningar Varurader 

Alla varor 7330028998670 - CYTOSTATIKAMOTTAGNING 4 834 514,35 1 728,32 876 5 131 331,53 1 855,79 809 5 764 135,00 2 128,81 982 4 951 928,04 1 488,48 801 

Alla varor 7330028000281 - MEDICINSK DAGSJUKVÅRD Växjö 6 502 943,86 1 368,59 584 8 546 996,31 1 994,02 723 8 490 617,90 1 798,40 684 7 858 012,52 1 725,89 687 

Alla varor 7330028001080 - AVD 40 Växjö 714 242,24 1 947,92 776 724 922,64 2 031,56 654 733 402,26 1 350,75 491 609 420,95 1 629,91 478 

Alla varor 7330028000496 - AVD 17 Växjö 269 669,85 1 400,53 674 276 407,24 1 683,00 817 168 972,42 1 114,00 510 183 969,48 1 186,00 466 

Alla varor 7330028000298 - AVD 5 Växjö 559 675,48 2 006,94 634 342 025,60 1 722,00 567 284 387,59 1 614,00 510 212 602,16 1 345,00 450 

Alla varor 7330028001196 - AVD 34 Växjö 520 817,92 1 808,85 539 442 826,81 2 159,00 753 258 743,61 1 915,00 543 283 187,44 2 086,00 434 

Alla varor 7330028000069 - OPERATIONSCENTRUM Växjö 825 731,45 3 383,03 567 764 463,59 3 477,00 558 652 585,06 2 869,00 468 646 121,67 2 543,00 432 

Alla varor 7330028000182 - AVD 3 Växjö 314 740,49 1 071,38 477 306 986,18 1 642,00 583 163 708,88 1 232,00 493 236 614,69 1 010,00 411 

Alla varor 7330028000359 - AVD 1 HIA Växjö 412 377,91 1 110,86 451 616 451,69 1 821,00 933 443 159,66 1 257,00 545 296 609,01 868 365 

Alla varor 7330028000045 - INTENSIVVÅRDSAVD Växjö 875 566,13 2 244,87 757 615 650,85 1 744,00 622 751 827,94 2 409,00 598 545 399,18 1 617,00 355 

Alla varor 7330028001189 - AVD 33 Växjö 211 433,73 1 036,30 476 198 007,33 1 225,00 611 215 711,89 1 162,00 519 182 183,99 1 127,00 330 

Alla varor 7330028999608 - AVD 13 Växjö 111 477,32 594 323 125 579,54 813 502 135 001,43 599 337 155 511,22 591 310 

Alla varor 7330028000977 - AKUTVÅRDSAVDELNING AVA Växjö 108 655,18 710,7 410 176 671,48 1 144,00 471 152 740,74 1 101,00 399 178 942,96 871 299 

Alla varor 7330028001165 - AVD 19 Växjö 273 873,81 1 222,00 618 232 228,18 1 809,00 845 225 181,54 1 210,00 476 134 116,24 940 299 

Alla varor 7330028000328 - AVD 4 Växjö 460 405,90 747 256 587 488,36 937 363 501 419,58 873 332 483 625,28 683 238 

Alla varor 7330028000946 - AKUTMOTTAGNING Växjö 157 949,61 1 158,00 333 187 191,55 929 244 157 264,06 923 254 199 151,48 816 234 

Alla varor 7330028000526 - AVD 11 Växjö 146 239,72 880 311 175 899,04 977 315 142 384,08 952,2 278 84 648,85 704 214 

Alla varor 7330028000618 - AVD 8 BB FÖRLOSSNING Växjö 161 277,63 868 223 199 654,09 981 260 166 068,02 904 218 208 551,88 814 196 

Alla varor 7330028999660 - CAPD, VÄXJÖ 623 781,15 1 146,00 188 596 939,52 1 120,00 177 365 140,16 697 106 527 346,48 969 181 

Alla varor 7330028000878 - ÖGONOPERATION Växjö 934 484,60 369,04 78 1 383 845,45 652,2 126 377 930,13 517,14 125 648 072,12 547,28 156 

Alla varor 7330028997468 - AVD 8 GYN Växjö 115 958,98 550 286 51 331,84 387 190 58 732,90 353 180 46 411,92 280 142 

Alla varor 7330028000588 - NEONATAL AVD 10 Växjö 226 088,40 309 139 464 669,76 450 190 254 578,86 267 103 167 513,02 307 131 

Alla varor 7330028000403 - DIALYSENHETEN Växjö 410 437,88 448,21 94 296 792,61 665,75 153 230 961,84 393 78 201 164,55 508 110 

Alla varor 7330028001370 - RÖNTGENAVD Växjö 203 605,22 323 23 487 237,36 749 43 410 435,79 739 72 558 364,40 962 103 

Alla varor 7330028000533 - BARNAKUT Växjö 5 318,76 54 24 12 376,75 182 74 16 405,98 232 100 47 990,11 188 99 

Alla varor 7330028000175 - MEDICINMOTTAGNING Växjö 101 403,36 179 71 636 109,89 247 78 1 337 274,96 326 122 1 256 981,10 323 97 

Alla varor 7330028000861 - ÖGONMOTTAGNING Växjö 63 862,49 472 84 95 113,69 523 74 65 928,54 309 55 110 635,40 386 74 

Alla varor 7330028000564 - BARNDAGVÅRD Växjö 117 772,61 168,39 75 442 281,91 324,75 150 418 426,47 246,72 105 1 391 784,14 184,95 69 

Alla varor 7330028000908 - ÖRONMOTTAGNING Växjö 135 442,04 260 79 147 435,53 293 89 199 770,50 354 86 132 021,53 308 67 

Alla varor 7330028001011 - AMBULANS Växjö       26 077,00 269 65 28 923,09 221 68 27 555,37 230 63 

Alla varor 7330028001127 - KIRURGMOTTAGNING Växjö 71 813,84 334 83 151 864,23 449 90 87 085,99 420 91 804 395,99 254 55 

Alla varor 7330028000434 - HUDMOTTAGNING Växjö 73 091,83 128 34 278 907,03 221 56 175 279,53 174 41 115 648,30 180 53 

Alla varor 7330028000489 - INFEKTIONSMOTTAGNING Växjö 230 791,45 169 37 223 178,16 211 51 194 998,55 211 49 178 722,69 203 47 

Alla varor 7330028000540 - BARNMOTTAGNING Växjö 161 868,85 196 93 110 391,15 189 112 76 022,24 115 55 85 279,71 81 46 

Alla varor 7330028001158 - GYNEKOLOGMOTTAGNING Växjö 16 730,23 80 27 19 877,29 113 31 17 963,06 117 36 21 343,91 120 46 

Alla varor 7330028001134 - Kirurgmott Scopienheten Växjö                   15 894,50 228 39 

Alla varor 7330028001110 - ORTOPEDMOTTAGNING Växjö 101 694,78 186 30 95 809,58 168 32 120 542,00 162 39 80 066,19 175 35 

Alla varor 7330028000113 - OPC Dagkirurgiska enheten , Växjö 13 862,96 133 28 17 912,63 157 37 10 801,63 137 32 8 707,86 103 31 

Alla varor 7330028001318 - FYSIOLOG AVD Växjö 13 844,70 85 19 41 991,82 77 17 40 456,81 80 28 21 272,26 99 20 

Alla varor 7330028000144 - SMÄRTMOTTAGNING Växjö 65 442,15 135 49 25 622,72 69 31 18 523,61 57 21 9 698,48 54 15 



 

 

School of Business and Economics 

 
151 

 

FIGURES 

Figure 1: CLV’s Previous Material Management Process of Medicine ............................................................... 6 

Figure 2: CLV’s Actions before the Instalment of a Central Storage ................................................................... 6 

Figure 3: CLV’s desired Actions after the Instalment of a Central Storage ......................................................... 6 

Figure 4: CLV’s Current Material Management Process of Medicine with the Project’s Focus Area ................10 

Figure 5: The Project’s Disposition .....................................................................................................................16 

Figure 6: The Sample Selection for Research Question I & II ............................................................................23 

Figure 7: The Sample Selection for Research Question III .................................................................................24 

Figure 8: Analysis’ Disposition for Research Question I ....................................................................................30 

Figure 9: Analysis’ Disposition for Research Question II ...................................................................................31 

Figure 10: Analysis’ Disposition for Research Question III ................................................................................32 

Figure 11: Overview of Chapter Three’s Disposition ..........................................................................................36 

Figure 12: Order Fulfilment Process “Order Taken” Step – Flowchart view ......................................................43 

Figure 13: Order Fulfilment Process – Cross-Functional Map View  .................................................................44 

Figure 14: Analysis’ Disposition over Subsection Plan for Ward 3 ....................................................................62 

Figure 15: Process Map of Replenishment of Medicine for Ward 3 without an AWS ........................................64 

Figure 16: Process Map of Stock Inventory of Medicine for Ward 3 without an AWS ......................................65 

Figure 17: Analysis’ Disposition over Subsection Source for Ward 3 ................................................................66 

Figure 18: Process Map of Extraction of Medicine for Trolley at Ward 3 without an AWS...............................68 

Figure 19: Process Map over Extraction of Medicine for Patient at Ward 3 without an AWS ...........................69 

Figure 20: Analysis’ Disposition over Subsection Return for Ward 3 ................................................................70 

Figure 21: Process Map of Reverse Logistics of Medicine for Ward 3 without an AWS ...................................71 

Figure 22: Analysis’ Disposition over Subsection Plan for Ward 5 ....................................................................72 

Figure 23: Process Map over Replenishment of Medicine at Ward 5 with an AWS ...........................................73 

Figure 24: Process Map over Stock Inventory of Medicine for Ward 5 with an AWS .......................................74 

Figure 25: Analysis’ Disposition over Subsection Source for Ward 5 ................................................................74 

Figure 26: Process Map of Extraction of Medicine for Trolleys at Ward 5 with an AWS ..................................76 

Figure 27: Process Map of Extraction of Medicine for Patients at Ward 5 with an AWS ...................................77 

Figure 28: Analysis’ Disposition over Subsection Return for Ward 5 ................................................................78 

Figure 29: Process Map over Reverse Logistics of Medicine at Ward 5 with an AWS ......................................79 

Figure 30: Process Map over Reversed Logistics of Medicine by the Pharmaceutical Unit at 

Ward 5 with an AWS ......................................................................................................................... 79 

Figure 31: Analysis’ Disposition over Subsection Comparison of Replenishment Process ................................80 

Figure 32: Disposition over subsection Stock Inventory of Medicine Process ....................................................83 

Figure 33: Disposition over subsection Extraction Process for Trolleys .............................................................85 



 

 

School of Business and Economics 

 
152 

 

Figure 34: Disposition over subsection Extraction Process for Patient ...............................................................87 

Figure 35: Disposition over subsection Process of Reverse Logistics .................................................................89 

Figure 36: Overview of Chapter Four’s Disposition ...........................................................................................92 

Figure 37: Analysis’ Disposition Part I for Research Question II .....................................................................100 

Figure 38: Analysis’ Disposition Part II for Research Question II ....................................................................101 

Figure 39: Analysis’ Disposition Part III for Research Question II ...................................................................105 

Figure 40: Overview of Chapter Five’s Disposition ..........................................................................................109 

Figure 41: Graph over Total Order Lines Placed ...............................................................................................114 

 

TABLES 

Table 1: Fixed Cost per Order Line of Medicine at CLV  .................................................................................... 6 

Table 2: The Project’s Objects of Study ..............................................................................................................10 

Table 3: The Project’s Data Collection through Interviews .................................................................................26 

Table 4: The Project’s Data Collection through Observations ............................................................................27 

Table 5: The Project’s Data Collection through Internal Documents ..................................................................27 

Table 6: Summary of the Project’s Methodology ................................................................................................35 

Table 7: Flowcharting Symbols ...........................................................................................................................42 

Table 8: Comparison and Basis for Conclusion for the Replenishment Process .................................................82 

Table 9: Comparison and Basis for Conclusion for the Stock-Inventory Process ...............................................84 

Table 10: Comparison and Basis for Conclusion for the Process of Extraction of Medicine for Trolley ............86 

Table 11: Comparison and Basis for Conclusion for the Process of Extraction of Medicine for Patient ............88 

Table 12: Comparison and Basis for Conclusion for the Process of Reverse Logistics ......................................90 

Table 13: Basis for Conclusion for Research Question I .....................................................................................91 

Table 14: Example of Process Document for Time  ............................................................................................94 

Table 15: TDABC Time Equation with Variations .............................................................................................94 

Table 16: Provided Data on Costs for Ward 3 and Ward 5 .................................................................................95 

Table 17: Provided Data on Costs for Pharmaceutical Unit ................................................................................95 

Table 18: Time Table for Replenishment of Medicine for Ward 3 .....................................................................96 

Table 19: Time Table for Stock Inventory of Medicine for Ward 3 ....................................................................96 

Table 20: Time Table for Reverse Logistics of Medicine for Ward 3 .................................................................96 

Table 21: Time Table for Extraction of Medicine for Trolley Process for Ward 3 .............................................96 

Table 22: Time Table for Extraction of Medicine for Patient Process for Ward 3 ..............................................96 

Table 23: Time Table for Replenishment of Medicine Process for Ward 5 ........................................................97 

Table 24: Time Table for Stock Inventory of Medicine Process for Ward 5 .......................................................97 



 

 

School of Business and Economics 

 
153 

 

Table 25: Time Table for Reverse Logistics of Medicine for Ward 5 .................................................................97 

Table 26: Time Table for Extraction of Medicine for Trolley Process for Ward 5 .............................................97 

Table 27: Time Table for Extraction of Medicine for Patient Process for Ward 5 ..............................................97 

Table 28: Summary of Capacity Costs per Minute ............................................................................................101 

Table 29: Average Process Costs for Ward 3 & Ward 5 ...................................................................................106 

Table 30: Average Process Costs for Ward 3 & Ward 5 including sensitivity analysis ....................................107 

Table 31: Comparing Process Average Costs based on the Sensitivity Analysis together with a Basis for 

Conclusion ...............................................................................................................................................108 

Table 32: Total Order Lines Placed (extracted from Appendix 1) ....................................................................113 

Table 33: Basis for Conclusion for Research Question III ................................................................................116 

 

PICTURES 

Picture 1: Automated Ward Dispenser ................................................................................................................. 7 

Picture 2 Automated Ward Cabinet ...................................................................................................................... 8 

Picture 3: Automated Ward Cabinet: Drawer with Closed Sections .................................................................... 8 

Picture 4: Automated Ward Cabinet: Drawer with Open Sections ....................................................................... 8 

Picture 5: Automated Electronic Lock .................................................................................................................. 8 

Picture 6: Storage at Ward 3 ................................................................................................................................. 9 

 

EQUATIONS 

Equation 1: Capacity Cost per Minute for a Nurse at Ward 3 and Ward 5 ........................................................100 

Equation 2: Capacity Cost per Minute for an Employee at the Pharmaceutical Unit ........................................101 

Equation 3: Time Equation for Replenishment of Medicine for Ward 3 without an AWS ...............................103 

Equation 4: Time Equation for Stock Inventory of Medicine for Ward 3 without an AWS..............................103 

Equation 5: Time Equation for Reverse Logistics of Medicine for Ward 3 without an AWS ...........................103 

Equation 6: Time Equation for Extraction of Medicine for Trolley for Ward 3 without an AWS ....................103 

Equation 7: Time Equation for Extraction of Medicine for Patient for Ward 3 without an AWS .....................103 

Equation 8: Time Equation for Replenishment of Medicine for Ward 5 with an AWS ....................................104 

Equation 9: Time Equation for Stock Inventory for Ward 5 with an AWS .......................................................104 

Equation 10: Time Equation for Reverse Logistics of Medicine for Ward 5 with an AWS ..............................104 

Equation 11: Time Equations for Extraction of Medicine for Trolley for Ward 5 with an AWS ......................104 

Equation 12: Time Equation for Extraction of Medicine for Patient for Ward 5 with an AWS ........................104 

 


