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ABSTRACT 
 
In recent years, market competitiveness exerts more pressure on process industries to increase 
their number of products, reduce order sizes and shorten delivery lead time. This causes an 
expansion of order enquiries from customers, which leads to an insufficient use of scheduling 
and planning systems to meet these changes. This force process industries to adopt other tools, 
such as Discrete Event Simulation for supporting their strategic decisions to align with these 
operational changes. 
 
The objective of this thesis is to understand how Discrete Event Simulation supports strategic 
decisions prior to the implementation of operational changes in process industries. Therefore, a 
case study in the pharmaceutical industry was conducted at AstraZeneca, Södertälje. Discrete 
Event Simulation was used as a tool to support the strategic decision of implementing the Product 
Wheel technique as an operational change. Simultaneously, a theoretical review was carried out 
to investigate types of strategic decisions which can be supported by Discrete Event Simulation 
use in process industries. Then, contributions and challenges of Discrete Event Simulation use 
for supporting strategic decisions for operational changes were clarified.   
 
The empirical results indicate the importance of Discrete Event Simulation in supporting 
deliverability as a competitive priority to AstraZeneca, followed by flexibility and cost as second 
and third competitive priorities. The analysis also identified the contribution of Discrete Event 
Simulation in supporting long-term decisions in the company by providing analytical solutions 
in different scenarios, dynamic visualization and increased knowledge about the simulated 
operational change. Additionally, two main challenges in the use of Discrete Event Simulation 
for supporting strategic decision are identified. First, Discrete Event Simulation was not suitable 
for supporting all kinds of competitive priorities such as quality, environment and innovation. 
Second, the direction of the communication between the Discrete Event Simulation use and the 
strategic decisions differs.    
 
A framework is developed to facilitate the use of Discrete Event Simulation for supporting 
strategic decisions prior to implementing the Product Wheel technique as an operational change. 
This framework provides a guideline to identify the range of contributions from Discrete Event 
Simulation use for supporting different types of competitive priorities prior to the 
implementation of the Product Wheel method. Generally, Discrete Event Simulation could be a 
useful tool for supporting deliverability, cost and flexibility by implementing the Product Wheel 
technique, while it has a limited capability when dealing with other strategic decisions such as 
quality, innovation and environment.  
 
 
Keywords: Strategic Decisions, Operational Changes, Discrete Event Simulation, Product 

Wheel, Process Industry 
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1 INTRODUCTION 

1 INTRODUCTION 

This section presents the background, problem definition and purpose of this thesis. Three 
research questions are formulated in relation to the background and problem. Finally, the scope 
of this thesis is defined, which sets the limitations of this research. 

1.1  Background 

The process industry faces a high level of uncertainty related to increased competition, 
continuous changes in customer demands, and shorter product lifecycles (Wilson & Ali, 2014). 
Consequently, the process industry is required to change and adapt current practices to meet 
future needs and achieve operational competitiveness (Benedetti et al., 2014). Past research 
indicates the importance of developing a strategic vision that guides the development of changes 
in the process industry. The strategy of a company reflects a combination of norms and values 
which is the base for creating a competitive advantage (Gatignon & Xuereb, 1997; Kandemir & 
Acur, 2012). This results in a company-specific strategic competence, which has an impact on 
strategic decisions that are made in the entire company and thus contribute to long-term company 
success (Hao & Song, 2016; Kandemir & Acur, 2012). To achieve this objective, prior studies 
have pointed out that a firm’s strategic decisions should be expressed in terms of quality, cost, 
deliverability and flexibility (Roth & Van, 1991), as well as innovation (Leong et al., 1990). The 
consideration of strategic decisions in the process industry is important because these decisions 
constitute an important element of company culture and thus provide a framework for a firm’s 
actions and goals (Gatignon & Xuereb, 1997). More importantly, research findings indicate that 
complying to a firm’s strategic decisions, when operational changes are implemented, leads to 
increased company productivity, reduced lead time and cost as well as improved quality 
(Martinez & Pérez, 2001). 
 
In process industries, strategic decisions are important as they provide alternatives for the success 
of an organization which affect processes in the entire hierarchy of the company (Elbanna, 2006). 
According to Johnson, et al. (2008), strategic decisions are often initiated by top management 
and include every level of the organization including an organization’s operations which observe 
changes and requires high responsiveness to changes. An example for taking strategic decisions 
to guide operational changes in the process industry is given by Haapasalo, et al. (2006). These 
researchers connected company strategies to operational management by implementing a 
balanced scorecard on the operational level. With the help of this balanced scorecard the broad 
company strategy, vision and competitive priorities where converted into specific operational 
actions and measurements. However, this connection is more rarely seen than commonly used in 
the industry. Manzini & Bindi (2009) and Schmidt & Wilhelm (2000) have performed studies 
about the consequences of strategic designs of logistics systems in operational changes. 
According to them, the most significant issue when guiding a company’s strategy arises from the 
missing connection between strategic decisions and operational management where strategic 
designs of logistics systems do not support operational planning schedules and the consequential 
changes.  
 
Discrete Event Simulation (DES) is a commonly used simulation tool for analyzing industrial 
processes for operational changes in different enterprises to provide a detailed vision on these 
changes in the production system (Albrecht et al., 2014; Jahangirian et al., 2010; Negahban & 
Smith, 2014). DES evaluates the changes in state variable when events occur at different points 
in time and analyzes a model numerically by computational procedures (Banks et al., 2010). 
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1 INTRODUCTION 

There is extensive research providing evidence on the use of DES to support decisions (Banks & 
Gibson, 1997; Ingemansson, et al., 2005) and the use of DES to study operational changes has 
been strongly suggested because changes can be studied without interrupting a real-life process 
and the impact of changes can be analyzed in relation to a specific outcome (Ingemansson, et al., 
2005; Popovics, et al., 2016). In spite of the many benefits of DES, questions remain in relation 
to its use and contributions when supporting strategic decisions.  

1.2 Problem Formulation 

As seen above, global competitiveness forces the manufacturing organizations to consider 
operational change. However, empirical evidence suggests that when operational changes are 
made in practice, firms react quickly in today’s fast moving world by focusing on one or two 
components such as flexibility or deliverability, while ignoring the impact of the other 
competitive priority components such as cost, quality, and innovation which will have a negative 
effect on the company (Ward et al., 1998). This is problematic because prioritizing short term 
solutions over long term strategic goals reduces a company’s competitiveness in the market 
(Wisner & Fawcett, 1991). Thus, the long-term effects of these operational changes are often not 
considered because these decisions are made quickly to solve a problem rapidly (Rösiö & Bruch, 
2014). Other reasons why short term over long term thinking is an issue for a company’s success 
are the limited evaluation of consequences, lack of structured approaches, strong dependence on 
economic objectives and guesswork (Chryssolouris, 2013). This issue has been reported to occur 
frequently in the context of the process industry in pharmaceutical companies where short term 
solutions are used instead of long term thinking in the decomposition of large-scale scheduling 
problems that involve a large number of products (Wu & Ierapetritou, 2003).  
 
From a DES perspective, a number of open issues remain to provide support for strategic 
decisions in the process industry. DES studies have focused on operational changes that target 
every day concerns (Jahangirian et al., 2010; Negahban & Smith, 2014) like transportation 
routing problems where the scheduling of deliveries to different customers is simulated to 
minimize the total costs of transportation (ElGharably et al., 2013). However, a limited number 
of studies connect operational changes through DES showing how these changes are influenced 
by strategic decisions (Heilala et al., 2010; Chatha & Weston, 2006). This is problematic because 
there is insufficient understanding of the types of strategic decisions that DES can support when 
targeting operational changes, and because of the contributions of DES use it would lead to 
operational changes that consider strategic decisions which have not been analysed (Ren et al., 
2006).  
 
The above highlights the need to better understand the manner in which DES supports strategic 
decisions when operational changes are considered in the process industry. It is not only 
important to understand how DES is used, but also to ensure that the results of a DES model 
benefit long term strategic decisions and do not only focus on local optimizations (Heilala et al., 
2010). 
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1.3 Aim and Research Questions 

To address this problem, the aim of this thesis is to understand how DES supports strategic 
decisions prior to the implementation of operational changes in the process industry. In order to 
fulfil this objective, the following research questions (RQ) will be answered:   
 

RQ 1: What type of strategic decisions can be supported by Discrete 
Event Simulation in the process industry prior to the 
implementation of operational changes? 

 
RQ2: How can Discrete Event Simulation contribute to support 

strategic decisions prior to the implementation of operational 
changes in the process industry?  

 
RQ 3: What are the challenges in the use of Discrete Event Simulation 

when supporting strategic decisions prior to the implementation 
of operational changes in the process industry? 

 

1.4 Project Limitations 

Three research areas are the focus of this thesis: strategic decisions, DES and operational 
changes. This thesis applies DES as a simulation tool to understand the impact of strategic 
decisions on the implementation of specific operational changes in the process. The software 
Extendsim© version 9 was used to build all DES models. Furthermore, the topic of operational 
changes will be narrowed down to the implementation of a Product Wheel (PW) technique. The 
PW is a modified Lean tool (Heijunka) designed to use in the process industry involving a 
continuous and regularly repeating sequence of production on a specific piece of equipment 
(King, 2009).      
 
Due to time restrictions, this thesis focuses on a study conducted at AstraZeneca, a 
pharmaceutical industry in Södertälje as a single case study to represent the entire process 
industry. Selecting a single case study for this thesis creates other limitations for drawing 
generalizations in the study conclusions (Voss et al., 2002).  
 
Another important constraint is that the case study will focus on only one specific line where 
blisters are packed. Furthermore, just this packing process is taken into consideration and not the 
previous production steps of the production. The entire data that is used in the case study is based 
on past records from the year 2016. All data was provided by AstraZeneca. Also, the case 
company verified and validated all data in this study.  
 
 
 
 

3 
 



2 RESEARCH METHOD 

2 RESEARCH METHOD 

This chapter describes the research method. The research process is illustrated and the choice of 
a case study method explained. This is followed by a description of reviewed literature. The 
approach to the data collection and the data analysis in this research are explained. Hereafter, the 
chapter presents how quality of research is ensured.  

2.1 Research Process 

This thesis’ research process is described in Figure 2-1, starting from problem formulation by 
identifying the broad field of the desired area of investigation. It is followed by dividing the wide 
area into sub-areas to understand the relationship between them and address the gap in the body 
of knowledge, followed by raising three research questions. These questions help to define the 
research aim. By collecting data from the company’s historical records, interviews and 
observations, a model for the case study was developed. Simultaneously, relevant literature was 
reviewed, focusing on the field of supporting strategic decisions prior to the implementation of 
operational changes in process industries by using DES. A case study method was selected to 
collect data relevant to this thesis. Additionally, a DES model and a Product Wheel concept were 
developed. The DES model was verified and validated based on the available collected data. 
Then, empirical results were analyzed and compared with literature findings to provide answers 
to the research questions. Finally, a generalization and interpretation overview from the results 
of this specific case study was drawn.  
 

 
Figure 2-1: Research process diagram 

 
The following sections describe the research process steps in-depth. They also describe the 
technique used for collecting and analyzing data with the verification and validation process of 
this data.    

2.1.1 Literature Review 

The literature overview deals with three major topics: strategic decisions, DES and operational 
changes in process industry. The aim of the literature review for these three topics is determining 
the relationship between the research problem and the body of knowledge in this area, broadening 
the researchers’ knowledge, bringing clarity to the research problem, improving research 
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methodology and contextualizing the findings (Kothari, 2004). Literature has been reviewed on 
the topic of DES and narrowed down to understand the use of DES for supporting strategic 
decisions in a company. Furthermore, related literature about DES was introduced as a 
supporting tool for any operational change within the process industry. This required additional 
investigation to understand the background, strategies, and challenges in process industries such 
as pharmaceutical industries where the current case study has been conducted in.  
 
The scientific papers which were used as references were drawn from scholarly databases. 
Literature was selected in two stages. First, the databases used for searching were: Google 
Scholar, Discovery, DiVA, IEEE Xplore, EBSCO Host, Emerald Insight, Research Gate and 
Scopus. Keywords were used in different combinations to form search phrases like “Strategic 
Decisions”, “DES”,” Process Industry”, “Product Wheel” and “Operational Changes”. The 
number of hits had been identified and the selected articles were determined based on keywords 
and hits. In order to find the right paper in a specific topic, a number of filters were used in 
searching. The filters used were “full text”, “articles” and “books”, also to ensure getting the 
updated database, and the timespan was limited between 1990- 2016. The papers had been 
selected through reading the abstracts and examining the suitability for the current study. In the 
second stage the snowball technique was used by searching for more references from the 
collected database and with delimitations of the publishing year or literature type. At the end, 
journal articles and books were used as well.  

2.1.2 Data Collection 

Data collection helps a researcher to draw inferences and conclusions for his study (Kothari, 
2004). To understand how DES can support the strategic decisions and contribute to operational 
changes in process industries required a collection of data from different sources and using 
different techniques. The types of techniques used for data collection in this thesis include 
documents, interviews, observations, and regular meeting. Table 2-1 summarizes the collected 
data based on these techniques: 
 
Table 2-1: Data collection techniques 

Technique No. Duration Type of data collected 
Documents   Historical data of year 2016 related to blister-packing line 

17. Documents are classified into four main groups: 
Production documents, Product documents Financial 
documents and General documents 

    
Interviews 5 35 min Participant background, importance of this project for 

implementation of a PW, impact of DES on supporting 
strategic decisions prior to the implementation of 
operational changes. 

 
Observations 
 
 
 
 
Consensus  
Meetings 

 
2 
 
 
 
 
8 

 
5 hours 

 
 
 
 

2 hours 

 
Observations conducted in two parts: First to understand 
the process flow starting from raw materials and finishing 
with the packing stage. Second to focus on the nominated 
packing line Blister 17. 
 
Verify the collected data from different groups, project 
status, benchmarking presentation, progress, DES status 
and development, DES findings and discussions. 
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2 RESEARCH METHOD 

Data collection regarding documents including those related to blister packing line 17 was 
necessary to create and design the PW through the DES model. The company decided to first test 
the PW technique on one packing line and by using historical data of year 2016. The documents 
which have been collected for this case study can be divided into four groups: production 
documents, product documents, financial documents and general documents. The production 
documents are related to the machine parameters of blister packing line 17, while the product 
documents deal with the number and types of products which were packed during year 2016. 
Finally, the financial documents are related to financial records about each product and the 
packing line itself. Table 2-2 presents a description of the collected documents.  
 
Table 2-2: Document groups 

Group Description 
Production Documents Machine Description 

Cycle time in each station 
Total available time per week 
Planned working hours per week 
Planned prevented maintenance 
Duration of maintenance 
Unplanned stops 
Machine OEE 
Performance loss 
Quality loss 
Working hours & shift information 
 

Product Documents Product information 
Packing information 
Takt time for each product 
Annual production volume 
Annual demand variability 
Product mix 
Change-over time for each product 
Number of defects per cycle  

  
Financial Documents Change-over cost per product 

Unit material cost of each product 
Inventory carrying cost of each product 

  
   
All the interviews were conducted during week 12 and 13 with different employees at different 
positions in AstraZeneca: An industrial engineer, production engineer, product line manager, 
maintenance engineer, lean coordinator and tactical planning advisor. Interviewees were selected 
on the basis of their knowledge in the process industry, which ranged from nine to 21 years of 
work experience. The interviewees were mainly involved in this project directly and were asked 
about operational changes, strategic decisions and DES. All the interviews were designed as 
semi-structured interview and were conducted after a discussion with MDH tutor as indicated in 
Appendix 1. The questions were developed to ensure that the purpose of the interview was 
aligned with the scope of the thesis objectives, while giving the interviewees flexibility to 
respond and present additional information. Interview questions were categorized to answer the 
three research questions. All the interviews were recorded and transcribed, then displayed into a 
note sheet for further analysis. The information from these interviews was used later in the 
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2 RESEARCH METHOD 

empirical findings as chain of evidence to have the triangulation between data collection, DES 
outcomes and literature review.        
 
During the guided visit on the first day in the plant, observations regarding materials process 
flow were conducted. This visit was done in two parts. The first part was two hours long and the 
aim of that visit was to understand the process flow starting from raw materials and finishing 
with the packing stage. The second part was two hours long at the same day, and the aim was to 
understand the process of packing line Blister 17. During this visit observations were conducted 
from the line process screen, which provide different information about line working hours 
during the current week, shifts information, number of planned and unplanned stops during this 
period, and volume of the outcomes during that week.  
 
During the thesis period, the authors conducted three meetings on-site with the production 
engineer, senior planning and scheduling manager, lean implementation manager and the 
company tutor. These meetings helped verify the required data from the different groups: 
production, planning and finance. Based on the discussions in those meetings, the company 
promised to submit all the required data of year 2016 on week 10, which served as a base for 
starting to build the PW and DES model. During these meetings the authors presented the status 
of the DES to the participants and discussed possible solutions for the not available data. The 
participants agreed on presenting them as assumptions in the conceptual model.  

2.1.3 Case Study 

The reasons for adopting a case study research are the following: first, the nature of the research 
questions and objectives (i.e. the use of “what?” and “how?” questions); second, the researchers 
have a limited possibility to control the events (Yin, 2009). Furthermore, a case study method 
was selected because of the limited knowledge about the contribution of DES as a tool to support 
strategic decisions prior to the implementation of operational changes in the process industry. 
The research combines data collection methods such as the use of historical sales records of 2016, 
interviews and observations (Eisenhardt, 1989) exclusively from one case in AstraZeneca in 
Södertälje. The importance of this case study lays in the fact that the method can be beneficial to 
other situations in the process industry and not only in the pharmaceutical industry. 
 
This thesis employs a single case study, as opposed to a multiple case study, to represent a critical 
test to existing theory (Yin, 2009). The benefit of conducting this type of study is the greater 
opportunity for depth of observation (Voss & Frohlich, 2002). This research is considered as 
qualitative research, because the study was descriptive and flexible in all aspects of the research 
study (Kothari, 2004). The design of this case study is based on five process components (Yin, 
2009): study questions “what and how”, study propositions by providing links between different 
phenomena, verifying study units of analysis (e.g. units must typically be comparable with the 
study questions), linking the data logically to the propositions and finally criteria of interpreting 
the findings. 

 
Based on the description above, the current case study deals with operational changes in the 
process industry at a pharmaceutical company. Three questions have been conducted in the 
problem formulation which reflect the research objectives, followed by the related literature on 
this topic which has been gathered. Reviewing theory helps to understand the relationship 
between the research problem and the body of knowledge in this area (Kothari, 2004). In the 
study, propositions of the data collected through different sources have been connected to the 
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2 RESEARCH METHOD 

research questions. This connection between the study propositions and the study questions helps 
to provide more understanding on relevant evidence for case study objectives.   
 
The unit of analysis are the competitive priorities in strategic decisions on the operational 
changes in the process industry. This unit of analysis has been verified through several conducted 
interviews and site observations as well as the information provided from DES. The collected 
data from both interviews and observations was compared with the literature review based on 
this unit of analysis. The outcomes from DES and PW models help to interpret the case study 
findings. 

2.1.4 Simulation Model 

The simulation model was created based on the collected data through company historical 
document in 2016, meetings, and from the generated PW outcomes as discussed in section 2.1.2. 
The simulation process in this case study follows the seven steps approach which was clarified 
by Law (2009). Figure 2-2 describes this seven steps approach for conducting a successful 
simulation study (Law, 2009).  

 

 
Figure 2-2: A seven-step approach for conducting a successful simulation study (Law, 2009) 
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Step-1: Formulate the problem 
This is the first step in the simulation journey and it is the most important stage. The problem 
has to be stated by the policy-makers and shared with the others who are involved in this study 
through a number of consensus meetings (Law, 2009).  
 
AstraZeneca stated the problem during the first meeting on the difficulties arising from the 
production planning process to get an optimal economical change-over sequence. Based on this 
stated problem, the case study objectives were formulated and included finding the inventory 
level and batch size of each product produced through blister packing line 17 based on a PW 
process and determining the Overall Equipment Effectiveness (OEE) number in blister packing 
line 17 after implementing the PW process. 
 
Step-2: Collect information/ data and construct conceptual model 
This step deals with two connected approaches: building the conceptual model and collecting 
data. The conceptual model should be developed to describe system components, define 
variables and constraints in a graphical way (Shannon, 1998). Therefore, it is better to start with 
a simple model and develop it to reach for more complexity along with the progress in data 
collection, because it can take a long time to collect these data (Banks et al., 2010). The process 
of data collection and the type of collection technique in this simulation project was described in 
section 2.1.2 previously, while Figure 4-1 in section 4.4.2 clarifies the conceptual model that was 
conducted for this simulation process. 
 
Step-3: Is the conceptual model valid? 
This step is considered as a gate or checkpoint in the simulation journey before moving forward 
to the following stages. The concept in this step is to validate the outcomes from the first two 
steps with all the people concerned in this project to ensure no errors in both the problem 
formulation and conceptual model based on the collected data have occurred (Law, 2009). In 
case of an error discovered during this validation process, there is a need to go back to the 
previous steps, fix the problems, and get approval to move forward in the following steps. A 
meeting with the production manager, the senior planning manager and the company tutor was 
held in AstraZeneca, to present the conceptual model concept and the additional required data 
for the simulation project.  
 
Step-4: Program the model 
Once both the problem formulation and the conceptual model are validated based on the collected 
data, it is the time to build a program for the conceptual model using one of the simulation 
software packages (Law, 2009). In this thesis, the authors decided to build the model by using 
the DES program Extendsim© version 9. The model was originally simple and increased in 
complexity until the project objectives and problem formulation were answered. 
 
Step-5: Is the program model Valid? 
This is considered as a second gate or checkpoint in the process. Once the model programing is 
complete it is required to check whether the components function properly and work as they were 
designed for (Shannon, 1998). This checking process is called verification. Additionally, 
validation also takes place. Validation refers to testing the simulation program outcomes by 
comparing the results with the real-world system and these outcomes should be close to the real- 
world system to a certain degree of confidence (Shannon, 1998).       
 
The simulation of the PW was verified through several checks to ensure the best performance of 
the model blocks in terms of counting the number of wheels, wheel´s utilization, line’s utilization 
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percentage and inventory level for the main finished product. Afterwards the model was 
validated by comparing the simulation program outcomes for the inventory level and re-order 
point for those main products to the actual inventory level for the same products at the end of 
year 2016. The model was also validated by checking the outcomes of the overall OEE figure 
for blister packaging line 17 line with the actual numbers during the same period. 
 
Step-6: Design, conduct and analyze experiments 
Once the model was verified from errors and validated to have more accuracy, the experimental 
design process follows. This process is defined by Law (2009) as a tactical plan for the execution 
of different scenarios e.g. run length, number of simulation runs and analysis of the outcome to 
decide if additional experiments are required.  
 
Multiple scenarios or tactical issues were conducted to decide the economical wheel sequence, 
OEE percentage and optimal inventory levels. The simulation was done in 10 runs and the 
indicated outcomes were discussed with the production and planning engineers.    
 
Step-7: Document and present the simulation results 
This is the final step in the simulation process. In this stage, the results are documented and 
presented to stakeholders. There are different way for the presentations such as animation, tables, 
charts, and pictures (Law, 2008). The simulation results for the PW model were documented 
using different types of tables and charts as indicated in Appendix 7.       

2.1.5 Data Analysis 

The data analysis was conducted based on the collected data from the case study, outcomes from 
both PW and DES models, along with reviewing literature within the existing research problem. 
The process of data analysis was performed as suggested by Miles & Huberman (1994) which 
includes data reduction, data categorization, and data display. 
 
First the collected data from historical documents, interviews, consensus meeting, observations, 
and PW and DES outputs were filtered and reduced to serve the research problem and find 
answers to the study questions. Second, the categorization of the data into different types served 
for the research objectives of supporting strategic decisions to operational changes in the process 
industry. Information from DES supports the strategic decisions on the operational changes in 
process industries and challenges in DES to support the strategic decisions in the process 
industries. Third, data was displayed through using matrix format and excel spreadsheets from 
PW and DES models to facilitate the comparisons between empirical findings and similar themes 
in the literature review, which aid in drawing the final conclusions.   
 
The outcomes from the PW and DES models were compared to AstraZeneca’s performance 
measure records in 2016. Afterwards two scenarios for the implementation of the operational 
changes in the planning and scheduling process were perform by introducing four wheel cycles 
on weekly bases and six wheel cycles on weekly bases also to present as a future state.     

2.2 Quality of Research 

As indicated in section 2.1.3 the quality of this case study research lays in earning credibility that 
the method can be beneficial to other situations in the process industry. This requires a method 
for testing research quality. To this end, four dimensions of research quality of construct validity, 
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internal validity, external validity, and reliability suggested by Yin (2009) were taken into 
account. Table 2-3, describes those four tests associated with the used tactics used in type. 
 
Table 2-3: Case study tactics for four quality tests (Yin, 2009) 

Tests Activities Phase of research 
process 

Construct validity Use multiple source of evidence such as: 
 
Interviews with distinct levels of employees 
in AstraZeneca. 
 
On-site observations during the guide tour in 
AstraZeneca shop-floor. 
 
Historical records for year 2016 relating to 
production, product, and financial records.  
 
Feedback from weekly meeting reviews. 
 

Data collection 

Internal validity Determine a pattern of triangulation between 
the multiple sources of the collected data.   

Data analysis 

   
External validity Compare the empirical observed pattern with 

the previous related study outcomes.  
Research design 

   
Reliability 
 

Generate several repeating steps for the 
empirical process to provide more 
generalization. 
 
Perform a proper documentation process to 
provide transparency. 
  

Data collection 

 
Construct validity relates to the relationship between the concept and study objectives through 
establishing a chain of evidences from different sources (Yin, 2009). This thesis identified the 
unit of analysis and linked to the research objectives and questions a chain of evidence. The 
sources of evidences came from the conducted interviews within different levels of employees 
in AstraZeneca Sodertalje as indicated previously in section 2.1.4, from the authors’ site 
observation and from the historical documents of the year 2016. Through regular meetings 
between the authors and the MDH supervisor, a review of the gathered data was conducted to 
improve the research quality.  
 
Internal validity concerns establishing a causal relationship to perform an optimal triangulation 
pattern between the collected evidences and trying to explain how to link these evidences with 
each other (Mathison, 1988). The conducted interviews with distinct key employees from 
AstraZeneca emphasized the collected historical data which are strengthened by the additional 
information collected by the author’s site observations.  
 
External validity was conducted during data analysis and it deals with whether the study’s 
findings are generalizable based on comparing these empirical findings with the existing research 
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studies in a similar body of knowledge (Yin, 2009; Mathison, 1988). The considered outcomes 
of the operational changes within the planning and scheduling process in the company were 
analyzed to understand their impact on the company’s strategic decisions by comparing 
observation patterns were with previous study outcomes. Furthermore, a theoretical framework 
was developed to emphasize the connection of the research objectives with the empirical finding. 
    
Since the research was conducted as a single case study, the constructed validity and internal 
validity were designed to test the research quality triangulate with previous studies in similar 
fields to provide a certain reliability that can be conducted in the same method for similar future 
studies (Yin, 2009).  
 
The reliability of the thesis comes from describing every part of the research with transparency 
to create a full understanding of what and how things are executed through performing proper 
documentation and reporting the process (Yin, 2009). The collected data was documented as 
tables in excel spreadsheets for further implementations in DES. On the other hand, the interview 
questions were built to give credibility to the thesis by providing more transparency on finding 
answers to the thesis questions. The literature study was carried out through reviewing relevant 
literature to create a generalization by finding a connection between the literature outcomes with 
the thesis’ empirical findings. The developed PW- DES model has been described deeply in 
chapter 4 (empirical findings), where each step in that model was verified and validated by 
running the model several times and comparing its outcomes. That gives more reliability to the 
model and it can be used in similar cases for operational changes in terms of planning and 
scheduling in other process industries.    
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3 THEORETICAL FRAMEWORK 

The purpose of this chapter is to describe the current understanding related to the research 
problem. The first section presents an overview of the process industry and describes the 
importance of changes in the operational level. Then, strategic decisions are defined and their 
competitive priorities described. The main challenges and contributions of strategic decisions are 
presented. Finally, DES theory, application of the DES in operational changes and the challenges 
in supporting strategic decision components are summarized.         

3.1 Process Industry 

The process industries are considered as a part of the manufacturing industry using raw materials 
to produce non-assembled products. Generally, the manufacturing process in the process 
industries is based on supplying raw materials to the production area where the operation steps 
are connected in a continuous flow and the material in the process takes place in the fluid form 
(Lager & Storm, 2013).  
 
The process industries are mainly characterised by a continuous or batch mode process in mixing, 
separating, forming and/or chemical reactions of raw materials (Dennis & Meredith, 2000). In a 
continuous process, plants are producing a limited number of products with high volume and 
long campaign or batches. This requires that the production process be created through special 
purpose equipment allowing a continuous flow in up and down-stream with no defined start and 
end time (Kallrath, 2002). On the other hand, the batch mode considers a small quantity with a 
large number of stock keeping units (SKU) named campaign, which are produced through using 
multi-purpose equipment. The stream steps in batch mode are well defined from start-up to end 
time (Kallrath, 2002).  
 
Process industry generally supplies products as mainly raw materials or ingredients, not 
components as in other manufacturing industries. Furthermore, in process industries, the 
continuous and batch production system are one of their characteristics to produce a large number 
of products using multi-purpose equipment, which are operated in batch modes (Kallrath, 2002). 
One more difference between the process industries and manufacturing industries is that the 
finished products or assembled products must align with a customer’s product platform in the 
manufacturing industries, while in the process industries finished products or ingredients must 
be compatible with the complementary materials in the customer’s production process (Lager & 
Storm, 2013). Based on the above definition and characteristics for the process industries, several 
industrial sectors have been considered as process industry such as: oil and gas industry, chemical 
industry, pharmaceuticals, food industry, steel industry, mining & metal industry, mineral & 
material industry, beverage industry, forest industry, and biotechnology (Storm et al., 2013). 

3.1.1 Characteristics of Process Industries 

Recently, most of the process industries such as pharmaceutical manufacturers are facing a quick 
need of improvement on the operational level to keep their performance within tight control 
(Benedetti et al., 2014). To begin with, it is required to understand the main characteristics that 
distinguish the process industries from other manufacturing industries. The following characters 
are recognised for the process industries which have impact on industrial engineering and 
operational changes and development:  
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• Volume, variety, and variability (3V’s): As mentioned above, one of the main 
characteristics of the process industries is the consideration of a continuous or batch system 
for the flow of the materials (Dennis & Meredith, 2000), and that translates in terms of high 
volume, low variety of products, or low volume with high variety of products at the other 
hand. Besides the volume and variety, process industries have to deal with the third V 
(Variability) (King et al., 2008). Nowadays and due to the competitiveness and the 
continuous changes in customer requirements, process industries need to consider the volume 
variability in customer demands.   
  

• Capital intensive vs. labour intensive: In the process industry, capital productivity precedes 
labour productivity in importance. The regular tools that focus on reducing labour waste such 
as: the number of operators per stations, operator cycle time, and total operators working time 
per unit are important to identify the source of waste. However, other important parameters 
are still missing to determine the asset productivity such as: number of SKU’s in each 
production step and yield components of OEE. These tools play an enormous role in the 
process industries and need to be understood and tracked to get better productivity (King et 
al., 2008).  

 
• Equipment throughput limitation: In process industries, equipment is the primary rate-

limit factor opposite to the assemble parts industries where the labour is considered as the 
rate-limit factor (King et al., 2008). In many assembly lines, bottlenecks can be eliminated 
by increasing the number of operators or relocating them in a way that increases the 
productivity. This case is not applicable in the process industries, since the production rate is 
more effective on the equipment throughout than labour throughout. Process industries are 
very often running 24 hours 7 days a week. Therefore, process industries have no time to add 
additional shifts in case of variability in customer demands. Consequently, levelling 
production to meet with the customer demand is an important matter in the process industries 
to generate a smooth production flow (King et al., 2008).   

 
• Complex production chain: This is one of the significant characteristics of the product and 

process changes and innovation in process industries. The production chain in process 
industries starts with raw materials and may include other finished goods as intermediate 
stages before having the final products ready for the distribution to the customers. This 
process could include a large number of plants in different locations and is operated by 
different firms where plants are closely integrated in one chain production system (Tottie & 
Lager, 1995). Figure 3-1 describes the process of supply chain in the process industries from 
the raw materials to finished goods presented by Lager & Storm (2013). The process starts 
with the availability of the raw materials and finishes with consumer products of a 
commodity character or with a functional character. The complexity in the Supply Chain 
comes from the dimensions of the firm’s competitive situation in the market. In the upstream 
commodity producer, process industries are competing only on the price of its products (cost) 
and product quality (quality of raw material supplies). However, in the downstream the 
functional products’ competing characters are not only cost and quality, but other value added 
activities such as application development in innovation, flexibility, and deliverability (Lager 
& Storm, 2013).    
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Figure 3-1: Complex product chain in process industries (Lager & Storm, 2013) 

 
• Equipment size and relocation process: Most of the equipment in the process industry is 

categorized as heavy equipment with a very long pipe network, integrated hydraulic systems 
and complex electrical wiring. That gives more difficulty in relocating machines positions 
for any operational change and improvement. However, the applied Lean Cellular 
Manufacturing system is still applicable within process industries (King et al., 2008).   
 

• Difficulty in stopping and restarting the processes: In the typical assembly line process, 
machines are easy to stop and start-over. But this is not the same in the process industries. 
Most of the equipment in the process industries requires a long time and high cost for 
stopping and restarting. This limitation causes a problem to the production engineers and 
planners and results in overproduction, unnecessarily large inventories and effects on the 
application of other Lean tools such as JIT and the Pull replenishment process (King et al., 
2008).    

 
• Complexity in product changeover: The changeover process in the assemble line process 

create waste in both time and labour, while in the process industries besides those two waste 
factors there is materials waste due to a Clean-in-place process. This process includes 
cleaning all machine parts and the piping from the fluid, gas, syrup before starting with 
another flavour or brand. That also includes the additional laboratory tests that have to be 
done during any changeover process which add substantial waste in terms of time and cost. 
That leads to considering longer production cycles to reduce changeover waste (King et al., 
2008). One good solution for managing the product assets with high changeover time and 
cost is using a scheduling and planning concept called Product Wheel which will be further 
explained in chapter 3.1.3.      

3.1.2 Operational Changes in Process Industries 

According to Shah (2005), most of the process industries are facing several challenges in terms 
of the interest of shifting from product oriented business into service oriented business and 
reduced product life-cycle time due to high competition. Besides, there is a trend towards mass 
product customisation through delivering customized products at commodity cost and 
developing sustainability. Environmental conditions for the product supply chain process are a 
new challenge facing the process industries based on Shah (2005). Buchholz, (2010) add two 
more challenges, the process industries are facing: resource efficiency or limited resources from 
rising demand and cost of different types of energy resources. The investment risk due to wrong 
decisions can increase the risk of failures.    
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The challenge is the consideration of strategic decisions that target operational changes in 
redesigning the supply chain network within the process industries (Shah, 2005). These strategic 
decisions include new facility location, changes in the existing facility (expansion, construction, 
planning and scheduling) and decisions that include the type of products that should be produced, 
production facility and markets to serve. One or more of these changes needs supported decisions 
from the top management (Skinner, 1969). Operational changes and development in the process 
industries require more than adding more resources or taking more investing risk. Operational 
development is related to considering all the competitive capabilities (cost, quality, 
deliverability, flexibility, and innovation) to solve technical problems, integrate different 
production facilities and have deeper fundamental process knowledge (Pisano, 1997). To meet 
this end, Judson (1990) introduced the performance pyramid as relationship diagram between the 
strategy and the operational changes in the company. As indicated in Figure 3-2, this pyramid 
links the strategic competitive priorities and operations to ensure an effective achievement of the 
company goals based on customer priorities. The performance pyramid assigns two directions, 
namely external and internal effectiveness. The external effectiveness depends on functional 
performance and competitiveness, while the internal effectiveness is conditioned by cost, 
production factors, activities, products and revenue (Jungman et al., 2004; Laitinen, 1996).  
 
 

 
        Figure 3-2: Performance pyramid (Judson, 1990) 

 
The operative performance factors at the top of the pyramid are related to short- term changes 
using control and managing quality as guidance. At the same time, the long-term strategic 
performance has two roles: implementing and updating the strategic decisions by using customer 
satisfaction and market competitiveness as a guideline (Jungman et al., 2004). The flexibility 
factor is located in the middle of the performance pyramid, since it is required for various 
conditions. Palaniswami (1994) determines five conditions in which flexibility is requested: 
Product demands, manufacturing processes (like machine set-up time, productivity, etc.), 
planning and scheduling, human resources and relation with supplier and shortening delivery 
times.  
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3.1.3 Product Wheel 

The PW, or also called Rhythm Wheel, is a modified Lean tool that is part of the production 
leveling called Heijunka. This lean tool is mostly used in the process industry where it creates a 
regularly repeating sequence of production on a specific piece of equipment in a continuous 
production process (King & King, 2013). The PW concept is based on combining all the products 
or SKU produced in a specific machine or production line and schedule them in a sequence to 
provide the best balancing between high changeover cost and high inventory costs (Wilson & 
Ali, 2014).  
 
Questions that can be answered from the PW-concept include how long a production cycle should 
be or how much of each product should be produced in each cycle (King & King, 2013). A 
typical Product Wheel can run for 7 or 30 days to satisfy the product availabilities and fulfil 
customer demand. According to King & King (2013) changeover losses will be minimized, low-
volume products will not be produced in every cycle and make-to-order and make-to-stock 
products can be included. Figure 3-3 shows a simple version of a final PW. The different 
products, here from A to K, are called spokes and indicate the sequence, by the order they have 
been placed, and the quantity, by the size of the spokes of the production. The gaps between the 
spokes display the change-overs and in the end of every PW a Process Improvement Time (PIT) 
is used as slack time for improvements and unplanned stop time (King & King, 2013). 
 

 
Figure 3-3: Product wheel (King & King, 2013) 

 
The PW is associated with a pull replenishment system to provide a good paradigm of Lean 
operation in process industries (King & King, 2013). It is a heuristic technique which requires 
experience and individual judgment to create an optimal design because it is not only a 
mathematical optimization (Wilson & Ali, 2014). The PW concept considers strategic decisions 
like production flexibility, resource configuration, uncertainty and product variety (Wilson & 
Platts, 2009). Moreover, the PW synchronizes the entire supply chain and not only single 
operations (Packowski & Francas, 2013). 
 
Benefits of the PW according to King & King (2013) are a balanced production, optimized 
sequences, optimized campaign length, reduced inventory, improved delivery performances, a 
structure in production scheduling and a tool to support decisions. Packowski & Fitzer (2014) 
add an improved OEE to the benefits, which includes a reduced variability in the supply chain, 
an enhanced customer service level, local visibility for supply chain synchronization and a 
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reduction of the bullwhip effect. Overall, the PW has a positive effect on the entire production 
through reducing the inventory and increasing the flexibility which does not only lead to better 
response in delivery but also to improvements in the quality and reduction of costs like carrying 
cost (King & King, 2013). 
 
One of the main challenges in the wheel’s design is the optimization of the sequence process in 
complex situations when there are high numbers of products passing through specific machines 
with different changeover times (King & King, 2013). One of the powerful approaches used to 
solve this problem is the total salesman problem approach TSP (El-Gharably, et al., 2013). It 
involves finding out the shortest route of N stores that a salesman can take to finish his tour with 
one pass to each store as indicated in Figure 3-4 TSP (El-Gharably, et al., 2013; King & King, 
2013). 
 

 
     Figure 3-4: Illustration of the TSP problem (El-Gharably, et al., 2013) 

 

3.1.4 Development Process of a Product Wheel 

The PW is one of the most effective and reliable planning methods in process industries (King 
& King, 2013). The whole process to developing a PW is described by King & King (2013) in 
the following steps. 
 
Step-1: Data Collection (Product & process) 
This is the first step and it requires collecting information about the conducted process and 
products. There are many ways to preform it such as sales forecasts, production lot, Value Stream 
Mapping, interviews with production planning and supervisors and finally through direct 
observation of production runs (Wilson, 2014). The aim of this step is to investigate and decide 
which assets would benefit from the product wheel (King & King, 2013).  
 
Step-2: Decide which asset benefits from applying a PW 
Key parameters for the decision on which machine or assets should apply the PW are: changeover 
times, changeover losses and number of SKUs. Generally, PW applies to a specific equipment 
entire the production line. Often applied on the packing lines where scheduled as single 
integrated activity (King & King, 2013). 
 
 

18 
 



3 THEORETICAL FRAMEWORK 

Step-3: Classify products between Make to Stock and Make to Order 
It is required to analyse each product demand and demand variability in order to determine if a 
product should be classified as Make to Stock (MTS) or Make to Order (MTO) (Wilson, 2014). 
Therefore, products with very small volumes and with no stable demand can classify as MTO, 
and it does not make any sense to keep high stock of this product in the inventory. At the same 
time, products with high volume and clear repeatable demand should classify as MTS (King & 
King, 2013).   
 
Step-4: Determine optimal sequence 
Determining the optimal sequence means to cycle any product with a certain time to produce 
within the production line (King & King, 2013). The sequence distribution is based on different 
factors such as the length of change over time for different product families (Wilson, 2014). 
Having an appropriate sequence can be developed through different techniques, one of them is 
cellular manufacturing. This is a straightforward concept which starts by gathering all the 
products into specific groups of families with similar conditions or properties. This is followed 
by locating these family groups into a specific process equipment and creating a virtual work cell 
by identifying an acceptable flow pattern. The objective from applying the cellular technique is 
to reduce the number of products in each wheel and group them in families to reduce the 
changeover time and cost, which results in an efficient wheel design (King & King, 2013).   
 
Step-5: Calculate shortest wheel time 
Deciding wheel time is an essential decision in the entire process, because dependent on that all 
other steps are taken. King & King (2013) identify five factors that should be considered when 
determining wheel time: Available changeover time, Economical order quantity EOQ, short-term 
demand variability, minimum lot size, and finally the shelf life of the product. As mentioned 
above, the changeover time factor is one of the important factors in calculating wheel time. This 
is also called the shortest wheel time. Then, the shortest wheel time needs to be calculated, based 
on the formula given in equations (1) and (2) (Wilson, 2014).  
 

Wheel cycle per period = 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑎𝑎𝑇𝑇𝑎𝑎𝑇𝑇𝑇𝑇𝑎𝑎𝑇𝑇𝑎𝑎 𝑇𝑇𝑎𝑎𝑡𝑡𝑎𝑎−𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑝𝑝𝑝𝑝𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑇𝑇𝑎𝑎𝑇𝑇𝑝𝑝 𝑇𝑇𝑎𝑎𝑡𝑡𝑎𝑎

∑𝐶𝐶ℎ𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎𝑇𝑇𝑎𝑎𝑎𝑎𝑝𝑝 𝑇𝑇𝑎𝑎𝑡𝑡𝑎𝑎𝑡𝑡 𝑝𝑝𝑎𝑎𝑝𝑝 𝑝𝑝𝑐𝑐𝑝𝑝𝑇𝑇𝑎𝑎
         (1) 

 

                Wheel Time =  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑎𝑎𝑇𝑇𝑎𝑎𝑇𝑇𝑇𝑇𝑎𝑎𝑇𝑇𝑎𝑎 𝑇𝑇𝑎𝑎𝑡𝑡𝑎𝑎−𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑝𝑝𝑝𝑝𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑇𝑇𝑎𝑎𝑇𝑇𝑝𝑝 𝑇𝑇𝑎𝑎𝑡𝑡𝑎𝑎

∑𝐶𝐶ℎ𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎𝑇𝑇𝑎𝑎𝑎𝑎𝑝𝑝 𝑇𝑇𝑎𝑎𝑡𝑡𝑎𝑎𝑡𝑡 𝑝𝑝𝑎𝑎𝑝𝑝 𝑝𝑝𝑐𝑐𝑝𝑝𝑇𝑇𝑎𝑎
          (2) 

  
Identifying the shortest wheel time is important as a guideline for business strategic decisions to 
know the possible shortest manufacturing lead time. 
 
Step-6: Determine the economical wheel time 
If minimizing production cost is the priority of business strategic policy in the company, then 
calculating the Economical Order Quantity (EOQ) must consider also (Wilson, 2014). The EOQ 
is the quantity of a specific product that balance between the high inventory costs generated from 
long wheel runs and the high changeover costs generated from short wheel runs (King & King, 
2013). The EOQ defined by equation (3) (Wilson, 2014).  
 

EOQ = �2∗𝐶𝐶𝐶𝐶𝐶𝐶∗𝐷𝐷
𝑉𝑉∗𝑝𝑝

�
1/2

        (3)                  
 
COC = Changeover cost, D = Demand per time period, V = Unit cost of material,  
r = Percentage of carrying cost of inventory per time period. 
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The result number from equation (3) is a quantity unit. To convert it into time units the EOQ 
result needs to be divide with the specific product demand during the same period of time (D) to 
get the economical wheel time.   
 
Step-7: Verity the EOQ 
After defining both the shortest and the economical wheel time, it is required to set the production 
frequency to each product and number of items produced for each product. This quantity must 
be more or equal to the minimum batch size (King & King, 2013). Therefore, the benefit of this 
step is to check that the EOQ should be more than the minimum batch size limits otherwise one 
should return and re-calculate the next best EOQ which can fit this requirement. 
 
Step-8: Balance the wheel 
Having a balanced wheel is beneficial to keep the production consistent from cycle to cycle and 
allow the operation to develop in routine schedule. King & King (2013) identified four main 
benefits from balancing the wheel: Increasing the regularity level for the manufacturing 
operation, improve the PIT time by keeping this time approximately the same in each cycle, 
providing a uniform repeating buffer, so the wheel can be adjusted when MTO products required 
and providing a frequently repeating time that can be used for emergency and crisis events. 
 
The concept of balancing the wheel is to utilize the wheel time and keep it approximately similar 
in each cycle besides finding a pattern where similar products are made in same cycle to reduce 
the consumption in change over time (Wilson, 2014). The selection of the best arrangement 
alternative is defined as judgment- call. This judgment-call is more dependent on the experience 
and involvement of different levels in the production process such as: process engineers, 
operators, mechanics, and technicians (King & King, 2013). 
 
Step-9: Design and draw the wheel 
The benefit from drawing the wheel is to provide a powerful visualization tool to the decision- 
makers which is worth a thousand of words (King & King, 2013). The graphical representation 
for the wheel builds a good understanding of the production scheduling process and provide a 
decent communication tool between production staff. Normally the product wheel is presented 
in a Pie graph which each graph representing one wheel cycle. It consists of all the produced 
products within this cycle and their produced sequence (Wilson, 2014).      
 

3.2 Strategic Decisions  

The word strategy originates from the Greek and can be translated into the art of the leader. It 
was first used in the literature of European military in the beginning of the 18th century with the 
purpose to plan and direct overall army operations (Ackoff, 1990). Nowadays, the word strategy 
is regularly used in the industry as a plan of actions to accomplish an overall or long-term goal. 
Strategy is related to decisions because decision making is normally divided into three 
hierarchical levels independent from each other: strategic, tactical and operational. Operational 
decisions handle the actual implementation of tasks to achieve the overall aim, the tactical 
decisions give the framework to achieve the overall aim and strategic decisions determine the 
overall aim for the organization (Zapata, et al., 2008).  
 
The main contribution of strategic decisions is the advantage of the long-term thinking compared 
to a short-term thinking (Miltenburg, 2005). The target for Miltenburg (2005) is to achieve 
competitive advantages to be successful by following the main strategies like low cost or 
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differentiation, which means providing better quality and service compared to the competitors. 
According to Wheelwright (1984) there are five general characteristics that are associated with 
strategies in the industry. One important characteristic of strategy is the long-term time horizon 
in which decisions are made. This characteristic is important because a certain amount of time 
for implementing these strategic actions may be necessary, and the resulting consequences are 
not to be perceived and evaluated in the short term. This leads to the second characteristic of a 
strategy, as the total impact of decisions made on the strategic level will be more significant than 
on the tactical or operational level. Strategy is additionally characterised by a certain 
concentration of effort, as resources are focused solely on pursuing a special strategic aim which 
indicates a narrow focus and less resources for other activities. Strategies consist of a certain 
pattern of decisions on different organisational levels which need to be reinforced and revised 
over time. These strategic patterns comprise a unique competence ultimately leading to 
organisational competitive advantage. Important for its true implementation is a wide distribution 
of the strategic goals within all levels of a company, accompanied by special norms and values 
of behaviours for pursuing this strategy. 
 
Today, different definitions exist for the term strategic decisions that are partly competing and 
complementing each other. Many authors agree that strategic decisions are made from top 
management and affect the entire organization (Ackerdorf, 1990; Eisenhardt & Zbaracki, 1992; 
Ren, et al., 2006). Strategic decisions are followed for reaching long term goals and can formulate 
principles and policies in organizations (Ackerdorf, 1990; Eisenhardt & Zbaracki, 1992). This 
long-term thinking is needed to develop new products or enter new markets. Ackerdorf (1990) 
points out, that strategic decisions concentrate on previous and future responses to actual changes 
in the environment with a great impact of the organization’s performance. Also, Elbanna (2006) 
emphasises that strategic decisions show how organisations manage their connection between 
them and their surroundings. Furthermore, strategic decisions require a great proportion of an 
organization’s resources and are needed rather for extraordinary concerns than for routine 
situations.  
 
A challenge that is seen by Skinner (1969) and also Wheelwright (1984) is that trade-offs are 
involved in making strategic decisions. These trade-offs indicate that strategic decisions can have 
a great impact on other decisions which can make them counterproductive. Furthermore, these 
strategic decisions cannot create the desired benefits because they bring up new decisions in 
other sections because of these trade-offs (Skinner, 1969; Wheelwright, 1984). Strategic 
decisions are context dependent and it may depend on the kind of industry if a decision is 
strategic or not. For some industries, the introduction of a new product is a strategic decision, 
compared to other industries where it may not affect the overall strategy (Elbanna, 2006). 
Additionally, strategic decisions are complex, future oriented, centralized and not repetitive 
compared to tactical and operational decisions. They establish the environment in which the other 
two decision levels are performing (Schmidt & Wilhelm, 2000).  

3.2.1 Decision Categories  

In today’s business environment, the uncertainty and diversity increases and companies are 
countering with increasing flexibility concerning their operational strategies (Martínez Sánchez 
& Pérez Pérez, 2005). Generally, decision making is divided into three main levels: strategic, 
tactical, and operational (Corsano, et al., 2014; Packowski & Francas, 2014). The integration of 
these decision levels is important to connect strategic objectives to operational actions, so 
managers at the strategic level know more about the operational process (Ren, et al., 2006), for 
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example how different KPIs can affect each other. Figure 3-5 shows that strategic decisions can 
be located at the top level of an organization.  
 

 
Figure 3-5: Classification of strategic decisions 

 
Tactical decisions are located between the strategic and operational level. They are reaching for 
medium term goals in the organization and are less complex than strategic decisions. The aim of 
this level is how to achieve the organization’s policy that are made in the level above to find 
structures for the lower level (Manzini & Bindi, 2009). In other words, they connect the strategic 
aims to the operational implementation (Schmidt & Wilhelm, 2000). Operational decisions, in 
comparison to the two just mentioned decisions levels, are made at the lowest level (Manzini & 
Bindi, 2009; Schmidt & Wilhelm, 2000). They focus on the processes in everyday business. The 
plans and policies that are made at the upper level are implemented here and followed by a given 
structure (Manzini & Bindi, 2009). This can involve concrete time scheduling, machine and tool 
set up or operational changes as it is explained in the chapter 3.1.2.  
 
According to Manzini & Bindi (2009) decisions can be classified in three categories as mentioned 
in the traditional way above. Figure 3-6 shows which kind of decisions are made on the different 
levels and various departments in the process industry. Strategic decisions have a long-term aim 
and focus on decisions like production facilities locations. Tactical planning has a medium-term 
goal and emphasizes decisions like mastering production planning and time scheduling. A short-
term aim is followed in operational planning and scheduling where decisions are made which 
deal with production quantity determination. The specific decisions are depending on the 
decisions next to them with a hierarchy structure and are connected.   
 
Even earlier, Skinner (1969) considered strategic decisions as the decision areas that characterize 
a production system and divided them into five different categories derived from the prospective 
of the production: organization and leadership, design and development, labor, planning and 
control, facilities and equipment. A company needs to make an independent decision for each 
category and that decision must support the competitive priorities (Skinner, 1969). 
 
The diversity of decisions in the process industry is broad and it is useful to categorize the 
decisions into more specific groups to plan and identify the strategy for the company. 
Wheelwright (1984) mentioned four categories as strategic decisions that should be considered 
while composing a strategy including type capacity, size and location of facilities, equipment of 
technology and vertical integration. These strategic decisions have a long-term impact resulting 
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in difficulties when shifting them once they are accepted (Wheelwright, 1984). Furthermore, 
Wheelwright (1984) listed four categories that specialize the tactical decisions which require 
smaller capital investments compared to the ones mentioned above: The skill level of workforces, 
monitoring the quality, production planning and material control and reporting levels of the 
organization (Wheelwright, 1984). 
 

Figure 3-6: Classification of decisions (Manzini & Bindi, 2009) 
 

3.2.2 Competitive Components and Priorities  

Determining competitive priorities has been a major part of the research on manufacturing 
strategies (Ward et al., 1998). According to Ward et al. (1998) four competitive priorities should 
be considered in the development of a strategy. One important characteristic of competitive 
priorities is cost which can be subdivided into productivity, inventory reduction, capacity 
utilization and production cost. The entire process industries already focus on this main 
component but do not compete directly in this field. Another important priority of 
competitiveness is quality. Components of this priority can be reliability, performance, 
conformance, durability, features and service ability. The challenge of competing in quality lies 
in the fact that the definition of quality is different in various fields and levels. Traditionally, 
quality was ensured by control mechanism just on the operational level. This leads to the third 
competitive priority, delivery time. It can be divided into delivery reliability and delivery speed. 
The competition is the exact delivery on time to fulfil the planed schedule of the customer. The 
final competitive priority is flexibility. The process industries contend between product mix, 
changeover, volume and modification. 
 
Competitive priorities after Wisner & Fawcett (1991) are cost, quality, flexibility as well as 
innovation and dependability. To compare these with the above-mentioned priorities from Ward 
et al. (1998) it can be seen that they are mostly similar. Dependability evaluates the reliability of 
the organisation and can be partly related to the right timing of deliveries. Innovations bring 
competitive advantages by a better utilization of solutions in meeting new requirements.  
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Bellgran & Säfsten (2009) also have a comparable definition of competitive priorities. The core 
values cost, quality and flexibility are identical. Speed and dependability are added to the 
priorities which subdivide the delivery into quickness and the right timing (Bellgran & Säfsten, 
2009).  
 
More important factors taken into consideration for the competitive success of a company can 
be summarized in three points according to Wheelwright (1984). Initially, a strategy should focus 
on the decisions and actions that need to be made and not the theoretical definition of the strategy. 
Moreover, the consistency of following the pattern of decisions ensures to follow the desired 
strategy and the competitive priorities effectively. Additionally, specific and individual decisions 
need to be considered and directed in the same direction for supporting the overall strategy 
(Wheelwright, 1984). 
 
Wheelwright (1984) further mentioned two criteria for evaluating a manufacturing strategy. 
Consistency is one of them which can be defined as following the strategy not only for 
manufacturing goals rather for all strategies that are made within and outside the company, as 
these should all lead to the same direction. The second criteria is to focus on competitive factors 
directly by emphasizing opportunities and specifying trade-offs. Moreover, manufacturing 
strategies should be encouraged clearly throughout the company.   

3.2.3 Challenges of Strategic Decisions  

Top management faces the challenge of not only developing a set of production, planning, 
marketing and organizational principles that can support the selected strategy. It is more 
important that the top management focuses on developing an entire company culture that 
supports every employee’s plans, goals and principles. This culture is a collection of integrated 
attitudes which makes the decision making more effective by emphasizing these priorities to 
everybody’s behavior. Furthermore, this holistic view gives the company culture the chance to 
support long term goals in the entire company (Wheelwright, 1984).  
 
Measuring the performance of strategic decisions to improve and control the activities is 
important for achieving the quality that is wanted (Wisner & Fawcett, 1991). According to 
Wisner & Fawcett (1991) this measurement is hard to perform and they suggest developing a 
guideline for the process of long term goals. Another challenge of strategic decisions is seen 
concerning the consequences of strategic decisions as they can only get visible after a long time 
and not from the beginning after the decisions have been made (Wheelwright, 1984). This will 
be enhanced through the challenge that was mentioned above concerning the difficulties of 
measuring strategic decisions.   
 
According to Hill & Hill (2009), it is crucial that consequences of various strategic decisions on 
the operational side are shown in consideration of making the best decision. Therefore, the 
manager on this level needs to communicate the importance throughout the company which can 
be challenging. However, achieving competitive advantages through integrating the overall 
strategic decisions with the operational perspective is necessary for long-term success (Hill & 
Hill, 2009). 
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3.3  Discrete Event Simulation  

DES is a commonly used simulation tool for analysing industrial processes for operational 
changes in different businesses to provide a detailed vision on these changes in the production 
system (Albrecht et al., 2014; Jahangirian et al., 2010; Negahban & Smith, 2014). Stated 
variables only change in DES when the event occurs within different points of a time period and 
the model is analysed numerically by computational procedures (Banks et al., 2010). Especially 
the quick technology development in the last years has added to an increasing use of DES 
(Negahban & Smith, 2014). 

3.3.1 Discrete Event Simulation in the Process Industry 

One of the challenges process industries face nowadays is the high dynamic market with short 
product life-cycle time. This requires a long-term planning within a certain performance 
measurement analysis through a connected network of material flow (Shah, 2005). Hence, DES 
is considered as a useful tool for identifying and measuring the dynamic performance changes in 
process industries (Shah, 2005). However, process industries are characterized by continuous 
processes (e.g. oil refining, manufacturing bulk of steal), but eventually the processes become 
discrete in batch orders (e.g. rollers of papers, boxes of blisters), where DES is applicable as a 
simulation tool (King et al., 2008). 
 
Chadwick et al. (2006) researched to which extent simulation and visualization can improve a 
pharmaceutical process. Their study showed that simulation can identify the causes of values to 
change routines, evaluate bottlenecks, manage risk and decide between quantity and quality 
trade-offs (Chadwick et al., 2006).    
 
Application of DES and it’s results in process industries can have better credibility if senior 
management and decision-makers are involved closely in the validation and verification of a 
DES model (Law, 2009).  According to Banks et al. (2010) DES could be a useful tool for 
representing operational changes in process industries when the organizational and informational 
changes can be simulated and the impact of different scenarios can be verified and validated. 

3.3.2 Advantages of using Discrete Event Simulation for Operational Changes 

As mentioned above, DES is imitating the processes of a real production. One of the main 
advantages of DES is the possibility of testing operational changes in the virtual world before 
implementing them into the real production (Ingemansson et al., 2005). Therefore, the production 
does not have to be stopped which is a great benefit itself. Without that disturbance, existing 
resources do not have to be taken out of the running process (Shannon, 1998). Furthermore, 
disturbances can be identified and eliminated already when operational changes are tested in 
different virtual scenarios to ensure that the changes will not create other complications in the 
process (El-Khalil, 2015; Ingemansson et al., 2005). This will lead to another advantage by using 
DES for improving an existing process by performing a trial-and-error method. Steinemann et 
al. (2013) point out that the trial-and-error method can be easily done with DES and is rather 
cheap compared with testing in real-life production. Another advantage that DES can provide is 
a greater understanding of different variables affecingt each other and the entire process (El-
Khalil, 2015; Ingemansson et al., 2005). Different scenarios and alternatives can be tested in the 
simulation by changing main variables and final output can be compared without a great effort. 
Moreover, various scenarios with different variables will help to find future bottlenecks (Dewa 
& Chidzuu, 2013). According to Dewa and Chidzuu (2013) finding and optimizing bottlenecks 
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with the help of DES provides high utilisation of workstations, levelled production and finally 
an increased flexibility. 
 
Robinson (2014) emphasizes that variability of processes and their outcome can be demonstrated 
with DES. DES can further be used as a communication tool to present operational changes to 
customer and management (Robinson, 2014). Through a detailed simulation and the visualization 
of the process, a greater understanding of complex processes is given also to people that are not 
familiar with the simulation or the process itself. Complex processes of real production cannot 
always be solved by mathematical models where DES can instead support analysing those 
(Kelton & Law, 2000). Furthermore, interconnections are exposed through DES which gives a 
better understanding of the complexity (Robinson, 2014).  DES can further be used for reducing 
these uncertainties by answering “what happened if …?” questions (Shannon, 1998) and 
predicting future scenarios to support the decision-making process in operational changes.  

3.3.3 Disadvantages of using Discrete Event Simulation for Operational Changes 

DES has many advantages as it is mentioned above but it also brings disadvantages when it is 
used. One of the main disadvantages of DES is the data collection because manufacturing 
companies do not have readily available data concerning the processes that occurs on site 
(Ingemansson et al., 2005). According to Ingemansson et al. (2005) the data collection is 
challenging because it has a great impact on the success of the DES model. The data needs to be 
validated and verified before it can be used in the simulation to make sure that it is accurate and 
updated (Popovics et al., 2016). Bokrantz et al. (2015) point out that the availability of the needed 
data is often not given so that assumptions have to be made. This brings the simulated model 
further away from the reality and in worst case falsifies the results. A second disadvantage of 
DES use is the result of unavailable data and the time and resources need to acquire data 
(Popovics et al., 2016). Therefore, every process step must be observed and studied to collect the 
required data that is needed for the model (El-Khalil, 2015). Also, the validation and verification 
of already collected data takes a great amount of time in consideration (Robinson, 2014). With 
the increasing time that is needed to create the simulation model in a project the costs will 
increase as well (Popovics et al., 2016). Therefore, Ingemansson et al. (2005) suggest using an 
automatic data collection system to reduce the time for collecting the data manually piece by 
piece. Another disadvantage of DES is the need of specially trained specialists (Steinemann et 
al., 2013). The reason for that is the complexity of the process to be simulated which requires 
expertise in the field of simulation and the process itself (Popovics et al., 2016). 

3.3.4 Discrete Event Simulation supporting Strategic Decisions 

There is broad research providing evidence on the use of DES to support decisions (Banks & 
Gibson, 1997; Ingemansson, et al., 2005; Steinemann et al., 2013) and the use of DES to study 
operational changes has been strongly suggested because changes can be studied without 
interrupting a real-life process and the impact of changes can be analyzed in relation to a specific 
outcome (Ingemansson, et al., 2005; Popovics, et al., 2016). Steinemann et al. (2013) point out 
that production engineers get additional support when making strategic decisions because of a 
greater understanding of the entire process with a holistic perspective. Moreover, DES can be 
used as a communication tool to present operational changes to customer and management 
through having this holistic perspective (Robinson, 2014) to encourage strategic decisions. Also, 
past decisions and events can be adjusted with simulation to test what could have happened 
differently without great effort of time and cost as it is done in this case study which will be 
explained in detail in the following chapter.  
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Klingstam (2001) explains that DES should not only be used for the design of the process, as it 
is used mainly now to give a better understanding of a complex process. DES should rather be 
used continuously in the entire life cycle of the process so it can support decisions along the way 
(Klingstam, 2001). Therefore, Klingstam (2001) points out that the scope of DES has to be 
changed from a design focus to a continuous validation tool. Furthermore, the range of users for 
DES should extend from experts to executives (Klingstam, 2001).      
 
In their case study, Chatha & Weston (2006) found out that DES can give the user a glimpse into 
the future and provides enough information to support strategic decisions. Therefore, it is 
possible to increase the deliverability by approving it with the outcomes of DES. The strength of 
DES is to combine an “automatic data analysis with the visual perception and analysis 
capabilities of a human user” (Chatha & Weston, 2006, p.236). DES can be used by operators by 
evaluating scenarios, planning production and optimizing schedules that are not expert in this 
field because of the simple visual interface. Heilala et al. (2010) describe how DES can be used 
for supporting strategic decisions in three different models. A framework is given for combining 
DES and the interaction of human’s decisions. Additionally, Heilala et al. (2008) introduce the 
ability of using DES as a tool for environmental impact analysis. Table 3-1 summarizes the 
competitive priorities supported by DES from different findings of prior literature.     
 
Table 3-1: Types of strategic decisions supported by DES from theoretical findings 
Authors Cost Quality Deliver- 

ability 
Flexibility Innovation Environ

-mental 
Robinson,  
(2014) 

  
 

  
 

  
 

 
 

 
 

 

Heilala et al.  
(2010) 
Heilala et al.  
(2008) 

  
 

 
 

  
 

    
 
  

Chatha & Weston, 
(2006) 

  
 

  
 

  
 

   

Ingemansson, et al., 
(2005) 

  
 

  
 

  
 

   

Klingstam  
(2001) 
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4 DISCRETE EVENT SIMULATION 

This section presents the steps used to build the DES model and describes in details the outcomes 
of each step and their interrelation. Conducting a definitive DES study is essential for a successful 
process achievement through developing a valid verified model.    

4.1 Step-1: Formulate the problem 

This is the first step in the DES process. The problem has been formulated by determining the 
best production sequence with the best economical changeover time. Based on this stated 
problem, the case study objectives were identified as finding the inventory level and the batch 
size of each produced product through blister line 17 using the PW process. Furthermore, the 
OEE number is determined in blister line 17 after implementing the PW process. 

4.2 Step-2: Collect information/data and construct conceptual model 

Both conceptual model and data collection are performed once the objectives were formulated. 
Figure 4-1 describes the stated conceptual model, which consists of three DES models as 
identified in the heart of that figure. The outcomes from these models are identifying packing 
line optimal sequence from the first DES model, determining the economic order quantity EOQ 
and the batch size from the second DES model, and calculating inventory level, reorder point, 
total changeover time and OEE number for the blister packing line 17 from the third DES model. 
The benefits from implementing the conceptual model are to increase the underdamping of the 
planning and scheduling process based on PW by describing system components and defining 
variables and constrains in a graphical way.  
 
 

 
Figure 4-1: Conceptual Model for the DES 
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In order to build the three simulation models, the following data were collected from different 
sources at AstraZeneca based on their 2016 records. This is shown in Table 4-1. 
 
Table 4-1: Collected Data 

Group Description Collected data 
Production Documents Machine cycle time 

Total available time per week 
Planned working hours per week 
Planned prevented maintenance 
 
 
Unplanned stops 
Machine availability 
Performance loss 
Quality loss 
Total OEE 
Working hours & shift information 
 

0,15 sec/blister 
78 hours 
64 hours 
1 hr. every 8 hr. 
7 hr. every 200 hr. 
64 hr. every 2000 hr. 
Avg. 18 hr./week 
70% (Appendix 4)  
28% (Appendix 4) 
95% (Appendix 4) 
19% (Appendix 4) 
(Appendix 5) 

Product Documents Product information 
Packing information 
Takt time for each product 
Annual production volume 
Annual demand variability 
Product mix 
Change-over time between each 
product 
Number of defects per cycle  

Appendix 3 
Appendix 3 
Appendix 3 
Appendix 3 
NOT available 
Appendix 3 
Appendix 3 
 
Appendix 3 

   
Financial Documents Change-over cost per product 

Unit material cost of each product 
Inventory carrying cost of each 
product 

5,000 kr./hr. 
NOT available 
NOT available 
 

   
 

4.3 Step-3: Is the conceptual model valid? 

As mentioned in section 2.1.4, this step is considered as a gate point or checkpoint in the 
simulation process. The designed conceptual model in Figure 4-1 need to validate the outcomes 
by the concern of people from AstraZeneca. The discussions were focused more on the non- 
available data: annual demand variability, unit material cost and inventory carrying cost. 
AstraZeneca could not provide the authors on these information, therefore the decision was to 
put them as assumptions in the simulation model with the ability to add them at any time in the 
future. On the same time authors explain to AstraZeneca the importance of these data in 
increasing the validity of the EOQ, batch sizes and safety stock figures. To simplify the model, 
the whole packing process of packing line 17 was assumed as one activity since the takt time of 
all stations are similar. This proposal was discussed and approved with AstraZeneca production 
engineer. 
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4.4 Step-4: Program the model 

This step concerns building the model using the simulation software ExtendSim version 9. The 
approach was to start building the simulation model in a simple way and move forward for the 
complexity gradually. As mentioned in Figure 4-1, the conceptual model was split into three 
phases. The phases were built to complement each other by exporting the outcomes of the first 
phase automatically at the end of the simulation to excel spreadsheets. The followed phase shall 
import these outcomes and deal with them as input data, then the outcomes of phase-II shall be 
exported to excel spreadsheets at the end of the simulation. The last phase import them as input 
data for the third model. The outcomes from phase-III shall be exported to an Excel spreadsheet 
at the end of the simulation. 
 
Phase- I: 
The objective of the first model was to find out the best sequence for the production schedule 
that can provide the shortest changeover time. The concept which is used for building this model 
is the TSP approach. Where the salesman represents the packing line, the number of cities 
represent the number of products which are passing through this packing line and the distances 
between the cities represent the changeover time between these products. For simplification, the 
60 products which are passing through the blister packing line 17 were grouped into 27 families 
and identified the changeover time between the 27 product families as mentioned in the 
changeover matrix in Appendix 4. Since there are 27 product families passing through the blister 
packing line 17, the number of possible sequence combinations are equal to 27!. That is equal to 
1.8 X 1028 options. The model is built in a way that considers 27 product families as variables 
for the objective formula, while the total changeover time is the objective of this formula. 
Different scenarios need to be considered to find the minimum changeover time, but as it is 
indicated above, the number of options is enormous, therefore it requires connecting this model 
with other statistically software such as Mintab or MS excel solver. The optimum sequence will 
be used as input data for the model in phase-II.   

 
Phase-II:  
As mentioned above, the objective from building this model is to create the PWs through 
determining: Economic Order Quantity EOQ, batch size, and optimal sequence for each product 
based on the defined sequence from phase-I. The first step is to determine the required number 
of wheels and wheel time which depend on the EOQ and optimal sequence number for each 
product. As indicated in section 4.4.3 the unit cost and inventory carrying cost of each product 
was assumed due to a shortage of information from the finance department. All the input data 
for this phase associated with EOQ and optimal sequence calculations are described in Appendix 
7. To get a smooth run for the simulation model without any delay, the demand volume of all the 
products was divided by 10 before it was exported to the ExtendSim model to shorten the time 
of simulation. 

 
The selected number of wheels is based on the percentage of MTS stock to the total product 
volume as described in Figure 4-2. For this case study, the wheels build to cover at least 90% of 
the products as MTS and kept the rest as MTO. Therefore, six wheels in weekly bases were 
determined which can cover about 93% of the total volume. Once the number of wheels are 
determined, the second step is to distribute the products into those six weekly wheels in a way 
that a reasonable balance occurs in the time utilization between those six wheels. The time 
utilization is the percentage of total production time plus total changeover time into the total 
available time for each cycle or wheel. The goal is to keep the utilization of the six wheels lower 
than 1 and having almost the same amount. The model was built to capture this objective 
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automatically and the result was that the utilization of those six wheels varies between 70%-85%. 
The outcomes from this phase are sent automatically to excel spreadsheets where there are drawn 
in the six wheels as indicated in Appendix 8 to Appendix 13. 

 
Figure 4-2: Simulation Process- Phase-II 

 
Phase-III:  
This is the last step in the simulation process and the objective from this part is to find out the 
OEE for blister packing line 17 and the inventory level of any product in each cycle. The input 
data for this model is the production schedule for each wheel which is created from phase-II, 
working hours per shift, safety stock of each product and both, planned and unplanned stops 
during the running period. The production schedule and safety stock figures were divided by 10 
before using them in the model to avoid long delays in the execution process. The packing line 
was represented by one single activity since all the stations holding similar takt time 0.15 
sec/blister.  

 
The outcomes were exported to an Excel spreadsheets at the end of each simulation run and are 
presented in Appendix 8 to Appendix 13. The KPI result from simulation models in phase-I and 
II and have been compared with the actual company´s KPI results of the year 2016.      

4.5 Step- 5: Is the programmed model valid? 

This is a second gate or checkpoint in the simulation process. After finishing, the building process 
of the simulation model for the three phases, the verification and validation process follows. 
Figure 4-3 describes this process starting from phase-I and finishing at phase-III. The results of 
the current state for phase-I were compared with the outcomes from excel solver, while the results 
of both phase-II and III were compared with the historical records from the system outcomes of 
packing line Blister 17 KPI´s of year 2016. The outcomes from those three phases were discussed 
and approved by the production engineer of AstraZeneca. 
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Figure 4-3: Structure of the Verification & Validation Process 
 

4.6 Step- 6: Design, conduct and analyse experiments 

Once the models are verified and validated for their current state within the three phases, the 
following step is to experiment these models through testing different scenarios. Table 4-2 
describes the conducted scenarios that are used in each phase as well as their outcomes. 
 
 Table 4-2: Conducted Experiments and Scenarios 

Phase Description Outcomes 
Phase- I Test 10 different sequence alternatives 

between 27 product families by using 
scenario manger block.  
 

Shortest changeover time 
was 83 hours. 

Phase- II Test three different scenarios for three 
different unit prices to determine EOQ and 
optimal sequence for each product. 
 
Experiment three scenarios to determine 
no. of wheels and wheel period based on 
MTS utilization. 

Select option of 60 kr. as a 
unit price of each blister. 
 
 
MTS utli. > 80%, 4 wheels 
MTS utli. > 90%, 6 wheels 
MTS utli. > 95%, 8 wheels 

   
Phase- III Test three scenarios to determine the safety 

stock level for each product. 
Group the products into 
three groups based on their 
annual demand.  

   
 
 
The objective of phase- I was to investigate and clarify the shortest changeover time between the 
27 product families, therefore 10 scenarios were tested though using the scenario manger block. 
The outcomes were tested for validation using MS Excel solver and the results have proved to 
be satisfactory. 
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In phase- II the process for determining the EOQ, batch size and optimal sequence required the 
changeover cost, unit cost and inventory carrying cost for each product. AstraZeneca only 
provided the authors with the changeover cost and asked to put assumptions for the other two 
costs. To increase the validity for the model within this phase, the authors decided to consider a 
similar price for all the products, but test three different unit prices (20, 60, and 100 kr.). Further, 
the inventory carrying cost was considered as a percentage of the unit price and for this case 
study it was assumed as 25% of the expected unit price. Based on those assumptions the EOQ, 
batch size and optimal sequence for each product were conducted. The outcomes were discussed 
with the engineers in AstraZeneca and it was agreed to consider the second option of 60 kr. as a 
unit price for all the 60 products, besides keeping the model flexible for any future adjustment in 
unit cost and inventory carrying cost.  
 
The second test in phase- II was to determine the required number of wheels and wheel´s period. 
Different tests were conducted based on the demand percentage of MTS products to the total 
product demand, which is called MTS utilization. Three scenarios for the MTS utilization of not 
less than 80%, not less than 90% and not less than 95% were conducted. The results were 4, 6 
and 8 weekly wheels, as indicated in Table 4-2. This result was presented to AstraZeneca 
engineers and it was agreed to consider the second option of 6 weekly wheels. This option gives 
more flexibility for re-evaluation and re-adjustment to AstraZeneca after finishing these 6 
wheels. 
 
To determine the inventory replenishment period for each product from phase- III, it was required 
to calculate the safety stock for these products and that required knowing the demand variability. 
This number was not available and it can take a long time for the company to find out these 
figures, therefore AstraZeneca requested to assume these figures. For simplification, the authors 
classified the 60 products into three groups based on their annual demands: high variability, 
medium variability and low variability. The products with high volumes should lie within the 
low variability group, while low volume products should lie within the high variability group. 
Multiple runs of the model were conducted to ensure the assumed safety stock can fit the annual 
demand requirements.        

4.7 Step-7: Document and present the DES results 

This is the last step in the simulation process and it includes the documentation for the simulation 
model outcomes from the three phases. These are presented in a way that can answer the research 
questions and satisfy the simulation objectives. The entire results and outcomes will be presented 
in Appendix 7 to Appendix 15.   
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5  EMPIRICAL FINDINGS 

This chapter presents a short company description, an overview of the practical background and 
the challenges of this case. The implementation of the product wheel is reviewed. Then the 
manner in which DES was used to support the decision of integrating an operational change like 
this planning tool is reported. 

5.1  Company Introduction 

AstraZeneca is a British-Swedish international pharmaceutical company with headquarters in 
Cambridge, England. In 1999, the Swedish Astra AB merged together with their British 
competitor Zeneca Group. Currently, 57 700 employees work at AstraZeneca worldwide and 
3 600 employees in Södertälje, Sweden. The plant in Södertälje produces 10 billion tablets per 
year. These can be divided into 30 different product families which are produced and packed for 
over 100 markets. 
 
AstraZeneca has worked with Lean since 2003 and has implemented their own Lean house which 
represents their core values and competitive priorities. Figure 5-1 describes four core values of 
the Lean house. The first of the four core values is the interaction of Safety, Health and 
Environment (SHE) that will ensure that no risk is taken considering human health or 
environment. Quality is the second core value, where the focus is on producing the right quality. 
The third competitive priority is called Supply which guarantees that the products are delivered 
at the right time to the right place. In the following, the term deliverability is used instead of 
supply. The final core value is the Cost including optimization of cost structures.  
 
The Lean House of AstraZeneca presents further Lean principles that have to be followed while 
taking a new decision. Customer focus, elimination of waste, Just-In-Time, standardisation and 
continuous improvement are the main principles. The following figure shows the Lean House of 
AstraZeneca. 

 
Figure 5-1: AstraZeneca’s lean house 
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As mentioned above, AstraZeneca produces 30 different product families which can be further 
divided into many different variations at the packing site. The reasons for this are the different 
regulations on various markets, different strengths of products and various quantities of tablets 
in one packaging. This high variation brings many challenges for planning and distributing at the 
right time.  

5.2 Current State - practical Background and Problem  

The purpose of this case study is to create a simulation model for the production planning 
according to PW principals. The simulation was done at a packing line which has run for over 
one and a half years in the current constellation. This line was chosen because it has a stable 
process with little variations. The challenge that AstraZeneca will face in the future is a smaller 
order size in future demands which will lead to a greater total change over time. Therefore, the 
PW should be introduced into the process for showing how demanded products can be planned 
in a smart way. The past order sizes in 2014 and 2015 were around 100 000 to 150 000 products 
each order compared to 2016 with 30 000 and 35 000 products each order. In the future, less than 
15 000 products per order are expected.  
 
The above results in a problem between the production and planning functions. The problem is 
that the production is doing a “hand shake” with the planners once a week where they talk about 
which orders should be produced in the following week. There exists no structured process for 
making these decisions, instead they decide through gut instinct and experiences. An optimal 
sequence should be determined according to the PW and with the help of the simulation. The 
aim of this case study is to identify the best scheduling sequence for the production process 
besides making calculations for OEE and inventory levels.   
 
Two efficiencies need to be compared and are working against each other. On the one hand, the 
OEE represents the efficiency of the production. On the other hand, design wise the planner 
would like to make small order quantities to reduce tied up capital through storing products 
longer than needed. Therefore, it is important to find the most efficient trade-off between 
production and inventory. The purpose of developing a DES is to show whether AstraZeneca has 
an opportunity to improve and make a better use of the line, instead of investing in a new line to 
face the future demands. 

5.2.1 Supply Chain Management – Material Handling Process 

The supply chain at AstraZeneca starts with the production of the active pharmaceutical 
ingredients (API) which are stored in containers in the warehouse. Then the API are mixed with 
further ingredients and formed into tablets. These tablets are stored until they are packed into 
blisters to become finished products. The final step is the distribution of the finished products to 
different warehouses that are mostly not owned by AstraZeneca. From there they will be sold to 
hospitals, pharmacies and dispensing doctors to bring the medicine to the patient. Figure 5-2 
shows the supply chain at AstraZeneca. 
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Figure 5-2: Supply Chain at AstraZeneca 

 
There are different supply modes like Kanban and Flow that AstraZeneca is using at the moment. 
The Flow-method is applied for the formulation processes. Kanban is used for products that are 
not produced but packed in Södertälje. In general, this method is used to have an overview of 
how much the stores are filled with products, especially for managing the vendor inventory.  

5.2.2 Blister Packing Line  

AstraZeneca is packing the products they produce in Södertälje in house. To do so, AstraZeneca 
has a number of high speed packing machines that are shown in Appendix 2. Examples of how 
a packing line in AstraZeneca looks like is shown in Figure 5-3 and Figure 5-4. The process of 
the packaging is done at high speed. The tablets are pressed into the blister and get closed so the 
tablet does not get in contact with the environment. The defined quantity of blisters is collected 
and the needed package leaflet is added. In the next step, the blisters are boxed and the defined 
art work is printed on. Finally, the boxes with blisters are packed into transportation cartons and 
get a label with all the information that is needed for delivering that specific order to the right 
customer.  
 
In the following, concrete numbers of blister packaging line 17 are presented. One blister can 
hold 14, 12 or 7 tablets depending on the order. Also, the number of blisters for each packaging 
can differ from one to seven blisters. Changeover times between different products or setups can 
take from 1.8 to 5.3 hours. AstraZeneca divided the changeover times in 27 setups with different 
times because some setups need to have mechanical changes, some need different kinds of 
cleaning or simple changes, for example if a different country printing on the carton is needed. 
The total lead time for a product at the blister line 17 is around 145 days, while for packaging 
the lead time is 1-2 hours. Maintenance is done regularly and is seen as a very important task for 
an automatic high speed packaging line. The concrete time schedule of line 17 is shown in Table 
8-3 with further planned and unplanned stop times. 

 
Figure 5-3: Packing line for blister I 
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Figure 5-4: Packing line for blister II 

 

5.2.3 Production Scheduling and Planning 

At the moment, AstraZeneca has divided the products in A, B, C and D -products which are 
packed two times a week, once a week, every 14 days or every month. Safety stock and target 
stock are important to consider in the calculation. When the inventory level reached the safety 
stock, a new order for packing this product is made to reach the target stock. Shelf lives for the 
products are short because of different limitations at various countries. This restriction makes it 
even more important to keep a small amount of inventory in the storage. Furthermore, art work 
needs to be considered as a result of new regulations on various markets. The forecast is made 
in the beginning of each month.  
 
Two classifications are made to create production order, MTS and MTO. For the products that 
are MTS, a forecast is used that is updated by the customer every month. This forecast will show 
the orders in the period of the current month up to 36 months in advance. Volume wise, most of 
the products are MTS and small amounts of orders are merged together into shared packs. These 
shared packs combine various markets, for example those with the same language.   
 
Another classification of the products is done by the product volume in which the products are 
divided in three categories where products are produced and packed every week, every month or 
once a year. But the borders of these categories are blurry so that the asset planer has to decide 
individually in which interval the product will be reproduced.  
 
The planners try to balance the inventory on a stable level to face the customers’ orders. 
Therefore, production has to frequently change the packed products. Performing this changeover 
creates a loss of time as it can take up to 8 hours. The capacity of the packing line and the 
availability of the material are factors for the scheduling which have to fit to the given time frame. 
 
A midterm planning is done in a 12-week rhythm, balancing the capacity of the packing line with 
the demands of the markets to ensure that enough material is available for the tablets. The short-
term planning is for committing the final schedule one week ahead with the production team and 
a detailed scheduling is done for ensuring quality without any delays.  
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5.3 Future State - Implementation of the Product Wheel  

The main reasons for operational changes are when a process is not running smooth or when 
even bigger problems have occurred. In this case, the reason for changes is a need to improve the 
process by getting a deeper understanding of it. The PW should bring these improvements by 
providing a flexible production of small batches in multiple changeovers within a certain time 
period. Furthermore, the PW should level out the production in using a pull instead of s push 
flow. Fewer resources should be used after implementing the PW which also leads to reducing 
the cost. At the end, it will improve the deliverability through supplying the right product at the 
right time to the right customer.  
 
AstraZeneca used the PW technique in their planning process in excel spreadsheets, but they 
stopped afterward due to the complexity of this application beside the long process time for 
building these wheels. Today AstraZeneca is re-considering PW use through SAP application. 
The future implementation of the PW in the planning and scheduling process at AstraZeneca is 
based on the concept of producing small batches of multiple products in a repeatable weekly 
cycle. The goal was to run the production within best sequence to have the shortest and an 
economical changeover time, balance the inventory level and avoid high days of supply. The key 
factor was to determine the economical wheel time which is the balance between the high 
inventory costs associated with long wheels and the high changeover costs associated with short 
wheels. The strategy was to determine the required number of wheels which can balance those 
two conflicting factors through calculating the EOQ for each product and classifying the products 
into two categories: MTS and MTO. All MTS products have a repeatable production schedule in 
each wheel, while the MTO products are produced based on demand requirements. 
 
The strategic decision of adopting the PW technique as type of operational changes would be 
better to test prior the implementation through a certain method such as DES. The use of DES 
helps to understand the main competitive priorities that can be supported for implementation of 
the PW technique. The opinion of the interviewed people for the limits of support to the strategic 
decisions that DES use can provide were different, but most of them agreed on deliverability as 
the most important priority that DES can provide for this operational change. Furthermore, only 
production and maintenance managers highlighted the importance of the cost as a priority where 
the use of DES should be supported. Quality managers raised flexibility as a priority where DES 
use needs to support for this operational change. On the other hand, the outcomes from 
implementing the PW through the use of DES models present its support to all of these three 
priorities: deliverability, cost and flexibility.    
 
The contributing factors on product wheel implementation is to satisfy the future customer 
demands of small batches and high number of SKU´s, determine best the economical changeover 
sequence, satisfy shelf life limitations, and balance the inventory level to avoid high stock in 
some products while having shortage in other types. The key component of PW planning is a 
visual display schedule which is easy to track by senior management, planners and operational 
groups. This informs everyone involved in this process where they are on the wheel, what the 
coming products to produce are and whether the production is ahead or behind the schedule.       
     
One of the main challenges of PW implementations is the determination of the shortest 
changeover time between different products in the same conducted packing line. The difficulty 
increases by the number of products which require a large number of options that need to be 
considered and calculated. That requires a specific program to solve this difficulty. 
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The collection of the data was the first step and requires collecting information about the total 
products passing through the conducted machine. There are 60 different products packed in the 
blister packaging line with similar takt time of 0.15 sec/ blister. The counting unit of those 
products is blister, but each product has different packing configurations, for example number of 
blisters per carton or number of cartons per shipping box. Besides that, each product has a 
different changeover time configuration with another product.  That means a 60 X 60 matrix 
should be used to identify the changeover time options. Appendix 3 describes the product 
information of these 60 products.  
 
For simplification and after discussions with the engineers at AstraZeneca it was agreed to reduce 
the matrix size to 27 X 27 by grouping those 60 products into 27 families as indicated in 
Appendix 4. Although this reduction can decrease the number of investigated options, the 
number is still very large about 1.8 X 1028. That requires another statistical software to support 
ExtendSim by analyzing these large databases such as Minitab or SAP program. Determining 
the optimal sequence means to cycle products in a sequence that can generate the shortest 
possible time to produce. Determining the wheel time is an essential decision in the entire 
process, because all other steps are based on this decision. Therefore, the factor changeover time 
is one of the essential factors for calculating the wheel time. This is also called shortest wheel 
time.  
 
Along with the gathered information about product and process parameters, further financial 
information is required for each product as changeover cost, unit cost and inventory carrying 
cost. Unfortunately, AstraZeneca could not provide this information due to their way of cost 
allocation used by the financial department which did not allow them to extract these figures 
from their system for confidential purposes. The recommendation from AstraZeneca production 
engineer was to put assumptions for these cost, while keeping a flexibility of an easy access to 
these financial databases for any future changes. The EOQ is the quantity of a specific product 
that balances between the high inventory costs generated from long wheel runs and the high 
changeover costs generated from short wheel runs. The EOQ and optimal sequence number for 
each product help to calculate the required number of wheels. The selected number of wheels is 
based on the percentage of MTS stock to the total product volume. For this case study, the wheels 
were built to cover at least 90% of the products as MTS and kept the rest MTO. Therefore, six 
wheels of weekly bases were determined which can cover about 93% from the total volume.   
 
To keep the production consistent from cycle to cycle, the wheels needs to be balanced and allow 
the operation to develop in routine schedule. Besides, it improves the PIT time by keeping this 
time approximately the same in each cycle and provides a uniform repeating buffer, so the wheel 
can be adjusted when MTO products are required.  
 
Appendix 8 to Appendix 13 present the conducted six balanced wheels. In those wheels, all the 
MTS products are covered besides keeping a spare time for producing some of the MTO 
products, while the rest of MTO products should be produced in the second six weeks’ cycle as 
mentioned in Appendix 9. The MTS and MTO time distribution during the entire week of every 
wheel are clarified in Appendix 8 to Appendix 13. The net available time per week is 44 hours 
after deduction of breaks, planned and unplanned stops from the gross available time as indicated 
in the following Table 5-1. 
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Table 5-1: Net weekly available time 

Description Time in Hours 
Total available hours per week 
 

78 

Less: Break time 
 
Less: Regular weekly planned stops 

(5) 
 

(9) 
  
Less: Non-regular weekly planned stops 
 
Less: Average weekly unplanned stops 
 
Net available hours per week 

(2) 
 

(18) 
 

44 
  

 
Since all the stations of the blister packing line 17 have similar takt time, and after discussions 
with AstraZeneca engineers, it was agreed to represent all the stations in one activity block in the 
simulation model. The objective is to calculate the packing line OEE. To achieve this goal, it is 
required to consider the following collected data as working hours during the entire week; total 
available time during the week, break hours, planned stop hours, unplanned stop hours, takt time. 
The above information is further described in Appendix 5. The model runs multiple times with 
different time periods of 4 weeks, 8 weeks, 6 months and one year. Machine OEE is tracked and 
reported after each run as specified in Appendix 15. As it is indicated from those figures 
machine´s the OEE starts with 32% at the start of simulation and drops down to settle with 8-9% 
at the end of the simulation. The reason for this drop is the impact of the shutdown time and off 
shift time. 
 
To determine the inventory level for each product, it is required to calculate the safety stock for 
these products and that requires to know the demanded variability. This number was not available 
and it can take a long time for the company to find out these figures, therefore the authors agreed 
with AstraZeneca engineers to assume these figures. For simplification, the authors classified the 
60 products into three groups based on their annual demands: High variability, medium 
variability and low variability. The products with high volumes should lie within the low 
variability group, while low volume products should lie within the high variability group. 
Multiple runs of the model were conducted to ensure the assumed safety stock to fulfil the annual 
demand requirements. The calculated safety stocks for each product were described in Appendix 
8 to Appendix 13. The results of the inventory level for each product were documented using 
different types of charts as indicated in Appendix 15. 

5.4 Conducted Strategic Decision Types 

The unit of analysis for this case study is the influence of competitive priorities in strategic 
decisions on the operational changes in the process industry. Case data revealed the presence of 
competitive priorities in strategic decisions on operational changes at various instances of data 
collection. Table 5-2 describes types of strategic decisions that were observed from different 
sources. 
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Table 5-2: Types of strategic decisions supported by DES from empirical findings 

 
The main competitive priorities that were mentioned in the interview are delivery at the right 
time and flexibility. Flexibility is mentioned as a very important factor at the package line in 
AstraZeneca nowadays. Especially when new products are launched frequently the time and 
being agile is very important. The high quality of AstraZeneca helps to fulfil the high standards 
on markets combined with great results in inspections which increases customer satisfaction and 
keeps competitors on distance. Therefore, the products of AstraZeneca are more expensive 
compared to their competitors which shows that cost is not one of the main competitive priorities. 
Furthermore, the core value SHE is mentioned by the interviewees as a necessary strategy that 
stands over all other strategies. Innovation as a strategy was not declared in the interview by any 
participant. 
 
The authors of this thesis found similar results to those of the interviews in reviewed documents 
from AstraZeneca. As it is mentioned in chapter 4.1 the lean house from AstraZeneca is widely 
known with its competitive priorities and AstraZeneca’s strategies are present in the entire 
company. Even the agenda in meetings is structured in a way that the core values as SHE, quality, 
deliverability and cost of AstraZeneca are represented. However, competitive priorities like 
flexibility and innovation have not been found in documents which were reviewed.  
 
In observation, the core strategies from AstraZeneca are found at different places. The main 
competitive priorities like SHE, quality and deliverability could be seen at visits in the 
production. On the shop floor, different charts and figures track the main competitive priorities.  
These competitive priorities are tracked mostly separately. Therefore, it is not known whether 
the different competitive priorities support and affect each other. Additionally, in meetings it was 
shown that AstraZeneca is competing nowadays as well in innovation as they focus on 
developing new products in a high frequency to satisfy customer needs. Nevertheless, the authors 
of this paper did not see in observations that AstraZeneca focuses directly on flexibility or cost 
as a main strategy. 
 
The PW is one of the more used lean tools within process industries, and the competitive 
priorities which are observed from it were cost, deliverability and flexibility as mentioned in 
Table 5.2. The concept of the PW is to utilize the produced batch size based on changeover cost 
and inventory carrying cost. The PW outcomes for the product sequence have a direct influence 
on the cost variation, therefore cost is one of minor priorities that need to be considered in the 
PW method. The other competitive priority is the deliverability. The PW helps to balance the 
production to meet customer demands by produce small batches with multiple short runs to make 
sure to deliver the right product to the right place in the right time. Additionally, the PW is a 
flexible tool for planning and scheduling processes since it is providing a spare time called PIT 

Competitive 
Priority 

 
  Interview 

 
 Documents 

 
  Observations 

 
    PW 

 
    DES 

Cost 
Quality 
Deliverability 
Flexibility  
Innovation 
SHE 
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time in each cycle for improvement and development is included. The PIT time can be used as 
well to cover an urgent demand such as MTO products. On the other hand, the PW method has 
no impact on other strategic decisions relating to quality, innovation, and SHE priorities since 
these factors are difficult to measure through this method.        
 
The last source observed from the empirical findings was DES. The outcomes of implementing 
the PW by DES models indicate the ability of this tool to track competitive priorities include 
cost, deliverability and flexibility. Considering cost, DES was a useful tool in counting the EOQ 
for each product. As explained before, the EOQ and batch size for each product are mainly based 
on the changeover costs and inventory carrying costs. Quality is another competitive priority 
which DES traces indirectly with a limited range represented by determining numbers of defects 
from each wheel. Similar to the implementation of the PW method by other tools, DES was a 
suitable tool to track deliverability. DES can determine and draw the inventory required to 
support wheel-cycle stock and safety stock within any specified period and for any product. This 
is significant information for senior managers, planners and the logistic team where they can 
establish company long-term decisions and satisfy their customer demands. Flexibility was 
another competitive priority which the DES model is able to determine. The flexibility of the 
model in balancing the six wheels’ utilization in an efficient and quick period adds value to this 
tool compared to other tools used to balance the product wheels manually such as MS excel. DES 
brings flexibility to senior managers to test several scenarios of different number of wheels or 
different wheel periods to decide the best option. It also gives a flexibility to change one or more 
parameters such as weekly available time, planned stops, and number of shifts to test the impact 
of these changes without disturbing the real system.  

5.5 Challenges of DES use to support Strategic Decisions 

Although DES use has a contribution to support strategic decisions within several competitive 
priorities and between different organization levels, there are a number of challenges facing the 
use of DES for supporting strategic decisions. Table 5-3 summarizes these challenges based on 
the sources of the empirical finding by the authors. 
 
The main challenges conducted from the DES model was the limited ability of tracking some of 
the competitive priorities such as: quality, innovation, safety, health and environmental factors. 
Currently, AstraZeneca is tracking quality matters by a six- sigma process and therefore the 
designed DES models were built to develop better production sequences for multiple products 
using PW method. Hence, tracking those factors was not the scope of this project and it was 
difficult to determine the influence of the DES use to support strategic decisions in terms of the 
above factors. 
 
Table 5-3: Source of DES use challenges when supporting strategic decisions 

Source Challenges of DES use when supporting strategic decisions 
DES models 
 
PW development 
 
Interviews 
 
Observations 
 

Measure product quality, difficulty on tracking safety, health and 
environmental decisions.   
DES is not a perfect tool to determine the best changeover sequence of 
multiple products. 
Lack of knowledge about DES, lack of data, risk of doing something 
wrong and leads to time consumption. 
Lack of experience in DES, weak connections between operational and 
tactical levels in terms of data collection. 
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The second conducted source was the PW development model. The challenge of presenting the 
PW method though the use of DES was determining the shortest changeover time sequence 
between the sixty products or the 27 family products. As described in section 4.4 the DES model 
was built based on TSP technique to track this sequence, but the model did not provide the best 
shortest solution same as other programs such as MS excel solver or Minitab due to a large 
number of scenarios or options needed to check within a specific time period. That gives a limited 
flexibility to the DES model and pushes the authors to adopt MS excel solver to calculate the 
shortest changeover time.    
 
Several conducted interviews held with different levels of AstraZeneca employees show a lack 
of knowledge about DES and its contribution to support strategic and tactical decisions. This 
lack of knowledge was observed mainly within the tactical levels, while this knowledge increases 
between the operational levels. The interviewees could imagine using DES for logistic flows and 
it can be a good aid for decision making. The authors could not interview people from the top 
management to clarify the importance level of the use of DES to support their strategic decisions. 
Other conducted challenges from the interview source were the awareness by the interviewees 
of the importance of the collected data to any DES model but that is never easy, which impact 
on the quality of the final outcomes and the range of supporting to their strategic decisions.          
 
The author’s observation was one of the sources to conduct the changes facing the use of DES 
to support company’s strategic decisions. Consensus meetings and floor shop visits recognise a 
lack of experience in DES within the operational and planner sector. Limited staff members 
within the operational level such as production and industrial engineers were familiar with DES 
use and the range of benefits coming from the use of DES to support the company’s strategies, 
while senior planning and scheduling manager had heard about DES with less knowledge on its 
benefits in supporting company strategic and tactical decisions. That shows that AstraZeneca is 
using DES in a limited range within the operational level only. Another observed challenge of 
DES use is a weak connection between tactical and operational levels in terms of information 
communications. This lack of connection has impact on data collection requirements for the DES 
models like product unit cost, inventory carrying cost, weekly product demands and weekly 
product demand variations. This lack of information makes the model difficult to validate with 
the real-life process which in the end influences the quality of the outcome.        

43 
 



6 ANALYSIS 

6 ANALYSIS 

In this chapter, the empirical findings are analyzed and compared to the theoretical framework. 
Answers to the three research questions are given which will determine the influence of DES use 
for strategic decisions when operational changes are done. Figure 6-1 visualizes the scope of the 
research questions with the three main pillars strategic decisions, DES and operational changes. 
Afterwards, a framework is presented for the purpose of increasing the understanding of DES 
use to support strategic decisions prior to the implementation of a PW as an operational change 
in different process industries.   

 
Figure 6-1: Scope of research questions 

 

6.1 Types of Strategic Decisions that can be supported by DES  

Research question 1 concerns the determination of types of strategic decisions that can be 
supported by the use of DES in process industries prior to the implementation of operational 
changes. The results when comparing theoretical framework with empirical findings show that 
the main components of strategic decisions are innovation, flexibility, deliverability, cost, quality 
and environmental also named competitive priorities. This confirms theoretical findings from 
previous publications such as Ward et al. (1998), Wisner & Fawcett (1991), Roth & Van (1991) 
and Leong et al. (1990). Additionally, one more competitive priority is added from the case study 
which is called SHE. As described before SHE is defined as safety, health and environmental 
which will be generalized in the following text as environmental. Theoretical and empirical 
findings from the case study are synthesized to include six different dimensions of strategic 
decisions as presented in Figure 6-2.  
 

 
Figure 6-2: Six dimensions of strategic decisions 
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To find out the answer to the first research question, which kind of strategic decisions get 
supported by DES, the findings of theoretical framework and empirical findings are visualised 
in two Hexagons. Figure 6-3 visualizes the results from Table 3-1 in the theoretical framework 
where the types of strategic decisions are supported by DES. The blue area represents the zone 
where the DES can support strategic decisions. The visualization of the DES zones with the help 
of their locations in the hexagons shows which dimension of strategic decisions can be supported. 
 

 
Figure 6-3: Strategic decisions based on theory 

 
Figure 6-4 visualizes the results from the empirical findings of Table 5-2 where the types of 
strategic decisions are presented concerning the extent these competitive priorities can be 
supported by DES. The DES zone is close to the deliverability priority, while it is further away 
from cost, quality and flexibility. Since both innovation and environmental priorities are not 
under the scope of the DES model for this case study, the DES zone has a greater distance from 
these priorities.   
 

 
Figure 6-4: Strategic decisions based on case study 

 
Deliverability was the competitive priority which was commonly agreed on from theoretical and 
empirical sources. As mentioned in Table 3-1 all the investigated literates agreed on the 
importance of the DES as a useful tool in supporting many deliverability and supply chain 
decisions during operational changes (Robinson, 2014; Heilala et al 2010; Chatha & Weston, 
2006; Ingemansson, et al., 2005; Klingstam, 2001). On the other hand, all empirical finding 
which are adopted in this thesis coincide on the usefulness of DES use as a tool for deliverability 
solutions. Evidence shows on- time delivery is not only the ability to deliver the right product or 
service to the right customer, but it is also the reliability on speed delivery to these customers 
(Ward et al., 1998). This is matching the case study where deliverability or supply is one of the 
main objectives in the AstraZeneca lean house. Furthermore, the outcomes from the DES models 
were able to measure deliverability KPIs such as replenishment period, production lead time, 
cycle time and safety stock as mentioned in Appendix 8 to Appendix 15. 
 
Cost is another completive priority which can influence long-term organizational decisions 
(Wisner & Fawcett, 1991). Cost can be described in terms of productivity, capacity, utilization, 
EOQ, changeover cost and inventory carrying cost (Ward et al., 1998). However, the ability of 
DES to support cost was the second completive priority which was agreed on by all the 
investigated literature but was not confirmed by the empirical findings. Most of the interviewees 
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and observations from the consensus meetings were not emphasizing the cost as a competitive 
priority to AstraZeneca’s strategic decisions, while both PW and DES models were underline the 
importance of DES for supporting the strategic decisions in terms of cost. A reason for this 
difference can be seen in the type of products produced by pharmaceutical industries which are 
sophisticated and do not need to compete cost. Appendix 7 describes the calculation of the EOQ 
of each product based on their changeover cost and inventory carrying cost which is later used 
for determining the six wheels in Appendix 8 to 13.     
 
The priority of competing in quality lies in ensuring excellence by control mechanism mostly on 
the operational level (Ward et al., 1998). As it is shown in Table 3-1 some authors have already 
mentioned the connection between quality and DES. Ingemansson, et al. (2005) stated for 
example that the equipment efficiency can be tracked with DES and can increase the overall 
quality. In this case, OEE calculation, demonstrated in Appendix 6, can be compared to the 
results of utilization from the DES. Additionally, the straightforward visualisation of the results 
like the plotting’s of the DES in Appendix 15 can be used for a transparent communication. 
Chatha & Weston (2006) have mentioned the same positive effect of DES in their studies. Table 
5-2 shows as a summary of empirical findings that DES can support decisions to increase the 
quality. Nevertheless, it is also demonstrated that quality is not always easy to display in 
numerical results so that DES is located further away in the Hexagon compared to deliverability.  
 
The empirical findings make evident that DES use could support company strategic decisions 
for providing flexible solutions within industry processes during operational changes. Flexibility 
can be described in terms of product mix, volume, changeover time, and production sequence 
(Ward et al., 1998). Appendix 8 to 13 describe the support of DES to the long-term company 
decisions in terms of flexibility by providing between 8-13 hours every week as PIT time, where 
the production can use this period to produce some of MTO products for urgent demands. This 
period is also helpful to provide an improvement and training courses to the staff once it is 
required. On the other hand, Table 3-1 refers to only one reference (Heilala et al 2010) which 
mentioned the support of the DES to strategic decisions in terms of flexibility. 
 
As Leong, et al. (1990) mention innovation is an important competitive priority which is added 
to the traditional priorities by helping to grow a company in today’s fast moving world. However, 
the connection of DES to innovation as a competitive priority is not found in the research. One 
reason can be that the scope of this thesis is operational changes. In this executive field 
innovations are accomplished but they do not count to the strategic decisions that have to be 
made in this level. Still, in the observations of the empirical findings (Table 5-2) the authors of 
this thesis found out that DES is itself a part of the innovational process. Therefore, DES cannot 
support innovation as a strategic decision directly but the use of DES increases the innovativeness 
of the company.     
 
Environmental is a strategic decision that was not commonly considered in the process industry 
as a main competitive priority in the last decades but the focus in this field is increasing rapidly. 
The theoretical research could only find one direct connection with DES and environmental as a 
competitive priority (Table 3-1). Furthermore, the results of the empirical findings show (Table 
5-2) that DES cannot track environmental in any numerical figures. Nevertheless, the empirical 
findings further demonstrate that a change of thinking has reached this industry what was found 
out in interviews, observations and documentations. Finally, DES cannot support strategic 
decisions for environmental factors directly but the increase of deliverability and quality effect 
the environment indirectly.  
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Figure 6-5 merges these two Hexagons together to show the connection between the theoretical 
and empirical findings. Therefore, the two zones are laid on top of each other and the intersection 
is highlighted where DES can support strategic decisions. 
 

 
Figure 6-5: Strategic decisions supported by DES 

 

6.2 Contribution of DES to support Strategic Decisions  

The second research question is concerned with how DES can contribute to support strategic 
decisions prior to the implementation of operational changes in the process industry. DES use 
contributes by providing an analytical solution with a future view on different operational 
changes (Banks et al., 2010). The contribution of strategic decisions is the advantage of the long-
term thinking compared to a short-term thinking (Miltenburg, 2005). A long-term thinking is the 
core of strategic decisions and it is also included in DES. DES can support this thinking in giving 
a glimpse into the future (Chatha & Weston, 2006) and help to make decisions that concerns 
future adjustments. On the other hand, this long-term thinking of strategic decisions can be seen 
as a challenge when fast decisions have to be made. This constraint of strategic decisions is that 
consequences can only be seen after a long time (Wheelwright, 1984). This challenge can be 
addressed by DES because it can make long term consequences quickly accessible through 
simulation. Time and cost can be decreased for any operational change to visualize the effect on 
the entire process (Chadwick et al., 2006). 
 
The question is still open where to integrate DES in the organisation. It is obvious that DES 
should be involved continuously in the entire life cycle of the process so it can support decisions 
along the way (Klingstam, 2001). Throughout the case study, empirical evidence showed that 
DES is simulating operational processes and it is used as a planning tool at the tactical level. The 
decisions made on the strategic level have influence on all other levels and DES can help to 
achieve a better communication between them. Therefore, it is recommended to place the 
responsibility for DES at the tactical level as it is shown in Figure 6-6. A transparent 
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communication with the upper and lower level is given with a central competence of DES on the 
middle level.  
 

 
Figure 6-6: Location of DES in organization level 

 
From the empirical findings and a continuation of what is said above, DES should be built into 
a cooperative culture in the organisation to spread the knowledge and benefits of DES. Table 6-1 
shows how and to which extend, DES can support the entire organization in the different levels.   

 
Table 6-1: Contribution factors of DES use to support decisions in process industries 

Decision level  Horizon 
period 

Contribution of DES models to supporting 
decisions 
 

Strategic 
decisions 
 
 
 
 
 
Tactical 
decisions 

Long- term 
 
 
 

 
 
 
Medium- term 

 
 

 

- Supporting launch process of new products 
- Study operational changes 
- Provide analytical solutions 
- Dynamic visualizing 
- Provide alternatives or scenarios 
- Increase knowledge in simulated topic 
 
- Provide flexibility to meet customer demands 
- Utilize product lead time  
- Balance changeover cost vs. inventory cost 
- Track products performance 
- Improve communication with different departments 
- Increase knowledge in simulated topic 
 

Operational 
decisions 
 

Short- term - Determine the impact of different variables  
- Track production performance and KPIs 
- Dynamic visualizing 
- Improve communication with different departments 
- Increase knowledge in simulated topic 
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6.3 Challenges of DES supporting Strategic Decisions  

The last research question is investigating the challenges of using DES to support strategic 
decisions during operational changes in the process industry. Table 6-2 compares the conducted 
challenges of DES use to support strategic decisions from the theoretical framework and the 
empirical findings.  
 
Table 6-2: Source of challenges of using DES to support strategic decisions 

 
Two challenges arose in the case study which were not found in the literature. The main reason 
for this is the gap of literature investigating in the use of DES supporting strategic decisions. The 
first challenge is that not all kind of competitive priorities can be supported by DES. Some of the 
strategic decisions cannot be expressed numerically which makes it hard to include them into the 
DES model. If a decision is supposed to be supported by DES, the simulation cannot use 
experience or other non-numerical factors to give a future proposal for a change in innovation, 
for example. Furthermore, operational changes like flexibility have to be measurable to make it 
possible to compare them with other possible results.  
 
The second challenge which occurs while finding the connection of DES and strategic decisions 
is the direction that the information is carried out in. Strategic decisions are mainly made from 
top level to lower levels (Johnson et al., 2008). Top management is making strategic decision 
which will have impact on the lower levels and their decisions. Comparing this to DES, DES is 
often performed on the operational level and delivers results to the upper level to support their 
decisions. This missing connection by having two information flows in opposite directions 
creates a challenge in communicating comprehensively with all the levels. A proposal would be 
to increase the knowledge of DES in all levels of the organization to the extent that everybody 
understands the outcomes of DES and can use the benefits, while the design and building of a 
DES model can be delegated to experts only. The support of DES for competitive priorities can 
be seen as an interpretation since it is not always an explicit result which means that there is a 
need to make the connection between model results and the decisions that top management is 
considering. 
 
One of the common challenges in DES use is the data collection and their variability. During the 
thesis period, the authors had difficulties to gather the required data for the DES models, 

Challenges of DES  Theoretical 
framework 

Empirical  
findings 

Data collection (validation)   
 

  
 

Not suitable for supporting all kind of 
competitive priorities  
 

 
 

  
 

Limited solution to operational problems 
 

  
 

  
 

Time and resource consuming   
 

  
 

Lack of knowledge and experience in DES     

Weak connection between decision levels    
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especially the financial database such as changeover cost and inventory carrying cost for each 
product due to the sensitivity of this information, which forced them to assume these figures. 
This assumption has an impact on the quality of the models outcomes (Bokrantz et al., 2015; 
Ingemansson et al., 2005). In most of the cases the collected data can take a large portion of the 
simulation process, which creates additional challenges to the use of DES relating to the time 
consumption and resource allocations (Robinson, 2014). Most of the conducted interviews 
highlighted this problem and reflected the concerns of interviewees about the time consumption 
through adopting DES as a new process in operational changes where it can lead to more time 
consumption. Generally, these concerns come from the lack of knowledge and experience in use 
of DES applications (Steinemann et al., 2013; Popovics et al., 2016). This could also be observed 
by the authors during their interviews and meetings with different levels of employees. There 
was a lack of knowledge in DES use and its support for the operational changes. Besides, DES 
could be not the suitable tool in some cases to be applied for such operational changes (Banks et 
al., 2010). That could be another challenge added to the use of DES in the process industries to 
support their strategic decisions as indicated in chapter 5.5 when adopting MS excel solver to 
find the shortest changeover time of 60 products was more reliable and validated than using the 
DES model.              
 
Eventually, another challenge will be faced when supporting strategic decisions with DES. 
Trade-offs at strategic decisions cause unknown changes which means that the different 
competitive priorities can affect each other in a negative way (Skinner, 1969; Wheelwright, 
1984). In the long-term, this has a negative effect on the overall strategic decisions. As it is 
observed in the case study, the considered company is not aware of these trade-offs and tracks 
the competitive priorities separately. An example for unknown effects of these trade-offs is a 
high prioritisation for deliverability that was concluded in Figure 6-4. Large batches have been 
produced with a high stock level for delivering them to the customer. The new challenge and 
target for the case company is to produce the same number of products in smaller batches to get 
more flexibility, to save storing cost but also avoid a decrease of the deliverability and the 
production cost. With the simulation of the PW a new production sequence is possible to keep 
the high standards of deliverability but also increase the flexibility. Furthermore, it can be 
precarious to think in a short-term way while facing operational changes because it increases the 
uncertainty for the future. The effect of decisions that are made quickly cannot consider the long-
term effects and also not the trade-offs that might come up. The different competitive priorities 
can be tracked by DES simultaneously as it is described in the following chapter and even the 
trade-offs can be understood to some extent.   

6.4 Framework for supporting Strategic Decisions by DES use when 
implementing a PW  

This section presents a framework developed to describe the use of DES to support strategic 
decisions prior implementing a PW technique as an operational change. The importance of the 
operational changes is to achieve company long-term decisions. Therefore, this framework 
provides a guideline to identify the needs of contribution range for DES use in supporting 
different types of the completive priorities prior to the implementation of the PW method. The 
framework is built as a summary of the main findings from this thesis. The framework in Figure 
6-7 consists of three phases, where each phase illustrates the main steps for building the PW 
through the use of DES. Besides, it identifies the main contribution of this phase to the company’s 
strategic decisions in terms of the achieved competitive priority.     
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Phase-I: Supporting flexibility by determining the shortest changeover time  
This phase consists of several steps, which identifies the product changeover matrix, ended with 
one decision gate to determine the shortest changeover time sequence for those products. 
Flexibility is very important for the process industry nowadays as it was discussed in the theory 
of this thesis. To increase flexibility, the shortest changeover time is calculated in this phase 
which furthermore helps to support this strategic decision in comparing the results with each 
other and determining the shortest time of the different scenarios. The use of this phase guides 
to clarify the flexibility as a contributor for the operational changes via DES support.  
 
Phase-II: Supporting cost by designing the wheel 
The overall competitive priority cost is measured and compared in phase II. The changeover cost 
is confronted with the inventory cost. These results can support strategic decisions when it comes 
to cost decisions and the total costs of the process. The outcomes from the use of DES in this 
phase illustrate the shape of the required wheels and their time span based on the utilization of 
cost parameters such us changeover cost and inventory carrying cost. 

 
Phase-III: Supporting deliverability by determining OEE and Inventory Level 
The deliverability is another competitive priority measured and compared in phase III. Through 
calculating different times like schedules, unplanned stop times and OEE the numbers can be 
compared with inventory level and safety stock level to increase the deliverability. The final 
results can support the strategic decision when it comes to deliverability. 
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Figure 6-7: Framework for DES use to support strategic decisions prior PW implementations 
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7 CONCLUSIONS AND RECOMMENDATIONS 

This section presents the conclusion for this research where findings and analysis are 
summarized. Finally, recommendations are suggested for further research. This thesis aimed to 
analyze the support of DES use for strategic decisions in process industries prior to operational 
change implementations. The problem arises when companies start to build their strategic 
decisions for operational changes based on one or two competitive priorities, while ignoring the 
impact of other components. More likely, these decisions could provide solutions in the short-
term period, but do not support the long-term goals and result in reducing the company’s 
competitiveness in the market. 
 
This research investigated the dimensions of support that DES use can bring to strategic decisions 
for operational changes in the process industries. To achieve this objective, the following three 
research questions were formulated:  
     

RQ 1: What type of strategic decisions can be supported by Discrete 
Event Simulation in the process industry prior to the 
implementation of operational changes? 

 
RQ2: How can Discrete Event Simulation contribute to support 

strategic decisions prior to the implementation of operational 
changes in the process industry?  

 
RQ 3: What are the challenges in the use of Discrete Event Simulation 

when supporting strategic decisions prior to the implementation 
of operational changes in the process industry? 

 
In order to answer these questions, a single case study was performed at AstraZeneca – 
Södertalje. This company is planning to develop their product scheduling process through 
introducing the PW technique instead of their current manual process. The goal was to provide 
more flexibility to the planning and scheduling system when dealing with future customer orders 
of smaller lot sizes and a higher variety of SKUs. DES was used as a tool for testing the impact 
of this operational change on AstraZeneca’s strategic decisions. DES was described in chapter 4 
and helped to answer research question one, while empirical findings were presented in chapter 
5 which answered research questions two and three. In this chapter the authors’ observations, 
interviews and documents show how the company works with the planning and scheduling 
process and on which major priority decisions each department focuses on. Besides, the main 
challenges are presented which the company faces to achieve their strategic goals.    
   
The analysis of this thesis shows that strategic decisions can be supported by the use of DES. In 
this case study, DES could support the competitive priority deliverability by providing different 
variables that could be compared. Cost is another competitive priority that can be tracked by 
DES but the core focus for the investigated company was not lying in this field. Because of that 
there were no decisions to be made for cost. Nevertheless, cost should be tracked so it can be 
observed whether other decisions have a negative impact on it. Flexibility and quality are 
competitive priorities that can be tracked indirectly by DES and can support strategic decisions 
to some extent. The main reason for difficulties in pursuing flexibility and quality is that these 
two competitive priorities are sometimes impossible to display in numerical results. Decisions 
about environmental and innovation were not supported in this case study by the DES when the 
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operational change was simulated. However, DES can be used in an innovational process to 
support other competitive priorities which can result in an increase of environmental factors.        
 
The analysis for research question two shows that DES can be a useful tool for long-term 
decisions by providing analytical solutions in different scenarios, dynamic visualization and an 
increase of knowledge about the simulated operational change. Within this case study the 
implementation of the DES use shifts from the operational level to the tactical level through 
simulating a process relating to supply chain models. That emphasizes the idea of DES being 
involved continuously in the entire process so it can support decisions within different levels.   
 
In addition to the challenges of DES use pointed out in past publications when supporting 
strategic decisions such as data collection, time and resources, lack of knowledge or solving all 
operational changes, two further challenges were identified from the empirical findings in the 
use of DES for operational changes. First, DES was not suitable for supporting all kinds of 
competitive priorities such as quality, environment and innovation. The second challenge was 
the difference of the communication direction between the DES use and the strategic decisions. 
Normally, strategic decisions are made by top management and followed by the lower levels, 
while DES is generally performed in the operational level and delivers results to upper levels.  
 
To support the aim of this thesis, and based on a synthesis of empirical results and theoretical 
findings a framework was developed. This framework utilizes the connection between the 
strategic decisions and DES outcomes to meet the overall company goals. The framework was 
developed to describe the use of DES for supporting strategic decisions prior to implementing a 
PW technique as an operational change. This framework provides a guideline to identify the 
range of contributions from DES use for supporting different types of the competitive priorities 
prior to the implementation of the PW method. In addition, the authors recommend AstraZeneca 
to track the financial records for each product used in the DES models since those figures had to 
be assumed by the authors.   
 
Generally, DES is used for supporting operational changes. Concerns of day-to-day work like 
timing schedules are operational decisions that DES can encourage through building a virtual 
model to imitate the real-world system. This case study is a good example for not only using 
DES for operational chances, since the company is planning to develop their production 
scheduling process through DES to provide better flexibility and deliverability to the system. 
Therefore, future research could focus on the investigation of DES use on the tactical level which 
will increase the communication between the different levels. DES can also be used as a 
communication tool that supports all decision levels. A suggestion is to increase the knowledge 
of DES in the entire organization so that everybody understands the outcomes of DES and can 
use DES beneficially.  
 
As it is mentioned above, DES is a useful tool for supporting deliverability, cost and flexibility 
by implementing the PW, while it has a limited capability when dealing with other strategic 
decisions such as quality, innovation and environment. Since this thesis was undertaken as a 
single case study, results cannot be generalized to all extent. Therefore, further research is 
required to investigate which strategic decisions can be supported by other operational changes 
and how DES should be used in different cases.  
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9  APPENDICES 

Appendix 1: Interview Questions 
Topics:  Operational Changes (PW) – Strategic Decisions – DES  
Duration:  35 min 
 
Background 
Tell me a little bit about yourself? 
What is your position in the company? 
Tell me a little bit what AZ does? (Competitive Priorities/ what type of strategies) 
What do you do here at AZ? What are your tasks in your daily work? 
 
Our project 
How are you involved in this project? 
Why was this project/master thesis initiated? 
What is the objective? (! Find out more!) 
What have happened until now in this project? 
What will be your next steps? 
Once our project is done, what will you do? (What is the long term aim?) 
What do you think are benefits of the project? 
 
Operational Changes: 
What do you think are benefits of the PW? (Have you heard about the PW before?) 
How will this project change the things/process at AZ? Or: How does this project change the 
factory?  
How do you evaluate this changes at AZ? (e.g. excel, KPI’s) 
Can you describe the process of evaluating this changes? (e.g. Stage Gate; structure? Strategy?) 
When do you evaluate these changes? 
Who do you present the results to? 
(Thinking break) You mentioned above that … was important for AZ, how do they relate to these 
changes? (KPI) 
(If there is no connection) How do you think this can be connected? 
How are the competitive priorities reflecting your decisions? 
(Tell about our project – RQ) 
How do you think AZ can connect the high end strategic goals that you described before with 
the changes that this project is trying to achieve? 
 
DES – are you familiar with DES, if yes … 
How does DES support changes like the one in this project?  
When is DES used and who do you present it to? 
Could you describe the connection between DES and the competitive priorities that you just 
mentioned?  
What do you think are the benefits of using DES when supporting these competitive priories?  
What do you think are the disadvantages of using DES when supporting these competitive 
priories? 
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Appendix 2: Layout packing line 17 
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APPENDIX 3 

Appendix 3: Products input details 
 

 
 
 
 
 

No Product Name Product 
Code

Production 
Priority sequnce

Number 
of 

Blisters 
per 

Carton

Number 
of 

Cartons 
per 

Shipping
Box

Takt 
Time 

blister 
per 

minute

Annual 
Production 

Volume 
(Blisters)

Annual 
Producti

on 
Volume 
(Carton)

Annual 
Demand 
Standard 
Deviation

Product 
Mix

No. Of 
defects 

per cycle 
or per 
week 

(Scrap)
1 ATACAND TAB 4MG BL 2X14EA IE 190027121 @.003 ATACAND 2 88 400 9 328 4 664 933 0,06% 6%
2 ATACAND TAB 4MG BL 2X14EA SXA 190027197 @.003 ATACAND 2 88 400 7 040 3 520 704 0,05% 6%
3 ATACAND TAB 4MG BL 2X14EA X4D 100000713 @.003 ATACAND 2 88 400 10 528 5 264 1053 0,07% 6%
4 ATACAND TAB 4MG BL 2X14EA SXB 190027175 @.004 ATACAND 2 56 400 57 310 28 655 4012 0,39% 6%
5 ATACAND TAB 4MG BL 7X14EA 003789501 @.006 ATACAND 7 40 400 45 080 6 440 3606 0,31% 6%
6 ATACAND TAB 8MG BL 1X14EA PL 199892137 @.007 ATACAND 1 88 250 6 512 6 512 977 0,04% 6%
7 ATACAND TAB 8MG BL 2X14EA 182222097 @.009 ATACAND 2 88 400 528 772 264 386 21151 3,63% 6%
8 ATACAND TAB 8MG BL 2X14EA BG 190027512 @.009 ATACAND 2 88 400 72 336 36 168 7234 0,50% 6%
9 ATACAND TAB 8MG BL 2X14EA HR 182469244 @.009 ATACAND 2 88 400 22 352 11 176 2235 0,15% 6%
10 ATACAND TAB 8MG BL 2X14EA IE 190027521 @.009 ATACAND 2 88 400 13 728 6 864 1647 0,09% 6%
11 ATACAND TAB 8MG BL 2X14EA PL 190027537 @.009 ATACAND 2 88 400 108 016 54 008 10802 0,74% 6%
12 ATACAND TAB 8MG BL 2X14EA TR 182222045 @.009 ATACAND 2 88 400 966 480 483 240 19330 6,63% 6%
13 ATACAND TAB 8MG BL 2X14EA X4D 100000714 @.009 ATACAND 2 88 400 65 538 32 769 6554 0,45% 6%
14 ATACAND TAB 8MG BL 2X14EA IL 182222059 @.010 ATACAND 2 56 400 41 216 20 608 4122 0,28% 6%
15 ATACAND TAB 8MG BL 2X14EA SXB 187891075 @.010 ATACAND 2 56 400 132 474 66 237 10598 0,91% 6%
16 ATACAND TAB 8MG BL 2X14EA ZA 191110893 @.010 ATACAND 2 56 400 35 952 17 976 4314 0,25% 6%
17 ATACAND BU TAB 8MG BL 7(1X14)EA SA 100000467 @.012 ATACAND 7 40 400 123 242 17 606 12324 0,85% 6%
18 ATACAND TAB 8MG BL 7X14EA 003622801 @.012 ATACAND 7 40 400 148 680 21 240 14868 1,02% 6%
19 ATACAND TAB 16MG BL 1X14EA PL 199893937 @.013 ATACAND 1 88 250 2 275 2 275 455 0,02% 6%
20 ATACAND TAB 16MG BL 2X14EA 182241597 @.015 ATACAND 2 88 400 735 328 367 664 29413 5,04% 6%
21 ATACAND TAB 16MG BL 2X14EA BG 190027712 @.015 ATACAND 2 88 400 134 400 67 200 13440 0,92% 6%
22 ATACAND TAB 16MG BL 2X14EA HR 191111644 @.015 ATACAND 2 88 400 17 944 8 972 2153 0,12% 6%
23 ATACAND TAB 16MG BL 2X14EA IE 190027721 @.015 ATACAND 2 88 400 11 468 5 734 1720 0,08% 6%
24 ATACAND TAB 16MG BL 2X14EA PL 190027737 @.015 ATACAND 2 88 400 285 376 142 688 22830 1,96% 6%
25 ATACAND TAB 16MG BL 2X14EA SK 182121223 @.015 ATACAND 2 88 400 90 208 45 104 9021 0,62% 6%
26 ATACAND TAB 16MG BL 2X14EA TR 182241545 @.015 ATACAND 2 88 400 1 393 332 696 666 27867 9,55% 6%
27 ATACAND TAB 16MG BL 2X14EA X4D 100000715 @.015 ATACAND 2 88 400 85 384 42 692 8538 0,59% 6%
28 ATACAND TAB 16MG BL 2X14EA IL 182241559 @.016 ATACAND 2 56 400 39 648 19 824 4758 0,27% 6%
29 ATACAND TAB 16MG BL 2X14EA SXB 182241575 @.016 ATACAND 2 56 400 94 640 47 320 9464 0,65% 6%
30 ATACAND TAB 16MG BL 2X14EA ZA 191111693 @.016 ATACAND 2 56 400 94 158 47 079 11299 0,65% 6%
31 ATACAND BU TAB 16MG BL 7(1X14)EA SA 100000468 @.018 ATACAND 7 40 400 360 360 51 480 18018 2,47% 6%
32 ATACAND TAB 16MG BL 7X14EA 003556801 @.018 ATACAND 7 40 400 148 974 21 282 14897 1,02% 6%
33 ATACAND PLUS TAB 8/12.5MG BL 7X14EA 000202702 @.024 ATACAND 7 40 400 31 080 4 440 3730 0,21% 4%
34 ATACAND PLUS TAB 16/12.5MG BL 1X14EA SXC 180008816 @.026 ATACAND 1 56 250 4 088 4 088 613 0,03% 4%
35 ATACAND PLUS TAB 16/12.5MG BL 28EA IE 190026221 @.027 ATACAND 2 88 400 22 000 11 000 2640 0,15% 4%
36 ATACAND PLUS TAB 16/12.5MG BL 2X14EA 181110045 @.027 ATACAND 2 88 400 6 907 990 3 453 995 69080 47,37% 4%
37 ATACAND PLUS TAB 16/12.5MG BL 2X14EA HR 191112844 @.027 ATACAND 2 88 400 24 398 12 199 3660 0,17% 4%
38 ATACAND PLUS TAB 16/12.5MG BL 2X14EA IL 181110059 @.028 ATACAND 2 56 400 37 184 18 592 4462 0,25% 4%
39 ATACAND PLUS TAB 16/12.5MG BL 2X14EA SXB 181110075 @.028 ATACAND 2 56 400 105 584 52 792 10558 0,72% 4%
40 ATACAND PLUS TAB 16/12.5MG BL 2X14EA ZA 191112893 @.028 ATACAND 2 56 400 134 736 67 368 16168 0,92% 4%
41 ATACAND PLUS TAB 16/12.5MG BL 6X14EA TR 181118445 @.029 ATACAND 6 40 400 213 444 35 574 21344 1,46% 4%
42 ATACAND PLUS TAB 16/12.5MG BL 7X14EA 000098502 @.030 ATACAND 7 40 400 278 586 39 798 27859 1,91% 4%
43 ATACAND+ BU TAB 16/12.5MG BL7(1X14)EA SA 100000469 @.030 ATACAND 7 40 400 76 440 10 920 7644 0,52% 6%
44 ATACAND TAB 32MG BL 2X14EA 190025597 @.033 ATACAND 2 66 400 13 312 6 656 1597 0,09% 6%
45 ATACAND TAB 32MG BL 2X14EA LT 190025510 @.033 ATACAND 2 66 400 852 426 170 0,01% 6%
46 ATACAND TAB 32MG BL 2X14EA TR 190025545 @.033 ATACAND 2 66 400 259 432 129 716 25943 1,78% 6%
47 ATACAND TAB 32MG BL 2X14EA SXB 190025575 @.034 ATACAND 2 42 400 900 450 180 0,01% 6%
48 ATACAND TAB 32MG BL 2X14EA ZA 180004593 @.034 ATACAND 2 42 400 17 880 8 940 2146 0,12% 6%
49 ATACAND TAB 32MG BL 7X14EA 001917501 @.036 ATACAND 7 24 400 39 816 5 688 4778 0,27% 6%
50 ATACAND PLUS TAB 32/12.5MG BL 2X14EA GR 193212561 @.039 ATACAND 2 66 400 128 904 64 452 12890 0,88% 4%
51 ATACAND PLUS TAB 32/12.5MG BL 28EA ZA 100000015 @.040 ATACAND 2 42 400 19 800 9 900 2376 0,14% 4%
52 ATACAND PLUS TAB 32/12.5MG BL 2X14EA SXA 183212597 @.040 ATACAND 2 42 400 10 584 5 292 1588 0,07% 4%
53 ATACAND PLUS TAB 32/12.5MG BL 7X14EA 002970601 @.041 ATACAND 7 24 400 133 560 19 080 13356 0,92% 4%
54 ATACAND PLUS TAB 32/12.5MG BL 7X14EA NO 003580202 @.041 ATACAND 7 24 400 24 528 3 504 2943 0,17% 4%
55 ATACAND PLUS SA TAB 32/25MG BL 1X14EA EG 100004725 @.043 ATACAND 1 42 250 5 040 5 040 756 0,03% 4%
56 ATACAND PLUS TAB 32/25MG BL 1X14 EA EG 100004727 @.043 ATACAND 1 42 250 23 520 23 520 2822 0,16% 4%
57 ATACAND PLUS TAB 32/25MG BL 2X14EA GR 180322561 @.044 ATACAND 2 66 400 76 380 38 190 7638 0,52% 4%
58 ATACAND PLUS TAB 32/25MG BL 28EA ZA 100000016 @.045 ATACAND 2 42 400 6 048 3 024 907 0,04% 4%
59 ATACAND PLUS TAB 32/25MG BL 2X14EA SXA 180322597 @.045 ATACAND 2 42 400 13 104 6 552 1966 0,09% 4%
60 ATACAND PLUS TAB 32/25MG BL 7X14EA 002972901 @.046 ATACAND 7 24 400 85 988 12 284 8599 0,59% 4%

14 583 257 100%

1 blister = smallest unit
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Appendix 4: Products changeover time matrix 

 

Product Code 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
  

Pr
od

uc
t C

od
e

The Matrix

@
.0

03
 A

TA
CA

N
D 

4m
g 

- 2
 B

L

@
.0

04
 A

TA
CA

N
D 

4m
g 

- 2
 B

L

@
.0

06
 A

TA
CA

N
D 

4m
g 

- 7
 B

L

@
.0

07
 A

TA
CA

N
D 

8m
g 

- 1
 B

L

@
.0

09
 A

TA
CA

N
D 

8m
g 

- 2
 B

L

@
.0

10
 A

TA
CA

N
D 

8m
g 

- 2
 B

L

@
.0

12
 A

TA
CA

N
D 

8m
g 

- 7
 B

L

@
.0

13
 A

TA
CA

N
D 

16
m

g 
- 1

 B
L

@
.0

15
 A

TA
CA

N
D 

16
m

g 
- 2

 B
L

@
.0

16
 A

TA
CA

N
D 

16
m

g 
- 2

 B
L

@
.0

18
 A

TA
CA

N
D 

16
m

g 
- 7

 B
L

@
.0

24
 A

TA
CA

N
D 

PL
U

S 
8 

+ 
12

.5
m

g 
- 7

 B
L

@
.0

26
 A

TA
CA

N
D 

PL
U

S 
16

 +
 1

2.
5m

g 
- 1

 B
L

@
.0

27
 A

TA
CA

N
D 

PL
U

S 
16

 +
 1

2.
5m

g 
- 2

 B
L

@
.0

28
 A

TA
CA

N
D 

PL
U

S 
16

 +
 1

2.
5m

g 
- 2

 B
L

@
.0

29
 A

TA
CA

N
D 

PL
U

S 
16

 +
 1

2.
5m

g 
- 6

 B
L

@
.0

30
 A

TA
CA

N
D 

PL
U

S 
16

 +
 1

2.
5m

g 
- 7

 B
L

@
.0

33
 A

TA
CA

N
D 

32
m

g 
- 2

 B
L

@
.0

34
 A

TA
CA

N
D 

32
m

g 
- 2

 B
L

@
.0

36
 A

TA
CA

N
D 

32
m

g 
- 7

 B
L

@
.0

39
 A

TA
CA

N
D 

PL
U

S 
32

 +
 1

2.
5m

g 
- 2

 B
L

@
.0

40
 A

TA
CA

N
D 

PL
U

S 
32

 +
 1

2.
5m

g 
- 2

 B
L

@
.0

41
 A

TA
CA

N
D 

PL
U

S 
32

 +
 1

2.
5m

g 
- 7

 B
L

@
.0

43
 A

TA
CA

N
D 

PL
U

S 
32

 +
 2

5m
g 

- 1
 B

L

@
.0

44
 A

TA
CA

N
D 

PL
U

S 
32

 +
 2

5m
g 

- 2
 B

L

@
.0

45
 A

TA
CA

N
D 

PL
U

S 
32

 +
 2

5m
g 

- 2
 B

L

@
.0

46
 A

TA
CA

N
D 

PL
U

S 
32

 +
 2

5m
g 

- 7
 B

L

1 @.003 ATACAND 4mg - 2 BL 1,81 3,04 3,04 3,04 2,58 3,04 3,04 3,04 2,58 3,04 3,04 5,29 5,29 4,39 5,29 5,29 5,29 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 5,29
2 @.004 ATACAND 4mg - 2 BL 3,04 1,81 3,04 3,04 3,04 2,58 3,04 3,04 3,04 2,58 3,04 5,29 5,29 5,29 4,39 5,29 5,29 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 5,29
3 @.006 ATACAND 4mg - 7 BL 3,04 3,04 1,81 3,04 3,04 3,04 2,58 3,04 3,04 3,04 2,58 4,39 5,29 5,29 5,29 5,29 4,39 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 5,29
4 @.007 ATACAND 8mg - 1 BL 3,04 3,04 3,04 1,81 3,04 3,04 3,04 2,58 3,04 3,04 3,04 5,29 5,29 5,29 5,29 5,29 5,29 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 5,29
5 @.009 ATACAND 8mg - 2 BL 2,58 3,04 3,04 3,04 1,81 3,04 3,04 3,04 2,58 3,04 3,04 5,29 5,29 4,39 5,29 5,29 5,29 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 5,29
6 @.010 ATACAND 8mg - 2 BL 3,04 2,58 3,04 3,04 3,04 1,81 3,04 3,04 3,04 2,58 3,04 5,29 5,29 5,29 4,39 5,29 5,29 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 5,29
7 @.012 ATACAND 8mg - 7 BL 3,04 3,04 2,58 3,04 3,04 3,04 1,81 3,04 3,04 3,04 2,58 4,39 5,29 5,29 5,29 5,29 4,39 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 5,29
8 @.013 ATACAND 16mg - 1 BL 3,04 3,04 3,04 2,58 3,04 3,04 3,04 1,81 3,04 3,04 3,04 5,29 5,29 5,29 5,29 5,29 5,29 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 5,29
9 @.015 ATACAND 16mg - 2 BL 2,58 3,04 3,04 3,04 2,58 3,04 3,04 3,04 1,81 3,04 3,04 5,29 5,29 4,39 5,29 5,29 5,29 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 5,29
10 @.016 ATACAND 16mg - 2 BL 3,04 2,58 3,04 3,04 3,04 2,58 3,04 3,04 3,04 1,81 3,04 5,29 5,29 5,29 4,39 5,29 5,29 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 5,29
11 @.018 ATACAND 16mg - 7 BL 3,04 3,04 2,58 3,04 3,04 3,04 2,58 3,04 3,04 3,04 1,81 4,39 5,29 5,29 5,29 5,29 4,39 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 5,29
12 @.024 ATACAND PLUS 8 + 12.5mg - 7 BL 5,29 5,29 4,39 5,29 5,29 5,29 4,39 5,29 5,29 5,29 4,39 1,81 3,04 3,04 3,04 3,04 2,58 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 4,73
13 @.026 ATACAND PLUS 16 + 12.5mg - 1 BL 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 3,04 1,81 3,04 3,04 3,04 3,04 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 4,73
14 @.027 ATACAND PLUS 16 + 12.5mg - 2 BL 4,39 5,29 5,29 5,29 4,39 5,29 5,29 5,29 4,39 5,29 5,29 3,04 3,04 1,81 3,04 3,04 3,04 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 4,73
15 @.028 ATACAND PLUS 16 + 12.5mg - 2 BL 5,29 4,39 5,29 5,29 5,29 4,39 5,29 5,29 5,29 4,39 5,29 3,04 3,04 3,04 1,81 3,04 3,04 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 4,73
16 @.029 ATACAND PLUS 16 + 12.5mg - 6 BL 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 3,04 3,04 3,04 3,04 1,81 3,04 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 4,73
17 @.030 ATACAND PLUS 16 + 12.5mg - 7 BL 5,29 5,29 4,39 5,29 5,29 5,29 4,39 5,29 5,29 5,29 4,39 2,58 3,04 3,04 3,04 3,04 1,81 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 4,73
18 @.033 ATACAND 32mg - 2 BL 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 1,81 3,04 3,04 4,39 5,29 5,29 5,29 4,39 5,29 5,29
19 @.034 ATACAND 32mg - 2 BL 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 3,04 1,81 3,04 5,29 4,39 5,29 5,29 5,29 4,39 5,29
20 @.036 ATACAND 32mg - 7 BL 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 4,73 5,29 5,29 5,29 5,29 5,29 5,29 3,04 3,04 1,81 5,29 5,29 4,39 5,29 5,29 5,29 4,39
21 @.039 ATACAND PLUS 32 + 12.5mg - 2 BL 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 4,39 5,29 5,29 1,81 3,04 3,04 3,04 2,58 3,04 3,04
22 @.040 ATACAND PLUS 32 + 12.5mg - 2 BL 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 5,29 4,39 5,29 3,04 1,81 3,04 3,04 3,04 2,58 3,04
23 @.041 ATACAND PLUS 32 + 12.5mg - 7 BL 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 5,29 5,29 4,39 3,04 3,04 1,81 3,04 3,04 3,04 2,58
24 @.043 ATACAND PLUS 32 + 25mg - 1 BL 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 5,29 5,29 5,29 3,04 3,04 3,04 1,81 3,04 3,04 3,04
25 @.044 ATACAND PLUS 32 + 25mg - 2 BL 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 4,39 5,29 5,29 2,58 3,04 3,04 3,04 1,81 3,04 3,04
26 @.045 ATACAND PLUS 32 + 25mg - 2 BL 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 5,29 4,39 5,29 3,04 2,58 3,04 3,04 3,04 1,81 3,04
27 @.046 ATACAND PLUS 32 + 25mg - 7 BL 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 5,29 4,73 4,73 4,73 4,73 4,73 4,73 5,29 5,29 4,39 3,04 3,04 2,58 3,04 3,04 3,04 1,81
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APPENDIX 5 

Appendix 5: Working hours, Planned & Unplanned stops 
 

 

Scheduled working hours

1st. Shift 2nd. Shift 3rd. Shift Weekend

Monday 8,00 8,50 16,50

Tuesday 8,00 8,50 16,50

Wednesday 8,00 8,50 16,50

Thursday 8,00 8,50 16,50

Friday 5,00 7,00 12,00

Saturday 0,00

Sunday 0,00

Total/week 37,00 41,00 0,00 0,00 78,00
Total/year 4 056

Breaks

1st. Shift 2nd. Shift 3rd. Shift Weekend

Monday 0,50 0,50 1,00

Tuesday 0,50 0,50 1,00

Wednesday 0,50 0,50 1,00

Thursday 0,50 0,50 1,00

Friday 0,50 0,50 1,00

Saturday 0,00

Sunday 0,00

Total/week 2,50 2,50 0,00 0,00 5,00
Total/year 260

Planned Stop time

1st. Shift 2nd. Shift 3rd. Shift Weekend

Monday 1,00 1,00 2,00

Tuesday 1,00 1,00 2,00

Wednesday 1,00 1,00 2,00

Thursday 1,00 1,00 2,00

Friday 1,00 1,00

Saturday 0,00

Sunday 0,00

Total/week 4,00 5,00 0,00 0,00 9,00
Total every 8 hr. stops/year 468
Total every 200 hr. stops/year 116
Total every 2000 hr. stops/year 106
Total planned stops/ year 691

Unplanned stop time

1st. Shift 2nd. Shift 3rd. Shift Weekend

Monday 3,00 3,00

Tuesday 3,00 3,00

Wednesday 4,00 4,00

Thursday 5,00 5,00

Friday 3,00 3,00

Saturday 0,00

Sunday 0,00

Total/week 8,00 10,00 0,00 0,00 18,00
Total/year 936

Bought cycle time for Blister Line 17 0,15 Sec/ Blister

No. of production/ year 14 583 257 Blisters

Defect items per year 729 163
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APPENDIX 6 

Appendix 6: OEE chart for Blister 17 
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APPENDIX 7 

Appendix 7: Calculate EOQ & Optimum Sequence 
 

 
 
 

No Product Name Production Priority sequnce Annual 
Production 

Volume 
(Blisters)

C/O Cost 5000 Unit 
cost/ 

material 
V

Inventory 
carring cost 
persentage 

EOQ

Optmum 
Frequency 

(Weeks)

Recomm
ended 

(Weeks)

1 ATACAND TAB 8MG BL 1X14EA PL @.007 ATACAND 6512 12889 60 25% 3 345 26,7 26
2 ATACAND TAB 16MG BL 1X14EA PL @.013 ATACAND 2275 15175 60 25% 2 146 49,0 49
3 ATACAND TAB 4MG BL 7X14EA @.006 ATACAND 45080 12889 60 25% 8 802 10,2 10
4 ATACAND BU TAB 8MG BL 7(1X14)E  @.012 ATACAND 123242 9058 60 25% 12 200 5,1 5
5 ATACAND TAB 8MG BL 7X14EA @.012 ATACAND 148680 12889 60 25% 15 985 5,6 5
6 ATACAND BU TAB 16MG BL 7(1X14)  @.018 ATACAND 360360 9058 60 25% 20 862 3,0 3
7 ATACAND TAB 16MG BL 7X14EA @.018 ATACAND 148974 9058 60 25% 13 414 4,7 4
8 ATACAND PLUS TAB 8/12.5MG BL 7X @.024 ATACAND 31080 21950 60 25% 9 537 16,0 15
9 ATACAND PLUS TAB 16/12.5MG BL 7 @.030 ATACAND 278586 12889 60 25% 21 881 4,1 4
10 ATACAND+ BU TAB 16/12.5MG BL7(  @.030 ATACAND 76440 9058 60 25% 9 608 6,5 6
11 ATACAND PLUS TAB 16/12.5MG BL 2  @.028 ATACAND 37184 15175 60 25% 8 674 12,1 12
12 ATACAND PLUS TAB 16/12.5MG BL 2  @.028 ATACAND 105584 9058 60 25% 11 293 5,6 5
13 ATACAND PLUS TAB 16/12.5MG BL 2  @.028 ATACAND 134736 15175 60 25% 16 511 6,4 6
14 ATACAND PLUS TAB 16/12.5MG BL 1  @.026 ATACAND 4088 15175 60 25% 2 876 36,6 36
15 ATACAND PLUS TAB 16/12.5MG BL 2  @.027 ATACAND 22000 9058 60 25% 5 155 12,2 12
16 ATACAND PLUS TAB 16/12.5MG BL 2  @.027 ATACAND 24398 9058 60 25% 5 428 11,6 11
17 ATACAND PLUS TAB 16/12.5MG BL 2 @.027 ATACAND 6907990 15175 60 25% 118 226 0,9 1
18 ATACAND PLUS TAB 16/12.5MG BL 6  @.029 ATACAND 213444 23646 60 25% 25 941 6,3 6
19 ATACAND PLUS SA TAB 32/25MG BL  @.043 ATACAND 5040 9058 60 25% 2 467 25,5 25
20 ATACAND PLUS TAB 32/25MG BL 1X   @.043 ATACAND 23520 15175 60 25% 6 899 15,3 15
21 ATACAND PLUS TAB 32/12.5MG BL 2  @.040 ATACAND 19800 9058 60 25% 4 890 12,8 12
22 ATACAND PLUS TAB 32/12.5MG BL 2  @.040 ATACAND 10584 12889 60 25% 4 265 21,0 20
23 ATACAND PLUS TAB 32/25MG BL 28  @.045 ATACAND 6048 9058 60 25% 2 703 23,2 23
24 ATACAND PLUS TAB 32/25MG BL 2X  @.045 ATACAND 13104 15175 60 25% 5 149 20,4 20
25 ATACAND PLUS TAB 32/12.5MG BL 2  @.039 ATACAND 128904 12889 60 25% 14 884 6,0 6
26 ATACAND PLUS TAB 32/25MG BL 2X  @.044 ATACAND 76380 15175 60 25% 12 432 8,5 8
27 ATACAND PLUS TAB 32/25MG BL 7X @.046 ATACAND 85988 12889 60 25% 12 156 7,4 7
28 ATACAND PLUS TAB 32/12.5MG BL 7 @.041 ATACAND 133560 9058 60 25% 12 701 4,9 4
29 ATACAND PLUS TAB 32/12.5MG BL 7  @.041 ATACAND 24528 21950 60 25% 8 473 18,0 17
30 ATACAND TAB 32MG BL 7X14EA @.036 ATACAND 39816 15175 60 25% 8 976 11,7 11
31 ATACAND TAB 32MG BL 2X14EA SXB @.034 ATACAND 900 9058 60 25% 1 043 60,2 60
32 ATACAND TAB 32MG BL 2X14EA ZA @.034 ATACAND 17880 15175 60 25% 6 015 17,5 17
33 ATACAND TAB 32MG BL 2X14EA @.033 ATACAND 13312 9058 60 25% 4 010 15,7 15
34 ATACAND TAB 32MG BL 2X14EA LT @.033 ATACAND 852 9058 60 25% 1 014 61,9 61
35 ATACAND TAB 32MG BL 2X14EA TR @.033 ATACAND 259432 23646 60 25% 28 599 5,7 5
36 ATACAND TAB 8MG BL 2X14EA @.009 ATACAND 528772 9058 60 25% 25 271 2,5 2
37 ATACAND TAB 8MG BL 2X14EA BG @.009 ATACAND 72336 9058 60 25% 9 347 6,7 6
38 ATACAND TAB 8MG BL 2X14EA HR @.009 ATACAND 22352 9058 60 25% 5 196 12,1 12
39 ATACAND TAB 8MG BL 2X14EA IE @.009 ATACAND 13728 9058 60 25% 4 072 15,4 15
40 ATACAND TAB 8MG BL 2X14EA PL @.009 ATACAND 108016 9058 60 25% 11 422 5,5 5
41 ATACAND TAB 8MG BL 2X14EA TR @.009 ATACAND 966480 9058 60 25% 34 166 1,8 1
42 ATACAND TAB 8MG BL 2X14EA X4D @.009 ATACAND 65538 12889 60 25% 10 613 8,4 8
43 ATACAND TAB 16MG BL 2X14EA @.015 ATACAND 735328 9058 60 25% 29 801 2,1 2
44 ATACAND TAB 16MG BL 2X14EA BG @.015 ATACAND 134400 9058 60 25% 12 741 4,9 4
45 ATACAND TAB 16MG BL 2X14EA HR @.015 ATACAND 17944 9058 60 25% 4 655 13,5 13
46 ATACAND TAB 16MG BL 2X14EA IE @.015 ATACAND 11468 9058 60 25% 3 722 16,9 16
47 ATACAND TAB 16MG BL 2X14EA PL @.015 ATACAND 285376 9058 60 25% 18 565 3,4 3
48 ATACAND TAB 16MG BL 2X14EA SK @.015 ATACAND 90208 9058 60 25% 10 438 6,0 6
49 ATACAND TAB 16MG BL 2X14EA TR @.015 ATACAND 1393332 9058 60 25% 41 022 1,5 1
50 ATACAND TAB 16MG BL 2X14EA X4D @.015 ATACAND 85384 12889 60 25% 12 114 7,4 7
51 ATACAND TAB 4MG BL 2X14EA IE @.003 ATACAND 9328 9058 60 25% 3 357 18,7 18
52 ATACAND TAB 4MG BL 2X14EA SXA @.003 ATACAND 7040 9058 60 25% 2 916 21,5 21
53 ATACAND TAB 4MG BL 2X14EA X4D @.003 ATACAND 10528 15175 60 25% 4 615 22,8 22
54 ATACAND TAB 8MG BL 2X14EA IL @.010 ATACAND 41216 9058 60 25% 7 055 8,9 8
55 ATACAND TAB 8MG BL 2X14EA SXB @.010 ATACAND 132474 9058 60 25% 12 649 5,0 4
56 ATACAND TAB 8MG BL 2X14EA ZA @.010 ATACAND 35952 12889 60 25% 7 860 11,4 11
57 ATACAND TAB 4MG BL 2X14EA SXB @.004 ATACAND 57310 12889 60 25% 9 924 9,0 9
58 ATACAND TAB 16MG BL 2X14EA IL @.016 ATACAND 39648 9058 60 25% 6 920 9,1 9
59 ATACAND TAB 16MG BL 2X14EA SXB @.016 ATACAND 94640 9058 60 25% 10 691 5,9 5
60 ATACAND TAB 16MG BL 2X14EA ZA @.016 ATACAND 94158 15175 60 25% 13 803 7,6 7
Total 14 583 257
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APPENDIX 8 

Appendix 8: ExtendSim output for Wheel W1 
 

 
 

 
 

 

Arrival (wks); Product no Family Product Reorder time batch_size safety_stock Wheel 1
3 4 7 5 1185 6,558 11850
16 17 14 1 13284 82,194 132840
27 28 23 4 1027 7,946 10270
39 40 5 5 1038 5,748 10380
40 41 5 1 1858 22,999 18580
48 49 9 1 2679 33,157 26790
48 43 9 2 2828 24,746 28280
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APPENDIX 9 

Appendix 9: ExtendSim output for Wheel W2 
 

 
 

 
 

 

 

Arrival (wks); Product no Family Product Reorder time batch_size safety_stock Wheel 2
16 17 14 1 13284 82,194 132840
24 25 21 6 1487 6,261 14870
36 37 5 6 834 3,514 8340
40 41 5 1 1858 22,999 18580
47 48 9 6 1040 4,382 10400
48 49 9 1 2679 33,157 26790
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APPENDIX 10 

Appendix 10: ExtendSim output for Wheel W3 
 

 
 

 
 

 

Arrival (wks); Product no Family Product Reorder time batch_size safety_stock Wheel 3
4 5 7 5 1429 7,911 14290
16 17 14 1 13284 82,194 132840
27 6 11 3 2079 12,377 20790
40 41 5 1 1858 22,999 18580
47 43 9 2 2828 24,746 28280
48 49 9 1 2679 33,157 26790
48 36 5 2 2033 17,795 20330
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APPENDIX 11 

Appendix 11: ExtendSim output for Wheel W4 
 

 
 

 
 

 

Arrival (wks); Product no Family Product Reorder time batch_size safety_stock Wheel 4
6 7 11 4 1145 8,862 11450
16 17 14 1 13284 82,194 132840
24 9 17 4 2142 16,574 21420
40 35 18 5 2494 13,805 24940
40 41 5 1 1858 22,999 18580
48 44 9 4 1033 7,996 10330
48 49 9 1 2679 33,157 26790
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APPENDIX 12 

Appendix 12: ExtendSim output for Wheel W5 
 

 
 

 
 

 

Arrival (wks); Product no Family Product Reorder time batch_size safety_stock Wheel 5
9 10 17 6 882 3,713 8820
16 17 14 1 13284 82,194 132840
24 12 15 5 1015 5,618 10150
36 36 5 2 2033 17,795 20330
36 28 23 4 1027 7,946 10270
40 41 5 1 1858 22,999 18580
48 49 9 1 2679 33,157 26790
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APPENDIX 13 

Appendix 13: ExtendSim output for Wheel W6 
 

 
 

 
 

 

Arrival (wks); Product no Family ProducReorder time batch_size safety_stock Wheel 6
12 13 15 6 1554 7,854 15540
16 17 14 1 13284 82,194 132840
24 4 7 5 1185 6,558 11850
40 18 16 6 2462 10,368 24620
40 41 5 1 1858 22,999 18580
47 40 5 5 1038 5,748 10380
48 49 9 1 2679 33,157 26790
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APPENDIX 14 

Appendix 14: MTO products during the 1st. 4 weeks cycle 
 

 
 
 
 
 
 
 
 

Arrival (wks); Product no Reorder time batch_size safety_stock
0 1 26 3250 2280
1 2 49 2140 773
2 3 10 8660 13568
7 8 15 8960 11459

10 11 12 8580 15326
13 14 36 2830 1216
14 15 12 5070 9068
15 16 11 5160 13130
18 19 25 2420 1799
19 20 15 6780 8670
20 21 12 4560 8161
21 22 20 4070 4225
22 23 23 2670 2250
23 24 20 5040 5231
25 26 8 11750 32131
26 27 7 11570 38671
28 29 17 8010 8493
29 30 11 8420 17141
30 31 60 1030 276
31 32 17 5840 6193
32 33 15 3840 4906
33 34 61 990 259
37 38 12 5150 7677
38 39 15 3960 5060
41 42 8 10080 27571
44 45 13 4480 7105
45 46 16 3520 5116
49 50 7 11490 38397
50 51 18 3220 2617
51 52 21 2840 1828
52 53 22 4450 2671
53 54 8 6340 17340
55 56 11 7600 15476
56 57 9 9910 15912
57 58 9 6860 18871
59 60 7 12670 50813
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Appendix 15: Packing Line Output 
 

 
4 Weeks Blister machine 17 KPI´s 

 
8 Weeks Blister machine 17 KPI´s 
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Six months Blister machine 17 KPI´s 

 
 

 
One year Blister machine 17 KPI´s 
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APPENDIX 15 

 
Weekly inventory replenishment level- Product # 17 

 
 

 
Biweekly inventory replenishment level- Product # 43 

 

76 
 



APPENDIX 15 

 
Three weeks inventory replenishment level- Product # 06 

 
 

 
Five weeks’ inventory replenishment level- Product # 05 
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