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ABSTRACT 

Laws and regulations are controlling and have generated great impact on the 

pharmaceutical industry and putting high requirements on production to follow 

good manufacturing procedures. There is a high pressure on production to 

decrease the time-to-volume for new products implementations due to the long 

product development phases where the medicine product patent life only have 35-

40% left when production can start. This have generated that production have 

applied a way of thinking when developing production lines that have a tendency 

of becoming a scale up over time where a new production line is added to the 

production plant to be able to produce the volume needed for customers. Astra 

Zeneca, one of the largest pharmaceutical companies in the world, predicts a 

future where they will need to handle more products launches parallel where the 

new product will be produced both in small and large volumes to new customers. 

In this thesis a single case study have been performed at where a new product is 

being implemented, the project Genuair at Astra Zeneca Sweden operations in 

Södertälje. This thesis have be executing with the overall aim of supporting the 

development of a new layout, a functional layout. The project Genuair is a project 

where a new product is introduced in a new way, by buying a patent. The project 

is in the beginning of building the first production line that have a continuous flow 

layout and there is already a plan to build a second production line to be able to 

produce the needed volume. The predicted future for the Genuair products is in 

line with the general predicted future within Astra Zeneca generating a need for 

higher volume flexibility and higher product-mix flexibility. This change will 

have an impact on the current Genuair production layout generating a decreasing 

of 45 % in volume output after analyzing the production line by building a 

simulation model. The current production layout is facing different limitations 

where long complex changeovers is the main reason for the decreasing in volume 

output. The current layout is also generating limitations where production is 

limited by equipment, vulnerable for shutdowns, laws and regulations and the 

need for fulfilling the capabilities of safety, health and environment, quality, 

deliverability and cost. 

A functional layout is presented that builds on achieving volume flexibility, 

product-mix flexibility and expansion flexibility. The introduction of a functional 

layout will generate challenges within the areas of laws and regulations, 

compliance, location of machines in different hygiene zones, traceability, material 

handling, the product-process matrix and the mind set within Astra Zeneca. The 

functional layout is analyzed by the development of a simulation model and 

compared to the current production layout and proven to handle the predicted 

future by primarily handling the changeovers in a different way that is the main 

limitation that follows by having a need for high volume flexibility and product-

mix flexibility within the pharmaceutical industry. The functional layout will 

generate a higher degree of flexibility that will come to the expense of cost. 

 

Keywords: Pharmaceutical industry, Production layout, Volume flexibility, 

Product-mix flexibility, Production flexibility and Production characteristics 
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1 INTRODUCTION 

This starting chapter will first describe the background for this thesis. Then the 

problem formulation is presented and followed by aim and research questions and 

final the scope of the thesis is clarified.  

1.1 Background 

The competitiveness within today’s manufacturing industry puts high 

requirements on developing and evolving within the whole organisation on all 

different levels. The constant evolution of globalization links companies and 

customers closer and this will affect all industrial activities that includes final 

products as well as raw materials, intermediate goods, machines, economy, 

technology and human resources (Grossman and Helpman, 1991). This has 

according to Zhang (2010) resulted in that the manufacturing industry is forced to 

value production flexibility more than ever to being able to shorten the time-to-

market due to variation in customer demand and a shortened product life cycle. 

This trend is also seen in the pharmaceutical industry and according to Pisano 

(1997) there has been radical changes in the market of pharmaceuticals. These 

changes have raised the focus on process development and manufacturing 

capabilities in an industry where previously focus have been on product 

development and the introduction of new products. According to Peterson et al. 

(2009) the pharmaceutical industry is also facing a rapid change and challenges to 

shorten the time-to-market for new products implementations and variation in 

customer demands.  

The pharmaceutical industry as part of the process industry differs from the 

manufacturing industry on many different parts. Just some of the areas that the 

pharmaceutical industry differs from the parts manufacturing industry is that there 

are laws and regulations that state how you should do things and what you are 

allowed to do. One of the larges differences are the launch and implementation of 

a new product. Based on laws and regulations and that the manufacturing 

company need approval for the product the time from idea to starting producing 

might be as long as 12-15 years and the time that is left on the patent might only 

be 35-40 % when the clearing and approval for producing and selling the 

product/medicine (Peterson et al., 2009). This puts a really high standard on the 

product quality and also on being able to very fast start production and decrease 

the time-to-volume and getting the medicine out to the customer. These two 

factors are the two most important capabilities on the pharmaceutical industry 

being customer focus and product quality (Suresh and Basu, 2008; Peterson et al., 

2009; Golla and Rao, 2011; Benedetti et al., 2014; Leuenberger and Leuenberger, 

2016). 

The situation within the pharmaceutical industry is a quit complex problem where 

the top capabilities needs to be fulfilled. The production in the pharmaceutical 

industry is facing new challenges and trends. This will generate that the 

manufacturing strategy within the pharmaceutical company needs to change and 

focus on improving productivity, reduce costs, maintaining high quality and 

increase overall equipment effectiveness (OEE). (Benedetti et al., 2014; Golla and 

Rao, 2011; Peterson et al., 2009; Suresh and Basu, 2008)  
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When looking at the production part in the pharmaceutical industry according to 

Suresh and Basu (2008) the process development usually takes a “back-seat” and 

after time only becomes a series of scale-ups to cope with demand and being able 

to have costumer focus and compliance. King et al. (2008) show a large differ 

between the manufacturing industry compared to the pharmaceutical industry 

where he states that many processes are developed for the manufacturing industry 

and needs to be altered to be applied within the process industry. The 

manufacturing industry have an “A-process” production starts out with a large 

number of parts that are through the process put together and in the end there is a 

few different products. Compared to the pharmaceutical industry where the 

process is a “V-process” that starts out with a few parts and in the end have 

several hundreds of different products. 

Pisano (1997), Suresh and Basu (2008) and Benedetti et al. (2014) are stating that 

the pharmaceutical industry is facing new challenges and is in urgent need of 

improving and developing within manufacturing to stay competiveness. When 

compared to the food industry and other process industries the pharmaceutical 

industry is known to have a low OEE at an average of 30% and a best-in-class 

value of 74% according to Benedetti et al. (2014). This OEE value can be 

explained by the high number of changeovers and long setup times and also by the 

different laws and regulations that forces the production to sequence and 

disciplinary clean and clear the whole production line of possible product residues 

before starting the production of a new product and all this to ensure the quality of 

the final product. 

Stated by Zhang (2010) manufacturing flexibility is forced on to industries to 

handle the future and changes. The pharmaceutical industry differs from many 

other industry on many different levels and it is a challenge to develop the 

production within the pharmaceutical industry, as in any other industry, but based 

on laws and regulations and the requirement on reducing the time-to-volume a 

still having focus on improving productivity, reduce costs, maintaining high 

quality and increase OEE. 

1.2 Problem formulation 

There is quite clear that the pharmaceutical industry differs from the more 

traditional discrete parts manufacturing industry on many different levels. These 

differences have evolved into that the pharmaceutical industry is facing many 

challenges in the future. According to Zhang (2010) these challenges consist of 

improving productivity, reducing costs, maintaining high quality and increase 

OEE. To be able to improve on productivity there is many challenges in designing 

new production line when a new product is being launched. When a new product 

is launched the Time-to-volume is of high significance due to product patents 

lengths, uncertainty in product volume and a high product variance of finished 

products. These specific problems generate a series of scale-ups of production 

lines going from one production line to two production lines when there is an 

increase in needed volume or more product variance (Suresh and Basu, 2008). 

Adding to this there is also laws and regulations from governments generating 

high standards on eliminating the risk of contamination of products causing high 

changeover times and setup times when changing from producing on set of 

product to another. 
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Where there is a wider range of products and/or there is a variation in volume 

Sethi and Sethi, (1990), De Toni and Tonchia, (1998) and Jain et al. (2013) is 

stating that flexibility in the production line is required. But when trying to reach 

a high flexibility in a production line one of the biggest trade-offs are productivity 

(Adler et al., 1999).  

Today the general layout of a production line within the pharmaceutical industry 

is a line-based flow layout. This line-based flow layout needs to change and this is 

of highest importance to sustain in the market according to Golla and Rao (2011). 

Based on today’s production lines and future challenges within the pharmaceutical 

industry there is a need of change. Is it possible to develop a functional layout that 

is flexible but also can handle the production trade-offs, laws and regulations, 

product volumes, product variance and future challenges within the 

pharmaceutical industry. The definition of a functional layout that this thesis will 

built on is as followed:  

A functional layout is a flexible layout within the pharmaceutical 

industry that manage the future challenges. 

1.3 Aim and Research questions 

The overall aim of this thesis is to support the development of a functional layout in 

the pharmaceutical industry.  

RQ1: What characterises a functional layout in the pharmaceutical 

industry?  

RQ2: What are the challenges of introducing a functional layout in the 

pharmaceutical industry? 

RQ3: How does the introduction of a functional layout affect the 

competitiveness of production in Pharmaceutical industry?  

1.4 Thesis scope 

This thesis is being executed during the time period between 2016-01-18 and 

2016-06-09. This short time period result, firstly, in limitations in literature 

review, execution of interviews and data collection. Secondly the case study 

within this thesis is limited to one company, Astra Zeneca, and one production 

line, Genuair in Södertälje Sweden. 

Since the limitation in time the theoretical framework that is presented is mainly 

building on the process and production development theory and the theory of 

flexibility. The theory of flexibility is, as the process and production development 

theory, large and consist of many different dimensions and definitions. The 

different types of flexibility that have been worked with within this thesis is 

volume flexibility (ability to handle a change in order volumes) and product-mix 

flexibility (ability to handle the change of one product to another product in the 

same production line). There are many other important dimensions of flexibility 

that the author of this thesis just mentions but will not work with.  

The studied production line is, when this thesis is being executed, in the process to 

be built and thereby some of the data regarding the process is being assumed 

based on experience at the company and/or is based on a similar production line. 
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The data that is assumed or collected based on a different production line is 

specified, motivated and presented when it’s introduced.  

The simulation part of this thesis is being executed in the discrete event 

simulation (DES) program ExtendSim v.8. Only one of the two production lines 

in the Genuair project will be studied. The studied production line is the 

production line that looks like an “L”, see appendix 1. This production line is the 

first of the two to be implemented. The time frame for this thesis will generate a 

scope that not include any implementations or putting any suggestions into 

practice within the case company.  

According to Bellgran and Säfsten (2010) there are three choices when 

developing a production layout where only choice one and two have been worked 

with and the third choice concerning a detailed layout will not be dealt with. A 

detailed layout concerns according to Bellgran and Säfsten (2010) the physical 

area that can be used and the placing of machines, equipment, rooms, materials, 

product flows, truck paths, storages, operators, toilets etc.  
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2 RESEARCH METHODOLOGY 

In this chapter the chosen research method is presented and followed by the 

research process were each step of the process is described in detail. Finally the 

thesis validity and reliability is presented. 

2.1  Research method 

The overall research method in this thesis is a case study. In the selection of 

research method a single case study where chosen based on the need to gain a 

detailed understanding of the topic of the thesis, i.e. managing the development of 

a functional layout. A single case study largest advantages is that a greater depth 

of the case can be achieved (Voss et al., 2002). In additional to this approach the 

thesis desires both a holistic and in depth approach to answer the three formulated 

research questions. A survey or an experimental approach where excluded based 

on this approach and finally a single case study where preferred based on Yin 

(2009) who states that a case study is to prefer when trying to answer research 

questions that build on “why” and “how” different phenomena occur. 

A case study is an empirical inquiry that:  

“Investigates a contemporary phenomenon in depth and within its 

real-life context, especially when the boundaries between phenomenon 

and context are not clearly evident” (Yin, 2009 p. 18). 

Every research method holds limitations that can be described as advantages and 

disadvantages. A single case study biggest advantages is that a greater depth of 

the case can be achieved (Voss et al., 2002). Since every research method hold 

advantages and disadvantages the method single case study have been chosen 

based on the advantages of getting a deep understanding of the studied case.  

Since a single case study is performed and this thesis intend to draw conclusions 

based on this the case study will be performed on one of the world’s largest 

production sites within the pharmaceutical industry. The single case study was 

carried out at the company Astra Zeneca, Sweden Operations in Södertälje. Astra 

Zeneca is one of largest global pharmaceutical company that invent, produce and 

sell different types of medicine. Astra Zeneca Sweden Operations in Södertälje 

delivered 35 % of Astra Zeneca’s total sales value and representing 3,5 % of the 

Swedish total export of goods (Astra Zeneca, 2015). Astra Zeneca had asked for a 

functional layout and were in the progress of developing a new production line 

that they predict in the future will need to have this functional layout. The single 

case study is therefore performed at Astra Zeneca to gain knowledge within the 

topic of this thesis.  

2.2 Research Process 

A research is a process of collecting, analyse and interpret information to find out 

answers to one or more questions. The research process can be looked at a voyage 

of discovery (Kothari, 2004). According to Kothari (2004) and Kumar (2005) a 

research should be carry out by the use of a process where a qualitative and/or 

quantitative approach is undertaken. The different parts of the process should be 

of a high validity and reliability. The design process should be performed 
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unbiased and objective. According to Ejvegård (2003) a research work should be 

carried out with the approach of factuality regarding that the correct information is 

being used, a good balance between facts and how the facts is applied and 

objectivity to all information that is being used. 

All of these mention requirements have been taken into consideration when this 

thesis has been conducted and completed. This has been done by the development 

of the research process that consist of a data collecting, data analysis, literature 

review and a simulation model that is analysed to answer the developed research 

questions that built on the problem. During every step of the research process an 

unbiased and objective approach has been chosen in line with the above presented 

when conducting the research work. 

This thesis is based on both theoretical and empirical studies. A combination of 

literature scanning and empirical data collection at the case company helped to 

define the problem and the research questions.  After defining the problem a 

deeper literature review were conducted to get a deeper knowledge about the 

different fields. Also was collected to answer research question 1 and 2. After this 

one production line at the case company where analyzed through a current state 

analyze and then a future state where proposed and analyzed all by the use of a 

simulation software program called ExtendSim v. 8. The data analysis is based on 

the results from the entire data collection and the simulation results from the 

current state and future state. Research question 3 is then answered through the 

comparison of the two simulations, current state and future state. When working 

with this research process there where a iterative process that occurred between 

the literature review, data collections, building the simulation model and then how 

every part is analyzed and thereby be able to draw conclusions. All the different 

parts of the research process will be described in-depth in the following headers. 

And the research process applied in this thesis is summarized by figure 1. 

 

Figure 1 – Research process 

2.2.1 The problem 

To fully understand the problem and to understand how the pharmaceutical 

industry looks like and works the first thing that where done where interviews and 

discussions with three people within the case company. These three different 

interviews where done during the first two weeks of the thesis, 18
th

 to 31
st
 of 

January. The three interviews were conducted with the support of an interview 

guide that contained bullets of relevant areas to discuss and talk about. The 

respondents in the three introductory interviews were a senior adviser, a 
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production engineer and the logistics manager in the Genuair project. During 

these two weeks the author participated in two morning meetings and also a 

Genuair project meeting. During these two weeks a briefly scanning for literature 

where started. These two weeks then generated a more specific area to investigate 

and generated in the formulation of the three research questions that this thesis is 

building on.  

2.2.2 Literature review 

The literature review is the foundation for the theoretical framework. This 

literature review aims to first describe the pharmaceutical industry by looking at 

the pharmaceutical industry as a part of the process industry due to a lack of 

published scientific work within the area of pharmaceutical industry and 

production within pharmaceutical industry. The second part of the literature 

review is carried out by looking at production systems and how the production 

process consist of different process types and layout. The third part of the 

literature review is carried out with focus on manufacturing flexibility and focus 

on some of the specific flexibility dimensions that is relevant for the scope of this 

thesis. The fourth, and last, part of the literature review is just shortly and briefly 

mentioning the use of simulations as a tool and when simulations is appropriate 

and not appropriate. 

In the reading and search for relevant literature have been carried out during the 

entire thesis but with the greatest focus in the first two months, 1
st
 February to 31

st
 

March. The literature review have been an iterative process between the different 

parts as illustrated in figure 1.  

The literature review was performed by the use of scientific articles, journals and 

books within the chosen field; Managing the development of a functional layout 

in the pharmaceutical industry. In the search for literature the following databases 

and sources where used; Google Scholar, Discovery, DiVA and Mälardalen 

University Library. To get a clear and broad view of the literature many articles 

and books have been studied. After a broad study of different literature a selection 

of relevance literature where based on the relevance of the content in the different 

articles. Since there where different areas of literature, as presented above, that 

where studied the selection of relevant literature haven’t been based on 

publication year but more resent publications in the latest 20 years, year 1996-

2016, have always tried to be found but in some literature areas this gives a highly 

limited output. Therefore the selection is based on content of the different articles, 

books and publications. The introduction and summarising part of each article 

have always been read. The keywords that were used to search for scientific 

papers in the different databases were: pharmaceutical industry, process industry, 

process and layout, product-process matrix, manufacturing flexibility, volume 

flexibility, product-mix flexibility, manufacturing systems, trade-off model and 

discrete event simulation.  

2.2.3 Data collection 

The data collection have been conducted during the time period between 1
st
 of 

February to 31
th

 of April. During this time period the author hade an office place 

shared together with the company tutor. This office place at Astra Zeneca in 

Södertälje where utilized at an average of 3 days/week during this specific time 

period. The shared office have generated in a daily discussion, reconciliation and 
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verification of data from different data collection parts. The data collection part of 

this thesis is divided in to different parts and consist of different types of 

techniques to gather data. 

The different techniques that were used are: 

 Interviews 

 Practice in production 

 Guided tours 

 Observations 

 Document 

 Discussions 

Interviews 

All of the interviews were conducted with different employees within the different 

areas of operators, manufacturing, manufacturing development and LEAN 

implementation. The following different people that were interviewed are 

presented in table 1. All of the interviews were semi-structured interviews and 

were conducted by the help of pre constructed interviews guidelines. These 

guidelines where developed to ensure that the scope and purpose of the interview 

didn’t get out of hand but also to make the interview more like an open 

conversation between the interviewer and respondent. When one interview where 

finished the interview where summarised by pen and paper to highlight and clarify 

different parts of the scope of the specific interview. These interviews laid the 

foundation of understanding of the single case study of the current state of 

Genuair, what characterises a functional layout and the challenges of introducing 

a functional layout. 
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Table 1 – Conducted interviews 

Respondent Number of interviews Field of the interview(s) 

Production engineer, Sweden 

operations 

5 The problem 

The pharmaceutical industry 

Production in Astra Zeneca 

Simulation validation 

Data validation 

Senior Advisor - Production 

Technology  

3 The problem and Astra Zeneca 

Future within Astra Zeneca 

Data validation 

Logistics manager in the 

Genuair project 

5 Genuair project 

Genuair production 

Production in Astra Zeneca 

Simulation validation 

Data validation 

TPM coach 2 OEE calculations 

Validation of OEE calculations 

Production operator, production 

line 3 

1 Production at Astra Zeneca 

Genuair project member 

Operator 

1 Genuair project, machines and layout 

Genuair project member 

Machine characteristics 

1 Genuair project, machines and layout 

Practice in production 

One part of the data collection were practice out in production. This practice were 

executed at the case company at a production line where an inhaler product called 

turbuhaler for asthma and breathing difficulties where produced. This practice 

where conducted during two days: 1
st
 – 2

nd
 of February together with the morning 

shift of production line 3. This production practice were intended to give a holistic 

view and firstly understanding of the many different limitations that the 

pharmaceutical industry is facing due to laws and regulations. This production 

line and the different machines on the production line was also very similar to the 

production line that this thesis is building its case study on, Genuair. This practice 

gave a lot off discussions with the operators and best output from this practice is 

that it generated a big picture and understanding for production within the 

pharmaceutical industry. 

Guided tour 

One guided tour of the production plant, Nexium/Losec, was carried out together 

with a production engineer. This guided tour where done at 26
th

 of February and 

lasted for approximate 2 hours and gave a big insight of the production within the 

pharmaceutical industry. 
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Observations 

During the two days of practice in production and during the guided tour in the 

production plant Nexium/Losec observations regarding the focus of this thesis 

where constant made. 

During this thesis access to the Genuair production area were granted and two 

major observations have been performed together with the logistics manager in 

the Genuair project where the physical area and current layout and current state 

were observed. Since the first Genuair production line was being developed and 

started to get built during this thesis many small observations at the Genuair 

production area have been carried out to get a broad but also a deep understanding 

of the current state of Genuair. 

Document 

The documents that have been collected can be grouped into two different sub 

categories; Documents for the Genuair project and Documents general for Astra 

Zeneca.  

Since the Genuair project was in the beginning of build the first Genuair 

production line there were no primary data that where collectable. This led to that 

no physical and hands on measuring for e.g. cycle time, breakdowns, downtimes, 

scraps, changeovers and other specific data have be executed. Because of this all 

documents regarding the Genuair project is built on secondary data. This have 

resulted in that 8 different documents regarding the Genuair project have been 

collected, summarised and analysed. These documents have generated data for 

cycle time, breakdowns, scraps, changeovers. 

Also many different document about Astra Zeneca have been collected. These 

documents are summarised in table 2 together with the documents for the Genuair 

project. 

Table 2 - Documents 

Documents for the 

Genuair project 

Blueprints of Genuair 

Value stream map of Genuair 

PowerPoint of Genuair products 

Genuair production machines 

Genuair packaging information e.g. no of Genuair products in relation 

to no of pallets, how many Genuair products per batch 

Forecast for demand and production 

Changeover times (assumed based on experience within the Genuair 

project) 

Breakdowns (interpreting from another production line) 

General documents for 

Astra Zeneca 

Introduction of new products within Sweden operations 

The introduction of new products in Astra Zeneca 

“LEAN in our way” – The House 

How to calculate OEE 
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Discussions 

During this thesis the author have been stationed at Astra Zeneca in Södertälje and 

shared an office space with the company tutor. An approximation of time spent at 

this office is 3 days/week during the timeframe for data collection. During this 

time many discussions during working hours, coffee breaks and lunches were 

done to verify and discuss all different data inputs.  

2.2.4 Simulation model 

The simulation models have been built during the time period between 1
st
 of April 

to 13
th

 of May. All of the input data for the simulation is generated through data 

collection in form of interviews and documents as presented in the previously 

chapter; 2.2.3 Data collection.  

The simulation approach are based on the article written by Law (2009). Law 

(2009, p. 25-27) presents “A Seven-Step Approach for Conducting a Successful 

Simulation Study”. This approach is summarised in figure 2 that is presented 

below. The two simulations models that are built in this thesis are both based on 

the following approach. 

Formulate the problem

Collect information/data and construct an assumptions 

document

Is the assumptions document valid?

Program the model

Is the programmed model valid?

Design, conduct and analyze experiments 

Document and present the simulation results

Yes

Yes

1.

2.

3.

4.

5.

6.

7.

 

Figure 2 – A seven-step approach for conducting a successful simulation study (Law, 2009) 
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Step 1. Formulate the problem 

It’s of highest importance to formulate the problem in a precise way. This 

problem formulation is to include an overall statement of the problem that is 

intended to be solved, the different questions that the simulation model will 

generate answers to and also what types of different performance measurements 

that the simulation model will be measured by Law (2009). 

An overall problem, questions and performance measurements where developed 

in this step.   

Simulation 1 

Overall problem for the first simulation model was:  

What is the current state of the first Genuair production line and how 

is the first Genuair production line performing?  

The questions to be answered by different performance measurements was:  

How many pallets are produced during the simulation time?  

How many batch changeovers and order changeovers occur during the 

simulation time? 

Simulation 2 

Overall problem for the second simulation model was:  

How is the functional layout performing compared to the Genuair 

production layout? 

The questions to be answered by different performance measurements was:  

How many pallets are produced during the simulation time? 

How many batch changeovers and order changeovers occur during the 

simulation time? 

Step 2. Collect information, data and construct an assumptions document 

The output from a simulation model cannot be better than the input data. 

Therefore the collection of input data for a simulation model is of highest 

importance. The assumption document for the simulation model should not be an 

exact replica of the system but rather a description of how the system works based 

on the overall problem Law (2009).  

In this step data regarding products, batches, production schedule and machines 

were collected. Then simplifications and assumptions regarding the simulation 

were made. All of the data collection is in line with the previously presented data 

collection part of this thesis section 2.2.3 Data collection.  

Step 3. Is the assumptions document valid? 

The third step have the main purpose of getting confirmation on that the previous 

two steps are correctly formulated and that the data that have been collected and 

possible assumed are correct. This validation part is often structured as a 

presentation of the constructed document in step 2, the intended way of building 

the model is presented and what data it will be building on. If any errors occur the 

formulated problem or data collection needs to be remade and then validated 
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again until everything is approved. This presentation is often made for the 

different stakeholders such as a project manager, analysts and other subjects 

matter experts Law (2009). 

To get validation on the two first steps a meeting was held for the Logistics 

manager in the Genuair project and the company tutor for this thesis.  

Step 4. Program the model 

When the first three steps are done the simulation part can begin by building and 

programming the assumptions document in a commercial simulation-software 

package e.g. ExtendSim Law (2009). 

Now the simulation model where built in DES program ExtendSim v.8. 

Step 5. Is the programmed model valid? 

When trying to validate the simulation the most definitive test is to look at the 

output data and see if it is closely resembled with output of the actual system. If 

the simulation model is compared closely and the data output is considered to be 

illustrating the real system the model is considered to be valid Law (2009). 

Since the simulation model of Genuair cannot be valid through comparison to the 

real production process this validation of the model is based on the input data and 

what is assumed and reasonable to expect from the output. The model has also 

been discussed with the Logistics manager in the Genuair project and the 

company tutor for this thesis.  

Step 6. Design, conduct, and analyse experiments 

In this step the different tactical issues are decided e.g. run length, warmup period, 

and the number of independent model replications. This is then followed by a 

result analyse and based on this there might be additional experiments that needs 

to be simulated Law (2009). 

During the simulations different tactical issues were decided based on the problem 

formulation and then studied. To study the simulation 10 runs were made and 

presented to the company tutor for discussion and validation. 

Step 7. Document and present the results 

The last and final step is the presentation and documentation of the simulation. 

This part can be done in different ways, one example is an animation. But the 

important part is that the stakeholders understand how the model is built and what 

it measure and how it can be used Law (2009). 

The simulation results were presented with the help of tables and pictures and 

then discussed in the analysis and conclusions of this thesis.   

2.2.5 Data analysis 

The data analysis is done based on the data collection, literature review and 

simulation model and this analysis is then presented in chapter 4 Empirics 

findings. The data analysis is being done by screening, structuring and reducing 

data from the three different parts of the research process; the data collection, 

literature review and simulation model. The screening and structuring of the data 

generated into two main area where data where presented within. These two areas 
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are namely The company Astra Zeneca and The project Genuair. This is based on 

that the case company is Astra Zeneca and that the single case study where 

performed within the project called Genuair at Astra Zeneca.  

 The company Astra Zeneca 

 The project Genuair 

o The product 

o Planned production volume 

o Process and layout choice 

o Production process 

o Current state simulation 

The presented empirical findings are then compared to the theoretical framework 

and are presented in chapter 5 Analysis where the three research questions are 

answered. Then are conclusions and recommendations presented in chapter 6. 

2.3 Validity and reliability  

When a research method is chosen and used it is important that the two following 

concepts are discussed; validity and reliability (Paulsson, 1999; Kothari, 2004; 

Kumar, 2005). 

 Validity – Are you really measuring what is supposed to be measured? 

 Reliability – How accurate are the measurements that have been used? 

2.3.1 Validity 

Every research method holds advantages and disadvantages. A single case study 

biggest advantages is that a greater depth of the case can be achieved. 

Disadvantages within a single case study is that there are a limit in the 

generalizability that conclusions are drawn upon. One other disadvantage of a 

single case study is that biases can influence a single event. A case study is not 

about statistical generalizations but drawing analytical conclusions on the in depth 

studied case. (Voss et al., 2002).  

In the execution of this thesis a single case study was performed where different 

data collection methods have been used. By having knowledge of the 

disadvantages in a single case study the author have tried in the beginning of the 

thesis generate a broad picture of the selected field by interviews, practice out in 

the production, guided tours, observations, different discussions and a broad 

scanning for literature. Once a picture of the selected field started to get built the 

problem could be formed and the scope of the thesis where formed to try and have 

a high validity. Once the problem and scope where formed a deeper data 

collection where executed where new interviews and observations where 

performed, documents where collected, new literature where read and many 

discussions were made. The discussions worked as a validation of the different 

types of data collection. The author have spent approximately an average of two 

days per week at the case company throughout this thesis. This time have 

generated a narrow scope for this thesis trying to ensure that a high validity is full 

field.   
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The simulation part of this thesis that have worked like a tool for measuring the 

performance of the two production layouts. In the development of the simulation 

models a method where used to try and perform a valid simulation building. By 

following this model and constantly having a discussion with the case company 

tutor and also the university tutor the simulation model is validated to measure 

what it intends to measure based on the specific problem formulation that where 

made based on the simulation building theory.   

One of the largest limitations with a single case study is that it is hard to draw 

generalizability conclusions from the study (Voss et al., 2002). Since this 

limitation the single case study was performed at one of the world’s largest 

pharmaceutical companies Astra Zeneca, and more specific the production site in 

Södertälje. The production site in Södertälje, Sweden operations, is one of the 

largest production sites of medicine in the world. The production site in Södertälje 

stands for 35 % of all Astra Zeneca’s total sales value and the Sweden operations 

also accounts for 3,5% of the total Swedish export of goods (Astra Zeneca, 2015). 

Based on this the Sweden operations in Södertälje might reflect the 

pharmaceutical industry to some extent.  

The simulation models that have been built have each been run 100 times with the 

intention of getting reliable results that can be analyzed and draw conclusions 

upon. All the input data and output data have been presented with the intention of 

keeping a high reliability. Since some data were not able to collect secondary data 

have been applied to the simulations to generate a reliable picture as possible. 

Together with the analysis of the simulations the conclusions are also drawn based 

upon the different data collections methods and literature review based on several 

of articles and books.  

2.3.1 Reliability 

The reliability of this thesis builds on the intention of describing every step of the 

thesis in the best way possible. The description of every part of the research 

process intends to create the understanding of what and how things have been 

executed with the intention of generating the same result elsewhere. The data 

collection have been carried out by the use of many different methods with the 

intention of generate a broad picture in the beginning of this thesis and by the time 

generating more knowledge through data collection to get a deeper understanding 

of the different formulated problem.  

The literature study have been carried out by the use of several different articles 

and books and tried to be described in depth in chapter 2.2.2 literature review to 

be able to generate the same literature findings generating the same theoretical 

framework. The theoretical framework have been a big part of the analysis and 

contributing to the functional layout. The theoretical framework have also been 

compared to the empirical findings to enhance that the findings are reliable.  

The development of the simulation model have tried to be described in depth by 

following a theoretical simulation method where every step of the simulation 

building has been described both how it were done and also presenting the result 

from each step that are presented in detail as appendixes.  



16 

3 THEORETIC FRAMEWORK 

In this chapter the theoretical framework is presented. The theoretical framework 

is intended to firstly give a picture of the pharmaceutical industry. Then the term 

production system is presented followed by manufacturing flexibility. The 

theoretic framework is the finished by shortly presenting basic theory about 

simulations and simulation models.  

3.1 Pharmaceutical industry 

The process industries often refers to firms or plants where products are processed 

with little to no interruptions and the input as well as output of such industries are 

generally raw materials or ingredients that undergo various kinds of processing. 

This processing, or material transformation, is generally a small part of larger 

production chains that may include other production plants of various sizes (King 

et al., 2008; Lager and Storm, 2013; Storm et al., 2013). Unlike the manufacturing 

industries, the process industries supply mainly materials or ingredients as 

opposed to components. There are however similarities between the different 

industries, such as the need to meet customer requirements (King et al., 2008; 

Lager and Storm, 2013) and the philosophy that a broader product range and 

production flexibility usually result in greater competitive advantages (Storm et 

al., 2013). Some other features that differentiates the process industries are the 

fact that they are very asset-intensive (Lager et al., 2013), also supported by 

Dennis and Meredith (2000), and that their supply and value chains often take on 

the characteristics of being long and complex (Lager et al., 2013) as well as the 

higher presence of automation strategies in comparison to other industries (Dennis 

and Meredith, 2000). Because of the asset-intensity within the process industries 

their ability to respond to short term changes is greatly limited (Skinner, 1992b) 

and as a result there may prove to be great difficulties during mainly incremental 

but possibly also radical development and transformation in the process 

industries.  

According to King et al. (2008) the process industry unlike the manufacturing 

industry has some inherent challenges that must be overcome for industrial 

engineer tools to be effective. According to King et al. (2008) all manufacturing 

processes can broadly be categorized in two groups: discrete parts assembly 

manufacturing and process industry manufacturing. The different steps in the 

discrete parts assembly manufacturing generally consist of manufacturing of 

individual parts and components and then putting these parts together into a final 

product with the use of manual labour or machines. While the process industry is 

characterized by different process steps that general consist of chemical reactions, 

mixing, blending, extrusion, sheet forming, slitting, baking and annealing. The 

difference between the discrete parts assembly manufacturing and process 

industry manufacturing is often explained as discrete versus continuous 

processing. But according to King et al. (2008) this explanation is a “profound 

oversimplification” based on that even though the process industry start up with 

having processes that are continuous they later on in the process becomes discrete 

e.g. tubes of toothpaste, boxes of cereal or boxes of medicine pills. King et al. 

(2008) describe the difference between discrete parts assembly manufacturing and 

process industry manufacturing by the number of different part types converges 

while the material flows through the different process steps. When looking at the 



17 

two different industries where the assembly manufacturing industry starts up with 

a large number of raw materials and after the production process ends up with a 

small variety of different products. While the process industry works in the 

opposite way where they start up with a low number of raw material and after the 

production process ends up with a large variety of different products. This 

distinguished difference is summarised in figure 3 and 4. Figure 3 illustrates the 

process industry and figure 4 illustrates the manufacturing industry.   
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Figure 3 - The process industry: “V” – Process (King et al., 2008) 
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Figure 4 - The discrete part manufacturing industry: “A” – Process (King et al., 2008) 
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Apart from the above mention difference between the pharmaceutical industry and 

manufacturing industry there are many laws, regulations and rules that must be 

followed to be able to develop, produce and sell drugs. These laws, regulations 

and rules are determined by the Food and Drug Administration (FDA), European 

Medicine Agency (EMEA) and The International Council for Harmonisation 

(ICH). These important parts of the pharmaceutical industry sets unique and high 

requirements on especially product quality. When developing a new product 

within the pharmaceutical industry the pharmaceutical companies have to go 

through important and large phases. Peterson et al. (2009) 

According to Peterson et al. (2009) there are four phases and these are illustrated 

in figure 5.  
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Figure 5 - Schematic of pharmaceutical development and manufacturing processes (Peterson et 

al., 2009) 

The time from phase I to Phase III is normally a period of 12-15 years and when 

the company finally can start the mass production the product patent life only 

have around 35-40% left. Based on this long product development time, 

uncertainty of product approvals, governmental pressure on cost reduction, 

reducing the time to market and high quality focus the process development and 

manufacturing have taken a backseat (Suresh and Basu, 2008; Peterson et al., 

2009; Golla and Rao, 2011; Benedetti et al., 2014).  

3.1.1 Distinguished production characteristics 

As stated in the research process the author, of this thesis, found a shortage of 

literature to be found that hade direct linkage to the pharmaceutical industry 

thereby the pharmaceutical industry is described in the following headlines as an 

industry that can be categorised as one of the industries within the process 

industry. 

Looking at the manufacturing part of the pharmaceutical industry it is changing 

and facing new challenges and trends. This will generate that the manufacturing 

strategy within the pharmaceutical company needs to change and focus on 

improving productivity, reduce costs, maintaining high quality and increase OEE 

(Suresh and Basu, 2008; Peterson et al., 2009; Golla and Rao, 2011; Benedetti et 

al., 2014). 
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Today the general layout of a production line within the pharmaceutical industry 

is a single line production layout. In the future the production line will be able to 

handle the change of going from a single line production layout into an integrated 

multi-product production layout. This is of highest importance to sustain in the 

market (Golla and Rao, 2011). 

The pharmaceutical industry as the manufacturing industry consist of different 

parts and the following six headlines are distinguished characteristics of the 

production within the pharmaceutical industry.  

Volume, Variety and Variability 

The pharmaceutical  industry have over the years evolved to a situation where 

they need to handle changes in the customer demand that have put requirements 

on handling both a high volume production and a high variety of products (van 

Dam et al., 1993; Soman et al., 2004; King et al., 2008; Storm et al., 2013). 

The third V, Variability is based on the changing and influence of the customers 

and their demand. This change will put requirements on the pharmaceutical 

industry to handle a high variability based on customer preferences and the 

increasing of altering demand and uncertainty (Finch and Cox, 1988; van Dam et 

al., 1993; Soman et al., 2004; King et al., 2008; Storm et al., 2013). 

 Throughput limited by equipment rather than labour 

The rate factor in production in the pharmaceutical industry is often connected to 

a specific machines cycle time that will set the past of the production. Since the 

pharmaceutical industry often is a fully automated production line supported and 

controlled by operators adding more labour to the production process will not 

affect the throughput (van Dam et al., 1993; Soman et al., 2004; King et al., 

2008). 

The use of work measurement and engineered standards 

Product and equipment monitoring is of highest importance in the pharmaceutical 

industry to guaranty product quality and avoiding minor stops in the production 

process. This puts the measurements on work in a different prospect compared to 

the discrete parts manufacturing where the measurements on work is “how many” 

but in the pharmaceutical industry this measurement is often a given based on a 

function of capital equipment specifications, process capability, chemical 

reactions and thermal processes. So in the pharmaceutical industry the 

measurement “how many” have evolved to “how busy” is an operator. Then when 

looking at the utilization of an operator a high utilization is to prefer in the part 

manufacturing industry but in the pharmaceutical industry it might be a concern if 

an operator have a to high utilization based on the previous statement regarding 

that the operators have time for product and equipment monitoring and also a 

operators task within the pharmaceutical industry might contain significant 

problem solving that occurs randomly based on unplanned production stops (King 

et al., 2008). 

Equipment is very large and difficult to relocate 

In the pharmaceutical industry many machines in the production process are big, 

heavy and complex and sometimes need to be in a special environment to be able 

to produce products. Many of these factors make the equipment hard to move in a 

cheap and quick way. Compared to the part manufacturing industry where not all 
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but some machines can easily be moved to improve material and production flow 

(Finch and Cox, 1988; Soman et al., 2004; King et al., 2008). 

Processes are very difficult to stop and restart 

Parts manufactures machines in a process is often easy to stop and start and at the 

end of the day an operator can shut down the machine, go home and come back 

the next day and press start and everything is okay regarding the work in progress. 

But in the pharmaceutical industry this is not always possible. Many of the batch 

production must be produced without major interruptions or at sometimes zero 

interruption based on that the raw material might be destroyed if it is “out in the 

open” for a longer time. If some work in progress haven’t been sealed and the 

process stops for a longer time the products might be contaminated and need to be 

thrown away and time need to be put in making sure that nothing else in the 

process is contaminated. This difficulty within the pharmaceutical industry puts 

high requirements and ads challenges in production planning faces, lead to over 

production, large inventories (van Dam et al., 1993; Soman et al., 2004; King et 

al., 2008). 

Product changeover issues are complex 

In the parts manufacturing industry changeovers often regards change of tools, 

adjustments and calibrations. In the pharmaceutical industry the number of 

changeovers consist of far more steps then just changing a tool or making 

adjustments. A changeover in the pharmaceutical industry can be consisting of 

extensive and detailed cleaning, clearing the howl production line from work in 

progress, substitution of materials going in to the process and the biggest problem 

is that the whole production line needs to be stopped in many cases due to the risk 

of contamination, product defects or risk of losing the traceability of the products. 

These changeovers occurs every time the production line is starting to produce a 

different product or a batch changeover is taking place (Finch and Cox, 1988; van 

Dam et al., 1993; Soman et al., 2004; King et al., 2008). 

3.2 Production systems 

The term production is discussed as the process where goods and/or services is 

created through the use of material, work and capital. Bellgran and Säfsten (2010) 

and Olhager (2000) is defining production to be a process where a transformation 

of raw material to a product is being executed. The transformation is carried out in 

a production system. The term production system is then often named 

synonymous with manufacturing system, parts production system and assembly 

system. The production system consists of different components that have 

relationships and a hierarchical nature. However, when looking at a production 

system in a hierarchical perspective the manufacturing system is superior to a 

production system and includes parts production system and assembly system. 

The parts production system and the assembly system however need to be 

considered as parts of the production system (Bellgran and Säfsten, 2010). This 

hierarchical perspective is illustrated in figure 6.  
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Figure 6 – A hierarchical perspective on production system (Bellgran and Säfsten, 2010) 

The production system consists of different elements that are a located in a certain 

physical area that consists of humans, machines, equipment, conveyors, robots 

etc. (Olhager, 2000; Bellgran and Säfsten, 2010). The different elements of the 

production system are described in relation with each other and by the use of these 

different elements creating value adding activities that transforms the input to 

output (Bellgran and Säfsten, 2010). According to Bellgran and Säfsten (2010) 

there is important decisions that needs to be considered regarding the choice of 

production system. These choices are concerning the process type that will be 

described in the following part.   

3.2.1 Process type 

The choice of process type is strongly linked to production volume and number of 

product variance. (Dilworth, 1996; Olhager, 2000; Hill and Hill, 2009) There are 

three different basic categories of different process types (Hayes and 

Wheelwright, 1979; Olhager, 2000; Mattsson and Jonsson 2003). 

 Single item process 

 Intermittent process (coupled or uncoupled) 

 Continuous process  

Single item process 

In a single item process are discrete parts produced and later in the process are at 

least two different components put together into a product or new part. The same 

type of product or part are being produced within different or the same time 

intervals (Hayes and Wheelwright, 1979; Olhager, 2000; Bellgran and Säfsten, 

2010).   

Intermittent process (coupled or uncoupled) 

An intermittent process is quite similar to a single item process but differs on the 

fact that products are often stored in between steps in the process and thereby 

there can be more diversity of the products and parts (Bellgran and Säfsten, 2010). 

According to Hayes and Wheelwright (1979) the intermittent process can be 

divided in coupled and uncoupled processes. The example of an assembly line is a 

good explanation of a coupled flow where the parts or products appear in 

continues flow but are still separated units. The uncoupled process consists of 

some type of storage, buffer or intermediate that separates the parts or products 

from the flow. According to Bellgran and Säfsten (2010) the intermittent process 

is the most common and used process in the parts manufacturing industry. 
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Continuous process  

In a continuous process there are only one type of product that is being produced 

and flows between different types of process steps. Often within a continuous 

process the input consist of raw material and the output is a final product. This 

process choice is commonly used within the process industry (Bellgran and 

Säfsten, 2010; Olhager, 2000; Hayes and Wheelwright, 1979).  

3.2.2 Layout 

The physical position and location of the machines and other equipment is 

referred to as production system layout. The process type that a manufacturing 

company have applied is strongly linked to the production system layout. There 

are many different names on the different layouts that exists in the literature 

(Bellgran and Säfsten, 2010). Bellgran and Säfsten (2010), Dilworth (1996) and 

Hayes and Wheelwright (1979) present each four different production system 

layouts but addresses the different layout with different names. The following 

presented layouts are based on Hayes and Wheelwright (1979) and will be 

presented in the following. 

 Job shop (fixed product layout according to Dilworth (1996)) 

 Flow shop (process layout according to Dilworth (1996)) 

 Line flow (product layout according to Dilworth (1996)) 

 Continuous flow (cellular layout according to Dilworth (1996)) 

Job shop layout 

Job shop layout is a layout where the product is fixed within the production 

facility and all the value adding activities is being executed at one and the same 

place. All equipment, machines, material and operators is being transported to the 

product that is in a fixed position. This type of layout is commonly used in 

industries that produces large products such as oilrigs, ships or airplanes (Bellgran 

and Säfsten, 2010; Hill and Hill, 2009; Olhager, 2000; Hayes and Wheelwright, 

1979). Figure 7 is illustrating how a job shop layout could look like and in table 3 

the advantages and disadvantages with a job shop layout is summarized. 

Product

Material

MaterialLabour

Labour

Components

Components

 

Figure 7 – Job shop layout (Ecourses online, 2012) 
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Table 3 - Advantages and disadvantages with job shop layout (Hayes and Wheelwright, 1979; 

Olhager, 2000; Hill and Hill, 2009 and Bellgran and Säfsten, 2010) 

Advantages Disadvantages 

Equipment, machines, material and operators 

can be used for wide variety of operations in 

producing different products. 

Investment on the physical layout is small. 

Transporting of a bulky product is avoided 

and thereby also the high cost that this may 

involve. 

High cost of the operations. 

Often very high duration time for the 

production. 

Rework will be very costly. 

Flow shop layout 

The foundation of a flow shop layout is that all machines and equipment of the 

same type is grouped together and the products and material need to be 

transported between the different machines and equipment’s. This layout type is 

often used when there is a production of smaller series of many different products 

(Bellgran and Säfsten, 2010; Hill and Hill, 2009; Olhager, 2000; Hayes and 

Wheelwright, 1979). An example of a flow shop layout is illustrated in figure 8 

and followed by table 4 were advantages and disadvantages with flow shop layout 

is presented. 

Painting Painting

Painting Painting

Drilling Drilling

Drilling Drilling
Molding Molding

Molding Molding

Assembly 1 Assembly 1

Assembly 1 Assembly 1

Assembly 2 Assembly 2

Assembly 2 Assembly 2

Material 1
Material 2

Product 2

Product 1

 

Figure 8 – Flow shop layout (Hill and Hill, 2009 and Ecourses online, 2012) 
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Table 4 - Advantages and disadvantages with flow shop layout (Hayes and Wheelwright, 1979; 

Olhager, 2000; Hill and Hill, 2009 and Bellgran and Säfsten, 2010) 

Advantages Disadvantages  

Flexible 

Greater Scope for expansion.  

Greater incentive to operators to 

improve performance. 

Not vulnerable to machine and 

equipment failures and longer stops. 

Possible to use individual incentive. 

Increase of WIP. 

Requires large physical floor space. 

Difficulty in movement of material. 

Production control is difficult. 

High production time as WIP has to travel from place 

to place. 

Routing and scheduling pose continual. 

Equipment utilization rates are low.  

Difficulties in material handling and transportation. 

High controlling and supervising costs. 

Special attention necessary for each product and the 

low volumes result in higher unit costs. 

Material handling, inventory and purchasing needs to 

be much more involved. 

Line flow layout 

In a line flow layout the machines are organized and positioned according to the 

flow of material. This layout often have a distinct bottleneck in a machine, 

equipment or activity that sets the pace for the howl line. The bottleneck is 

preferred to be as early as possible in the layout but since the machines are placed 

according to what needs to be done on the product it may sometimes not be 

achieved. Often there is an input buffer in the beginning of the line and an output 

buffer at the end. Line flow layout is used for production of high production 

volumes and a low variety of products (Bellgran and Säfsten, 2010; Hill and Hill, 

2009; Olhager, 2000; Hayes and Wheelwright, 1979). An example of a line flow 

layout is illustrated in figure 9 followed by table 5 were advantages and 

disadvantages with a line flow layout is presented. 
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Figure 9 – Line flow layout (Ecourses online, 2012) 



25 

Table 5 - Advantages and disadvantages with line flow layout (Hayes and Wheelwright, 1979; 

Olhager, 2000; Hill and Hill, 2009 and Bellgran and Säfsten, 2010) 

Advantages Disadvantages 

Smooth and regular flow of products. 

Shorter processing time. 

Reduced material handling. 

Low cost labors and lesser training 

requirement.  

Less floor are used with high productivity. 

Easier production control. 

Inflexible  

The production line is limited to the 

“bottleneck”. 

Heavy capital investment. 

Risk of total production line shutdown. 

Supervision is more difficult. 

Continuous flow layout 

In a continuous flow layout the machines are placed according to the operation 

order on the product. Distinguished characteristics of a continuous flow layout is 

that there are conveyer buffers in-between the machines that have the purpose of 

reducing sensitivity to smaller stops and reduce operators restraints. This layout is 

commonly used in the process industry where mass production and continuous 

flow often take place where a set of standardized products are produced in high 

volume. One important part of a continuous flow layout is to balance the flow 

meaning that every cell of machines is planned to produce the same amount of 

products during the same time. One example of this is illustrated in figure 10. One 

other way of working with a continuous flow layout is to create parallel flows to 

decrease the sensitivity for smaller stops, increasing production flexibility and 

thereby increasing production capacity (Bellgran and Säfsten, 2010; Hill and Hill, 

2009; Olhager, 2000; Hayes and Wheelwright, 1979). One example of a parallel 

flow is illustrated in figure 11. In table 6 advantages and disadvantages with a 

continuous flow layout is presented. 

Station 1

15 min

Station 2

15 min

Station 3

15 min

Station 4

15 min

4 items

per hour

 

Figure 10 - Continuous flow layout (Olhager, 2000) 

 

Station 1-2 Station 3-4

Station 1-2 Station 3-4
4 items

per hour

30 min 30 min  

Figure 11 - Continuous parallel flow layout (Olhager, 2000) 
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Table 6 - Advantages and disadvantages with continuous flow layout (Hayes and Wheelwright, 

1979; Olhager, 2000; Hill and Hill, 2009 and Bellgran and Säfsten, 2010) 

Advantages Disadvantages 

Shorter processing time. 

Good material flow 

Low cost labors and lesser training 

requirement.  

High resource utilization 

Easier to control and inspect 

Low WIP 

Risk of total production line shutdown. 

Inflexible 

Hard to balance 

Vulnerable to machine and equipment failures 

and longer stops. 

The production line is limited to the “bottleneck”. 

3.2.3 Process and layout choice 

According to Slack et al., (2001); Mattsson and Jonsson (2003) and Hayes et al., 

(2004) the first decision should be about what process type that is being used, 

second a layout should be selected and thirdly and last the decision is about a 

detailed layout plan.  

The three decision steps regarding the choice of an overall production process that 

is presented by Slack et al., (2001), Mattsson and Jonsson, (2003) and Hayes et 

al., (2004) are illustrated in figure 12.  

Volume and 

variants

Strategic 

performance 

targets

Process choice

Layout choice

Detailed layout

Decision 1

Decision 2

Decision 3

Single

Intermittent

Continuous

Job shop layout

Flow shop layout

Line flow layout

Continuous flow layout 

 

Figure 12 – Three decisions (Bellgran and Säfsten, 2010, based on Slack et al., 2001) 

Decision 1: Process choice should be made based on the production volume and 

number of product variance (Slack et al., 2001; Mattsson and Jonsson, 2003; 

Hayes et al., 2004). There is according to Bellgran and Säfsten (2010) a limitation 

on what type of layout that can be selected when decision 2: Layout choice is to 

be made. When the choice of process is made it gives a limitation in the layout 

choice. These limitations are illustrated in table 7.  
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Table 7 – Limitation in layout choice compared to process choice  

Process type Layout 

Single item process Job shop layout 

Intermittent process  Flow shop layout 

Line flow layout 

Continuous flow layout  

Continuous process  Continuous flow layout  

Hayes and Wheelwright (1979) present the product-process matrix where the 

product and process correlation is shown. The product-process matrix is presented 

in figure 13. Hayes and Wheelwright (1979) implies that by matching product and 

process will make company’s perform on a higher level and be competitive. The 

product-process matrix shows a strong correlation between product volume and 

variations, and process choice that gives an “ideal” position along the typical 

diagonal match and strongly enhance that a company position themselves along 

this diagonal and not outside it. 

One-of-a-kind, 

Low volume

Many products, 

Low volume

Few major products, 

High volume

Standardized products, 

High volume

Job shop

Flow shop

Line flow

Continuous flow

Process 

and layout

Product

Typical

diagonal

match

 

Figure 13 – Product-process matrix (Hayes and Wheelwright, 1979) 

The matrix shows along the x-axis the different product characteristics that consist 

of product volume and product variations. The product volume is low to the left 

and then increasing when going to the right while the different product variance is 

high to the left and then decreasing going to the right. The y-axis illustrates the 

different processes (layouts) going from job shop to continuous flow. In the top 

there is a low flow orientation that are increasing when going down along the y-

axis. There is a typical diagonal match that correspond to a fit between the 

product and process. A combination that results in the upper right corner is not a 

valid or effective combination. A combination ending up in the lower left corner 

is stated to simultaneously be in the need of a high flexibility and high 

productivity (Hayes and Wheelwright, 1979; Olhager 2000; Johansson and 

Olhager, 2006).  

Since the introduction of the product-process matrix in 1979 many scholars (e.g. 

McDermott et al., 1997; Safizadeh et al., 1996; De Meyer and Vereecke, 1996; 

Spencer and Cox, 1995; Ariss and Zhang, 2002; Kemppainen et al., 2008; Ahmad 

and Schroeder, 2002) have challenged the product-process matrix. The authors are 

challenging the matrix as much as they are supporting the matrix. McDermott et 

al. (1997) are stating that the relevance of the product-process matrix is decreasing 
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due to the increasing complexity of today’s production environment. Ahmad and 

Schroeder (2002) is presenting that the correlation between product and process is 

important but not strong. Ahmad and Schroeder (2002) found that more than half 

of the studied plants are operating outside the typical diagonal match that is 

presented by Hayes and Wheelwright (1979). Ahmad and Schroeder (2002) is 

drawing the conclusions that the studied plants that deviated from the typical 

diagonal match where able to minimize and in some cases eliminate the trade-offs 

due to proactive working with innovative initiatives, process technology, product 

design and the support of management.  

 

“Clearly, the old models based on trade-offs are losing their 

relevance.”  

(McDermott et al., 1997, p. 82)  

The theory of trade-offs will be presented in the following chapter, Competitive 

factors.  

3.2.4 Competitive factors 

The four competitive factors within a manufacturing strategy are quality, 

dependability, cost and flexibility (Hayes and Wheelwright, 1984; Swamidass and 

Newell, 1987; Ferdows and De Meyer, 1990; Olhager, 1993; Gerwin, 1993; 

Bellgran and Säfsten, 2010; Jain et al., 2013; Brettel et al., 2016). Hayes and 

Wheelwright (1984) is stating that these four competitive factors are in 

congruence with products and volumes as presented in the product-process 

matrix. 

Quality – “Refers to the ability to meet customer needs and 

expectations, to make products that corresponde to what the customer 

wants. Quality is about experience (a high value) or meeting 

specifications (less defects). Producing with good quality with the 

latter.” 

Dependability – “Refers to the ability to deliver and the most 

important issues are reliability and speed. Reliability is the ability to 

deliver according to plan, an ability that is of outmost importance to 

companies that deliver just-in-time. Short delivery lead times can be 

achieved wither in the production system or through delivery from 

stock.” 

Cost – “Refers to the ability to produce and deliver to low cost, i.e. to 

be cost efficient. Economies of scale, cost of supply, product and 

process design, as well as experience are some sources of cost 

efficiency.” 

Flexibility – “Refers to the ability to rapidly and efficiently adapt 

production to necessary change. Within production this is often linked 

to an ability to manage variable volumes, i.e. volume flexibility, or 

many variants within a certain volume, product mix flexibility. There 

are also a number of other types of flexibility.” 

(Bellgran and Säfsten, 2010, p. 54) 
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Hill (2000) is, as Skinner and Hayes and Wheelwright, a pioneer within the area 

of manufacturing strategy and introduced the difference between order-winners 

and order-qualifiers and defines manufacturing strategies as followed:  

“Manufacturing strategies comprise a series of decisions concerning 

process and infrastructure investments, which, over time, prove the 

necessary support for the relevant order-winners and qualifiers of the 

different market segments of a company.” (Hill, 2000 p. 48) 

How these four capabilities are ranked within the industry differs a little 

depending on company and field. But when looking back on when the Japanese 

who first adopted these capabilities they were ranked as presented above (De 

Meyer et al., 1989; Olhager, 1993; Bellgran and Säfsten, 2010; Brettel et al., 

2016). First comes quality and after achieving an accepted quality then 

dependability can be offered. After being able to deliver expected quality and 

dependability focus on cost reductions can be made. After that these three 

capabilities are achieved focus should be turn to flexibility. 

In the definition on a manufacturing strategy made by Hill (2000) different 

decisions needs to be taken that will affect the four competitive factors. Skinner 

(1969) stated that these decisions will lead to achieving targets and needs to be 

supported from top management. These decisions are describe by Bellgran and 

Säfsten as Decision categories that will affect the competitive factors cost, quality, 

dependability and flexibility. The different decision categories are Production 

process, Capacity, Facility, Vertical integration, Quality, Organization and human 

resources and Production planning and control. One of these decision categories 

are as stated before production process where decisions need to be taken regarding 

process type and layout (Slack et al. 2001; Mattsson and Jonsson 2003; Hayes et 

al. 2004). 

When a decision is taken there are always a trade-off between different 

alternatives (Bellgran and Säfsten, 2010). According to Skinner (1974, p. 115) “A 

factory cannot perform well on every yardstick.” Skinner (1974) presents a theory 

based on that every manufacturing unit should focus on few performance 

measures and trade these off against the less important performant measurements. 

There are many different decisions that need to be taken within a company, 

manufacturing and production. All these decisions will generate different types of 

trade-offs. The literature about trade-offs takes different stands. Some authors 

(e.g. Hall, 1980; Schonberger, 1986; Schonberger, 1990; Schroeder et al., 1991; 

Adler et al., 1999) are presenting arguments that support the theory of that trade-

offs do not exist between different capabilities. Schonberger (1986, 1990) is 

presenting that a company can improve on all different aspects of capabilities and 

at the same time and thereby a trade-off can’t exist. Schroeder et al. (1991) is 

presenting that many companies, especially Japanese companies, can produce 

products with high quality at a low cost. Adler et al. (1999) is presenting a case 

study where the trade-off between flexibility and efficiency didn’t existed due to a 

committed leadership and a long term goal. Skinner (1992a) and New (1992) is 

still meaning that trade-offs exist but they can change over time but that trade-offs 

still remain. New (1992) is stating that there are still a trade-off between quality 

and cost and product variety and cost. Skinner (1992a) means that trade-offs not 

should be looked at as trade-offs but as relationships between performance 

capabilities. One other way of looking at the theory of trade-offs is by adopting 
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the Sand cone model that first was introduced by Ferdows and De Meyer (1990). 

The sand cone model is building on the theory that competences are cumulative. 

First is quality improved, second is reliability improved, thirdly is flexibility 

improved and fourth and last can cost efficiency be achieved. These four 

capabilities build on each other and then is continually improved even if focus is 

turned to the next step in the “sand cone”.  

3.3 Manufacturing flexibility 

Flexibility is a multi-dimensional concept and the use of flexibility within 

manufacturing and production development have been reviewed and summarized 

by many authors (Sethi and Sethi, 1990; De Toni and Tonchia, 1998; Jain et al., 

2013). In De Toni and Tonchia (1998) review they summarize and state that 

flexibility is required to be applied when any of the following five factors needs to 

be handled or achieved (De Toni and Tonchia, 1998, p. 1594): 

(1) The variability of the demand 

(2) Shorter life-cycles of the products and technologies 

(3) Wider range of products 

(4) Increased customization 

(5) Shorter delivery times 

Flexibility has been one of the biggest trends in manufacturing over many years 

within the manufacturing industry and is well accepted as one of the four 

operational capabilities in a manufacturing strategy (Swamidass and Newell, 

1987; Ferdows and De Meyer, 1990; Olhager, 1993; Brettel et al., 2016). Brettel 

et al. (2016) is stating that over the years from when the Japanese first introduced 

these capabilities more focus within the industry have been on flexibility but 

Brettel et al. (2016) are not presenting a new ranking between the different 

capabilities, just stating that more focus have been turned on flexibility.  

When trying to define the term flexibility Jain et al. (2013) present in theirs 

extensive literature review that there are almost more different defifnitons on 

flexibility then there are authors on the subject. The reasone for this is due to that 

every company have their own view on what flexibility is for them self. Trying to 

present a deffinition on flexibility Jain et al. (2013) made a interpretation based on 

Mandelbaum (1978)
1
 and Slack (1983) while Upton (1994) then define flexibility 

in a more extensive view. The both definitions are presented bellow. 

“General ability to adapt/change” Jain et al. (2013, p. 5947) based on 

Mandelbaum (1978) and Slack (1983)  

“Flexibility is the ability to change or react with little penalty in time, 

effort, cost or performance.” Upton (1994, p. 73) 

                                                 

 

1
 Original source not found (Mandelbaum M. 1978. “Flexibility in Decision theory: An exploration 

and unification.” Unpublished PhD thesis, Department of Industrial Engineering, University of 

Toronto, Canada.)  
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These two definition is then explained to be a reactive way of looking at 

flexibility when action are being made after a change have occurred instead of 

being able to change and adapt in a proactive way and there by gain competitive 

benefits by raising customer expectations and putting pressure on competitors  

(Jain et al., 2013; Sawhney, 2006). The proactive definition on flexibility is 

thereby presented by Jain et al. (2013, p. 5947) based on (Hyun and Han, 1992) 

and is cited as followed. 

“A systems ability to cope with a wide range of possible 

environmental changes.” (Jain et al., 2013, p. 5947) 

Further, there is a general understanding that manufacturing flexibility need to be 

considered as a multi-dimensional concept (Sethi and Sethi, 1990; Gerwin, 1993; 

Olhager, 1993; Upton, 1997; De Toni and Tonchia, 1998; Jain et al., 2013; 

Sawhney, 2006; Brettel et al., 2016).  

Sawhney (2006) present 10 different types of flexibility and present these types of 

flexibility as looking at a manufacturing company as a transformation system that 

consist of an input stage, process stage and output stage. The framework presented 

by Sawhney (2006) is showing that there is a continuous exchange of different 

flexibilities to create opportunities and counter uncertainties along the whole 

supply-chain. This exchange is not limited to the creation point of the flexibility 

or uncertainty but could be moved up or down the supply-chain. By looking at a 

manufacturing firm as a transformation system a transformation framework of 

flexibility is presented in figure 14.  

Input stage Process stage Output stage

Uncertainty

Opportunity

Uncertainty

Opportunity

Input Flexibility Process Flexibility Output Flexibility

Labor flexibility

Machine flexibility

Material-handling flexibility

Expansion flexibility

Routing flexibility

Input-quality flexibility

Delivery flexibility

Product-mix flexibility

Volume flexibility

New-product flexibility

Input Uncertainty Process Uncertainty Output Uncertainty

Supplier 

Flexibility
Customer 

Flexibility

 

Figure 14 – Transformation framework of flexibility (Sawhney, 2006) 

Koste and Malhotra (1999) presents a hierarchy relation between the different 

dimensions of flexibility, figure 15. Koste and Malhotra (1999) present the 

hierarchy of different flexibility demensions to state that this must be done in 

order to look at flexibility with a holistic view for manufacturing firms and to 

have a strategic and conscious view on flexibility to become competetive.  
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Figure 15 – Hierarchy of flexibility dimensions (Koste and Malhotra, 1999) 

3.4 Simulation 

Law (2009, p. 24) is quoting Professor George Box “All models are wrong, but 

some models are useful”.  

A simulation model is an imitation of a process or system that can be existing or 

proposed. The use of simulation as a tool is to analyze a process or system based 

on change and to answer what if questions. By building a simulation model where 

the selected change is applied and then exposed for variations and what if 

scenarios conclusions can be drawn and could be basis for future decisions. 

Simulations can be applied before a system is physical built and by this predict 

critical areas. When building a model the most important part of the simulation 

model is that the model is valid. To achieve this it is important to follow a strict 

way when building a simulation model (Law, 2009; Robinson, 2004; Banks et al., 

2010). 

“Validation is the process of determining whether a simulation model 

is an accurate representation of the system, for the particular 

objectives of the study” Law (2009, p. 24). 
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All simulation models should and could be validated and this is of the highest 

importance otherwise the simulation model is useless and wrong and costly 

decisions can be made based on this. One other important factor to take into 

account is that a simulation model is always developed for a particular set of 

objectives and could thereby be valid for one objective but not for another (Banks 

et al., 2010; Law, 2009). 

According to Banks et al. (2010) simulations can be an appropriate tool in some 

cases and in some cases not. 

Appropriate 

1. In the study and/or experiments of internal interaction within a complex 

system or a subsystem in a complex system. 

2. Informational, organizational or environmental changes and the effects 

that these changes are causing can be observed and analyzed. 

3. In the design face of a model knowledge can be gained and generate 

suggested improvements. 

4. By changing inputs the result of the output can be observed and important 

variables can be identified and also see how these interact with each other. 

5. Simulation can be used in an instructive way to reinforce analytic solution 

methodologies. 

6. Simulation can be used to make experiments with designs and changes 

before they are implemented and thereby prepare for things that might 

happen. 

7. Simulation can be used for verify different analytic solutions. 

8. Simulation of machines can help creating the requirements on it.  

9. Simulation make learning possible without interruption of day-to-day 

operations. 

10. Simulation make it easier to visualize a behavior or change 

11. The system is so complex that the internal interactions only can be treated 

through simulation.  

Banks et al. (2010) 
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Not appropriate 

1. When the problem or change quickly can be solved by “common sense”. 

2. When the problem can be solved analytically. 

3. When the problem can easy can be solved by experiments in the real 

system. 

4. When the simulation will cost more than the potential savings.  

5. When resources are not available or there is a lack of time for building the 

simulation. 

6. When there is a lack of important data. 

7. When the model cannot be validated or verified. 

8. When the system is to complex. 

Banks et al. (2010) 

Robinson (2004) list the main advantages and disadvantages of a simulation 

compared to experimentation with a real system.  

Advantages 

 Cost – to make changes or alterations to a real system could generate that 

the system needs to be interrupted in the day-to-day operations and even 

shutdown. This will generate in lost production time and even when the 

system is up after the alterations the system might not work as assumed 

and the change can have negative effects on the system causing defects 

generating a cost of e.g. materials. In a simulation the only cost will be the 

time spent to apply the changes in the simulation.  

 Time – it takes time to make real system changes and even longer time to 

get the system up to expected performance. In a simulation the changes 

can be applied much faster and achieve the expected performance 

immediately and even make runs that illustrates years of assumed 

production.   

 Control of the experimental conditions – when performing a experiment 

there might be different conditions and parameters that are hard and even 

impossible to control in a real system e.g. how and when people arrives to 

a hospital. How people react under observation compared to when they are 

not being observed. Some parts of a system only might occur once so the 

repletion of the event is impossible to analyze again. In a simulation every 

experimental condition can be programmed to occur random or as many 

times as needed to get a clear understanding. 

 The real system does not exist – when a real system does not exist there 

are no way to make changes or measurement. Apart from building the real 

system there is no way of direct experiments and the only alternative to 

perform experiments is by building a simulation.  

Robinson (2004) 
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Disadvantages 

 Expensive – the simulation software are often expensive and there is a cost 

is the time when building simulation models.   

 Time consuming – It takes time to build a simulation model.   

 Data hungry – most simulations need input data that might not be 

available. Thereby data needs to be collected. When the data then is 

collected it needs to be analyzed and formed so that it is suitable for the 

simulation.     

 Requires expertise – simulation modelling is more than the use of a 

computer software. It requires skills in conceptual modelling, validation, 

statistics, data gathering and measurements.  

 Overconfidence – there is always a danger when a simulation is interpret 

based on that the model always needs validation and all the simplifications 

and assumptions needs to be take into consideration. 

Robinson (2004) 
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4 EMPIRICAL FINDINGS 

In this chapter the empirical findings is presented, divided into two parts. The first 

part is about Astra Zeneca as a company and the production site in Södertälje, 

Sweden operations. In the second part findings regarding the studied project 

Genuair is presented.     

4.1 The company Astra Zeneca  

Astra Zeneca is a global pharmaceutical company of 61 000 employees, out of 

these 9300 employees work at 23 supply and manufacturing sites all over the 

world. This thesis project has been carried out at the Astra Zeneca site in 

Södertälje, Sweden Operations, comprising two plants with about 3000 employees 

that are manufacturing medicines and packaging material. The site in Södertälje is 

the leading site for manufacturing complex products and the primary launch site 

for new products. A key source for superior production capabilities is the 

development and implementation of new production systems.  

The production engineering department of 20 engineers at the Södertälje site 

supports the development of production equipment based on an extensive annual 

investment portfolio. The department currently focuses on improving the process 

used for development of production equipment that is both sustainable and 

competitive. Further, manufacturability evaluation in early product development 

is important to avoid costly design flaws and non-optimal designs. 

Astra Zeneca in Södertälje has a well-developed way of working with LEAN and 

have combined the basic principles and philosophy from Toyota and Liker and 

also in a collaboration with Scania. This have generated in what Astra Zeneca in 

Södertälje calls the The House and illustrates Astra Zeneca supply system within 

Sweden operations and is illustrated in figure 16. 
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Figure 16 - Astra Zeneca supply system 



37 

The embracing of LEAN and creation of The House has generated the top 

capabilities within Sweden operations where Safety, Health and Environment 

(SHE) is the first of the four priorities with focus on that nothing can be done with 

the risk of harming humans or environment. The second capability is the product 

quality. Third capability is that the right quantity should be delivered at the right 

time to the right place, this capability is called supply. The fourth and last 

capability, costs, is about to always have control over the costs. These four top 

capabilities within Sweden operations put high pressure on production and the 

development of production where SHE, Quality, Supply and Costs needs to be 

taken into account and be reflected in every new and existing production systems 

in Södertälje. 

Every part of The House is equal important and by having this approach to the 

house is what makes it effective and a competitive way of working. But one part 

of the house that will be highlighted is just in time (JIT) that is a fundamental part 

of LEAN theory and at Sweden operations is building on producing and 

delivering the right product in the right amount at the right time. To be able to do 

this, JIT have within Sweden operations three underlying principles: tact, 

continuous flow and pull system. These three parts together with good 

manufacturing procedure (GMP) are the foundation for production.  

Tact – set the pace for production and is often given by the average 

customer demand. 

Continuous flow – the ambition is that the products are in continuous 

movement and this is achieved through minimizing and shortening the 

production stops, creating short distance between different parts of 

production and when needed working with in-between buffers that are 

as small as possible. 

Pull system – Nothing should be produced without a demand. When a 

demand is needed it creates a pull and the product/products are 

produced. Right product, right amount at the right time. The pull 

system will help to minimize over production, unnecessary buffers 

and storages, transportation times and waiting time.  

GMP – Good manufacturing procedure is a quality system that 

provides comprehensive quality requirements on how products and 

production is handled within the pharmaceutical industry. By 

following GMP a high compliance can be achieved.  

Sweden operations site in Södertälje produce and package many different 

products. There is a high volume production with a high variance of products. 

Even if the input to a production process only might be one type of medicine that 

often arrives to the process in different batch sizes the output from the process can 

be up to hundred different products. This high variance of products occurs due to 

laws and regulations and a customer demand that differs from market to market 

e.g. one customer and market can request that the medicine are packaged in a 

different way than one other customer on a different market, even if it is the same 

medicine type. Some of the different packaging types are wallets for pills, 

aluminum packaging for pills, 1-pack, 2-pack, 4-pack etc.  Then there is also the 

variance of different medicine dosages that can vary for the same customer. 
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4.2 The project Genuair 

Astra Zeneca has bought a patent for a medical inhaler called Genuair and Astra 

Zeneca has started a project called Genuair that consist of approximately 50 

different persons with the purpose of reaching production start. The first 

production line for Genuair is expected to be up and running for test production in 

the beginning of this summer. The food and drug administration approval is 

planned to be in 2017 and time-to-volume is needed to be in 2017. Based on 

forecasts Astra Zeneca predicts an increasing demand for Genuair and are fully 

committed on investing in future production lines and/or equipment to be able to 

produce and deliver orders to customers. There is already a plan to build a second 

Genuair production line in the same building as the first production line. The 

project Genuair differs from previously new product introduction on the fact that 

Genuair is a bought patent. This gives an already approved filling and 

containment of the product and also a certain way of producing the products. 

Along with the patent for selling and producing the Genuair products existing 

machines have been bought. These machines have been altered to fit Astra 

Zeneca’s way of producing where the filling machine and assembly machine 

where in the original state one machine and then needed to be in one hygiene 

zone. But when dividing the machine into two only the first machine need to be in 

a higher hygiene zone then the rest of the production line. Every alteration to the 

approved patent needs to be cleared with laws and regulations within the FDA.   

4.2.1 The product 

The product Genuair is an inhaler medicine. There are two different types of final 

medicine products, EkliraGenuair and DuaklirGenuair, figure 17. These two 

products are produced and assembled by the use different plastic components and 

in this process the medicine is also filled into the inhaler. The two products differ 

on many different parts although they look the same except for the colour on the 

inhaler device and the label outside of the inhaler. There are different medicine 

mixtures inside the two inhalers, EkliraGenuair and DuaklirGenuair, and the 

dosage of medicine for the two different inhalers can be 30 doses or 60 doses. 

Then the final products also can differ from one market to another on many 

different parts e.g. the language on the product text for USA and China or that 

there are different booklets and/or leaflets for different markets even if the 

specific medicine product is the same. The medicine mixture for EkliraGenuair 

and DuaklirGenuair have the same medicine base, in this thesis called API 1, and 

for DuaklirGenuair lactose and API 2 needs to be added together with API 1.  

 

Figure 17 - EkliraGenuair and DuaklirGenuair 
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The plastic inhaler consist of 21 different components that are preassembled by a 

sub supplier before arriving to Astra Zeneca in Södertälje. There are 4 different 

components that arrive and these are; Inhaler, Sliding lid, Cartridge and Cartridge 

lid. These four components are illustrated in figure 18 - 21.    

 

Figure 18 - Inhaler 

 

 

Figure 19 - Sliding lid 

 

Figure 20 - Cartridge 

 

 

 

Figure 21 - Cartridge lid 

4.2.2 Planned production volume and product mix 

Based on forecast calculations made by Astra Zeneca they are predicting an 

increasing demand for the two Genuair products. Due to confidentiality regarding 

the future plan for the Genuair products they will from now on be referred to as 

XGenuair and YGenuair.  

The production plan for the Genuair products is during the first three years 2017 

to 2019 only to sell and produce XGenuair for one market. In 2020 adding 

YGenuair to the same unique market and in 2021 also starting to produce and sell 

the two Genuair products to the rest of the world consisting of additional 41 

different markets. The volume needed is planned to be produced and achieved by 

working 2-shifts on 2 different production lines. This forecast and plan is 

summarized by table 8 and figure 22. 

Table 8 – Planned product mix 

Product 

mix 

XGenuair for one market 

XGenuair 

and 

YGenuair 

for one 

market 

XGenuair and Ygenuair for rest of the 

world 

Year 2017 2018 2019 2020 2021 2022 2023 2024 2025 
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Figure 22 - Planned production volume 

When looking at the planned production the Genuair products will in the first 

three years have a low product mix based on that only XGenuair will be produced 

to one market. When looking into the future of Genuair planned production it will 

become a higher product mix when adding YGenuair to the production, 2020. 

When introducing the two different products to the rest of the world, 2021, it will 

generate a high product mix and a high volume production. This future state will 

generate that in the filling machine (first machine) it is stated what type of product 

that is going to be produced based on the following facts;  

Is the product:  

 XGenuair or YGenuair 

 30 or 60 dosage  

 Is the order for USA or Rest of the world (The Genuair product for USA 

have a slightly different Inhaler that shoves a fully red 0 when the Genuair 

product is empty as for rest of the world that shoves a striped red 0.)  

This gives in the first step of producing a possibility of producing 8 different 

products. These 8 products are then as further in the production process they come 

getting more and more market specific and unique based on stickers, booklets, 

leaflets, boxes etc. When the packaging material is entering the production 

process there are 168 different products that can come out from the labelling 

machine based on different labels for different markets. After the kartoning 

machine there can be 250 different products coming out based on that different 

markets have different booklets and leaflets and that the product can be packed in 

1-pack or 3-pack. The amount of different products that the Genuair production 

line can produce is summarised and illustrated in figure 23.   
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Figure 23 – Product mix for Genuair 

4.2.3 Production layout 

As explained in the previous chapters the long term production planning will 

generate that there will be a need for at least two production lines that will 

produce the Genuair products. The first production line is built to produce the 

current demand while the second production line is planned to be produced after a 

couple of years to be able to produce the future demand. The line that is 

developed at the moment has a continuous process type and has a continuous flow 

layout. The machines are arranged in a certain order that creates an “L”.  The 

machines connects with each other with conveyer belts that also works as small 

buffers in between the stations. The bottleneck machine (based on the different 

machines design rate) is placed in the beginning of the process where the 

following machines design rate is slightly increasing when going downstream of 

the production process with the intention of creating a pull flow through the 

production line. Figure 24 is representing the two planned production lines and 

shows the different hygiene zones, Purity zone class D and zone 1. Production 

line 1 is the studied production line that is formed like an “L” and production line 

2 that is formed like a “U” is illustrated by dashed lines.  
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1. Filling2. Assembly3. Labelling4. Foiling

5. Kartoning

6. ”NERI”

7. Palletiser

1. Filling2. Assembly3. Labelling

4. Foiling

5. Kartoning 6. ”NERI” 7. Palletiser

Preperation

Raw material

Pallets out

Orders

Pallets out

Orders

RKD 

Zone

(Purity class D) 

Hygine 

zone 1 

Production line 1, ”L”

Production line 2, ”U”

 

Figure 24 – Genuair production layout 

The final layout for the production lines was based on the following parameters: 

Machines – When buying the patent for producing the different Genuair products 

some of the current machines were also bought that have put a limitation in how 

and what the machines can produce and also a limitation of the tact and thereby a 

limitation of the production output of the production line.   

Buildings parameters – The physical building parameters have limited the layout 

of the production line and this is the reason why the machines are arranged in an 

“L” flow. The “L” flow of the first production line is also a result of that the 

second production line are planned to be produced and placed in the same 

building generating that the first line looks like a “L” and the second like a “U”. 

This is the only way of having two separate production lines at the available 

space.  

Laws and regulations – Laws and regulations have put the requirements on how 

materials are being handled and that API 1, API 2 and the lactose for the products 

is prepared in a contained room, the preparation in figure 24. When filling the 

medicine mixture into the cartridge it also needs to be done in a certain hygiene 

zone, RKD. First when the medicine is sealed it can be handled in a different 

hygiene zone, hygiene zone 1. This also have a strong connections with the top 

two top capabilities SHE and quality. 

Time to volume – When the patent was bought there is a time pressure on the 

project and also on the production to get up to the right production volume in a 

short time. This is reflected with consideration to costs.  

Preferred suppliers – In this single case study a patent and machines where bought 

putting limitations into the machines, as presented above but some of the 

machines where not bought together with patent but from preferred suppliers. 

When having preferred suppliers it puts a limitation on the procurement of 

machines. 

Experience – The choice of process is also based on previous experience and how 

similar products are produced today within Sweden operations in Södertälje. 
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Just in time – as one of the principles in the House that are evolved to create a 

tact, continuously flow and pull flow gives a solid way of working to never miss a 

production order and delivery to customers.  

Capabilities and Good manufacturing procedure (GMP) – are always influencing 

the development phase of a production line as they are to be considered within 

production. The capabilities and GMP, as presented in previously chapters, are 

contributing to why the layout looks like it does.   

4.2.4 Production process 

The input to the production process is divided into three different parts; Plastic 

components, Raw material and Packaging material. The input for the production 

process is illustrated in table 9.  

Table 9 – Input to the production process 

Plastic components Inhaler 

Sliding lid 

Cartridge 

Cartridge lid 

Raw material API 1 

API 2 

Lactose 

Packaging material Booklet 

Carton 

Leaflet 

Shrink wrap 

Outer boxes 

Foil 

The production process starts with a filling station where the specific medicine is 

filled into the cartridge and then sealed by adding the cartridge lid. In the next step 

the cartridge is mounted inside the inhaler and then closed by adding the sliding 

lid. Then every product get a sticker on both sides and also gets labeled. Then 

every single product is packaged in foil and then together with booklets and 

leaflets packed into a box, see figure 17. The box is then together with other boxes 

packed into bigger boxes and then stacked on to pallets.  

After every machine there is different vision systems that reads and log every 

single product to create a traceability of every single product and securing the 

production process. If the vision system detects any deviation the previously 

and/or next machine is stopped or the product is thrown out of the production line 

for examination made by an operator. A high compliance thereby puts high 

requirements on traceability for every single produced product. The traceability is 

of highest importance so if a problem is detected products can be recalled and the 

problem can be fixed. The traceability requirement puts one limitation on the 

order sizes. One order cannot be produced from two different ingoing batches of 
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active pharmaceutical ingredient. If there is any risk that a product is 

contaminated during production it will be thrown away.  

The production process consist of seven different machines. Before describing 

every machine for itself there are some common parts for the whole production 

line. Regarding the hygiene zones, material refill for the machine, automation 

production, operators and flexibility. The Genuair production line is flexible 

looking at the amount of different products that can be produced in the whole 

production line. The flexibility, however, comes to the price of time. When the 

ingoing batch of active pharmaceutical ingredient is empty the whole production 

line needs to be stopped and cleaned this changeover is called a batch changeover 

and for the Genuair production line it takes 4 hours. An ingoing batch of active 

pharmaceutical ingredient can also be for different orders, this will generate an 

order changeover that affect all machines except the filling machine. This order 

changeover takes 2 hours. When a batch changeover occur there is time to do an 

order changeover on the whole production line. The production line is divided 

into two different hygiene zones, RKD and zone 1. The filling machine is located 

in the RKD zone and connects to the rest of the production line through a small 

howl in the wall. The rest of the production line is located in hygiene zone 1. The 

Genuair production line is a fully automated production line except for the 

refilling of material and the changeovers. In the RKD hygiene zone there is 2 

operators that works with doing sampling tests, fixing smaller stops, refilling 

input material, overseeing the production and managing the batch changeovers. In 

hygiene zone 1 there is 4 operators that together are responsible for machine 2-7. 

These operators are doing sampling tests, fixing smaller stops, refilling input 

material, overseeing the production and managing the batch changeovers and 

order changeovers. Every machine is in need of refilling of input material. For the 

plastic components this is done by the use of material feeding machines that once 

in a while needs the manual refilling. The machines that have other material input 

e.g. rolls of labels, booklets, carton have a feeding part connected with the 

specific machine.  

1. Filling machine 

The first machine in the production line is a filling machine. The raw material 

arrives to the machine in a batch that consist of 80 kg active pharmaceutical 

ingredient that generates 58 pallets of Genuairs. Since the active pharmaceutical 

ingredient needs to be handled in a secure environment due to laws, regulations 

and safety regulations the filling machine is located in a secure room that’s only 

can be accessed through gates. This hygiene zone is called RKD and is illustrated 

in figure 23. In the filling machine the active pharmaceutical ingredient is filled 

into the cartridge and then sealed by the cartridge lids and then transported via a 

conveyer through a small hole in a wall and then out to the second hygiene zone, 

hygiene zone 1. Table 10 is summarizing the filling machine.   



45 

Table 10 – Filling machine 

Material input Batch of active pharmaceutical ingredient 

Cartridge 

Cartridge lid 

Output Filled and closed cartridge 

Hygiene zone RKD 

Bought CT 80 pcs/min 

2. Assembly machine  

When the product arrives to the assembly machine the product have left the 

previous hygiene zone. The current hygiene zone, hygiene zone 1, still have high 

requirements on environmental issues but the product that is sealed within the 

cartridge is assumed to not be able to be contaminated. In the assembly machine 

the filled and closed cartridge is assembled into the inhaler and the sliding lid is 

closing the inhaler and then the Genuair product is ready for labelling and 

packaging. Table 11 is summarizing the assembly machine. 

Table 11 – Assembly machine 

Material input Inhaler 

Sliding lid 

Output Genuair 

Hygiene zone 1 

Bought CT 80 pcs/min 

3. Labelling machine  

In the labelling machine there are two labels that are glued on to the inhaler, one 

label for each side of the Genuair. This machine need two rolls of labels one on 

each side of the machine and when the roll is empty the machine is paused when 

the new roll is applied. Table 12 is summarizing the labelling machine. 

Table 12 – Labelling machine 

Material input Rolls of labels 

Output Labelled Genuair 

Hygiene zone 1 

Bought CT 80 pcs/min 

4. Foiling machine  

In the foiling machine the Genuair is packaged into a bag of foil. There are two 

different types of foil that are used; USA have a green foil bag and rest of the 

world have a transparent foil bag. This machine is feed with rolls of foil and as the 
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labelling machine there is a stop when changing the roll. Table 13 is summarizing 

the foiling machine. 

Table 13 - Foiling machine 

Material input Rolls of foil 

Output Foiled package that consist of one Genuair 

Hygiene zone 1 

Bought CT 160 pcs/min 

5. Kartoning  and Leaflet machine  

In this machine the foiled package get packed into 1-pack or 3-pack. USA only 

have 1-pack but rest of the world have 1-pack and 3-pack of 60 dosage and only 

1-pack for 30 dosage. There are different sizes on the different leaflets and 

booklets for different markets, the thickness of the paper can also differ. This 

different sizes of input material puts high requirements on the flexibility of the 

machine that needs to handle these different sizes. The material refilling for this 

machine will not cause any stop. Table 14 is summarizing the kartoning machine. 

Table 14 - Kartoning machine 

Material input Booklet 

Carton 

Leaflet 

Output 1-pack or 3-pack  

Hygiene zone 1 

Bought CT 110 pcs/min 

6. Code writing machine  

In the code writing machine a specific code are printed on the package. This 

machine is fully automated and do not need any material input to run. Table 15 is 

summarizing the code writing machine. 

Table 15 – Code writing machine 

Material input - 

Output Code-printed 1-pack or 3-pack 

Hygiene zone 1 

Bought CT Not jet specified 

7. Palletiser  

In the palletiser the package is packed into bigger boxes and then manually 

stacked on to a pallet. Once a pallet is fully packed it is ready to be shipped to the 

customer. Table 16 is summarizing the palletiser. 
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Table 16 - Palletiser 

Material input Outer boxes 

Shrink wrap 

Output 1296 Genuair/pallet 

Hygiene zone 1 

Bought CT Not jet specified 

4.2.5 Genuair production layout 

The first planned production line that in the previously parts have been presented 

have been built and analyzed in a simulation. This simulation has, as presented in 

the research methodology, been developed by following a seven steps method to 

conduct a successful simulation study. Each of these seven steps are presented in 

detail in appendix 2. In the following part is the results from the simulation of the 

current state of the Genuair production layout presented.  

The overall problem, questions to answer and the performance measurements that 

the production line will be analyzed through base on are presented in table 17.   

Table 17 – Overall problem, questions and performance measurements for the Genuair production 

layout simulation model 

Overall problem What is the current state of the first Genuair production line, 

How is the first Genuair production line performing? 

Questions How is the production line Genuair performing during simulated 

production?  

How much production time is lost due to machine breakdowns 

and changeovers? 

Performance measurements Volume produced (V) [number of pallets] 

Lead time (LT) [hours/pallet] 

Number of produced orders 

Batch changeovers 

Order changeovers 

OEE 

 

OEE = Total number of produced products / (Lowest machine design 

rate * Available production time) 

The input to the simulation model is a production schedule that builds on the 

planned production volume and product mix that is presented in chapter 4.2.2. 

Planned production volume and product mix. The Genuair production line have 

been analyzed by the use of two different production schedules where production 

schedule 1 is representing the planned production volume and product mix for 

year 2017. The second production schedule is developed based on the planned 

production volume and product mix for year 2021, see table 18. These two 

production schedules have then been run 100 times each in the simulation model.   
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Table 18 – Production schedules 

Production schedule 1 - 2019 Production schedule 2 - 2021 

Low volume changes  - 1 order is 58 pallets 

Low product mixed – XGenuair for one 

market 

High volume changes – 1 order can be of the size 

of 1-45 pallets. 

High product mixed - XGenuair and YGenuair for 

the rest of the world 

Every run of the simulation model is representing 1 year of production time. The 

result from the 100 simulation runs are summarized and presented in table 19. The 

number of each performance measurement is based on the average number of the 

100 runs. The detailed OEE calculations are presented in appendix 2.  

Table 19 - Genuair production layout performance 

 Production schedule 1 - 2019 Production schedule 2 - 2021 

Genuair 

production 

layout 

V= 8514 pallets 

LT = 0,45 hrs/pallet 

Produced orders = 147 orders 

Batch changeover = 147 changeovers 

Order changeovers = 0 changeovers 

OEE = 78,73 % 

V = 5559 pallets 

LT = 0,96 hrs/pallet 

Produced orders = 383 orders 

Batch changeover = 96 changeovers 

Order changeover = 383 changeovers 

OEE = 51,40 % 

When looking at the current Genuair production line it is clearly shown that the 

amount of finished produced pallets are strongly decreasing when there is a high 

volume change in the orders and at the same time having a high product mix. This 

decreasing amount of finished pallets is due to the increasing of different orders 

that generates order changeovers that locks the production line during the 

changeover. The lead time per pallet is also increasing due to the order 

changeovers. The amount of produced orders have increased but this is just 

shoving that there is a change in the order volume when comparing schedule 1 

with schedule 2. The average order size in schedule 1 is 58 pallets per order and 

14,5 pallets per order in schedule 2. This is also the reason why there is 0 order 

changeovers when schedule 1 is produced.  
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5 ANALYSIS 

In this chapter will the Empirical findings be analysed and compared to the 

Theoretic framework. The three research questions will be answered continually 

in the text. A functional layout will be presented, analysed through a simulation 

and compared to the current state layout.   

5.1 Functional layout in the pharmaceutical industry 

5.1.1 Future needs 

The pharmaceutical industry is facing new challenges and is in need of change 

within production and shortening the time-to-market for new products (Pisano, 

1997; Suresh and Basu, 2008; Peterson et al., 2009; Golla and Rao, 2011; 

Benedetti et al., 2014; Leuenberger and Leuenberger, 2016). According to Astra 

Zeneca they predict a radical change in the future within customer demand that 

will put more presure on decreasing the time-to-volume for production.  

Accordingly, the development of production lines needs to be handled in a 

different way.  

The Genuair project is in line with Astra Zeneca’s predicted future. Astra Zeneca 

predicts that a future within production will need to be able to handle to produce 

new products and handle more implementations of products and this in a parallel 

way. These new products will have a larger variety in volume, everything between 

small orders to larger orders. The products will also be needed to be produced 

with a larger variation. These types of products are within Astra Zeneca referred 

to as “specialized products” and that these specialized products today are 27% of 

the entire product portfolio and will increase to 60% in the coming years. Future 

needs within production at Astra Zeneca can be summarized as:  

 “Our pipeline will be more extensive and the development is 

moving forward setting the requirement on handling new launches 

of products parallel.”   

 “Our new products characteristics will demand that we produce 

different products both in small and large volumes to new 

customers and patients.” 

 “Forecasts predicts that specialized products will increase from 

27% to 60%.” 

These three bullets can be seen in the Genuair project where a new way of new 

product introduction has been adopted where a patent including machinery is 

bought to shorten the time-to-customer. The Genuair product is a specialized 

product and if these types of products will increase there is a need of having a 

sustainable way of implementing these products with the shortest time-to-volume 

as possible. The future trends for the Genuair products is going from a low 

volume and low product mix to a high volume and high product mix. As a result, 

the production line Genuair has the possibility of producing low volume and low 

product mix but also to produce high volume and high product mix. This 

predicted future will generate an even broader “V” – process (King et al., 2008) 

and the few different input materials will in the end of the production process 
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generate even more different finished products than today. The Genuair 

production line can change and react to handle volume flexibility and product-mix 

flexibility and have a high machine flexibility due to that every machine can 

change from producing 1 product to another generating 250 different finished 

products. But the flexibility will be of the expense of time, performance, effort 

and cost. When comparing the results from the two schedules being produced in 

the current state Genuair production line there is clear that something needs to be 

done to be able to handle the future production for Genuair but also to handle the 

whole production layout development within Astra Zeneca for the specialized 

products that is predicted to strongly increase. 

5.1.2 Limitations in the current layout 

The production layout for Genuair is clearly developed in line with Astra 

Zeneca’s LEAN philosophy and the conscious choice of creating a tact that sets 

the past of production, creating a continuous flow that builds on a pull system 

with the goal of fulfilling the major four capabilities being; SHE, compliance, 

deliverability and cost. The Genuair production layout is a continuous process that 

have a continuous flow layout. The limitations in a continuous flow layout 

presented by Hayes and Wheelwright (1979), Olhager (2000), Hill and Hill (2009) 

and Bellgran and Säfsten (2010) can strongly be seen at the Genuair line where 

the production line is vulnerable for shutdowns both shorter and longer and the 

changeovers that stops the whole production line from producing. The paste 

setting machine can also strongly be seen and is placed at the beginning of the 

process and limits the production volume output. One finding in this thesis is 

however contradicting to the findings in the theoretical framework where the 

continuous flow layout is stated to be inflexible. The pharmaceutical industry and 

more specific the Genuair production layout can handle and produce hundreds of 

different products. 

When looking into the future of Genuair the plan is to build a second production 

line that will look completely the same as the first production line except for the 

shape of the line that instead of an L is a U. This layout difference is due to the 

physical building area. The plan is to run these two production lines and going 

from one shift to two shift and thereby cope with future planned production 

volume. This development over time can strongly be connected to the scale-up 

that Suresh and Basu (2008) is presenting. Where one production line is built and 

when this can’t deliver the volume that is needed a second production line is built 

to cope with the growing demand over time.  

When analyzing the Genuair production line it is shown that the product volume 

and product-mix have a huge impact on the production. Going from small volume 

changes and low product mix to high volume changes and high product mix will 

generate more changeovers. There are two different types of general changeovers 

that occurs. One changeover occurs when the ingoing batch, consisting of the 

active pharmaceutical ingredient, is empty and needs to be changed. This will 

generate a precise and proper clearing and cleaning of the whole connected 

production line. The second changeover that occurs is when one ingoing batch 

will be produced to two or more different orders. When one order is completed 

and before starting to produce the second order all ingoing material (except for the 

batch of active pharmaceutical ingredient) need to be cleared out from the 

production line and all machines needs to be inspected. The chosen layout for 
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Genuair will generate that these two types of changeovers will lock the production 

line due to laws and regulations in line with Peterson et al. (2009).  

Laws and regulations do not only affect the changeovers but also other parts of the 

production layout. There are different hygiene zones that needs to be taken into 

consideration when developing the layout. The Genuair production layout have 

resulted in that the filling machine is located in on level of hygiene zone and the 

rest of the production line is located in a different hygiene zone. When building 

the different hygiene zones the zones are being closed and sealed by walls and 

thus it will be costly to make future changes to the specific production line or 

machine that would imply a change to the hygiene zones. Consequently, the 

defined hygiene zones will generate a limitation in the use of square meter due to 

once a room is build it´s hard to “just put in one more machine” to improve on 

e.g. production volume. The laws and regulations also puts high requirements on 

the handling of material. There can never be any material within the hygiene zone 

that is not for the specific product that is being produced. This regulation is also to 

make sure that there is 0% risk of e.g. putting the wrong label on a product. This 

material handling process is a part of the total changeover time. 

5.1.3 Functional layout 

By combining the theory of the “V” – process by King et al. (2008), the 

distinguished characteristics of the pharmaceutical industry presented by Finch 

and Cox (1988), Dam et al. (1993), Soman et al. (2004), King et al. (2008) and 

Storm et al. (2013), the limitations of the Genuair production line and the 

predicted future challenges presented both in the theoretical framework and at 

Astra Zeneca a functional layout is presented. The presented functional layout is a 

layout that has the same machine flexibility that already exists in the studied 

production layout. However, the proposed layout will be able to handle the 

changeovers in a different way that mainly will intend to decrease the impact of 

high volumes and high product-mixes changes by having an even higher degree of 

product-mix flexibility and volume flexibility. The functional layout also has the 

ability to handle expansion flexibility in a new way to avoid the scale-up trend. 

The expansion over time could be by just adding one more machine to the 

production line to e.g. improve the whole production lines capacity, improve on 

the past setting machine or introducing one more machine to be able to handle the 

production for a new market or customer. Since the development phase of a 

product can be up to 15 years and the time-to-volume when a patent is approved is 

of highest importance there is a need to be able to expand the production in a fast 

way.  

The proposed functional layout to be applied in the pharmaceutical industry is 

presented in figure 25. This presented layout is just one example of how the 

functional layout could look like but the layout should follow three design 

principles: 

 The functional layout builds on expansion the flow of machines the further 

up the material goes in the process, creating a “V” – process.  

 The functional layout has a tact thinking where the first machine/machines 

are creating the tact for the in tier production line where the following 

machines should be producing faster. By creating a tact flow having the 

ambition of creating a continuous flow and easier avoiding smaller stops.  
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 The pull system is still applied where nothing is produced without a 

demand and thereby having the right amount of right product at the right 

time.  

The proposed functional layout provides two main advantages. First, the layout 

aims at reducing the production losses due to order changeovers. While one or 

more production lines are working with the changeover the remaining production 

lines can continue with the manufacturing of the pharmacy. Second, the way the 

functional layout is developed will also give the ability to expansion when the 

production line needs to produce more instead of building a completely new line it 

is possible to only invest in parts of a new line or even just add one more 

machines to the layout. 
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Figure 25 – Example of the proposed functional layout suitable for the pharmaceutical industry 
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5.2 Challenges of introducing a functional layout 

The requirements on laws and regulations puts high requirements on that all 

things within the production process is handled in a correct way, having a high 

compliance and following GMP. Due to the divided flows in the functional layout 

it will put even higher demands on the compliance throughout the whole 

production line. There can never be a risk of putting the wrong label on a product 

or that a product is contaminated. Since there already is a high compliance of the 

current production layout by the use of vision systems this could be applied and 

guarantee that every single machine don’t receive or send out a bad quality 

product.  

To achieve a high compliance and maintain GMP the different hygiene zones are 

still the same. The filling machine is located in one hygiene zone where the active 

pharmaceutical ingredient is filled and then sealed before being transferred to the 

next machine and the next hygiene zone. If the Genuair production line can 

guarantee that the risk of contamination is eliminated the same should be able to 

do for the functional layout.  

The tractability of each product after every machine is also one fundamental part 

of the compliance and since there already are vision systems working with this it 

should be possible to apply the same type of vision system to ensure that each 

product can be traced back within the production layout. These vision cameras 

also can work like a quality insurance where every product is scan before and 

after every machine and if something is deviating from the production plan the 

production for the certain line or machine is stopped.  

The material input to each machine will put high requirements on the material 

handling process. The material flow and refilling of new material needs to be 

handled in a certain way where right input material will be for the right order and 

right machine at the right place. Since the material handling process today is 

regulated to laws and regulations this as the previously mentioned challenges 

needs to meet the requirements so that GMP is followed. 

One other challenge when analyzing the functional layout compared to the 

theoretical framework is the presented product-process matrix (Hayes and 

Wheelwright, 1979). The process and layout choice Slack et al. (2001), Mattsson 

and Jonsson (2003) and Hayes et al. (2004) is strongly seen in the pharmaceutical 

industry where high volume and high product-mix and the strategic performance 

targets strongly influence the choice of production layout, a continuous flow 

layout. The product-process matrix based on Hayes and Wheelwright (1979) 

presents a typical diagonal match between the products and process and layout. 

The pharmaceutical industry is today placing themselves in the lower right corner 

within the typical diagonal match. This process and layout choice gives the 

previously presented production characteristics within the pharmaceutical 

industry. A functional layout is developed with the intention of handle the 

different characteristics of the pharmaceutical industry and the products 

characteristics, high volume and high product-mix. By handling the product 

characteristics crating a need for volume flexibility and product-mix flexibility in 

the layout. This will place the functional layout towards the lower loft corner and 

outside the typical diagonal match of the product-process matrix. This will be the 
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result of having a layout that builds on a continuous flow layout and needs to 

handle both variation in product volume and product mix.  

Finally, the current mindset and way of working within Astra Zeneca will need to 

be changed. Designing production layouts within the pharmaceutical industry is a 

challenge. The pharmaceutical industry differs from the manufacturing industry 

on many parts where laws and regulations and pressure on time-to-market have 

influence the production development to fulfill the capabilities of SHE, 

compliance, supply and costs. Therefore, introducing a functional layout will 

desire a new way of thinking and still be able to achieve the capabilities. Today 

Astra Zeneca works with different preferred suppliers of machines and the 

development of production lines have had the tendency of become a scale up over 

time to fulfill the capabilities. One other thing that might contribute to challenges 

of changing the mindset is the collaboration of preferred machine suppliers. There 

are many advantages of working with preferred supplier’s e.g. fast delivery of 

new machines, maintenance and better prices. But, one disadvantages could be 

that the characteristics and features of the machines are not questioned and the 

limitation of one machines capacity will limit the whole production line and also 

contributing to the scale up over time. Astra Zeneca might need to put new 

demands on the suppliers and challenge them to try and deliver new, faster and 

maybe a higher degree of flexible machines that might handle two or more 

different types of input material. 

The challenges in introducing a functional layout within the pharmaceutical 

industry can be summarized by the following bullets: 

 Laws and regulations 

 Compliance 

 Location of machines in different hygiene zones 

 Traceability 

 Material handling 

 Product-process matrix 

 Mindset 

5.3 Functional layout performance 

To analyse the functional layout and to see how it performs compared to the 

Genuair production layout a simulation model whas built. The functional layout 

simulation is a simplification of the previously presented functional layout. The 

functional layout simulation is presented in figure 26. The simulated functional 

layout have been simplified by dividing the layout into two flows, flow 1 and 2. 

The simplification is made due to the disadvantages in building a simulation 

model (Robinson, 2004) where the time is the largest limitation of this thesis. The 

building of the functional layout simulation is presented in detail in appendix 3.  
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Figure 26 – Functional layout for the simulation model 

The overall problem along with the questions and performance measurements for 

the simulation is presented in table 20. Since the functional layout simulation is 

intended to be compared to the Genuair production layout the approach and 

performance measurements are in line with the simulation model that was built to 

represent the current Genuair production layout.  
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Table 20 - Overall problem, questions and performance measurements for the Functional 

production layout simulation model 

Overall problem How is the functional layout performing compared to the 

Genuair production layout? 

Questions How many pallets are produced during the simulation time? 

How many batch changeovers and order changeovers occur 

during the simulation time? 

Performance measurements Volume produced (V) [number of pallets]  

Lead Time (LT) [hours/pallet] 

Number of orders produced 

Number of batch changeovers 

Number of order changeovers 

OEE 

OEE = Total number of produced pallets / (Lowest machine design 

rate * Available production time) 

The input data to the functional layout simulation is completely the same as for 

the Genuair production layout but there is two assumption that have been added 

that, firstly, is regarding the measurements of the lead time per pallet and, 

secondly, the simulation is starting with orders consisting of pallets that are 

unbatched into single pallets, processed and in the end of the simulation the 

pallets are batch together into the original starting orders. This has resulted in that 

the Lead time in the simulation is measuring the average lead time per order. This 

have generated the assumption and simplification for calculating the lead time per 

pallet in the following way. The average order size have been used to calculate the 

lead time per pallet.   

Average order size for schedule 1 = 58 pallets 

Average order size for schedule 2 = 14,5 pallets 

Lead Time = (average Lead Time per order) / (average order size) 
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The functional layout simulation have been analyzed by the use of the two 

different production schedules that also were used in the Genuair layout 

simulation, table 21.  

Table 21 – Production schedule 

As for the Genuair production layout simulation the functional layout simulation 

where run 100 times, each run representing 1 year of production. The presented 

results of the functional layout simulation are presented with performance 

measurements and illustrated together with the results from the Genuair 

production layout in table 22. The presented results are based on the average of 

the 100 runs. 

Table 22 - Performance measurements of the functional production layout compared to the 

Genuair production layout 

 
Production schedule 1 - 2019 Production schedule 2 - 2021 

Genuair 

production 

layout 

V= 8514 pallets 

LT = 0,45 hrs/pallet 

Produced orders = 147 orders 

Batch changeover = 147 changeovers 

Order changeovers = 0 changeovers 

OEE = 78,73 % 

V = 5559 pallets 

LT = 0,96 hrs/pallet 

Produced orders = 383 orders 

Batch changeover = 96 changeovers 

Order changeover = 383 changeovers 

OEE = 51,40 % 

Functional  

production 

layout 

V = 8537 pallets 

LT =  0,38 hrs/pallet 

Produced orders = 147 orders 

Batch changeovers =  147 changeovers 

Order changeovers line 1 =  

0 changeovers 

Order changeovers line 2 =  

0 changeovers 

Total changeovers = 0 changeovers 

OEE = 78,94% 

V = 8543 pallets 

LT = 0,57 hrs/pallet 

Produced orders = 590 orders 

Batch changeovers =  148 changeovers 

Order changeovers line 1 =  

296 changeovers 

Order changeovers line 2 =  

295 changeovers 

Total changeovers = 591 changeovers 

OEE = 78,99% 

Production schedule 1 - 2019 Production schedule 2 - 2021 

Low volume changes  - 1 order is 58 pallets 

Low product mixed – XGenuair for one 

market 

High volume changes – 1 order can be of the size 

of 1-45 pallets. 

High product mixed - XGenuair and YGenuair for 

rest of the world 
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Analysing the functional layout simulation shows that the layout can handle the 

volume flexibility and product-mix flexibility in a different way than the current 

Genuair production layout. When producing low volume changes and low product 

mixed, schedule 1, the Genuair production layout and the functional layout 

perform equal. This is due to the production schedule where there is no order 

changes that are affecting the production line. But once the production schedule 

are changed, reflecting the predicted future, the current Genuair production line is 

struggling to handle the order changeovers. The functional layout are when the 

production schedule is changed to schedule 2 able to produce the same amount of 

pallets as when production schedule 1 is used. This is due to the functional layout 

that is more flexible on handling the volume changes and product mix that is 

represented in schedule 2. When looking at the functional layout these increasing 

changeovers that schedule 2 generates can be handled in a different way compared 

to the current Genuair production layout where flow 1 can be changed while flow 

2 is producing and vice versa. The lead time per pallet for the functional layout 

have increased but this can be described due to the simplification regarding the 

calculation of the lead time. Since the average order size for schedule 2 is based 

on the calculations using the average order size that where represented by 14,5 

pallets. The functional layout will when analysed in the simulation model create a 

trade-off between flexibility and cost. The achieved flexibility for the functional 

layout of handling the volume change and product-mix change will generate that 

more machines need to be bought. If there is no order changeovers the functional 

layout is not to prefer when compared to the current Genuair production line due 

to the cost of having almost the double amount of machines but not having any 

increase in production volume.   
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6 CONCLUSIONS AND RECOMMENDATIONS 

In this the final chapter of this thesis is presented. Firstly the conclusions are 

presented and finally future recommendations are presented. 

6.1 Conclusions 

The overall aim of this thesis have been to support the development of a 

functional layout within the pharmaceutical industry. This have been done by 

developing three different research questions that been answered by following the 

presented research method and process. The thesis builds on a single case study 

and have resulted in the development of a functional layout within the 

pharmaceutical industry that further will be discussed.  

In this single case study a specific production line have been studied and analysed 

through interviews, observations, literature, a simulation model and practice in a 

similar production line. This single case study indicates that the pharmaceutical 

industry differs from the manufacturing industry within many different fields e.g. 

production is strongly controlled by laws and regulations and long implementation 

times for new products that have generated distinguished production 

characteristics and that production often becomes a scale up over time to be able 

to produce the needed volume. The distinguished production characteristics that 

have been highlighted in this thesis is the huge amount of changeovers in 

production, compliance, traceability, location of machines in different hygiene 

zones and that the throughput is often limited by equipment. The pharmaceutical 

industry is stated to have flexible production within the flexibility dimension of 

machine flexibility where the input to a production process starts with a batch of 

active pharmaceutical ingredients that can generate several hundred different final 

products by the adding of material along the production line. This flexibility will 

come to the expense of time and lost production output due to changeovers.  

The predicted future within the pharmaceutical industry will generate a greater 

need for handling volume flexibility and product-mix flexibility. This will create a 

limitation in the current production layout that the pharmaceutical industry has 

applied today. In this thesis a functional layout has been proposed to handle this 

predicted future. The proposed functional layout can handle the changeovers in a 

different way but will generate different challenges to be able to be introduced, 

mainly due to the laws and regulations that strongly influence production within 

pharmaceutical industry. The proposed functional layout will generate a higher 

volume flexibility and product-mix flexibility due to the ability to handle order 

changeovers. The functional layout also intends to add expansion flexibility to 

avoid the scale-up tendency over time. This flexibility could be achieved by e.g. 

adding one more machine to the production line to make that station more flexible 

or productive by being able to handling the changeovers. This expansion 

flexibility could also generate that the production line will not be limited to one 

machines capacity e.g. the filling machine. By adding one more filling machine in 

the beginning could improve on the total output of the production line. The 

functional layout however will come to the expense of new machines and 

equipment.  

The proposed functional layout could be one way of handling the predicted future 

within the pharmaceutical industry. A future that needs volume flexibility and 
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product-mix flexibility. The final conclusion that can be drawn based on this 

thesis is that the pharmaceutical industry might be in the need of new inspiration 

and innovation when developing production layouts for the future. This is exactly 

what the functional layout is, a new way of thinking that are intended to inspire 

the pharmaceutical industry to new thinking and to become even more 

sustainable, productive and competitive.   

6.2 Recommendations 

The below presented recommendations builds on three different parts; Functional 

layout, OEE-calculations and Flexibility. The first part consists of future 

recommendations for the developing of a functional layout. The second part is 

regarding the measurement of OEE within the pharmaceutical industry that were 

found to be complex and differ both within the case company and in theory. The 

third and last part is flexibility that connects to the functional layout but intend to 

work with flexibility in a strategic way.  

Functional layout 

The mentioned challenges that are presented as answers to research question two 

needs to be further investigated. How can these challenges be worked with in a 

more detailed way to ensure that the production process have a high compliance 

and follows GMP. The drawn conclusions is based on a single case study and to 

achieve results and conclusions that are generalizable more case studies within the 

pharmaceutical industry are needed. It might also be of interest to conduct case 

studies within the process industry e.g. the food industry to look for inspiration 

and different production layouts.  

The third choice (Bellgran and Säfsten, 2010) regarding a detailed layout 

consisting the physical area that can be used, rooms, materials, truck paths, 

storages, operators, toilets etc. needs to be further investigated for the functional 

layout.  

When a simulation model is build and used for analysis, as in this thesis, and as 

presented in the theoretical framework there is always limitations, assumptions 

and simplifications that have been made (Robinson, 2004; Law, 2009; Banks et 

al., 2010). In this thesis the two simulation models have been built by following 

an “A Seven-Step Approach for Conducting a Successful Simulation Study” 

presented by Law (2009). Each model have been built with the purpose of be 

analysed for a specific problem and if these simulation models are to be used for 

other problems or analysis they might need to be rebuilt or modified to generate 

useful data and once again validated.  

The simplifications that have been made when building the Genuair production 

layout simulation, appendix 2, and the functional layout simulation, see appendix 

3, are firstly the use of pallets that have been produced instead of single products. 

In the real production layout there are single units that are being produced. It 

might be of interest to analyse the current layout and the functional layout by the 

use of single units instead of pallets. The second simplification were made 

regarding machine breakdowns and scraps of the production line. Since the 

studied production line is not fully build there have been assumptions made on 

some of the input data e.g. breakdowns for the machines. Once the production line 

is fully built it is recommended that real measurements for the Genuair production 

line is put into the simulation. Also once the production line is up and running this 
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might generate validation of the total amount of produced pallets and the 

performance of the current layout. The third and last part is the production 

schedule, schedule 2 appendix 4, which worked like an input to the simulation 

runs. It would be interesting to see how the production planning is affecting the 

performance of the different layouts. Since schedule 2 is building on that 1 batch 

= 4 orders it might be interesting to investigate what will happen if 1 batch = 6 

orders or 2 orders and so on.  

OEE-calculations 

When this thesis was started the intention was to measure and compare the studied 

layout and the functional layout by OEE-calculations. The intention of the OEE-

calculations was to find areas of improvements and to draw conclusion based on 

this. Since it is stated that the pharmaceutical industry have a low OEE with an 

average of 30% and a best-in-class value of 74% (Benedetti et al., 2014) this was 

found to be an interesting part to discuss. When the simulation models were 

finished and all data were extracted several meetings and discussions both at the 

company and at the university were done with intend of calculating the OEE and 

getting this validated for the current layout and also the functional layout. 

However, there was not one common way of calculating OEE, but three different 

ways were presented. Two from the company and one derived from theory.  

Due to huge difference between these different OEE calculations the author only 

presented one OEE calculation due to the intention of just comparing the different 

simulations with each other. This choice is done based on the scope of this thesis 

and the limitation of time where the intention where not to make an investigation 

regarding OEE calculations. The interesting thing that wants to be highlighted is 

that when calculating OEE by the use of these different formulas there is different 

results and in the future there would be interesting to look further into OEE 

calculations within the pharmaceutical industry.  

Flexibility 

A functional layout is about adding flexibility by changing the production layout. 

The functional layout has been developed based on different limitations and 

challenges that have been showed in this thesis. These limitations and challenges 

have generated a functional layout that intends to handle volume flexibility, 

product-mix flexibility, expansion flexibility and the already existing machine 

flexibility. As presented in the theoretical framework there are many different 

dimensions of flexibility. Some of the flexibility dimensions have not been taken 

into consideration but would be of interest to elaborate in a different study and to 

further develop the functional layout. A consciously way of working with 

manufacturing flexibility that have a foundation in a strategic decision that 

involves all the different dimensions of flexibility within the whole manufacturing 

system. One way of doing this could be by looking at the strategic flexibility that 

are based on Koste and Malhotra (1999) and also the developing of a 

manufacturing strategy regarding flexibility a; flexibility strategy. 
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Appendix 2 - Genuair production layout simulation  

Step 1. Formulate the problem 

The problem formulation have been developed together with the company tutor 

and the logistics manager in the Genuair project. The presented overall problem, 

questions to answer and the simulation performance measurements are presented 

in table 1. 

Table 1 – Formulated problem Genuair production layout simulation 

Overall problem What is the current state of the first Genuair production 

line?  

How is the first Genuair production line performing? 

Questions How many pallets are produced during the simulation time? 

How many batch changeovers and order changeovers occur 

during the simulation time? 

Performance measurements Volume produced (V) [number of pallets]  

Lead Time (LT) [hours/pallet] 

Number of orders produced 

Number of batch changeovers 

Number of order changeovers 

OEE 

 

OEE = (Total number of produced pallets * number of Genuairs per pallet) / 

(Lowest design rate * Planned production time) 

Step 2. Collect information, data and construct an assumptions 

document 

The collected information, data and assumptions are presented in table 2. 

Table 2 - Information, data and assumptions Genuair production layout simulation 

Production line Genuair production layout 

Batch size 1 batch = 80 kg = 58 pallets 

1 pallet = 1296 Genuairs 

Machines  

Filling machine Bought CT = 80 genuair/min 

MTBF = 85,5 hrs 

MTBF standard deviation = 8,5 hrs 



 

Appendix 2 – page 2 of 11 

 

MTTR = 0,4 hrs 

MTTR standard deviation = 0,5 hrs 

Assembly machine Bought CT =  80 genuair/min 

MTBF = 7,7 hrs 

MTBF standard deviation = 0,8 hrs  

MTTR = 0,3 hrs 

MTTR standard deviation = 0,8 hrs 

Labelling machine Bought CT = 80 genuair/min 

MTBF = 10,3 hrs 

MTBF standard deviation = 1 hrs  

MTTR = 0,2 hrs 

MTTR standard deviation = 0,5 hrs 

Foiling machine 

 

 

Bought CT = 160 genuair/min 

MTBF = 10,6 hrs 

MTBF standard deviation = 1 hrs  

MTTR = 0,2 hrs 

MTTR standard deviation = 0,3 hrs 

Kartoning and Leaflet machine Bought CT = 110 genuair/min  648 

MTBF = 5,4 hrs 

MTBF standard deviation = 0,5 hrs  

MTTR = 0,3 hrs 

MTTR standard deviation = 0,8 hrs 

Code writing machine Bought CT = 200 genuair/min 

MTBF = 26,2 hrs 

MTBF standard deviation = 2,6 hrs  

MTTR = 0,2 hrs 

MTTR standard deviation = 0,2 hrs 

Palletiser Bought CT = 200 genuair/min 

MTBF = 18,6 hrs 

MTBF standard deviation = 2 hrs  

MTTR = 0,3 hrs 

MTTR standard deviation = 0,5 hrs 

Changeovers Batch changeover = 4 hrs 

Customer order changeover = 2 hrs 
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Production schedule 1 

 

Production schedule 1 is representing the forecast 

for Genuair during the first three years where one 

ingoing batch represent 1 customer order. This 

means that 1 batch = 58 pallets = 1 order. Schedule 

1 is representing XGenuair for one market.  

58 pallets of product A (XGenuair, batch 

1,3,5,7,…,) 

58 pallets of product A (XGenuair batch 

2,4,6,8…,n) 

This schedule is then repeated every 0,25hrs with 

the purpose of that the first machine never will be 

standing still due to material input shortage.  

Production schedule 1 

Order size Batch ID 

58 1 

58 2 
 

Production schedule 2 Production schedule 2 is representing the forecast 

for Genuair from year 2021. This means that 1 batch 

= 58 pallets = 4 orders. The size of one order is a 

random number between 1 and 55. The only 

limitation regarding these random numbers are that 

4 orders = 58 pallets.  

Production schedule 2  

 

Order size Batch ID 

11 1 

14 1 

12 1 

21 1 

14 2 

5 2 

33 2 

6 2 

… … 

45 175 

2 175 

2 175 

9 175 

  

 

 

 

 

 

 

 

 

 

 

 

Production schedule 2 can in full be seen in 

appendix 4. 

1 batch,  

Batch no. 1 58 pallets 

batch pallets 

58 pallets 

batch pallets 

58 pallets 

batch pallets 

1 batch,  

Batch no. 2 

1 batch,  

Batch no. 175 
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Step 3. Is the assumptions document valid? 

Yes – By having a discussion and presentation for the company tutor and the 

logistics manager in the Genuair project the presented collect information, data, 

assumptions and simplifications where validated and approved. 

Step 4. Program the model 

Simulation model is built in ExtendSim v.8. A print screen of the simulation 

model can be seen in figure 1. 

Simplifications and assumptions 

document 

 

1) When a breakdown occurs on one machine there 

is never a breakdown on one other machine.  

2)  The simulation is built based on counting pallets 

and not on counting single products. This is made so 

that the simulation model not will be too heavy to 

run so that 100 runs can be made. 

3) The input schedule for the simulation is built on 

orders that later on in the simulation is unbatched 

into pallets and then batch together into the original 

input order. This have resulted in that the simulation 

is reading the average lead time per order. This have 

generated the assumption and simplification for 

calculating the lead time per pallet. The average 

number of pallets per order have been used to 

calculate the lead time (LT) per pallet.   

Average order size for schedule 1 = 58 pallets 

Average order size for schedule 2 = 14,5 pallets 

LT = (average LT per order) / (average order size) 

4)  Since there cannot be made any real 

measurements on the Genuair production line the 

amount of scraps in the production line is based on 

the assumption that a production line at Astra 

Zeneca have around 0,5-5% scrap. In the simulation 

there is therefore a simplification in the end where 

2,5% of the finished produced pallets will be scrap. 

This is also so that the OEE-calculation will reflect 

a more realistic value when calculating the quality 

factor.  

5) All above machine breakdowns MTBF and 

MTTR is based on one year’s measurements 

(secondary data) from a similar production line.   
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Figure 1 – ExtendSim simulation model 
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Step 5. Is the programmed model valid? 

Yes – By having a discussion and presentation together with company tutor and 

the logistics manager in the Genuair project the programed model where validated 

and approved. 

Step 6. Design, conduct, and analyse experiments 

The simulation model is planned to run 100 times and each run corresponds to 

2920 hours of available production time. This is based on 8 hours production time 

per day representing 1 shift during 1 year (365 days). When the simulation starts 

(time = 0) the whole production line is empty. 

The final presented performance measurements is based on the average 

calculations of the 100 simulation runs. 

The data that needs to be extract from the simulation based on the overall 

problem, questions and performance measurements are as followed:  

 Planned production time [hours] 

 Total number of produced pallets [pallets] 

 Total number of produced orders [orders] 

 Lead time [hrs/pallet] 

 Batch changeovers 

 Order changeovers 

 Stops/machine – breakdowns [hours] 

 Lowest design rate [products / min] 

 Scrap [pallets] 

Step 7. Document and present the results 

The results from the Genuair production layout with the two production schedules 

are summarized in table 3. All of the presented data is the average number that 

been calculated after 100 simulation runs with each production schedule. 

Table 3 – Result from the simulation of the Genuair production line 

 Production schedule 1 - 2019 Production schedule 2 - 2021 

Genuair 

production 

layout 

V = 8514 pallets 

LT = 0,45 hrs/pallet 

Produced orders =  147 orders 

Batch changeovers = 147 changeovers 

Order changeovers = 0 changeovers 

OEE = 78,73 % 

V = 5559 pallets 

LT =  0,96 hrs/pallet 

Produced orders = 383 orders 

Batch changeovers = 96 changeovers 

Order changeovers = 383 changeovers  

OEE = 51,40 % 

Here is the OEE-calculations presented in detail. The numbers that have been 

used in the calculations are all based on the average number after 100 simulation 

runs. 

OEE – schedule 1 

OEE  = (8514 * 1296) / (80 * 2920 * 60) = 0,7872534247 = 78,73 % 
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OEE – schedule 2 

OEE  = (5559 * 1296) / (80 * 2920 * 60) = 0,5140171233 = 51,40 % 

The specific results from the simulation runs are presented by the use of charts 

representing the average performance measurement after 100 runs and also 

showing the standard deviation from the 100 runs. The data from the simulation 

model with production schedule 1 is represented in table 4 and the data from 

simulation model with production schedule 2 is represented in table 5.   

Table 4 – Data from the simulation model schedule 1 

Genuair production layout - Production schedule 1 

Produced volume [Pallets] 

 

Lead time [hrs/order] 
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Calculating the lead time / pallet 

26,33/58 = 0,45 hrs/pallet 

Produced orders [orders] 

 

Batch changeovers [changeovers] 

 

 



 

Appendix 2 – page 9 of 11 

 

Table 5 – Data from the simulation model schedule 2 

Genuair production layout - Production schedule 2 

Produced volume [Pallets] 

 

Lead time [hrs/order] 

 

Calculating the lead time / pallet 

13,94/14,5 = 0,96 hrs/pallet 
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Produced orders [orders] 

 

Batch changeovers [changeovers] 
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Order changeovers [changeovers] 
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Appendix 3 – Functional layout simulation  

Step 1. Formulate the problem 

The problem formulation have been developed together with the company tutor 

and the logistics manager in the Genuair project. The presented overall problem, 

questions to answer and the simulation performance measurements are presented 

in table 1. The functional layout simulation is built to find out how the functional 

layout will perform compared to the current Genuair production layout. Therefore 

many of the different steps of the simulation approach have been the same as 

when building the Genuair production layout simulation. 

Table 1 – Formulated problem Functional layout simulation 

Overall problem How is the functional layout performing compared to the 

Genuair production layout? 

Questions How many pallets are produced during the simulation time? 

How many batch changeovers and order changeovers occur 

during the simulation time? 

Performance measurements Volume produced (V) [number of pallets]  

Lead Time (LT) [hours/pallet] 

Number of orders produced 

Number of batch changeovers 

Number of order changeovers 

OEE 

OEE = (Total number of produced pallets * number of Genuairs per pallet) / 

(Lowest design rate * Planned production time) 

Step 2. Collect information, data and construct an assumptions 

document 

The collected information, data and assumptions are presented in table 2. All of 

the input data is completely the same as for the Genuair functional layout due to 

that these two layout wants to be compared. If this comparison is to be as accurate 

as possible the input data should be the same for all the models.  

Table 2 - Information, data and assumptions Functional layout simulation 

Production line Functional layout 

Batch size 1 batch = 80 kg = 58 pallets 

1 pallet = 1296 Genuairs 
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Machines  

Filling machine Bought CT = 80 genuair/min 

MTBF = 85,5 hrs 

MTBF standard deviation = 8,5 hrs 

MTTR = 0,4 hrs 

MTTR standard deviation = 0,5 hrs 

Assembly machine Bought CT =  80 genuair/min 

MTBF = 7,7 hrs 

MTBF standard deviation = 0,8 hrs  

MTTR = 0,3 hrs 

MTTR standard deviation = 0,8 hrs 

Labelling machine Bought CT = 80 genuair/min 

MTBF = 10,3 hrs 

MTBF standard deviation = 1 hrs  

MTTR = 0,2 hrs 

MTTR standard deviation = 0,5 hrs 

Foiling machine 

 

 

Bought CT = 160 genuair/min 

MTBF = 10,6 hrs 

MTBF standard deviation = 1 hrs  

MTTR = 0,2 hrs 

MTTR standard deviation = 0,3 hrs 

Kartoning and Leaflet 

machine 

Bought CT = 110 genuair/min 

MTBF = 5,4 hrs 

MTBF standard deviation = 0,5 hrs  

MTTR = 0,3 hrs 

MTTR standard deviation = 0,8 hrs 

Code writing machine Bought CT = 200 genuair/min 

MTBF = 26,2 hrs 

MTBF standard deviation = 2,6 hrs  

MTTR = 0,2 hrs 

MTTR standard deviation = 0,2 hrs 

Palletiser Bought CT = 200 genuair/min 

MTBF = 18,6 hrs 

MTBF standard deviation = 2 hrs  

MTTR = 0,3 hrs 
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MTTR standard deviation = 0,5 hrs 

Changeovers Batch changeover = 4 hrs 

Customer order changeover = 2 hrs 

Production schedule 1 

 

Production schedule 1 is representing the forecast for Genuair 

during the first three years where one ingoing batch represent 1 

customer order. This means that 1 batch = 58 pallets = 1 order. 

Schedule 1 is representing XGenuair for one market.  

58 pallets of product A (XGenuair batch 1,3,5,7,…,n) 

58 pallets of product B (YGenuair batch 2,4,6,8…,n) 

This schedule is then repeated every 0,25hrs with the purpose of 

that the first machine never will be standing still due to material 

input shortage.  

Production schedule 1 

Order size Batch ID 

58 1 

58 2 
 

Production schedule 2 Production schedule 2 is representing the forecast for Genuair 

from year 2021. This means that 1 batch = 58 pallets = 4 orders. 

The size of one order is a random number between 1 and 55. 

The only limitation regarding these random numbers are that 4 

orders = 58 pallets.  

Production schedule 2  

 
Order size Batch ID 

11 1 

14 1 

12 1 

21 1 

14 2 

5 2 

33 2 

6 2 

… … 

45 175 

2 175 

2 175 

9 175 

  

 

 

 

 

 

 

 

 

 

 

 

Production schedule 2 can in full be seen in appendix 4. 

Simplifications  

and assumptions document 

 

1) When a breakdown occurs on one machine there is never a 

breakdown on one other machine.  

2) The simulation is built based on counting pallets and not on 

counting single products. This is made so that the simulation 

model not will be too heavy to run so that 100 runs can be 

1 batch,  

Batch no. 1 58 pallets 

batch pallets 

58 pallets 

batch pallets 

58 pallets 

batch pallets 

1 batch,  

Batch no. 2 

1 batch,  

Batch no. 175 
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Step 3. Is the assumptions document valid? 

Yes – By having a discussion and presentation for the company tutor and the 

logistics manager in the Genuair project the presented collect information, data, 

assumptions and simplifications where validated and approved. 

Step 4. Program the model 

Simulation model is built in ExtendSim v.8. A print screen of the simulation 

model can be seen in figure 1.  

made. 

3) The input schedule for the simulation is built on orders that 

later on in the simulation is unbatched into pallets and then 

batch together into the original input order. This have resulted 

in that the simulation is reading the average lead time per order. 

This have generated the assumption and simplification for 

calculating the lead time per pallet. The average number of 

pallets per order have been used to calculate the lead time (LT) 

per pallet.   

Average order size for schedule 1 = 58 pallets 

Average order size for schedule 2 = 14,5 pallets 

LT = (average LT per order) / (average order size) 

4)  Since there cannot be made any real measurements on the 

Genuair production line the amount of scraps in the production 

line is based on the assumption that a production line at Astra 

Zeneca have around 0,5-5% scrap. In the simulation there is 

therefore a simplification in the end where 2,5% of the finished 

produced pallets will be scrap. This is also so that the OEE-

calculation will reflect a more realistic value when calculating 

the quality factor.  

5) All above machine breakdowns MTBF and MTTR is based 

on one year’s measurements (secondary data) from a similar 

production line.   
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Figure 1 – Functional layout simulation model 
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Step 5. Is the programmed model valid? 

Yes – By having a discussion and presentation together with company tutor and 

the logistics manager in the Genuair project the programed model where validated 

and approved. 

Step 6. Design, conduct, and analyse experiments 

The functional layout simulation model, as the Genuair production layout 

simulation, is planned to run 100 times and each run corresponds to 2920 hours of 

available production time. This is based on 8 hours production time per day 

representing 1 shift during 1 year (365 days). When the simulation starts (time = 

0) the whole production line is empty. 

The final presented performance measurements is based on the average 

calculations of the 100 simulation runs. 

The data that needs to be extract from the simulation based on the overall 

problem, questions and performance measurements are as followed:  

 Planned production time [hours] 

 Total number of produced pallets [pallets] 

 Total number of produced orders [orders] 

 Lead time [hrs/pallet] 

 Batch changeovers 

 Order changeovers line 1 

 Order changeovers line 2 

 Stops/machine – breakdowns [hours] 

 Lowest design rate [products / min] 

 Scrap [pallets] 

Step 7. Document and present the results 

The results from the functional production layout with the two production 

schedules are summarized in table 3. All of the presented data is the average 

number that been calculated after 100 simulation runs with each production 

schedule. 

Table 3 – Result from the simulation of the functional production line 

 
Production schedule 1 - 2019 Production schedule 2 - 2021 

Functional  

production 

layout 

V = 8537 pallets 

LT =  0,38 hrs/pallet 

Produced orders = 147 orders 

Batch changeovers =  147 

changeovers 

Order changeovers line 1 =  

0 changeovers 

Order changeovers line 2 =  

0 changeovers 

V = 8543 pallets 

LT = 0,57 hrs/pallet 

Produced orders = 590 orders 

Batch changeovers =  148 changeovers 

Order changeovers line 1 =  

296 changeovers 

Order changeovers line 2 =  

295 changeovers 
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Total changeovers = 0 changeovers 

OEE 1 = 78,94% 

Total changeovers = 591 changeovers 

OEE 1 = 78,99% 

 

As presented there have been three OEE calculations. Here is the calculations 

presented in detail. The numbers that have been used in the calculations are all 

based on the average number after 100 simulation runs. 

OEE – schedule 1 

OEE = (8537 * 1296) / (80 * 2920 * 60) = 0,789380137 = 78,94 % 

OEE – schedule 2 

OEE = (8543 * 1296) / (80 * 2920 * 60) = 0,7899349315 = 78,99 % 

The specific results from the simulation runs are presented by the use of charts 

representing the average performance measurement after 100 runs and also 

showing the standard deviation from the 100 runs. The data from the simulation 

model with production schedule 1 is represented in table 4 and the data from 

simulation model with production schedule 2 is represented in table 5.   

Table 4 – Data from the simulation model schedule 1 

Functional production layout - Production schedule 1 

Produced volume [Pallets] 
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Lead time [hrs/order] 

 

Calculating the lead time / pallet 

21,84/58 = 0,38 hrs/pallet 

Produced orders [orders] 
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Batch changeovers [changeovers] 

 

 

Table 5 – Data from the simulation model schedule 2 

Functional production layout - Production schedule 2 

Produced volume [Pallets] 
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Lead time [hrs/order] 

 

Calculating the lead time / pallet 

8,25/14,5 = 0,57 hrs/pallet 

Produced orders [orders] 
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Batch changeovers [changeovers] 

 

When the functional layout simulation run there were no deviation on the amount 

of batch changeovers that occurred. This is due to that the functional layout 

simulation where not as affected by the randomized machine breakdowns. There 

could also be the randomized production schedule that affect the simulation 

where there filling machine never had to wait on sending a pallet forward in the 

production line. This is one part that might need further investigation as 

presented in chapter 6.2 Recommendations. 

Order changeovers, flow 1 [changeovers] 
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Order changeovers, flow 2 [changeovers] 
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Appendix 4 – Production schedule 2 

 

Order size Batch ID Order size Batch ID Order size Batch ID Order size Batch ID

11 1 14 11 16 22 5 32

14 1 8 11 13 22 1 32

12 1 9 12 18 22 2 33

21 1 13 12 11 22 16 33

14 2 3 12 7 23 18 33

5 2 33 12 29 23 22 33

33 2 28 13 8 23 1 34

6 2 20 13 14 23 9 34

1 3 9 13 29 24 46 34

50 3 1 13 4 24 2 34

5 3 33 14 1 24 8 35

2 3 5 14 24 24 43 35

2 4 9 14 11 25 5 35

9 4 11 14 20 25 2 35

30 4 10 15 4 25 1 36

17 4 30 15 23 25 3 36

22 5 1 15 19 26 53 36

19 5 17 15 17 26 1 36

16 5 1 16 4 26 9 37

1 5 19 16 18 26 4 37

39 6 10 16 10 27 40 37

3 6 28 16 8 27 5 37

6 6 11 17 39 27 12 38

10 6 8 17 1 27 1 38

10 7 38 17 11 28 15 38

10 7 1 17 21 28 30 38

8 7 15 18 3 28 13 39

30 7 9 18 23 28 5 39

29 8 24 18 20 29 33 39

12 8 10 18 34 29 7 39

11 8 12 19 1 29 28 40

6 8 6 19 3 29 13 40

19 9 25 19 5 30 12 40

9 9 15 19 4 30 5 40

4 9 4 20 48 30 27 41

26 9 27 20 1 30 7 41

3 10 6 20 4 31 16 41

15 10 21 20 1 31 8 41

12 10 4 21 48 31 1 42

28 10 25 21 5 31 16 42

33 11 15 21 8 32 24 42

3 11 14 21 44 32 17 42  
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Order size Batch ID Order size Batch ID Order size Batch ID Order size Batch ID

17 43 21 53 16 64 29 74

7 43 7 53 12 64 1 74

10 43 6 54 27 64 20 75

24 43 8 54 3 64 3 75

22 44 28 54 6 65 30 75

22 44 16 54 1 65 5 75

2 44 28 55 7 65 16 76

12 44 1 55 44 65 22 76

9 45 1 55 20 66 19 76

39 45 28 55 21 66 1 76

2 45 12 56 10 66 18 77

8 45 38 56 7 66 15 77

22 46 3 56 20 67 5 77

20 46 5 56 9 67 20 77

6 46 20 57 17 67 15 78

10 46 10 57 12 67 8 78

40 47 15 57 8 68 33 78

9 47 13 57 34 68 2 78

7 47 20 58 2 68 31 79

2 47 13 58 14 68 12 79

13 48 19 58 8 69 2 79

9 48 6 58 20 69 13 79

24 48 11 59 4 69 31 80

12 48 16 59 26 69 19 80

3 49 24 59 9 70 6 80

37 49 7 59 39 70 2 80

5 49 8 60 8 70 11 81

13 49 20 60 2 70 16 81

12 50 16 60 2 71 19 81

28 50 14 60 17 71 12 81

5 50 14 61 22 71 4 82

13 50 9 61 17 71 18 82

5 51 33 61 11 72 10 82

27 51 2 61 33 72 26 82

1 51 12 62 10 72 4 83

25 51 6 62 4 72 7 83

11 52 29 62 8 73 7 83

10 52 11 62 29 73 40 83

20 52 25 63 15 73 3 84

17 52 10 63 6 73 24 84

22 53 15 63 17 74 10 84

8 53 8 63 11 74 21 84  
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Order size Batch ID Order size Batch ID Order size Batch ID Order size Batch ID

2 85 19 95 1 106 6 116

48 85 8 95 2 106 22 116

5 85 2 96 30 106 7 117

3 85 45 96 25 106 29 117

10 86 6 96 11 107 21 117

23 86 5 96 13 107 1 117

19 86 39 97 20 107 1 118

6 86 4 97 14 107 8 118

1 87 10 97 1 108 32 118

13 87 5 97 6 108 17 118

19 87 15 98 5 108 1 119

25 87 19 98 46 108 1 119

8 88 20 98 5 109 51 119

12 88 4 98 40 109 5 119

30 88 4 99 11 109 6 120

8 88 19 99 2 109 44 120

19 89 21 99 20 110 3 120

6 89 14 99 9 110 5 120

11 89 26 100 20 110 2 121

22 89 20 100 9 110 30 121

14 90 7 100 1 111 15 121

5 90 5 100 2 111 11 121

12 90 20 101 40 111 9 122

27 90 17 101 15 111 8 122

46 91 4 101 4 112 35 122

10 91 17 101 22 112 6 122

1 91 40 102 3 112 7 123

1 91 5 102 29 112 26 123

10 92 5 102 13 113 22 123

1 92 8 102 32 113 3 123

44 92 1 103 4 113 14 124

3 92 1 103 9 113 15 124

6 93 18 103 4 114 3 124

27 93 38 103 23 114 26 124

10 93 11 104 12 114 3 125

15 93 10 104 19 114 40 125

14 94 30 104 6 115 11 125

33 94 7 104 40 115 4 125

5 94 18 105 6 115 2 126

6 94 18 105 6 115 30 126

19 95 18 105 16 116 16 126

12 95 4 105 14 116 10 126
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Order size Batch ID Order size Batch ID Order size Batch ID Order size Batch ID Order size Batch ID

2 127 18 137 10 148 2 158 8 169

10 127 18 137 5 148 44 158 9 169

41 127 13 138 30 148 15 159 11 169

5 127 28 138 13 148 13 159 30 169

1 128 15 138 13 149 13 159 21 170

22 128 2 138 19 149 17 159 9 170

13 128 2 139 2 149 16 160 2 170

22 128 14 139 24 149 2 160 26 170

6 129 40 139 39 150 27 160 23 171

30 129 2 139 9 150 13 160 1 171

20 129 5 140 7 150 7 161 26 171

2 129 43 140 3 150 2 161 8 171

21 130 5 140 1 151 4 161 13 172

11 130 5 140 40 151 45 161 5 172

22 130 26 141 12 151 2 162 3 172

4 130 4 141 5 151 20 162 37 172

5 131 14 141 29 152 25 162 1 173

1 131 14 141 11 152 11 162 14 173

18 131 10 142 5 152 8 163 20 173

34 131 7 142 13 152 6 163 23 173

20 132 40 142 12 153 12 163 23 174

10 132 1 142 15 153 32 163 8 174

4 132 27 143 30 153 5 164 16 174

24 132 9 143 1 153 36 164 11 174

8 133 10 143 24 154 5 164 45 175

26 133 12 143 12 154 12 164 2 175

17 133 10 144 9 154 8 165 2 175

7 133 6 144 13 154 29 165 9 175

22 134 18 144 3 155 10 165

20 134 24 144 5 155 11 165

6 134 10 145 32 155 20 166

10 134 26 145 18 155 8 166

20 135 20 145 1 156 13 166

1 135 2 145 20 156 17 166

8 135 4 146 12 156 29 167

29 135 1 146 25 156 8 167

2 136 26 146 2 157 12 167

4 136 27 146 6 157 9 167

30 136 20 147 45 157 18 168

22 136 15 147 5 157 23 168

17 137 2 147 11 158 1 168

5 137 21 147 1 158 16 168  

 


