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ABSTRACT 

 
Process improvement is one of the challenging tasks within manufacturing companies. This study 

has been focused on analysing a packaging station by using a discrete event simulation tool. 

Packaging is an important part of the production and logistics process, but it is seldom considered 

when analysing non-value added activities. Discrete event simulation has been used in the 

analysis of non-value added activities in production systems, but noted by the low number of 

articles related to the usage of discrete event simulation within packaging, there exists a limited 

understanding of discrete event simulation use in this area. The authors divided the scope of the 

research into the following research questions, which are presented below: 

RQ1: How can discrete event simulation be used as a tool to identify time wastes and create 

efficiency in a packaging station?  

RQ2: What method is suitable when creating a simulation project? 

These questions were to be answered by performing a literature review and a case study in ABB 

AB Control Products Vasteras, mentioned as ABB in later in the thesis, where the packaging 

station were in need of improvements. The results from theoretical and empirical finding were 

analysed, they highlight the importance of packaging and its impact on logistics and supply chain 

management performance. By creating discrete event simulation models for both current and 

future stage, the authors were able to provide analysed improvements of the packaging station. 

The result of the models illustrated by implementing the improvements it could generate in less 

pressure on the operators as well as an approximated improvement of 125% more packed 

product. The improvements of the model involve a better material handling and a more optimized 

packaging station in order to create a more efficient workstation. The conclusion of the study is 

that the company should develop the product simultaneously as the production, were every 

activity and process should be included. They should also consider what impacts the 

development has on the entire supply chain.  This could be a way to eliminate non-value activities 

from the start.  Discrete event simulation is a tool that could be of help when visualizing the 

process and it allows the developers to see the impact of a change or improvement on the other 

processes. 

 

Keywords: Discrete event simulation, Efficiency, Packaging, Assembly line, Simulation 

modelling, Supply Chain Management, Production line, Non-value added work, Productivity, 

Process Improvement 
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1. INTRODUCTION 

This chapter presents the background of the thesis as well as describing its purpose and the 

objectives. The research questions which will be answered throughout the project are listed 

together with the boundaries of the thesis. 

1.1.Background  

Investment and process improvements are currently the two biggest challenges facing operation 

managers in the manufacturing industry (El-Khalil, 2015). The efficiency of a production system 

that are in the larger scale is too complex to evaluate with traditional mathematical methods 

(Song, et al., 2016). By using simulation, the complexity of a system optimization can be solved 

(Song, et al., 2016). Simulation has existed for over 60 years in manufacturing and business areas 

(Jahangirian, et al., 2009), and is widely used as a decision support tool in Logistics and Supply 

Chain Management (LSCM) (Tako & Robinson, 2012). Simulation provides a cost-effective way 

for studying the impact of different alternatives on the optimization process of an overall system 

(El-Khalil, 2015). The discrete event simulation (DES) tool is a useful and formidable tool (Das, 

et al., 2010), and allows the user to identify the potential of reducing risks, which are related to 

decision making, especially in situations where large volumes of data are considered (Helleno, 

et al., 2015). DES is a powerful tool while analysing different problem areas (Silva & Botter, 

2009), such as batch manufacturing (Alexander, 2006), and verifying strategic decisions (Silva 

& Botter, 2009). By using DES you could address LSCM issues such as a supply chain structure, 

supply chain integration, replenishment control policies, supply chain optimization, cost 

reduction, system performance, inventory planning and management, planning and forecasting 

demand, production planning and scheduling, distribution and transportation planning and 

dispatching rules (Tako & Robinson, 2012). In order to apply a successful simulation, it requires 

gathering of data and conceptual model development, which is a very important task in the 

simulation modelling process (Ryan & Heavey, 2006).  

 

In today’s competitive environment, companies have a higher need to improve the effectiveness 

and sustainability within their processes (García-Arca, et al., 2014). With dramatic changes in 

information technology, the efficiency and effectiveness of products delivery and handling could 

be improved (Chan, et al., 2006). Still, there are various factors that influence the efficiency in a 

large complex logistic system, such as man, machine, method, material and other (Song, et al., 

2016). In order to compete on the market, companies have to focus their actions on improving 

their standards on quality, service and cost (Garcı´a-Arca & Prado Prado, 2008). Packaging is 

one of the activities in the distribution systems that should be improved (Chan, et al., 2006) and 

has a great impact on a company’s supply chain, in both cost and performance (Sohrabpour, et 

al., 2012). A holistic approach to packaging in a retail supply chain shows that marketing and 

logistics aspects often conflicts and that trade-offs are applied in packaging decision (Hellström 

& Saghir, 2007). Packaging has been a complex issue for businesses, therefore logistics and 

packaging must be seen as an integrated party (Chan, et al., 2006). Applying packaging in a 

systematic approach is the only way to change the attitude toward packaging (Chan, et al., 2006). 

Packaging is becoming increasingly important from a marketing and logistics perspective 

(Olander-Roese & Nilsson, 2009) and the overall system performance will fail if packaging is 

not designed as efficient as possible for manufacturing and logistics processing (Chan, et al., 

2006).  

 

Traditionally packaging has been seen as a cost driven centre rather than a value added 

component (Chan, et al., 2006). Because of the general consideration of packaging as a minor 
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subsystem of logistics, the influence of a packaging process is often indirectly and fragmentally 

recognized but not often shown and discussed in a comprehensive way (Hellström & Saghir, 

2007). Since packaging accrue in various occasions in a supply chain, between companies and 

between departments, the design of a packaging station becomes an important strategic link 

(Garcı´a-Arca & Prado Prado, 2008). Therefore, it is important to include packaging as part of 

the total lead time of the product (Garcı´a-Arca & Prado Prado, 2008). Inefficient packaging not 

only fails to return value, but also adds costs to the product and ultimately to the customer (Chan, 

et al., 2006). By placing various requirements on packaging, the supply chain decreases its cost 

and improves their performance, and well-developed packaging can compensate for pore 

infrastructure (Sohrabpour, et al., 2012). By creating a well-developed packaging unit (García-

Arca, et al., 2014), which can be done by using DES (Tako & Robinson, 2012) the efficiency 

and sustainability of the supply chain will be improved (García-Arca, et al., 2014).  

1.2.Problem formulation 

The design of a packaging process is often complex but vital for production system efficiency as 

is mentioned above. As it has been mentioned by authors Chan, et al. (2006) and Niemelä-

Nyrhinen & Uustalo, (2013), unpractical and inefficient packaging effects the overall supply 

chain management (SCM) performance. DES has been used in the analysis of non-value added 

activities in a production system, but noted by the low number of articles related to the usage of 

DES within packaging, there exists a limited understanding of DES use in this area. To address 

this problem, the following Research Questions presented below will be answered during this 

study.  

 

1.3. Aim and Research questions 

The aim of this study is to create an understanding of how DES can be used as a tool in an 

improvement project. In order to reach that aim, a case study was performed where the case study 

company had a need of making their packaging station more efficient as well as eliminating non-

value added work. The authors divided the scope of the research into the following research 

questions, were the questions where to be answered during the case study: 

RQ1: How can discrete event simulation be used as a tool to identify time wastes and create 

efficiency in a packaging station?  

RQ2: What method is suitable when creating a simulation project? 

These two research question where selected due to the fact that they include the area of concern 

and contribute knowledge and value to the field.  

1.4.Project limitations 

The time interval for this thesis is from 2016-08-31 to 2016-01-17. The thesis will be limited to 

literature reviews on scientific papers and a case study relevant to the research at a selected 

company. The case study of this project is mainly focused on a packing station at the case study 

company. The results will be based on DES and decisions will be based on scientific facts.  The 

implementation of the simulation will not be included in this case study.  



 

 

2. RESEARCH METHOD 

 

The method determines the frames and principles in which the research is conducted. The method 

will not describe in detail how and what is done, instead it provides a holistic overview of how 

the aim of the research is reached. In this chapter, the research method of the thesis is presented. 

2.1.Research design 

The aim of this thesis is to observe how efficiency can be improved and non-value added work 

can be eliminated, using a DES tool. In order to reach that aim, a case study was performed, 

where research questions where develop in order to specify the study. Besides s case study, a 

literature review of the topics connected to the thesis have been made in order to collect data that 

can provide insight and knowledge about the research problem.  

 

2.2.Qualitative and quantitative research 

There are two main types of approaches to research, quantitative and qualitative (Kothari, 2004). 

Qualitative research is an approach for exploring and understanding the meaning of individuals 

or groups describe to a social or human problem (Creswell, 2014), including the collection of 

data from subjective attitudes, opinions and behaviour (Kothari, 2004). The authors collected all 

data from the company throughout the thesis, by conversing with all participants whom the 

problem affected.  

 

Quantitative research is an approach for testing objective theories by examining the relationship 

among variables (Creswell, 2014), which needs a harder analyse and are used in research which 

contains experiments and simulation (Kothari, 2004). There are two variables which have been 

used for examination of the DES result, and they are packed product and the utilization of the 

operators.  

 

In the approach of using simulation, the data and information is generated about the environment 

that will be simulated (Kothari, 2004). The simulation provides controlled observation of the 

behaviours of the environment and can also be used to build models that illustrated a future 

condition of the environment (Kothari, 2004). There is a third research methodology called 

mixed method, shown in Figure 1, and is an approach to inquiry involving collecting both 

quantitative and qualitative data, integration between two forms of data and usage of 

philosophical assumptions and theoretical frameworks (Creswell, 2014). It recognizes the 

importance of traditional quantitative and qualitative research but also offers a powerful third 

paradigm choice that provides the most informative, complete, balanced, and useful research 

results (Johnson, et al., 2007). Mixed method was viewed through a critical lens by Mackenzie 

& Knipe, (2006), at the same time identifying as valid its contribution to the thesis. 
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2.2.1. Overall approach 

Throughout the thesis the following steps by (Mackenzie & Knipe, 2006) where followed, which 

include eleven main steps followed by respective sub steps as is shown in Figure 2.  

In a quantitative research the process is planned primarily in a linear way and in a qualitative 

research the process is less linear (Flick, 2011). Mixed method research is an approach that 

involves a collection of both quantitative and qualitative data, integration of the two forms of 

data, and usage of distinct designs that may involve philosophical assumptions and theoretical 

frameworks (Creswell, 2014). The integration of a mixed method, the combination of 

quantitative and qualitative data, can take place in the philosophical or theoretical framework, 

methods of data collection and analysis, overall research design and discussion of research 

conclusions (Baker, 2016). Mixed method is an approach of research that is viewed in a critical 

way by the authors thought the thesis, by simultaneously recognizing its value and contribution 

to the field of research, which in authors Mackenzie & Knipe, (2006) agree. As was noticed by 

the authors, the mixed method provides a more complex understanding of the phenomenon 

(Baker, 2016). 

Pure Qualitative 

Qualitative 

Mixed 

“Pure” 

Mixed 

Quantitative 

Mixed 

Pure Quantitative 

Qualitative dominant 
Quantitative dominant Equal Status  

Figure 1, Mixed methods broadly speaking (Johnson, et al., 2007) 
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Figure 2, Overall Approach Methodology by (Mackenzie & Knipe, 2006) 
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The project started by identifying a research area and discipline that fits the research Table 1, 

presented below by Mackenzie & Knipe (2006): 

   
Paradigm Methods Data collection tools 

Transformative Qualitative methods with quantitative and mixed 

methods. 

Diverse range of tools particular 

need to avoid discrimination 

Pragmatic Qualitative and/or quantitative methods may be 

employed. Methods are matched to the specific 

questions and purpose of the research 

Interviews 

Observation 

Testing 

Experiments 

Interpretivist/ 

Constructivist 

Qualitative methods predominate although 

quantitative methods may also be utilized 

Interviews 

Observations 

Document reviews 

Visual data analysis 

 

Positivist/ 

Post positivist 

Quantitative methods Experiments 

Tests 

Scale 

Table 1, Paradigm-Methods-Data collection tool (Mackenzie & Knipe, 2006) 

 

According to Mackenzie & Knipes (2006), methodology is the overall approach to research 

which is linked to the paradigm or theoretical framework, while the method refers to a systematic 

approach, procedures and tools used for collecting and analysing the data. The paradigms which 

is used in this case study, is the pragmatic approach. It was used by the authors because of its 

strong emphasis on the research questions and connects the theory to data (Baker, 2016). 

Pragmatism provides a balance between subjectivity and objectivity throughout the investigation 

(Baker, 2016). The next step was to determine the area if investigation, which were chosen by 

the authors in the beginning of the project. The reason behind the chosen area was the authors 

interest of exploring more about DES and its use in manufacturing companies. For the 

investigation the authors applied a mix method approach, which consists of a case study and 

literature review. 

2.3.Data collection  

The authors applied a mix method approach, which consists of a case study and literature review. 

According to Kothari (2004), there are two types of data, the primary and secondary data. The 

primary data are those which are collected for the first time and the secondary data are those 

which have already been collected by someone else (Kothari, 2004). The data is from both 

primary data, gathered by the authors, and secondary sources gathered by someone else. Primary 

data was collect in form of a case study and secondary data was collected by a literature review, 

which are described in the following section.  

2.3.1. Case study  

A case study is often used as a way of performing a qualitative analysis where an isolated area, 

unit or institution is observed (Kothari, 2004). The aim of a case study is to go to the depth of 

the case were the focus lays on the analysis of a small number of events, their interactions and 

their outcomes (Kothari, 2004). A case study is therefore a concentrated study of a specific unit, 

where the objective is to analyse and locate what factors creates the behaviour-patterns of the 

unit (Kothari, 2004). For the case study a specific research problem was selected by the authors. 

The objectives were defined and were followed in detail by interviews and observation. In real 



 

 

life problems, data is often short, so collecting the appropriate data becomes essential (Kothari, 

2004).  

 

The case study was performed at ABB, a thorough description of the case study will be provided 

in chapter 4. The case study was done through observation, due to the fact that more direct access 

to practices and processes is provided by the observations (Flick, 2011). During the observation, 

the process was mapped and the cycle times were taken for each activity in the process. 

Throughout the study the authors performed semi-structured interviews, which according to 

Flick (2011) should be performed from a developed interview guide, which is created by the 

interviewers. Most surveys are based on questionnaires, which could either be in written or orally 

form in a face-to-face interrogation (Flick, 2011). The aim is to receive comparable answers from 

all the participants (Flick, 2011). The questions were prepared before the interviews and they 

were documented during the interviews by the authors. The interviews often structured according 

to which phase the project was in and the questionnaires were structured accordingly.     

2.3.2. Literature study   

Research methodology is a way to systematically solve the research problem. It can also be 

comprehended as a science of studying how research is done scientifically (Kothari, 2004).  

Literature review plays an important part when creating a good scientific methodology within a 

thesis (Höst, et al., 2006), it provides an understanding on how to locate and summarize the 

studies about the specific topic (Creswell, 2014). It supports the aim of creating continuous 

knowledge about the subject whiles reducing the risk on missed experiences within the area 

(Höst, et al., 2006). In many cases, there are prior established related studies about the subject, 

but with other methods, conditions and results that can be of help for the researcher (Höst, et al., 

2006). In addition, a good literature review will support the thesis results (Höst, et al., 2006). The 

purpose is to locate the study in relation to the literature, which is divided into five main stages 

such as searching, screening, summarising and documenting, organizing-analysing-synthesising 

and writing (Punch, 2014). 

 

For the literature review, the authors have used both books and scientific journals and the search 

was approached by defining the keywords which represents the content of the thesis. The authors 

used three databases Google Scholar, ABI/Inform Global and discovery, provided by 

Malardalens University´s library for the search of scientific journals. 

 

The keywords used in the search were “Discrete event simulation”, “Efficiency”, “Packaging”, 

“Assembly line”, “Simulation modelling”, “Supply Chain Management”, “Production line”, 

“Non-value added work”, “Productivity”, “Process Improvement”. The keywords were 

combined, as is shown in Table 2, in order to get the appropriate scientific journals and was 

filtered by the option “Full Text” in all searches. In order to get a high novelty throughout the 

study the literature used in the theoretical framework was filtered by the time interval between 

2006 to 2016. The data collected for the literature review is presented in detail in Table 2 on the 

next page. 
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The journals were narrowed down according to relevance to the topic of the study, by reviewing 

and selecting article by their title and keywords. The final selection of journals was done by 

reviewing their abstract, introduction and conclusion, which are shown in Table 2, column 5 

under the selected journals. 

2.3.3. Simulation 

The method used to create the simulation for this study was carried out through a combination 

of methodologies, which are mentioned by Manlig, et al. (2011), Skoogh & Johansson (2008) 

and Banks, et al. (2005). The simulation model defined by Banks, et al. (2005) contains of a 

twelve steps model and is more detailed in comparison with Manlig, et al. (2011) model and the 

Skoogh &Johanssons (2008) model presents how the data should be collected.  The case study 

was not only about conducting the simulation and that is why the authors has chosen to approach 

a different methodology, as it is shown in Figure 3, throughout the study. It allows and ensures 

that the case study company is as involved as the authors, which are the analyst of this study. 

The authors selected to merged the simulation model with the stage-gate model, which are 

usually used in product developing project (Grönlund, et al., 2010). Today, the case study 

company do not use simulation in their production development projects and have no prior 

experience of the software ExtendSim. It increased the importance of keeping them updated 

Database Key words Number of 

journals  

Number of read 

journals 

Selected journals 

Google 

scholar 

Discrete event simulation + 

Assembly line 

13 00 15 11 

Creating an efficient packaging 

station 

13 600 2 0 

Packaging of goods 54 700 2 0 

Packaging of goods in supply chain 

logistics 

14 300 4 2 

Efficiency in packaging of goods 16 600 7 5 

Efficiency packaging of goods in 

manufacturing company 

17 800 5 1 

Discrete event simulation modelling 17 900 12 10 

Packaging + logistics 44 700 4 3 

ABI/ 

INFORM 

Global 

Production line + simulation 17 315 3 1 

Discrete event simulation + 

assembly line 

614 3 5 

Discrete event simulation + 

assembly line + productivity 

233 2 3 

Assembly line + productivity 5 271 4 4 

Assembly line + productivity + 

reduce lead time 

2 760 4 2 

Efficiency + production line 39 604 4 2 

Efficiency + packaging station 375 4 2 

Packaging + logistics 2 814 1 1 

Packaging + efficiency 5 084 3 1 

Discrete event simulation + 

efficiency 

2 421 2 2 

Discovery Investment cost and process 

improvement 

585 2 1 

Discrete event simulation as 

decision making tool 

97 3 2 

Table 2, Data Collection 



 

 

throughout the study, and this was accomplished by follow- up meetings, which are presented as 

gates in Figure 3. The authors constructed a method on how to develop a simulation project at 

the start of this case study, which were named simulation method model and is presented below.  

 

Gate 1

Stage 1

Problem 

formulation
Gate 2

Stage 2

Setting of objective Gate 3

Stage 3

Data collectionGate 5
Stage 4

Model building 

And Coding 
Gate 4

Verifying and Validating of the model

Verifying and Validating of the model

Stage 5

Experimental 

design 

Stage 7

Production runs 

and analysis 

Stage 6

Data collection 

(assumptions for 

future state) 

Verifying and 

Validating of the 

model

Gate 6

Stage 8

Documentation 

and presenting the 

results 

Start

End

 
 

 

 

The simulation model presents an overall view of how the authors conducted the simulation 

project and in which sequence. The model included parts of the twelve steps of the Banks, et al., 

(2005) model and parts of the four phases of the Manlig, et al. (2011) model. As is mentioned, 

the gates represent meetings, which included discussions about the results of previous stages and 

decisions were made for the upcoming stage. In the start- up phase, there was a meeting with the 

case study company and the case was presented to the authors. The authors later on defined a 

problem formulation, which were discussed and approved by the case study company. The 

problem formulation for the case study was later on forwarded to all parties involved, in order to 

get everyone on the same page. The next stage was to define how the study were to be performed, 

which were defined by setting the objectives for the study. Due to previous experience, the 

authors already contained knowledge about the high amount of data simulation can provide, and 

therefore limitations were defined for the case study. The next step was to collect the data, which 

were conducted by following Skoogh &Johanssons (2008) structured methodology throughout 

the study. There were three sources of empirical evidence, such as direct observations, semi-

structured interviews and reviews of archival records. An excel file were formed with all data for 

the simulation model. The collected data is both primary and secondary, the cycle time for some 

activities were taken by the authors while historical data taken from the SAP system, which was 

provided by the case study company, provided the remaining data. Both data types, which was 

used in the simulation model, were discussed and approved by the case study company. The 

Figure 1, Simulation method model 
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modelling was performed in three stages, all stages were coded in ExtendSim and a more detailed 

description concerning these stages are described below: 

 

Model 0:  Basic model on the current system of the packaging station, to provide an 

overview of the process.  

 

Current state: This stage was divide into two versions, which are presented below: 

Model 1: The model is built just for one product type, and are linked to a 

spreadsheet from an Excel file with input values.  

Model 2: The model is built for two product types, with data inputs from an Excel 

file. 

 

Future state: This stage represents the future state of the system. 

Model 3: Basic model of the future state of the packaging station, to provide an 

overview of the new process. 

 Model 4: First option for the future state final model. 

Model 5: Second option for the future state final model. This model was also 

divided in to three different options regarding the utilization of the operators. 

 

All the stages have been verified and validated by the case study company. The authors 

constantly performed experimental designs, model runs, analysis and more runs if needed, in 

order to get the same output as the historical data. The authors have used excel sheets to document 

the variables and more analyses about different simulation model are presented in chapter 4, 

Empirical Findings.  

2.4.Validity and reliability 

The importance of validity has been long known, in a quantitative research and in qualitative 

research validity have been discussed in a contentious and different typologies and terms have 

been produced (Onwuegbuzie & Johnson, 2006). In mixed methods research the discussions   

about validity issues are still in their infancy (Onwuegbuzie & Johnson, 2006). Validity and 

reliability relate to the clarification of scores from psychometric tools, such as education tests, 

questionnaires, clinical practice and ratings by observers (Ihantola & Kihn, 2011) and is assessed 

both for research design as internal- and external validity and for measurement instruments 

(Flick, 2011). Internal validity is about examination of a research design, which characterizes 

how far the results of a study can be analysed unambiguously (Flick, 2011). To assure the internal 

validity conditions need to be isolated and controlled (Flick, 2011). 

 

The research design of the research had a clear framework, which led to a decreased uncertainty 

while analysing the outcome. The research design was developed in a structure that isolate the 

project in order to be as controlled by participants as possible. External validity refers to the 

general question, which is how far we can transfer results beyond the situations and persons for 

which they were produced, to situations and persons outside the research (Flick, 2011). The 

external validity is achieved when the results can be generalized to other people, situations or 

points in time (Flick, 2011). The case study in this project has been used as a method for 

analysing the factor of the outcome together with the literature review. The project is not only 

directed to the company which was studied but includes an overall study of the project objectives. 

The outcomes of this project could be applied for all situations where simulation can be used as 

a tool to improve efficiency within a process or eliminating non-value added work.  



 

 

The aim is to understand and evaluate a studies measurement errors, or the reliability and validity 

of its methods and measurement strategies (Higgins & Straub, 2006). The reliability indicates 

the degree of exactness in measurement of an instrument, and can be assess in different ways, 

which are described below by Flick (2011): 

 

· Retest reliability: Application of at test twice to the same sample and then calculate the 

correlation between the results of the two applications. 

· Parallel test reliability: Application of two different instruments and operationalize the 

same construct in parallel. 

· Split half: Calculation of the results for each half of the items and then compare the two 

scores. The result will be depending on the splitting method. 

· Inter-coder reliability: Calculation inter-coder reliability to assess the extent to which 

different analysts allocate the same statements of the same categories.  

The results from the simulation were taken after many runs with the same sample and the results 

were compared with the company’s result through SAP. Some of the literature review refer to 

more than one author, which represent the inter- coder reliability. 

 

Validity and reliability standards of quantitative and qualitative research are an important base 

for conducting mixed methods research (Ihantola & Kihn, 2011). Mixed research involves 

combining complementary strengths and no overlapping weaknesses of quantitative and 

qualitative research, assessing the validity of findings is particularly complex (Onwuegbuzie & 

Johnson, 2006). In the process of explaining or predicting the phenomena and/or process the 

researchers must be able to evaluate the truthfulness, precision, and dependability of the 

instruments and measurement methods, that are used to generate the knowledge for evidence 

based practices (Higgins & Straub, 2006). For a valid and given interpretation the evidence 

should be sought from a variety of reliable sources (Cook & Beckman, 2006). The systematic 

collection of validity evidence of scores from psychometric instruments will improve 

assessments in the research, patient care, and education (Cook & Beckman, 2006). The evidence 

to support the validity argument in a study is collected from five sources (Ihantola & Kihn, 2011), 

which are presented below: 

· Content: Do instrument items completely represent the construct? 

· Response process: The relationship between the intended construct and the thought 

processes of the subjects or observers 

· Internal structure: Acceptable reliability and factor structure 

· Relations to other variables: Correlation with scores from another instrument assessing 

the same construct 

· Consequences: Do scores really make a difference? 

Onwuegbuzie & Johnson (2006) recommends that validity in mixed research should be termed 

as legitimation in order to use a bilingual nomenclature, which can be used in both quantitative 

and qualitative research. Qualitative researchers have replaced the term validity by the terms 

legitimation, trustworthiness, and credibility, because of the association with the quantitative 

conceptualization of the research process (Onwuegbuzie & Collins, 2007). Onwuegbuzie & 

Johnson (2006) identified nine types of legitimation, presented in Table 3, that researchers face 

as a result of combining inferences from the quantitative and qualitative components of a mixed 

research study to form a meta inferences (Onwuegbuzie & Johnson, 2006). 
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Legitimation Type Description 

Sample Integration The extent to which the relationship between the 

quantitative and qualitative sampling designs yields 

quality meta-inferences. 

Inside-Outside The extent to which the researcher accurately presents 

and appropriately utilizes the insider’s view and the 

observer’s views for purposes such as description and 

explanation. 

Weakness Minimization The extent to which the weakness from one approach 

is compensated by the strengths from the other 

approach. 

Sequential The extent to which one has minimized the potential 

problem wherein the meta-inferences could be 

affected by reversing the sequence of the quantitative 

and qualitative phases 

Conversion 

 

The extent to which the quantitative or qualitative 

yields quality meta-inferences 

Paradigmatic mixing The extent to which the researcher’s epistemological, 

ontological, axiological, methodological, and 

rhetorical beliefs that underlie the quantitative and 

qualitative approaches are successfully (a) combined 

or (b) blended into a usable package. 

Commensurability The extent to which the meta-inferences made reflect 

a mixed worldview based on the cognitive process of 

Gestalt switching and integration. 

Multiple Validities The extent to which addressing legitimation of the 

quantitative and qualitative components of the study 

result from the use of quantitative, qualitative, and 

mixed validity types, yielding high quality meta-

inferences. 

Political The extent to which the consumers of mixed methods 

research value the meta-inferences stemming from 

both the quantitative and qualitative components of a 

study. 

Table 3, Types of legitimation, by (Onwuegbuzie & Johnson, 2006)



 

 

3. THEORETIC FRAMEWORK 

In this chapter, the theoretical framework, which is one part of the underlying basis that supports 

the results of the thesis, is presented. The chapter begins with a description of basic theories 

about packaging and then a description follows on waste in packaging process and how to 

optimize a packaging process. Thereafter a thorough description of simulation is presented along 

with its methodology.  

3.1. Packaging in Logistics 

In today’s competitive environment, companies have a higher need to improve the effectiveness 

and sustainability within their processes (Garcı´a-Arca & Prado Prado, 2008). In order to 

compete in these areas, companies have to focus their actions on improving their standards on 

quality, service and cost (Garcı´a-Arca & Prado Prado, 2008). Due to the impacts of 

globalization, they are also forced to rearrange the way their products are developed, 

manufactured and supplie (Bramklev, 2009). It is clear that competitiveness among companies 

has changed to how advanced the competence of their supply chain is (Garcı´a-Arca & Prado 

Prado, 2008). Packaging, among more, has a great impact on the supply chain, in both cost and 

performance (Sohrabpour, et al., 2012). Therefore, packaging is an important strategic part of 

the supply chain (García-Arca, et al., 2014). It must be viewed as an individual part of the system 

(Chan, et al., 2006). By placing various requirements on packaging, the supply chain decreases 

its cost and improves their performance (Sohrabpour, et al., 2012). It is often viewed as a cost 

driven centre, when it should be viewed as a value added process in the supply chain (Chan, et 

al., 2006). 

 

A holistic approach to packaging in a supply chain shows that marketing and logistics aspects 

often conflict and that trade-offs are applied in packaging decisions (Hellström & Saghir, 2007). 

Because of general consideration of packaging as a minor subsystem of logistics, the influence 

of the packaging system chain is often indirectly and fragmentally recognized but not often 

shown and discussed in a comprehensive way (Hellström & Saghir, 2007). Because innovation 

often primarily focuses on product development, innovation in handling the product after 

produced, amongst those packaging, are down prioritized (Olander-Roese & Nilsson, 2009). The 

awareness of the logistics activities along the supply chain and their interactions with the 

packaging system is a fundamental step in changing this limited perception (Helleno, et al., 

2015). Optimization of packaging can also reduce the environmental impacts as well as logistics 

costs (Lai, et al., 2008). 

 

A signature of how modernized a countries logistics level is, is the number of tray circulation 

(Wang, et al., 2010). Today there are around 80 million trays circling in the word per year, where 

20 millions of these come from export (Wang, et al., 2010). The most common why of packaging 

products and material is to do so in disposable cardboard boxes on top of wooden pallets (Lai, et 

al., 2008). Overall packaging is designed to protect the product whilst transporting and handling 

it (Olander-Roese & Nilsson, 2009). If the packaging unit is well-developed it can many times 

compensate for pore infrastructure (Sohrabpour, et al., 2012). These packages then get unpacked 

when delivered to its source, which then in some cases repacks the product with domestic 

returnable packages before it reaches its last destination (Lai, et al., 2008). This process creates 

large wastes in material, which creates waste in cost and non-value-added work in repackaging, 

it also creates risks for communicational problems (Lai, et al., 2008).  

 

The changes in consumption behavioural patterns, the expansion of the distribution chains, new 

types of material and technology as well as changings in environmental regulations are some of 
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the reasons why the need for competitive advantage within packaging is growing (Vernuccio, et 

al., 2010). Innovation within logistical packaging therefore creates strong customer values 

(Vernuccio, et al., 2010). For companies that have a global distribution it is vital to have a higher 

rate of efficiency and effectiveness in their development of product-package-system in handling, 

transportation and storage of their products (Bramklev, 2009).  

3.2. Packaging and its part in the supply chain 

Packaging logistics is the most significant factors when improving efficiency of freight 

transportation (Lee & Lee, 2013). It is shown that by integrating packaging in innovative 

solutions in the supply chain, it increases the effectiveness as well as the efficiency of the overall 

supply chain (Olander-Roese & Nilsson, 2009). Despite this, the packaging potential is seldom 

explored (Olander-Roese & Nilsson, 2009). It is therefore important to view the product 

packaging as part of the total production time of the product (Garcı´a-Arca & Prado Prado, 2008). 

During its life cycle the packaging system will create different wastes, among those energy waste 

as well as having an impact on the environment (Early, et al., 2009). There are different elements 

in which companies compete, some of these are the demand in in-time and error-free deliveries, 

the lowest costs and minimal environmental impacts (Bramklev, 2009). To improve the overall 

logistics cost, there has to be reductions in packaging costs, reductions in part damages, 

improvements in operational efficiency and estimations on the probabilities of error (Wang, et 

al., 2010). Reducing packaging related costs should be in all supply chain strategies, as well as 

improving the efficiency of the packaging logistic system operation (Lee & Lee, 2013). Poor 

handling of utilization of the warehouse by non-optimized packaging not only decreases 

performance but also creates costs (Chan, et al., 2006). Therefore, it is vital for the company to 

integrate the packaging to the manufacturing and logistics process, and with that improve the 

overall efficiency and productivity of the company (Chan, et al., 2006). By creating a well-

developed packaging unit, the efficiency and sustainability of the supply chain will be improved 

(García-Arca, et al., 2014). 

3.3. Determinants of effective packaging in Logistics 

Since packaging occur in various occasions in a supply chain, between companies and 

departments, the design of a packaging station becomes an important strategic link (Garcı´a-Arca 

& Prado Prado, 2008).  If packaging is not design as efficient and practical as possible, this will 

decrease the overall performance of the manufacturing process (Chan, et al., 2006). The most 

optimal way of designing a packaging process is to design them simultaneously as the designing 

of a new product (Chan, et al., 2006). When designing a packaging station there are easy ways 

to create more cost efficient solutions, which then creates value to the company and overall 

manufacturing and distribution process (Chan, et al., 2006). 

 

By detailed mapping of logistics activities of packaging, it gives a comprehensive overview of a 

physical environment for the overall packaging system in a supply chain (Hellström & Saghir, 

2007). Which could be an elementary step towards understanding the role of packaging systems 

in logistics to make packaging decisions based on a supply chain perspective (Hellström & 

Saghir, 2007). The detailed mapping can describe the interactions between a packaging system 

and the logistics processes along the supply chain (Hellström & Saghir, 2007). These interactions 

can be used to bridge the gap between logisticians and packaging engineers by enabling them to 

engage in a dialogue and to understand where and how packaging and logistics decisions might 

impact the packaging system and logistics processes (Hellström & Saghir, 2007). 

 



 

 

When making a packaging design, it is important to view all requirements in a holistic point of 

view, in order to create solutions that collaborate with each other (Svanes, et al., 2010). The value 

of a package is created from the critical attributes that foster the processes of the value chain 

members (Niemelä-Nyrhinen & Uustalo, 2013). When optimizing a packaging process, there are 

many factors involved, which makes it a greatly complex area (Wang, et al., 2010). These factors 

include man, machine, method and material and influences the efficiency in a large complex 

logistics system (Song, et al., 2016). The efficiency of systems that are in the larger scale is too 

complex to solve with traditional mathematical methods (Song, et al., 2016). By using 

simulation, the complexity of system optimization can be solved (Song, et al., 2016).  

3.4.Simulation  

Manufacturing processes contains various numbers of steps in order to produce a product, and 

these steps are continuously modified and optimized in order to compete on the market (Afazov, 

2012). The market continues to demand new and improved products, which force manufacturers 

to develop new and improved production lines (Afazov, 2012). The performance of a 

manufacturing company is based on making the right decisions on strategic, tactical and 

operational processes (Steinemann, et al., 2013). For the optimization of operational processes, 

companies have established LEAN initiatives with real time monitoring systems to measure 

production processes and to reveal bottlenecks (Silva & Botter, 2009). The improvement of the 

process is often based on trial and error and could be strongly supported by simulation (Silva & 

Botter, 2009). Nowadays it is required to take the complexity and dynamics of the company’s 

processes as well as the possibility of several solution variants in to account (Manlig, et al., 

2011). No more is it possible to create efficient processes by just local optimization of sub 

processes and it is necessary to look for the optimal solution for the whole system (Manlig, et 

al., 2011). By using simulation as a tool in improving manufacturing processes, the company 

could improve the quality of the product as well as reduce the risk of defects (Afazov, 2012).  

3.4.1. What is simulation 

Simulation has existed for over 60 years in manufacturing and business areas, and its presence 

has applied success in design, planning and strategy developments (Jahangirian, et al., 2009). 

Simulation include the designing of a model which represents a system and carrying out further 

experiments on the model as the system progresses through time (Diamond, et al., 2007).  It is 

widely used as a decision support tool in logistic and LSCM (Tako & Robinson, 2012), and has 

shown to be a diver both in operation research techniques and applications (Jahangirian, et al., 

2009). Modern logistic systems are highly integrated and complex, so visual simulation has 

increased its inevitable demand (Liu & Liu, 2014). Simulation has proved to be a cost-effective 

way for studying the impact of different alternatives on the optimization process of the overall 

body shop system (El-Khalil, 2015). The effective use of all simulations capabilities and 

properties lies mainly in the structure of the simulation project and in the teamwork of all 

involved experts (Manlig, et al., 2011). Even with all of these possibilities, there are companies 

who still use the traditional analytical or graphical methods for solving their problems (Manlig, 

et al., 2011). The reason is insufficient level of knowledge, which is required for its effective use, 

high price of the simulation software and uncertainty of simulation study economic return 

(Manlig, et al., 2011). Simulation is not an ultimate answer and it is not always suitable, but it is 

often appropriate to check results given by other methods to check influences of dynamic and 

stochastic effects (Manlig, et al., 2011). One of the simulation model is DES (Silva & Botter, 

2009) and is often used for transactional based processes (Alexander, 2006).   
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3.4.2. Discrete event simulation  

By using DES you could address LSCM issues such as supply chain structure, supply chain 

integration, replenishment control policies, supply chain optimization, cost reduction, system 

performance, inventory planning and management, planning and forecasting demand, production 

planning and scheduling, distribution and transportation planning and dispatching rules (Tako & 

Robinson, 2012). DES is a powerful tool when analysing different types of problem areas (Silva 

& Botter, 2009), such as batch manufacturing (Alexander, 2006), and verifying strategic 

decisions (Silva & Botter, 2009). DES has been seen as a complex tool, which include verifying 

a suitable solution, and was earlier only used by simulation experts and was limited to high-

priority projects (Silva & Botter, 2009). One of the problems within DES is the variation in 

human judgement when conducting decisions (Silva & Botter, 2009).  

3.4.3. DES modeling  

Most simulation projects are divided into three distinct phases: conception, implementation and 

analysis (Pereira, et al., 2015).  Authors such as Liu & Liu (2014), Larranaga & Loschki, (2016) 

and Dürango & Wallén, (2016) all used the same methodology when structuring their simulation 

model. This model was founded by Banks, et al. (2005) and has been perfected and further 

developed by other authors whom have used the model. The model contains twelve steps and are 

described and has summarized below:  

Step 1: Problem formulation 

The simulation project starts with the statement of the problem, which is given by the project 

owner (Banks, et al., 2005). It is necessary to specify the goals between submitter and solver, 

which prevents further misunderstandings and time delays within the necessary changes during 

the project (Manlig, et al., 2011).   

Step 2: Setting of objective  

According to Carson II (2004) the project should begin with a kick-off meeting where problem 

formulation, objective setting, determination of measures of performance, detail of modelling 

assumptions and data requirements are discussed, followed by a project plan with time and cost 

estimations. The objectives of the project are meant to be answered by the simulation study 

(Banks, et al., 2005). With a suitable selection of the project solving strategies, the time period 

of the project can be reduced (Manlig, et al., 2011). 

  



 

 

Step 3: Model building  

The current state of the study is abstracted by a conceptual model (CM) (Banks, et al., 2005), 

which is a fundamental step in a simulation project (Furian, et al., 2015). A well guided CM 

model will define the studies context, research objectives, model components and assumptions, 

and enhances the possibility of a successful simulation study, shown in Figure 4 (Montevechi & 

Friend, 2013; Robinson, 2008). CM is a critical step which involves important discussions 

between the simulation experts and the systems specialists along with analysis of human and 

systemic interactions (Montevechi & Friend, 2013). In the journal by Furain, et al. (2015) they 

discusses the need for clear control and structures within CM, such as Hierarchical Control 

Conceptual Model (HCCM) which guides the modeller through the most important steps of CM. 

HCCM framework pays attention to the identification of a models system behaviour, control 

policies and dispatching routines and their structured representation within a CM (Furian, et al., 

2015).   

 
 

 

Step 4: Data collection 

DES projects rely heavily on high input data quality (Skoogh & Johansson, 2008). To build a 

simulation model the typical approach would be to start with collecting the data and to develop 

a detailed model of the current system (Robinson, 2015). A list of data requirements should be 

submitted to the project owner (Banks, et al., 2005). Gathering input data is about defining 

elements included in the system and its bindings (Manlig, et al., 2011). It includes gathering dates 

and analysis for the stochastic of the random values and the analysts own model making (Manlig, 

et al., 2011). The main focus should be placed at the gathering- and processing of data, 

verification and validation of the model (Manlig, et al., 2011). To secure quality and increase 

rapidity in DES projects, there are well structured methodologies to follow (Skoogh & 

Johansson, 2008). As a result, Skoogh & Johansson (2008) presented a structured methodology 

including 13 activities and their internal connections, shown in Figure 5 on the next page. 

 

Figure 2, Conceptual modeling by  (Robinson, 2008) 
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 Figure 3, Data Collection (Skoogh & Johansson, 2008) 
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Input data management (IDM) is a crucial and time-consuming part of a simulation project 

(Skoogh, et al., 2012). High quality input data is necessity for a successful DES, and there are a 

lot of different methodologies, which could be used for data collection (Bokrantz, et al., 2015). 

DES, as a day to day engineering tool, requires high quality production data to be constantly 

available (Bokrantz, et al., 2015). According to Bokrantz, et al. (2015) and Skoogh, et al. (2012), 

by using a Generic Data Management Tool (GDM-Tool), it automates several critical and time-

consuming data input activities in DES projects, where production data are available in a simple 

form in several different structured data sources. Since IDM is considered to be one of the most 

time consuming steps in simulation studies, by using a GDM-Tool it enables shorter lead times 

in simulation projects (Skoogh, et al., 2012). In addition, an approach of IDM for DES is based 

on a collaboration between simulation analysts and the equipment experts, including extraction, 

validation, transformation, and storage of DES input data using the GDM-Tool (Bokrantz, et al., 

2015). This work primarily supports the use of production data on a continuous basis, it is 

especially valuable to manufacturing companies whom have come far in their implementation of 

advanced computer applications for the collection and storage of production data, and use DES 

as a day-to-day engineering tool (Bokrantz, et al., 2015).  

Step 5: Coding  

The third step of conceptual modelling is constructing data input in to a computer recognizable 

form (Banks, et al., 2005). There are a lot of different simulation software’s, such as Arena, 

ExtendSim, Flexsim, ProModel, etc.  (Law, 2008). ExtendSim is used for modelling continuous, 

discrete event, discrete rate, and agent-based systems (Krahl, 2009). This software is one of the 

leading edge simulation tools, which uses a form of building blocks to create the simulation 

models (Diamond, et al., 2007). It is a user-friendly tool and creates a good understanding of a 

complex systems, it also produces results faster than other software (Diamond, et al., 2007). The 

model is usually created by adding blocks to a model worksheet, connecting them together and 

entering the collected data to the simulation database (Diamond, et al., 2007). Each type of block 

has its own function and its own data (Krahl, 2009). Some of the advantages when using 

ExtendSim, mentioned by Diamond, et al. (2007), are presented below: 

 

· Prediction of the course and results of certain actions 

· Gain insight and stimulate creative thinking  

· Visualize the companies process, logically or in a virtual environment 

· Identify problem areas before implementation  

· Explore the potential overall effects 

· Confirm that all variables are know  

· Optimize the company’s operation 

· Evaluate ideas and identify inefficiencies  

· Understand why observed events occur 

· Communicate the integrity and feasibility of company´s plan    

Step 6: Verified  

Verification states the process by determining whether the operational model is performing as 

designed (Banks, et al., 2005). Some runs are carried out to verify if the model follows the logic 

which are mentioned in the conceptual model (Montevechi, et al., 2007).  This phase is about 

identifying the errors of the model, and when the verification of the model is completed the only 

model that should be documented is the computer model (Montevechi, et al., 2007).  
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Step 7: Validate  

Validation is about determining if the conceptual model is an accurate representation of the 

current state (Banks, et al., 2005). Validating a model is measuring how close it is to the current 

state of a process, assuring that the model serves the purpose of why it was created (Diamond, et 

al., 2007). It can be done through comparison of the current state results with the simulated model 

and through direct confrontation of these results with historic data output of the system that is to 

be studied (Montevechi, et al., 2007) (Law, 2008). A sensitivity analyses should be performed 

on the model to see which factors have the higher impact on the performance measures (Law, 

2008). 

Step 8: Experimental design  

Experimenting phase handles a dilemma of wide number of the possible variation of solutions 

(Manlig, et al., 2011). The experimenting phase involves systematic changes of the parameter 

values of the model to achieve the defined goals (Manlig, et al., 2011). For each scenario and 

system that is to be simulated, there are decisions that needs to be taken in to consideration, such 

as the length of the simulation run, the number of runs necessary and the manner of initialization 

(Banks, et al., 2005; Law, 2008). The factors, selected by the simulation team, will have an 

impact on the total amount of parts produced by the system (Montevechi, et al., 2007). 

Step 9: Production runs and analysis  

Production runs and their following analysis, are used for estimation and measuring the 

performance for the scenarios that are being simulated (Banks, et al., 2005). 

Step 10: More runs? 

Only when analysing the results of the simulation runs, decisions if additional experiments are 

required  (Law, 2008; Banks, et al., 2005). 

Step 11: Documentation program and report results  

Documentation throughout the simulation study is necessary for its usage and information about 

how the simulation model operates (Banks, et al., 2005). Documentation could be summarized 

by assembling the documentation with evaluation of the results and realization of the optimal 

solution (Manlig, et al., 2011). The documentation of the simulation model should include the 

assumptions document, which are critical for future reuse of the model as well as a detailed 

description of the computer program and the results of the current study (Law, 2008). 

Step 12: Implementation  

The 12:th step in the simulation model is implementation and in this phase the analyst acts as a 

impartial reporter (Banks, et al., 2005). In the previous step all the information about the model 

is presented to the client, which is the base for the client’s decision (Banks, et al., 2005). This 

phase relays on how much they have been involved throughout the study and if the simulation 

analyst has followed these twelve steps thoroughly (Banks, et al., 2005).  

 

 



 

 

4. EMPIRICAL FINDINGS 

In this chapter, ASEA Brown Boveri (ABB) is presented then the project that was assigned by 

the company is described. This chapter presents the current state of the packing station. The 

authors start by presenting a layout of the affected station, then describes the current situation 

step by step. Details of the status report has been developed through observation, interviews and 

data from the company. After that a step by step presentation of how the simulation model were 

developed is presented. 

4.1.A case study at ASEA Brown Boveri (ABB) 

ASEA Brown Boveri (ABB) is a Swedish-Swiss multinational corporation headquartered in 

Zürich, Switzerland. The organization is a global leader in power and automation technologies, 

with a revenue of 36 billion dollars and plants in over 100 countries. There are around 135 000 

people whom are employee at ABB. They provide products and solutions that are suitable for 

multiple low- and medium-voltage electrical applications form residential home automations to 

industrial buildings. It includes modular substation packages, distribution automation products, 

switchgear, circuit breakers, measuring and sensing devices, control products, wiring accessories 

and enclosures and cabling systems designed to ensure safety and reliability. ABB in Sweden 

have four divisions in power and automation containing power grids, electrification products, 

discrete automation and motion and process automation. The division of electrification products 

in Sweden have a revenue of 384 million US dollars were 60% is of export. Electrification 

products have a total of 650 employees in Sweden and are set in 11 different locations. ABB 

electrification products produces a variety of products and systems and offers services to 

buildings and industries. They provide utilities, industrial and commercial customers with safe, 

reliable and smart technology for the distribution of electricity.  

4.1.1. ABB AB Control Products in Vasteras  

One of the divisions within ABB electrification products are ABB Control Products. ABB 

Control Products is found in buildings and HVAC, in renewable sectors, in transportation fields 

and automation and safety applications. ABB Control Products in Vasteras are the producers of 

large contractors, pilot devices, softstarters, arc guard protection, machine safety and service.  

 

Recently ABB Control Products have developed their assembly line of softstarters under a 10-

week period, which included developing and implementing at the same time period. Softstarters 

comes in 14 different product types, and with the development project they were able to cut down 

the assembly lines from 14 to 3 lines. The new assembly lines have a shorter takt time and higher 

productivity. All the assembled products go through the packing station before they are shipped 

to the internal- or external customer. The packing station was not included during the 

development of the assembly line.       

4.1.2. Non Value Added Activities in Soft-starter Packaging at ABB 

The case study of this project is mainly focused on the packing station of the softstarters, which 

is unstructured and not developed as an optimal station for a packaging process. It is not linked 

to the assembly line, which makes it harder for an operator to communicate with or get status 

from the assembly line. Today they have one operator that is continuously packing products but 

do get help from another operator when it is needed. The station has a high product variance and 

every product type is packed differently, depending on the size of the product and material input, 

such as manuals and accessories bag. That is why the station has a high quantity of material, 

https://en.wikipedia.org/wiki/Multinational_corporation
https://en.wikipedia.org/wiki/Z%C3%BCrich
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which the operator is required to refill. Currently the materials for packaging is placed far away 

from the packaging area, which creates wastes in form of time and activity in the process. Today 

the operator has activities in the packaging process that are non-ergonomic, such as folding and 

stapling cardboards on the floor. The packaging station of softstarters is not optimized for 

packaging, therefore by using a DES software, the authors will analyse the current state and 

present a future state for the packaging station. The authors will also introduce the DES software, 

ExtendSim 9, to ABB for future usage in development projects. 

4.1.3. Plant layout 

 
 

 

 

 

Figure 4, Plant layout for packaging station 
 

The plant layout above illustrates what the current packaging station looks like. Packaging is the 

second last process in the supply chain of the products before they are shipped to the customer. 

The products are transported through the passage in the wall on to the travellator from the 

assembly line.  
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The operator prepares the packaging by getting an appropriate pallet depending on the orders 

quantity, cardboard for the pallet frame and cartons. The cardboard is then assembled to the pallet 

frame and stapled on the pallet. The products are packaged in a carton, which comes in nine 

different dimensions depending on the product size. The carton is assembled by folding and 

stapling the carton. After the preparation the packaging process starts and the first step is to scan 

the serial number of the product and stamp the product with green sticker. When the product is 

scanned a label is printed automatically, which have to be sorted to the right product by visual 

inspection. The next step is to pick inlays and place them on the product or in the carton. There 

are different types of inlays depending on the product size and model. The operator places the 

product in the carton and put the label on the carton. The final step is to pick and put an accessory 

bag and manual in the carton and close the carton with clamps. When stocking the order, the 

carton is placed on the pallet and the operator then reports the order in a SAP system. He then 

prints out the delivery note and places it on the pallet frame. By forklift the order is moved to the 

storage unit, were its position is scanned and noted in SAP. The forklift is then moved back to 

the packing station and the operator starts to pack the next order.  

4.2. Discrete event simulation 

The following section will give a thorough overview of the steps that were used when creating 

the simulation models.  

4.2.1. Step 1. Problem formulation 

The first step in the DES development in the case study was to formulate a problem, which the 

tool was to answer. The case study company had problems with efficiency and the amount of 

non-value added work in one of their packaging station, and therefore the following questions 

were to be answered: 

 

· How can the station become more efficient? 

· How can the non-value added work be decreased?  

Table 4, Overall process description for packaging station   

Preparation

•Get appropriate pallet

• Pick cardboard for 
pallet frame

•Assemble the pallet 
frame

• Pick cardboard for 
carton

•Assemble the carton by 
folding

•Assemble the carton by 
stapling

Packaging 

• Scan the serial number

• Stamp the green sticker 

• Print out and pick the 
label 

•Visual inspection 

• Pick Inlays

• Place inlays on the 
product

• Put the product in the 
carton 

• Put label on carton

• Pick and put accessory-
bag and manual in 
carton

•Close the carton with 
clamps

• Place carton on pallet

SAP 

•Report order in SAP 
system

• Print A4-paper -
delivery note, place on 
pallet frame.

Stocking

•Move order to podium 
by fork lift and scan 
place in SAP

•Move the forklift back 
to packaging area
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Diagram 2, Packed products in September 

4.2.2. Step 2. Setting of objectives 

The objective of the DES was, as mentioned, to compare the current state model with the 

experimental model of a future stat of the packaging station. More specific, the objective is to 

examine how much more efficient the future state model will be compared to the current model, 

by eliminating time wastes and non-value added work.  

 

Beyond comparing the efficiency of the packaging station the following objectives will be 

examined when comparing the current state with the future state model: 

· The utilization of the operator 

· One line compared to three lines 

· Packed products 

4.2.3. Step 3. Data collection  

Throughout the modelling stage of the current state, relevant data was gathered. In order to know 

what data was relevant for the model, the data collection needed to be done simultaneously as 

the building of the model, which will be described in the upcoming step.  

With the advice from the case study company, the decision to only put in the data of two out of 

fourteen products were made. The diagrams below, diagram 1 and 2, created from SAP data, 

shows that the percentages of packed product types in the month of May and September where 

the highest, and therefore the two products that was chosen to represent the light line and the 

heavy line in the model.  

 
 

 

The process of these two products where mapped (see section 4.1.3.) and the cycle times of each 

activity measured. Further data collected by the authors where the material quantities needed for 

each product, as well as the times for restocking the material storage. Before the data were put 

in to the model and further data were collected, the data were validated and confirmed by the 

case study company.  

 

 

 

Diagram 1, Packed products in May 



 

 

The remaining data that were put in to the model was drawn by the case study companies SAP. 

The SAP data provided information concerning the following parts: 

· The amount of each product type packed per day in the period of May and September.  

· The batch sizes of the packed product types 

 

By combining the SAP data and the collected data further data was developed. One of the data 

that where discovered where how many operators the packaging station had actually required in 

both May and September, see diagrams below. 

 

 

The red line represents the quantity of 1 operator, the green line 1,5 operators and the blue line 

represents how many operators that where actually required that day. As shown, the case study 

company uses more than the 1,5 operators intended to be used. The average number of operators 

used is calculated to 2. The month of May was chosen as the reference month when modelling 

due to its more stable outcome.  

 

Further data that where provided by the combination where the quantity of the material usage, 

developed from the batch sizes and observation of how much material that where required per 

product. This made it possible to calculate the income sequence the different materials.  

4.2.4. Step 4. Model building 

As mentioned in the section above the model building was executed simultaneously as the data 

collection. Firstly, to simplify the model, the activities was divided in to four activity groups – 

preparation, packaging, SAP and stocking. This was the beginning of the sage 0 model, which 

were the test model.  

 

 

 

 

 

 

 

 

 

 

 

Figure 7, Numbers of operators in the packaging station 

May September 
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Model 0 

Model 0 was a simplified version of the model, where estimated data were put in to see if the 

model worked. Model 0 provided a holistic view of the packaging station which were presented 

and verified by the case study company. This made it easy to continue with model 1. 

 

 
Figure 5, Model 0 

 

Model 1 

When continuing on the model, making it model 1, more complex areas in the process were put 

in to the model, the material handling. In model 1 only the data from one of the products and the 

data from the month of May were put in, in order to see if the model would work. This made it 

easier to detect if modifications were required. When model 1 was completed it was again 

presented and verified by the case study company. 

 

 
Figure 6, Model 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Model 2 

In model 2 the data of the second product were put in together with the first product. New material 

handling lines were also put it, since the two products require different type of material when 

packed. When the model gave the same outcome as the month of May, when using the data from 

that month, it was completed. Model 2 were the last step of the modelling of the current state and 

therefore also presented and verified by the case study company. 

 

 

 
Figure 7, Model 2 

 

 

Inputs and assumptions 

The inputs used in the simulation is connected to the model from an excel document. All the 

inputs for both products can be found in appendix 8.1.  

 

No assumptions were developed in the current state model, there were only limitations made 

which are described in previous sections and are concluded in the following table. 

 
Table 5, Current State Model Assumptions 

Current state model Limited to: 

Data input period May 

Product types 2/ 14, 1 product type from light-line, 1 

product type from heavy-line 

Operator quantity 1 

4.2.5. Step 5. Experimental design 

After the current state model was build and its output matched the output of the chosen month, 

the future state model could be designed. Before creating the final stage of the future model, sub 

models were created. 
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Model 3 
The biggest improvement that the case study company required was to remove all material 

handling, se figure 11. This were therefore not included and studied in the future model. The 

second improvement was to split the packaging station in to three lines because the high number 

of different products going through the packaging station. The reason for the choice of three 

separate lines is due to the fact that the products can be divided in to three groups, product type 

A, product type B and old products that in future time will cease to be produced. 

 
Figure 8, Model 3 

 

Model 4 

The next stage was divided in to two different stages, model 4 and model 5, in order to observe 

two different concepts. Model 4, see figure 12, is an extension of model 3. The model consists 

of three lines, line consisting of product group A, line consisting of product group B and the line 

of old products, and are divided in to four activities, in some cases three due to a different 

packaging process. These activities are operated by two operators, because of the discovery 

mentioned in section 4.2.3. Data collection, that the average use of operators is in fact two. In 

the same way that the current state model packages the products in batches, model 4 also package 

the products in batches.  

 
Figure 9, Model 4 
 



 

 

Model 5 

As mentioned above, two concepts were created. Model 5, see figure 13, have the same setup as 

model 4 with three lines, packaging the same product groups, with four activities. Model 5 is 

also operated by two operators, the difference is how the activates are divided among the 

operators. Instead of starting with the preparation for packaging a batch of products, the first 

operator starts to pack the incoming products in a one-piece flow. He then stacks the products in 

a sort of storage unit. The second operator, on the other hand, preforms the preparation and 

stacking of the orders, performs the SAP activity as well as stocking the order. 

 

 
Figure 10, Model 5 
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Inputs and assumptions 

In the future state models, the authors performed various amounts of assumptions, see table 6, 

due to the fact that the input data cannot be predicted. 

 

Future state Limitations  

Operators 2 

Product input rate 1 every 133 seconds 

% of product input  Product group A line: 59% 

Product group B line: 22% 

Old products line: 19% 

% of product input, Product group A line Product 1: 69% 

Product 2: 16% 

Product 3: 15% 

% of product input, Product group B line Product 1: 0,66% 

Product 2: 0,13% 

Product 3: 0,21% 

% of product input, Old products line Product 1: 13% 

Product 2: 11% 

Product 3: 48% 

Product 4: 28% 

Cycle times Together with the case study company the 

authors reduced some of the cycle times in the 

activities, se excel sheet in appendix 8.2, 

where some of these time reductions are 

explained in the result chapter. 
Table 6, Future model assumptions 

4.2.6. Step 6. Production runs and analysis 

In order to get the best possible outcome three different runs were done, were the utilization of 

the operators were divided in to different options. This was only done for model 5, due to that 

this design were created to provide different outcomes depending on the work balance within the 

operators, where Model 4 were not design to do so.  

 

Run1 
In run 1 the operators were divided in to performing completely different activities. Operator 1 

only performed the packaging activity, while operator 2 performed the preparation, SAP and 

stocking activities.  

 

Run2 

In run 2 the work was divided within operators as in run 1, the difference is that operator 2 helps 

operator 1 in the packaging activity when needed. 

 

Run3 

In run 3 the operators divide the work between them, and therefore performing equal amount of 

work. 

 

 

 



 

 

4.2.7. Step 7. More runs 

The only data that is relevant in this future model design is the cycle times of the activities, the 

average amount of products that is packed and the number of operators, and is therefore the only 

values used from the historical data. The input of products is therefore based on a random 

number, which creates a variation in the outcome. 

In order to create a representative result, the authors performed number of runs and created an 

average number of packed products for each product type. This was also used to create a 

representative value for the utilization of the operators. 

4.2.8. Step 8. Documentation and presentation of the result 

The following table is the result of the different simulations, containing the results of model 2, 4 

and all the runs of model 5. 

 
Table 7, Simulation results 

 Model 2 Model 4 Model 5, 

Run 1 

Model 5, 

Run 2 

Model 5, 

Run 3 

Operators  1 2 2 2 2 

Utilization 99,9% 73,3% / 

operator 

Operator 1: 

99,9% 

Operator 2: 

31,6% 

Operator 1: 

81,7% 

Operator 2: 

76% 

77% / 

operator 

Packed 

products 

2773 6164 5341 6235 6237 

Run time 832407 s 832407 s 832407 s 832407 s 832407 s 

 

It is clear that the models that provide the best results are Model 5 Runs 2 and 3. When indicating 

that these are the best models the variables that is taken in to an account is the number of packed 

products. The other variable that should be taken in to account is the utilization of the different 

operators, as the case study company want the percentage to be as low as possible in order to 

create good work environment for their operators. This also make it easy for the packaging station 

to handle unpredictable events or increased workloads.  

4.3 Future packaging station 

The authors have, during the project, observed that the operators on the packaging station do not 

have all the material needed for packaging near the work station. This directly affects the lead-

time of the packaging. There are many ways to eliminate the distance between the material and 

workstation, and one of them is to place them near the workstation. The authors have been 

looking into how to handle the material in a way that creates easy access for the operator. With 

these improvements, presented in the sections bellow, the authors believe that the results of the 

future simulation model could be possible. 

4.3.1. Material Handling  

There are a lot of activities which could be eliminated or were some of the lead-time could be 

reduced by placing the material near the work station. Placing the material near the workstation 

directly was not an option, due to the high material variation. The authors suggest that refilling 

the material could be handled by a material handling unit or an operator that have a low 
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utilization. The material should be place on a carriage that includes material inputs for a day. 

Material refill could be done either in the morning before the shift starts or in the evening when 

the shift is done for with the amount of material for a whole work day, which will require a big 

size of carriage. Another way is to have two shifts for the material handling unit that refills the 

material. Material such as cable and screw bags that lay in separate bags could be kitted into one 

bag for those product types that have enough space in their cartons. This could be done by the 

external supplier. It reduces the amount of activities in the packaging process. The third 

suggestion is to order the inlays from the supplier without the parts that are not needed for the 

packaging, which will reduce the lead-time.  

4.3.2. Workstation  

The packaging station has a high product mix and every product has to be handled differently. 

Taken from the authors observations, there were similarities found in some of the packaging 

processes, which for instance were the material inputs of the packaging process. The product mix 

was as mentioned divided into three categories, product group A, product group B and old 

products. Product group A contains products that are from the same product family and there are 

no differ in the material input when packaging, which is the case for product group B as well. 

The group of old products contains different products, which could be categorist under heaviest 

and oldest products in the packaging station. The products which are big in size and heavy in 

weight, have similar activities in their packaging process. The group of old products are those 

products that in the future will not be produced in high volume and is meant to be phased out in 

the future state. The reason to the third group, old products, is to create as little impact on the 

rest of the lines when they are to be phased out as possible.  

 

  



 

 

5. ANALYSIS 

Packaging should be designed for protection of the product whilst transporting and handling it 

(Olander-Roese & Nilsson, 2009). Packaging is often not prioritized (Olander-Roese & Nilsson, 

2009), which was the issue in the case study. The packaging station was not developed as an 

optimal station for a packaging process. There were several obstacles in the packing process 

which the operator ran in to during the day, which is defined as wastes. It was not linked to the 

assembly line, which made it harder for the operator to communicate with or get status from the 

assembly line. Another main problem with the packaging station in the case study was that it 

actually required two operators, which made the station understaffed by 1-0.5 operator, according 

to Figure 7. Currently, the material for packaging is placed far away from the packaging area, 

which creates wastes in form of time and activity in the process. It was the operators job to refill 

the material stock. If material was missing, the operator had to retrieve more, but if he could not 

set aside time for it he was forced to continue working with the next order and get back to the 

other order when he had the time.  

 

As authors Hellström & Saghir, (2007) pointed out, the influence of packaging is often indirectly 

recognized but not shown and discussed in a comprehensive way.  Authors Chan, et al. (2006), 

Hellström & Saghir (2007), Sohrabpour, et al. (2012) and Olander-Roese & Nilsson (2009) 

agreed on the importance of packaging and its impact on the supply chain in both cost and 

performance. By optimization of packaging the logistics costs can be reduced (Lai, et al., 2008). 

There are many factors that are involved while optimizing (Wang, et al., 2010) , such as man, 

machine, method and material and they all influences the efficiency (Song, et al., 2016). There 

are easy ways to create more cost efficient solutions, which then creates value to the company 

and overall manufacturing and distribution process (Chan, et al., 2006). It is too complex to solve 

a larger scale of efficiency system problems by traditional mathematical methods, but this can 

be solved by simulation (Song, et al., 2016).. Author Afazov (2012) describes simulation as a 

tool that can improve manufacturing processes, by improving the quality of the product and 

reducing the risk of defects. It is widely used as a decision support tool in logistics and LSCM 

(Tako & Robinson, 2012) and provides a cost-effective way of studying the impact of different 

alternatives on the optimization process of the overall body shop system (El-Khalil, 2015). This 

indicates that companies more frequently should use simulation when solving complex problems 

within their manufacturing processes, where it is important to include packaging in order to 

maximize the overall efficiency. 

 

As Tako & Robinson (2012) suggests, by the usage of DES in LSCM issues such as supply chain 

structure, supply chain integration, supply chain optimization, cost reduction, system 

performance, inventory planning and management and more can be addressed. This indicates 

that by using a DES tool such as ExtendSim the problem of an inefficient packaging station, as 

is the case for the case study company, could be solved or improved. Since DES projects rely 

heavily on high input data quality (Skoogh & Johansson, 2008), a big factor was to gather reliable 

data to put in to the model. In order to get reliable data, the authors continuously verified all data 

with the case study company, which according to the authors is believed to be one of the most 

important factors when designing a model as well as creating good communication with whom 

the model is designed for.   

 

By analyzing the case study company´s SAP data, the authors could include it in to their own 

data. By doing so and combining it with the authors gathered data, discoveries such as the actual 
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number of operators could be obtained, this lead to the conclusion that more relevant knowledge 

could be found just by continuously analyzing the case study companies SAP data.  

 

Silva & Botter (2009) addresses the problem of the variation within human judgement when 

conducting decisions in DES. This shows the uncertainty of the simulation model that the authors 

designed. Variables such as dividing the activities in to four groups, choosing May and 

September as reference months, only looking in to two of the products in the current state model, 

the data gathering and calculations and the variation among operators are all decisions made by 

the authors, and could therefore affect the result of the simulation outcome. 

 

The variation within human judgment also apply when designing a future model. For each 

scenario that is to be simulated, there are decisions that needs to be taken in to consideration, 

such as the length of the simulation run, the number of runs necessary and the manner of 

initialization (Banks, et al., 2005). In this design on the other hand, the designer cannot use the 

old data outcomes as a reference for validity. Therefore, all the improvements on the future model 

are assumptions. Since the factors selected by the simulation team, will have an impact on the 

total amount of parts produced by the system (Montevechi, et al., 2007), all the assumptions were 

verified by the case study company. As both Banks, et al. (2005) and Law (2008) emphasizes, 

every decision and assumption made for the simulation model should be documented for future 

reuse of the model. This was also, according to the authors, an important part of the project in 

order for the case study company to continue to use both the models and the simulation program 

after the project is completed.  

 

Variables that have affected the outcome of the future model are the choice of three separate 

lines, two operators, another section handling the material, the design of the models, the time 

reduction of in the activities and the income, batching and sequence of products.  

 

As is shown in Table 7, the model that had the highest amount of packed products were model 

5, run 3. This model was design to create a one-piece flow, with a mid-storage unit and the 

activities where shared equally between the two operators. The second best model was model 5, 

run 2, were operator 1 only operated the first activity and got help from operator 2 when needed, 

whom otherwise operated the three last activities. It is important to view the result of these 

simulations with the knowledge that the result if of a maximized packaging station with no 

variations within cycle times, operator variation, with no interruptions or unpredictable events.  

 

The biggest reason why companies do not use graphical methods to solve their problems today, 

is the high knowledge that is needed for it to be effective, the high price of the software and the 

uncertainty of the economic return (Manlig, et al., 2011). This indicates that the software need 

to be used as a problem solving tool in developing projects enough times for it to be economically 

justifiable. As the simulation of model 5, run 2 and 3 shows, the packaging station could pack 

around two times more products by implementing the improvements in those models. This could 

be one of the benefits of using simulation, it visualizes the improvement works impact and by 

that, visualizes how the improvement work can improve the efficiency of the process. Another 

benefit is to show how the packaging station would perform if the time waste of material handling 

were to be excluded from the operational activities. But as Manlig, et al. (2011) suggests, 

simulation is not an ultimate answer and it is not always suitable, but it is often appropriate to 

check results given by other methods to check influences of dynamic and stochastic, since 

simulation is highly time consuming. Although, some benefits with DES is that is can predict the 

course of certain actions (Diamond, et al., 2007), such as excluding the material handling, gaining 

insight, such as the impact of the utilization of the operators after redesigning the model, visualize 



 

 

the companies process and visualizing a future state and identifying problem areas before 

implementation. 

 

So, to answer the research question “how can discrete even simulation be used as a tool to identify 

time wastes and create efficiency in a packaging station” - by creating both a current- and future 

state model the efficiency could be measured from various aspects, in this case the number of 

packed products. DES does not necessary, as a tool, identify time wastes and create efficacy but 

by designing a simulation model the analyser is forced to recognize all factors affecting the 

packaging station, as well as update all relevant data. Therefore, the DES tool can help identify 

time wastes and create efficacy. This creates a deeper insight of the packaging station, which 

highlights possible wastes, these can be improved which will make the packaging station more 

efficient. By analysing the current state of the packaging station, non-value added work will be 

noted and can be explored. The simulation as a tool can help the analyser to set different types 

of improvement ideas against each other and help to determine the best possible solution. 

 

The simulation model by Banks, et al. (2005) was presented by the authors in chapter 3, under 

the section 3.4.3. DES modelling and is often used in simulation projects and has been successful. 

The authors choose to structure their own model, which is shown in figure 3. The structure of 

the simulation model by Banks, et al. (2005) did not represents the actual method that the authors 

used when constructing the simulation model. The main difference is the information flow within 

the projects participants. As it is shown in figure 3, the simulation model is constantly verified 

and validated to ensure that the collect data is correct and the all participants are included and 

updated. If not all participant agreed with the results of the collected data or result of the model 

it would be a problem with the Banks, et al. (2005) model, where this would not be brought up 

until a later step. This, on the other hand, would not be a problem when using the authors model. 

Despite that the authors model contains constant communication with all involved parties, overall 

both models contain the same steps or activities, except for the implementation step which was 

not necessary in the case study. So, to answer the research question “What method is suitable 

when creating a simulation project?” – there is no standard method which can followed, due to 

that every simulation is unique and different. That was the reason the authors created their own 

method which was successful as is mentions above.  
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6. CONCLUSIONS AND RECOMMENDATIONS 

The following chapter will present the authors conclusion of the thesis as well as the 

recommendations of what could be further researched in order to create a deeper understanding 

regarding the subject. 

6.1. Conclusions 

Process improvement is one of the challenging tasks within manufacturing companies. This study 

has been focused on analysing a packaging station by using a DES tool. Packaging is an 

important part of the production and logistics process, but it is seldom considered when analysing 

non-value added activities. DES has been used in the analysis of non-value added activities in 

production systems, but noted by the low number of articles related to the usage of DES within 

packaging, there exists a limited understanding of DES use in this area. The authors divided the 

scope of the research into the following research questions, which are presented below: 

RQ1: How can discrete event simulation be used as a tool to identify time wastes and create 

efficiency in a packaging station?  

RQ2: What method is suitable when creating a simulation project? 

These questions were to be answered by performing a literature review and a case study in ABB 

AB Control Products Vasteras, where the packaging station were in need of improvements. The 

literature review was conducted by reviewing journals and books which were related to the topic 

of the study. The results are presented in the theoretical framework, chapter 3, and were used as 

a basis to supports the results of the thesis. The theoretical framework covers the basic theories 

about packaging and simulation. This was performed parallel with the case study, were the 

packaging station was not optimized for packaging and several obstacles were found by the 

authors through data collection, which are presented in the empirical findings, chapter 4. The 

main task was to analyse the current packaging station by using DES and improve the efficiency 

as well as eliminate non-value added work by introducing the future state. The study was 

conducted over four months, and the data collection was the most time consuming activity 

thought out the study. A high data input was gathered by the authors to be able to build the DES 

models which are presented under the empirical findings, chapter 4. The ExtendSim version 9 

software has been used for building the different stage models.  The current state DES models 

were built to identify the problem areas and validate and verify the model by getting the same 

output as the chosen months, which are shown in figure 8, 9 and 10. The future state models were 

built with improvements and has been analysed on two variables which are packed products and 

operator’s utilization, shown in Table 7. By analysing the models, model 5, run 2 and run 3, was 

chosen as the best model by the authors. The result of the model generated less pressure on the 

operators as well as an approximated improvement of 125% more packed product. The authors 

have presented the improvements that are required to reach the future stage as well. The 

improvements involve a better material handling and a more optimized packaging station in order 

to create a for efficient workstation.    

 

The results from the theoretical and empirical finding are analysed, they highlight the importance 

of packaging and its impact on LSCM performance. Even though, packaging is still not 

prioritized during development projects, as was shown in the case study and in summary of the 

journals. The result is an impractical and non-optimized packaging station, which becomes 

unmanageable by the operators. It decreases the overall performance of a company and creates 



 

 

non-value added activities in a process. The company should develop the product simultaneously 

as the production were every activity or process should be included. They should also consider 

the impact of the development has on the entire supply chain.  That is the one way to eliminate 

all the non-value activities from the start. DES is a tool that could be of help when visualizing 

the process and it allows the developers to see the impact of a change or improvement on other 

processes.  

6.2. Recommendations 

Simulation  

It is important to see the simulation as a tool not a strategy, the main key is the company and its 

employees. Simulation will help the company to create a better perspective on their production 

line and its processes. Simulation is not always the ultimate answer. 

 

Simulation Software  

The software ExtendSim has been a user-friendly tool and that is why the authors recommends 

this software to the company as well. The company is no experienced in DES and ExtendSim is 

one of the leading edge simulation tools (Diamond, et al., 2007), which used when creating 

models from building blocks. It can be used to model continuous, discrete event, discrete rate, 

and agent-based systems (Krahl, 2009). It comes with a user guide which enables the user to 

explore the software by their own without any professional help. 

 

Data collection  

The simulation software is not only a cost investment, but also requires investments in time 

consumption. To build a model requires a high data input, which according to Robinson (2015) 

should be at the start-up phase which should be followed by detailed modelling of the current 

system. The authors recognized during the study, which is also mentions by Skoogh, et al., 

(2012), that IDM is a crucial and time-consuming part of a simulation project. For a successful 

DES application a high quality input data is a necessity. The authors have been provided a data 

methodology which enabled the authors the determine the right data by continuously validating 

and verifying it whit the case study company. The authors highly recommend the data 

methodology by Skoogh & Johansson, (2008), shown in figure 5.  

 

Documentation  

Documenting the assumptions which are taken for the DES models input is an important base in 

a DES project. It forces the developer to remember the variables that has been used in model and 

it becomes easier for all parties to share the information. Documentation of the models results 

are equally as important as the inputs, in order for non-involved parties to understand the models 

design, strategy and outputs.  

 

Team work  

The collaboration within the team is the most important factor and have a high effect on the DES 

project. The information flow has to be equally divided within the team, the decisions and the 

assumptions has to be discussed with all the members.    

 

Future research  

This only includes the improvements suggestions, but has not been calculated how much the 

investment would be to implement these improvements. The follow up of this thesis, should be 

a research on investment cost for the company and evaluate if the investments is worthy to be 

implemented.  
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Future research based on this thesis could be a development of the assembly which is the process 

before the packaging station, which would give a better overview of the entire system. 
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8. APPENDICES 

8.1. Current simulation inputs 
Input values  

Actual 
Delivery date 

Product Quantity Cartons 
PSE A 

Manuals  Inlays PSE A Screws Cables Cartons 
PSTX C 

Inlays 
PSTX C 

2016-05-02 PSE 4 4 4 8 0 0 0 0 

2016-05-02 PSE 1 1 1 2 0 0 0 0 

2016-05-02 PSE 1 1 1 2 0 0 0 0 

2016-05-02 PSE 1 1 1 2 0 0 0 0 

2016-05-02 PSE 1 1 1 2 0 0 0 0 

2016-05-02 PSE 4 4 4 8 0 0 0 0 

2016-05-02 PSE 11 11 11 22 0 0 0 0 

2016-05-02 PSE 2 2 2 4 0 0 0 0 

2016-05-02 PSE 2 2 2 4 0 0 0 0 

2016-05-02 PSE 2 2 2 4 0 0 0 0 

2016-05-02 PSE 3 3 3 6 0 0 0 0 

2016-05-02 PSE 3 3 3 6 0 0 0 0 

2016-05-02 PSE 11 11 11 22 0 0 0 0 

2016-05-02 PSE 11 11 11 22 0 0 0 0 

2016-05-03 PSE 2 2 2 4 0 0 0 0 

2016-05-03 PSE 2 2 2 4 0 0 0 0 

2016-05-03 PSE 6 6 6 12 0 0 0 0 

2016-05-03 PSE 3 3 3 6 0 0 0 0 

2016-05-03 PSE 2 2 2 4 0 0 0 0 

2016-05-03 PSE 1 1 1 2 0 0 0 0 

2016-05-03 PSE 1 1 1 2 0 0 0 0 

2016-05-03 PSE 2 2 2 4 0 0 0 0 

2016-05-03 PSE 10 10 10 20 0 0 0 0 

2016-05-03 PSE 1 1 1 2 0 0 0 0 

2016-05-04 PSE 12 12 12 24 0 0 0 0 

2016-05-04 PSE 5 5 5 10 0 0 0 0 

2016-05-04 PSE 5 5 5 10 0 0 0 0 

2016-05-04 PSE 5 5 5 10 0 0 0 0 

2016-05-04 PSE 2 2 2 4 0 0 0 0 

2016-05-04 PSE 2 2 2 4 0 0 0 0 

2016-05-04 PSE 1 1 1 2 0 0 0 0 

2016-05-09 PSE 10 10 10 20 0 0 0 0 

2016-05-09 PSE 6 6 6 12 0 0 0 0 

2016-05-09 PSE 3 3 3 6 0 0 0 0 

2016-05-09 PSE 3 3 3 6 0 0 0 0 

2016-05-09 PSE 3 3 3 6 0 0 0 0 

2016-05-09 PSE 2 2 2 4 0 0 0 0 

2016-05-09 PSE 6 6 6 12 0 0 0 0 

2016-05-09 PSE 3 3 3 6 0 0 0 0 



 

 

2016-05-09 PSE 5 5 5 10 0 0 0 0 

2016-05-09 PSE 6 6 6 12 0 0 0 0 

2016-05-09 PSE 1 1 1 2 0 0 0 0 

2016-05-09 PSE 1 1 1 2 0 0 0 0 

2016-05-09 PSE 1 1 1 2 0 0 0 0 

2016-05-09 PSE 4 4 4 8 0 0 0 0 

2016-05-09 PSE 10 10 10 20 0 0 0 0 

2016-05-10 PSE 3 3 3 6 0 0 0 0 

2016-05-10 PSE 2 2 2 4 0 0 0 0 

2016-05-10 PSE 3 3 3 6 0 0 0 0 

2016-05-10 PSE 3 3 3 6 0 0 0 0 

2016-05-10 PSE 3 3 3 6 0 0 0 0 

2016-05-10 PSE 5 5 5 10 0 0 0 0 

2016-05-10 PSE 2 2 2 4 0 0 0 0 

2016-05-10 PSE 1 1 1 2 0 0 0 0 

2016-05-10 PSE 1 1 1 2 0 0 0 0 

2016-05-10 PSE 2 2 2 4 0 0 0 0 

2016-05-10 PSE 2 2 2 4 0 0 0 0 

2016-05-11 PSE 1 1 1 2 0 0 0 0 

2016-05-11 PSE 2 2 2 4 0 0 0 0 

2016-05-11 PSE 2 2 2 4 0 0 0 0 

2016-05-11 PSE 2 2 2 4 0 0 0 0 

2016-05-11 PSE 6 6 6 12 0 0 0 0 

2016-05-11 PSE 5 5 5 10 0 0 0 0 

2016-05-11 PSE 3 3 3 6 0 0 0 0 

2016-05-11 PSE 4 4 4 8 0 0 0 0 

2016-05-11 PSE 3 3 3 6 0 0 0 0 

2016-05-11 PSE 2 2 2 4 0 0 0 0 

2016-05-11 PSE 3 3 3 6 0 0 0 0 

2016-05-11 PSE 3 3 3 6 0 0 0 0 

2016-05-11 PSE 5 5 5 10 0 0 0 0 

2016-05-11 PSE 12 12 12 24 0 0 0 0 

2016-05-11 PSE 1 1 1 2 0 0 0 0 

2016-05-11 PSE 1 1 1 2 0 0 0 0 

2016-05-11 PSE 1 1 1 2 0 0 0 0 

2016-05-11 PSE 1 1 1 2 0 0 0 0 

2016-05-11 PSE 1 1 1 2 0 0 0 0 

2016-05-11 PSE 1 1 1 2 0 0 0 0 

2016-05-11 PSE 1 1 1 2 0 0 0 0 

2016-05-12 PSE 5 5 5 10 0 0 0 0 

2016-05-12 PSE 30 30 30 60 0 0 0 0 

2016-05-12 PSE 4 4 4 8 0 0 0 0 

2016-05-12 PSE 10 10 10 20 0 0 0 0 

2016-05-12 PSE 2 2 2 4 0 0 0 0 
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2016-05-12 PSE 1 1 1 2 0 0 0 0 

2016-05-12 PSE 1 1 1 2 0 0 0 0 

2016-05-12 PSE 1 1 1 2 0 0 0 0 

2016-05-12 PSE 1 1 1 2 0 0 0 0 

2016-05-12 PSE 6 6 6 12 0 0 0 0 

2016-05-12 PSE 6 6 6 12 0 0 0 0 

2016-05-12 PSE 6 6 6 12 0 0 0 0 

2016-05-13 PSE 2 2 2 4 0 0 0 0 

2016-05-13 PSE 5 5 5 10 0 0 0 0 

2016-05-13 PSE 5 5 5 10 0 0 0 0 

2016-05-13 PSE 5 5 5 10 0 0 0 0 

2016-05-13 PSE 2 2 2 4 0 0 0 0 

2016-05-13 PSE 2 2 2 4 0 0 0 0 

2016-05-13 PSE 3 3 3 6 0 0 0 0 

2016-05-13 PSE 4 4 4 8 0 0 0 0 

2016-05-13 PSE 1 1 1 2 0 0 0 0 

2016-05-13 PSE 2 2 2 4 0 0 0 0 

2016-05-16 PSE 32 32 32 64 0 0 0 0 

2016-05-16 PSE 5 5 5 10 0 0 0 0 

2016-05-16 PSE 1 1 1 2 0 0 0 0 

2016-05-16 PSE 5 5 5 10 0 0 0 0 

2016-05-16 PSE 2 2 2 4 0 0 0 0 

2016-05-16 PSE 1 1 1 2 0 0 0 0 

2016-05-16 PSE 2 2 2 4 0 0 0 0 

2016-05-16 PSE 1 1 1 2 0 0 0 0 

2016-05-16 PSE 3 3 3 6 0 0 0 0 

2016-05-16 PSE 1 1 1 2 0 0 0 0 

2016-05-17 PSE 5 5 5 10 0 0 0 0 

2016-05-17 PSE 8 8 8 16 0 0 0 0 

2016-05-17 PSE 4 4 4 8 0 0 0 0 

2016-05-17 PSE 8 8 8 16 0 0 0 0 

2016-05-17 PSE 10 10 10 20 0 0 0 0 

2016-05-17 PSE 4 4 4 8 0 0 0 0 

2016-05-17 PSE 9 9 9 18 0 0 0 0 

2016-05-17 PSE 10 10 10 20 0 0 0 0 

2016-05-18 PSE 8 8 8 16 0 0 0 0 

2016-05-18 PSE 5 5 5 10 0 0 0 0 

2016-05-18 PSE 5 5 5 10 0 0 0 0 

2016-05-18 PSE 4 4 4 8 0 0 0 0 

2016-05-18 PSE 2 2 2 4 0 0 0 0 

2016-05-18 PSE 2 2 2 4 0 0 0 0 

2016-05-18 PSE 2 2 2 4 0 0 0 0 

2016-05-18 PSE 1 1 1 2 0 0 0 0 

2016-05-18 PSE 1 1 1 2 0 0 0 0 



 

 

2016-05-18 PSE 4 4 4 8 0 0 0 0 

2016-05-18 PSE 1 1 1 2 0 0 0 0 

2016-05-18 PSE 1 1 1 2 0 0 0 0 

2016-05-18 PSE 2 2 2 4 0 0 0 0 

2016-05-18 PSE 1 1 1 2 0 0 0 0 

2016-05-18 PSE 6 6 6 12 0 0 0 0 

2016-05-19 PSE 11 11 11 22 0 0 0 0 

2016-05-19 PSE 3 3 3 6 0 0 0 0 

2016-05-19 PSE 3 3 3 6 0 0 0 0 

2016-05-19 PSE 3 3 3 6 0 0 0 0 

2016-05-19 PSE 3 3 3 6 0 0 0 0 

2016-05-19 PSE 1 1 1 2 0 0 0 0 

2016-05-19 PSE 6 6 6 12 0 0 0 0 

2016-05-19 PSE 2 2 2 4 0 0 0 0 

2016-05-19 PSE 2 2 2 4 0 0 0 0 

2016-05-19 PSE 6 6 6 12 0 0 0 0 

2016-05-19 PSE 1 1 1 2 0 0 0 0 

2016-05-19 PSE 2 2 2 4 0 0 0 0 

2016-05-19 PSE 1 1 1 2 0 0 0 0 

2016-05-19 PSE 1 1 1 2 0 0 0 0 

2016-05-19 PSE 1 1 1 2 0 0 0 0 

2016-05-20 PSE 2 2 2 4 0 0 0 0 

2016-05-20 PSE 4 4 4 8 0 0 0 0 

2016-05-20 PSE 10 10 10 20 0 0 0 0 

2016-05-20 PSE 16 16 16 32 0 0 0 0 

2016-05-20 PSE 8 8 8 16 0 0 0 0 

2016-05-20 PSE 2 2 2 4 0 0 0 0 

2016-05-20 PSE 2 2 2 4 0 0 0 0 

2016-05-20 PSE 3 3 3 6 0 0 0 0 

2016-05-20 PSE 5 5 5 10 0 0 0 0 

2016-05-20 PSE 2 2 2 4 0 0 0 0 

2016-05-20 PSE 4 4 4 8 0 0 0 0 

2016-05-20 PSE 1 1 1 2 0 0 0 0 

2016-05-23 PSE 3 3 3 6 0 0 0 0 

2016-05-23 PSE 3 3 3 6 0 0 0 0 

2016-05-23 PSE 1 1 1 2 0 0 0 0 

2016-05-23 PSE 3 3 3 6 0 0 0 0 

2016-05-23 PSE 7 7 7 14 0 0 0 0 

2016-05-23 PSE 6 6 6 12 0 0 0 0 

2016-05-23 PSE 2 2 2 4 0 0 0 0 

2016-05-23 PSE 3 3 3 6 0 0 0 0 

2016-05-23 PSE 2 2 2 4 0 0 0 0 

2016-05-23 PSE 2 2 2 4 0 0 0 0 

2016-05-23 PSE 4 4 4 8 0 0 0 0 
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2016-05-23 PSE 1 1 1 2 0 0 0 0 

2016-05-23 PSE 1 1 1 2 0 0 0 0 

2016-05-23 PSE 1 1 1 2 0 0 0 0 

2016-05-23 PSE 2 2 2 4 0 0 0 0 

2016-05-23 PSE 1 1 1 2 0 0 0 0 

2016-05-23 PSE 1 1 1 2 0 0 0 0 

2016-05-23 PSE 11 11 11 22 0 0 0 0 

2016-05-23 PSE 1 1 1 2 0 0 0 0 

2016-05-23 PSE 12 12 12 24 0 0 0 0 

2016-05-23 PSE 7 7 7 14 0 0 0 0 

2016-05-23 PSE 11 11 11 22 0 0 0 0 

2016-05-23 PSE 8 8 8 16 0 0 0 0 

2016-05-24 PSE 4 4 4 8 0 0 0 0 

2016-05-24 PSE 4 4 4 8 0 0 0 0 

2016-05-24 PSE 9 9 9 18 0 0 0 0 

2016-05-24 PSE 4 4 4 8 0 0 0 0 

2016-05-24 PSE 2 2 2 4 0 0 0 0 

2016-05-24 PSE 1 1 1 2 0 0 0 0 

2016-05-25 PSE 3 3 3 6 0 0 0 0 

2016-05-25 PSE 6 6 6 12 0 0 0 0 

2016-05-25 PSE 10 10 10 20 0 0 0 0 

2016-05-25 PSE 8 8 8 16 0 0 0 0 

2016-05-25 PSE 5 5 5 10 0 0 0 0 

2016-05-25 PSE 11 11 11 22 0 0 0 0 

2016-05-25 PSE 3 3 3 6 0 0 0 0 

2016-05-25 PSE 3 3 3 6 0 0 0 0 

2016-05-25 PSE 5 5 5 10 0 0 0 0 

2016-05-25 PSE 4 4 4 8 0 0 0 0 

2016-05-25 PSE 1 1 1 2 0 0 0 0 

2016-05-25 PSE 2 2 2 4 0 0 0 0 

2016-05-25 PSE 3 3 3 6 0 0 0 0 

2016-05-25 PSE 2 2 2 4 0 0 0 0 

2016-05-25 PSE 1 1 1 2 0 0 0 0 

2016-05-25 PSE 2 2 2 4 0 0 0 0 

2016-05-25 PSE 1 1 1 2 0 0 0 0 

2016-05-25 PSE 2 2 2 4 0 0 0 0 

2016-05-25 PSE 11 11 11 22 0 0 0 0 

2016-05-25 PSE 11 11 11 22 0 0 0 0 

2016-05-26 PSE 6 6 6 12 0 0 0 0 

2016-05-26 PSE 1 1 1 2 0 0 0 0 

2016-05-26 PSE 4 4 4 8 0 0 0 0 

2016-05-26 PSE 3 3 3 6 0 0 0 0 

2016-05-26 PSE 1 1 1 2 0 0 0 0 

2016-05-26 PSE 2 2 2 4 0 0 0 0 



 

 

2016-05-26 PSE 4 4 4 8 0 0 0 0 

2016-05-26 PSE 4 4 4 8 0 0 0 0 

2016-05-26 PSE 3 3 3 6 0 0 0 0 

2016-05-26 PSE 3 3 3 6 0 0 0 0 

2016-05-26 PSE 5 5 5 10 0 0 0 0 

2016-05-26 PSE 2 2 2 4 0 0 0 0 

2016-05-26 PSE 3 3 3 6 0 0 0 0 

2016-05-26 PSE 1 1 1 2 0 0 0 0 

2016-05-26 PSE 2 2 2 4 0 0 0 0 

2016-05-26 PSE 1 1 1 2 0 0 0 0 

2016-05-27 PSE 3 3 3 6 0 0 0 0 

2016-05-27 PSE 13 13 13 26 0 0 0 0 

2016-05-27 PSE 4 4 4 8 0 0 0 0 

2016-05-27 PSE 8 8 8 16 0 0 0 0 

2016-05-27 PSE 2 2 2 4 0 0 0 0 

2016-05-27 PSE 4 4 4 8 0 0 0 0 

2016-05-27 PSE 4 4 4 8 0 0 0 0 

2016-05-27 PSE 5 5 5 10 0 0 0 0 

2016-05-27 PSE 4 4 4 8 0 0 0 0 

2016-05-27 PSE 2 2 2 4 0 0 0 0 

2016-05-27 PSE 2 2 2 4 0 0 0 0 

2016-05-27 PSE 2 2 2 4 0 0 0 0 

2016-05-27 PSE 1 1 1 2 0 0 0 0 

2016-05-27 PSE 3 3 3 6 0 0 0 0 

2016-05-27 PSE 11 11 11 22 0 0 0 0 

2016-05-30 PSE 12 12 12 24 0 0 0 0 

2016-05-30 PSE 19 19 19 38 0 0 0 0 

2016-05-30 PSE 2 2 2 4 0 0 0 0 

2016-05-30 PSE 2 2 2 4 0 0 0 0 

2016-05-30 PSE 1 1 1 2 0 0 0 0 

2016-05-30 PSE 2 2 2 4 0 0 0 0 

2016-05-30 PSE 1 1 1 2 0 0 0 0 

2016-05-30 PSE 1 1 1 2 0 0 0 0 

2016-05-31 PSE 1 1 1 2 0 0 0 0 

2016-05-31 PSE 2 2 2 4 0 0 0 0 

2016-05-31 PSE 1 1 1 2 0 0 0 0 

2016-05-31 PSE 5 5 5 10 0 0 0 0 

2016-05-31 PSE 8 8 8 16 0 0 0 0 

2016-05-31 PSE 1 1 1 2 0 0 0 0 

2016-05-31 PSE 2 2 2 4 0 0 0 0 

2016-05-31 PSE 1 1 1 2 0 0 0 0 

2016-05-31 PSE 1 1 1 2 0 0 0 0 

2016-05-31 PSE 3 3 3 6 0 0 0 0 

2016-05-02 PSTX C 1 0 1 0 1 1 1 4 
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2016-05-02 PSTX C 2 0 2 0 2 2 2 8 

2016-05-02 PSTX C 1 0 1 0 1 1 1 4 

2016-05-02 PSTX C 2 0 2 0 2 2 2 8 

2016-05-02 PSTX C 1 0 1 0 1 1 1 4 

2016-05-02 PSTX C 1 0 1 0 1 1 1 4 

2016-05-03 PSTX C 3 0 3 0 3 3 3 12 

2016-05-03 PSTX C 1 0 1 0 1 1 1 4 

2016-05-03 PSTX C 3 0 3 0 3 3 3 12 

2016-05-03 PSTX C 1 0 1 0 1 1 1 4 

2016-05-03 PSTX C 1 0 1 0 1 1 1 4 

2016-05-03 PSTX C 1 0 1 0 1 1 1 4 

2016-05-04 PSTX C 1 0 1 0 1 1 1 4 

2016-05-04 PSTX C 3 0 3 0 3 3 3 12 

2016-05-04 PSTX C 2 0 2 0 2 2 2 8 

2016-05-04 PSTX C 1 0 1 0 1 1 1 4 

2016-05-04 PSTX C 2 0 2 0 2 2 2 8 

2016-05-09 PSTX C 3 0 3 0 3 3 3 12 

2016-05-09 PSTX C 2 0 2 0 2 2 2 8 

2016-05-09 PSTX C 1 0 1 0 1 1 1 4 

2016-05-10 PSTX C 1 0 1 0 1 1 1 4 

2016-05-10 PSTX C 6 0 6 0 6 6 6 24 

2016-05-10 PSTX C 1 0 1 0 1 1 1 4 

2016-05-11 PSTX C 1 0 1 0 1 1 1 4 

2016-05-11 PSTX C 4 0 4 0 4 4 4 16 

2016-05-11 PSTX C 4 0 4 0 4 4 4 16 

2016-05-12 PSTX C 1 0 1 0 1 1 1 4 

2016-05-12 PSTX C 1 0 1 0 1 1 1 4 

2016-05-13 PSTX C 1 0 1 0 1 1 1 4 

2016-05-13 PSTX C 2 0 2 0 2 2 2 8 

2016-05-13 PSTX C 4 0 4 0 4 4 4 16 

2016-05-13 PSTX C 4 0 4 0 4 4 4 16 

2016-05-13 PSTX C 2 0 2 0 2 2 2 8 

2016-05-16 PSTX C 2 0 2 0 2 2 2 8 

2016-05-17 PSTX C 3 0 3 0 3 3 3 12 

2016-05-17 PSTX C 1 0 1 0 1 1 1 4 

2016-05-17 PSTX C 1 0 1 0 1 1 1 4 

2016-05-17 PSTX C 1 0 1 0 1 1 1 4 

2016-05-17 PSTX C 6 0 6 0 6 6 6 24 

2016-05-18 PSTX C 1 0 1 0 1 1 1 4 

2016-05-18 PSTX C 1 0 1 0 1 1 1 4 

2016-05-19 PSTX C 3 0 3 0 3 3 3 12 

2016-05-19 PSTX C 5 0 5 0 5 5 5 20 

2016-05-20 PSTX C 4 0 4 0 4 4 4 16 

2016-05-20 PSTX C 2 0 2 0 2 2 2 8 



 

 

2016-05-20 PSTX C 1 0 1 0 1 1 1 4 

2016-05-20 PSTX C 1 0 1 0 1 1 1 4 

2016-05-20 PSTX C 5 0 5 0 5 5 5 20 

2016-05-23 PSTX C 1 0 1 0 1 1 1 4 

2016-05-23 PSTX C 1 0 1 0 1 1 1 4 

2016-05-23 PSTX C 1 0 1 0 1 1 1 4 

2016-05-24 PSTX C 6 0 6 0 6 6 6 24 

2016-05-25 PSTX C 6 0 6 0 6 6 6 24 

2016-05-25 PSTX C 1 0 1 0 1 1 1 4 

2016-05-26 PSTX C 3 0 3 0 3 3 3 12 

2016-05-26 PSTX C 2 0 2 0 2 2 2 8 

2016-05-26 PSTX C 2 0 2 0 2 2 2 8 

2016-05-26 PSTX C 2 0 2 0 2 2 2 8 

2016-05-26 PSTX C 4 0 4 0 4 4 4 16 

2016-05-26 PSTX C 1 0 1 0 1 1 1 4 

2016-05-26 PSTX C 2 0 2 0 2 2 2 8 

2016-05-27 PSTX C 2 0 2 0 2 2 2 8 

2016-05-27 PSTX C 4 0 4 0 4 4 4 16 

2016-05-27 PSTX C 4 0 4 0 4 4 4 16 

2016-05-27 PSTX C 1 0 1 0 1 1 1 4 

2016-05-27 PSTX C 1 0 1 0 1 1 1 4 

2016-05-30 PSTX C 3 0 3 0 3 3 3 12 

2016-05-31 PSTX C 2 0 2 0 2 2 2 8 

2016-05-31 PSTX C 2 0 2 0 2 2 2 8 

2016-05-31 PSTX C 1 0 1 0 1 1 1 4 

2016-05-31 PSTX C 1 0 1 0 1 1 1 4 

2016-05-31 PSTX C 1 0 1 0 1 1 1 4 

2016-05-31 PSTX C 4 0 4 0 4 4 4 16 
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Seq Cartons 

PSE A 
PSE A 

Carton Refil Seq Manuals Manuals Refil 
Seq Inlays 

PSE A 
PSE A Inlays 

Refil 

0 200 0 50 0 600 

45484 200 8766 50 57236 600 

87804 200 20320 50 125818 600 

127310 200 30010 50 194414 600 

173538 200 39706 50   

220514 200 50710 50   

  59846 50   

  71770 50   

  82396 50   

  88364 50   

  103828 50   

  112394 50   

  122280 50   

  131600 50   

  143900 50   

  155462 50   

  164412 50   

  175030 50   

  184530 50   

  194414 50   

  208026 50   

  219580 50   

  230196 50   

  247776 50   

  268832 50   

  289148 50   
 

Seq Carton PSTX C PSTX C Carton Refil Seq Inlays PSTX C PSTX C Inlay Refil 

238968 60 238968 160 

264628 60 255292 160 

291520 60 275056 160 

  291520 160 

  308736 160 

 

  



 

 

 

Seq Pallet Pallet Refil 
Seq Pallet 

Frame 
Pallet Frame 

Refil Seq Screws Screw refil Seq Cables Cable Refil 

0 48 0 48 238968 400 238968 290 

43432 48 43432 48     

85192 48 85192 48     

132904 48 132904 48     

177454 48 177454 48     

221260 48 221260 48     

263712 48 263712 48     
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Products Cykle Times 

PST, PSS 
Activity Cycle Time 

(sec) 

Value Not Value Closter  

Preparation         

Get appropriate pallet 7 7 0 Periodic 

Pick cardboard for pallet frame 5 5 0 Periodic 

Assemble the pallet frame 22 22 0 Cycle 

Pick carton  16 16 0 Periodic 

Assemble the carton by folding 6 6 0 Cycle 

Assemle the carton by stapling 3 3 0 Cycle 

Total  59 59 0   

Packaging         

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Pick Inlays 16 16 0 Periodic 

Place inlays on the product 32 32 0 Cycle 

Put the product in the carton  6 6 0 Cycle 

Put label on carton 9 9 0 Cycle 

Pick and put accessory-bag in carton 16 16 0 Cycle 

Extra management of PST & PSS 70 70 0 Cycle 

Pick and put  manual in carton 16 16 0 Cycle 

Close the carton with clamps 10 10 0 Cycle 

Place carton on pallet 5 0 5 Cycle 

Total  213 192 21   

SAP         

Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on 

pallet frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift and scan 

place in SAP 

120 0 120 Periodic 

Move the forklift back to packaging area 16 0 16 Periodic 

Total  136 0 136   
     

Product types  Preparation Packaging SAP Stocking  

PST 85-142 59 127 52 136 

PST 175-300 59 213 52 136 

PSS (18-73, 85-300) 59 213 52 136 

 

 



 

 

PSTB 
Activity Cycle Time 

(sec) 

Value Not Value Closter  

Preparation         

Get appropriate pallet 7 7 0 Periodic 

Pick bottom inlays 22 22 0 Periodic 

Place the bottom part along 

with a fixture 

6 6 0 Periodic 

Total 35 35 0   

Packaging         

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Place on the greylabel  6 6 0 Cycle 

Take two scerw bags and 

place them on the top of 

softstarters  

20 20 0 Periodic 

Place on the greylabel  6 6 0 
 

Lyft the softstarter and place 

in on bottom part  

76 76 0 Cycle 

Bay the carton and place it on 

the softstarter  

3 3 0 Cycle 

Pick inlays  22 22 0 Periodic 

Place inlays on the product  6 6 0 Cycle 

Pick and plut manual in carton  6 6 0 Cycle 

Put label on carton 9 9 0 Cycle 

Close the carton with strips  60 60 0 Cycle 

Place the top cardbords on the 

carton and stap it together 

with carton  

18 0 18 Cycle 

Total  265 231 34   

SAP         

Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, 

place on pallet frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork 

lift and scan place in SAP 

120 0 120 Periodic 

Move the forklift back to 

packaging area 

16 0 16 Periodic 

Total  136 0 136   
     

Product types  Preparation Packaging SAP Stocking  

PST-B (370-470, 570-1050) 35 265 52 136 
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PSTX 
Activity Cycle Time Value Not Value Closter  

Preparation         
Get appropriate pallet 7 7 0 Periodic 

Pick cardboard for pallet frame 5 5 0 Periodic 

Assemble the pallet frame 22 22 0 Cycle 

Pick carton  16 16 0 Periodic 

Assemble the carton by folding 6 6 0 Cycle 

Assemle the carton by stapling 3 3 0 Cycle 

Total  59 59 0   

Packaging         

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Pick Inlays 16 16 0 Periodic 

Place bottom inlays in the carton 22 22 0 Cycle 

Put the product in the carton  6 6 0 Cycle 

Place upper Inlay in cardboard 8 8 0 Cycle 

Put label on carton 9 9 0 Cycle 

Pick and put accessory-bag in carton 16 16 0 Cycle 

Pick and put  manual in carton 16 10 0 Cycle 

Close the carton with clamps 10 10 0 Cycle 

Place carton on pallet 5 0 5 Cycle 

Total for frame A and B 259       

Lifting from frame C 45 45 
 

Periodic 

Total for frame C and D 304 0   Periodic 

SAP         

Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on pallet 

frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift and scan to SAP 120 0 120 Periodic 

Move the forklift back to packaging area 16 0 16 Periodic 

Total  136 0 136        

Product types  Preparation Packaging SAP Stocking  

PSTX A (30-105) 59 259 52 136 

PSTX B (142-170) 59 259 52 136 

PSTX C (210-370) 59 304 52 136 

PSTX D (470-570) 59 304 52 136 

PSTX E (720-840) 59 304 52 136 

PSTX F (1050-1250) 59 304 52 136 



 

 

PSE 
Activity Cycle Time 

(sec) 
Value Not Value Closter  

Preparation         

Get appropriate pallet 7 7 0 Periodic 

Pick cardboard for pallet frame 5 5 0 Periodic 

Assemble the pallet frame 22 22 0 Cycle 

Pick carton  16 16 0 Periodic 

Assemble the carton by folding 6 6 0 Cycle 

Assemle the carton by stapling 3 3 0 Cycle 

Total  59 59 0   

Packaging         

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Pick Inlays 16 16 0 Periodic 

Place inlays on the product 32 32 0 Cycle 

Put the product in the carton  6 6 0 Cycle 

Put label on carton 9 9 0 Cycle 

Pick and put accessory-bag in 

carton 

16 16 0 Cycle 

Extra management of PSE C 16 16 0 Cycle 

Pick and put  manual in carton 16 16 0 Cycle 

Close the carton with clamps 10 10 0 Cycle 

Place carton on pallet 5 0 5 Cycle 

Total  159 138 21   

SAP         

Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, 

place on pallet frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift 

and scan place in SAP 

120 0 120 Periodic 

Move the forklift back to 

packaging area 

16 0 16 Periodic 

Total  136 0 136   
     

Product types  Preparation Packaging SAP Stocking  

PSE A (18- 105) 59 127 52 136 

PSE B (142-170) 59 143 52 136 

PSE C (210-370) 59 159 52 136 

 

 



  63 

8.2. Future simulation inputs 
Products/ hour:  Min Max Min % Max % Product 

sequence 

PSE 11 16 0,55 0,59 0 

PSTX 6 6 0,3 0,22 180 

OLD 3 5 0,15 0,19 360 

Total 20 27 
  

540 

 
Products/ 

munth 
PSE % Products/ 

munth2 
PSTX % Products/ 

munth3 
OLD % 

PSE A 1024 0,69 PSTX A 489 0,66 PSTX D 68 0,13 

PSE B 239 0,16 PSTX B 96 0,13 PSTX E, F 57 0,11 

PSE C 231 0,15 PSTX C 160 0,21 PST, PSS 257 0,48 

Total 1494 
 

Total 745 
 

PSTB 152 0,28 
      

Total 534 
 

 
  PSE A PSE B PSE C 

Batch sizes (medel) 10 9 2 

Produced products  
(May 2016) 

1024 239 231 

Lead time/ product 374 390 406 

 

 

 
  PSTX D PSTX E, F PST, PSS 85-300 PSTB 370-1050 

Batch sizes (medel) 3 1 2, 3 4 

Produced products 
(May 2016) 

68 18, 39 197 + 60 152 

Lead time/ product 433 
 

460 488 

 

  

  PSTX A PSTX B PSTX C 

Batch sizes (medel) 7 7 3 

Produced products  
(May 2016) 

489 96 160 

Lead time/ product 506 506 433 



 

 

New cycle times  

PSE A      

Activity Cycle 
Time 
(sec) 

Value Not Value Closter  

Preparation         

Get appropriate pallet 7 7 0 Periodic 

Pick cardboard for pallet frame 5 5 0 Periodic 

Assemble the pallet frame 22 22 0 Cycle 

Total  34 34 0   

Packaging         

Pick carton  10 16 0 Periodic 

Assemble the carton by folding 6 6 0 Cycle 

Assemle the carton by stapling 3 3 0 Cycle 

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Pick Inlays 8 16 0 Periodic 

Place inlays on the product 20 32 0 Cycle 

Put the product in the carton  6 6 0 Cycle 

Put label on carton 9 9 0 Cycle 

Pick and put  manual in carton 10 16 0 Cycle 

Close the carton with clamps 10 10 0 Cycle 

Place carton on pallet 5 0 5 Cycle 

Total  120 106 21   

SAP         
Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on 

pallet frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift and scan 

place in SAP 

120 0 120 Periodic 

Move the forklift back to packaging area 16 0 16 Periodic 

Total  136 0 136   

Total CT 342       
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PSE B     

Activity Cycle 
Time 
(sec) 

Value Not Value Closter  

Preparation         
Get appropriate pallet 7 7 0 Periodic 

Pick cardboard for pallet frame 5 5 0 Periodic 

Assemble the pallet frame 22 22 0 Cycle 

Total  34 34 0   

Packaging         

Pick carton  10 16 0 Periodic 

Assemble the carton by folding 6 6 0 Cycle 

Assemle the carton by stapling 3 3 0 Cycle 

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Pick Inlays 8 16 0 Periodic 

Place inlays on the product 20 32 0 Cycle 

Put the product in the carton  6 6 0 Cycle 

Put label on carton 9 9 0 Cycle 

Pick and put accessory-bag in carton 10 16 0 Cycle 

Pick and put  manual in carton 10 16 0 Cycle 

Close the carton with clamps 10 10 0 Cycle 

Place carton on pallet 5 0 5 Cycle 

Total  130 122 21   

SAP         

Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on 

pallet frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift and scan 

place in SAP 

120 0 120 Periodic 

Move the forklift back to packaging area 16 0 16 Periodic 

Total 136       

Total 352       

 

  



 

 

PSE C     

Activity Cycle 
Time 
(sec) 

Value Not Value Closter  

Preparation         

Get appropriate pallet 7 7 0 Periodic 

Pick cardboard for pallet frame 5 5 0 Periodic 

Assemble the pallet frame 22 22 0 Cycle 

Total  34 34 0   

Packaging         

Pick carton  10 16 0 Periodic 

Assemble the carton by folding 6 6 0 Cycle 

Assemle the carton by stapling 3 3 0 Cycle 

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Pick Inlays 14 16 0 Periodic 

Place inlays on the product 32 32 0 Cycle 

Put the product in the carton  6 6 0 Cycle 

Put label on carton 9 9 0 Cycle 

Pick and put accessory-bag in carton 0 16 0 Cycle 

Extra management of PSE C 16 16 0 Cycle 

Pick and put  manual in carton 10 16 0 Cycle 

Close the carton with clamps 10 10 0 Cycle 

Place carton on pallet 5 0 5 Cycle 

Total  154 138 21   

SAP         
Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on 

pallet frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift and 

scan place in SAP 

120 0 120 Periodic 

Move the forklift back to packaging 

area 

16 0 16 Periodic 

Total  136 0 136   

Total 376       
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PSTX A      

Activity Cycle 
Time 
(sec) 

Value Not Value Closter  

Preparation         

Get appropriate pallet 7 7 0 Periodic 

Pick cardboard for pallet frame 5 5 0 Periodic 

Assemble the pallet frame 22 22 0 Cycle 

Total  34 34 0   

Packaging         

Pick carton  10 16 0 Periodic 

Assemble the carton by folding 6 6 0 Cycle 

Assemle the carton by stapling 3 3 0 Cycle 

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Pick Inlays 12 16 0 Periodic 

Place bottom inlays in the carton 12 22 0 Cycle 

Put the product in the carton  6 6 0 Cycle 

Place upper Inlay in cardboard 10 8 0 Cycle 

Put label on carton 9 9 0 Cycle 

Pick and put accessory-bag in carton 10 16 0 Cycle 

Pick and put  manual in carton 10 10 0 Cycle 

Close the carton with clamps 10 10 0 Cycle 

Place carton on pallet 5 0 5 Cycle 

Total 136       

SAP         
Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on 

pallet frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift and 

scan place in SAP 

120 0 120 Periodic 

Move the forklift back to packaging area 16 0 16 Periodic 

Total 136       

Total 358       

 

  



 

 

PSTX B     

Activity Cycle 
Time 
(sec) 

Value Not Value Closter  

Preparation         
Get appropriate pallet 7 7 0 Periodic 

Pick cardboard for pallet frame 5 5 0 Periodic 

Assemble the pallet frame 22 22 0 Cycle 

Total  34 34 0   

Packaging         

Pick carton  10 16 0 Periodic 

Assemble the carton by folding 6 6 0 Cycle 

Assemle the carton by stapling 3 3 0 Cycle 

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Pick Inlays 14 16 0 Periodic 

Place bottom inlays in the carton 12 22 0 Cycle 

Put the product in the carton  6 6 0 Cycle 

Place upper Inlay in cardboard 10 8 0 Cycle 

Put label on carton 9 9 0 Cycle 

Pick and put accessory-bag in carton 10 16 0 Cycle 

Pick and put  manual in carton 10 10 0 Cycle 

Close the carton with clamps 10 10 0 Cycle 

Place carton on pallet 5 0 5 Cycle 

Total 138       

SAP         
Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on 

pallet frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift and scan 

place in SAP 

120 0 120 Periodic 

Move the forklift back to packaging area 16 0 16 Periodic 

Total  136 0 136   

Total 360       

 

  



  69 

PSTX C     

Activity Cycle 
Time 
(sec) 

Value Not Value Closter  

Preparation         

Get appropriate pallet 7 7 0 Periodic 

Pick cardboard for pallet frame 5 5 0 Periodic 

Assemble the pallet frame 22 22 0 Cycle 

Total  34 34 0   

Packaging         

Pick carton  10 16 0 Periodic 

Assemble the carton by folding 6 6 0 Cycle 

Assemle the carton by stapling 3 3 0 Cycle 

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Pick Inlays 14 16 0 Periodic 

Place bottom inlays in the carton 12 22 0 Cycle 

Put the product in the carton  6 6 0 Cycle 

Place upper Inlay in cardboard 10 8 0 Cycle 

Put label on carton 9 9 0 Cycle 

Pick and put accessory-bag in carton 0 16 0 Cycle 

Pick and put kit 10 10 0 Cycle 

Close the carton with clamps 10 10 0 Cycle 

Place carton on pallet 5 0 5 Cycle 

Lifting 45 45 
 

Periodic 

Total  173 0   Periodic 
SAP         

Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on 

pallet frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift and 

scan place in SAP 

120 0 120 Periodic 

Move the forklift back to packaging area 16 0 16 Periodic 

Total  136 0 136   

Total  395       

 

  



 

 

PSTX E, F     

Activity Cycle 

Time 

(sec) 

Value Not Value Closter  

Packaging         

Get appropriate pallet 7 7 0 Periodic 

Pick bottom inlays 16 22 0 Periodic 

Place the bottom part along with a fixture 6 6 0 Periodic 

Scan the serial number 15 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Place on the greylabel  6 6 0 Cycle 

Take two scerw bags and place them on the 

top of softstarters  

10 20 0 Periodic 

Place on the greylabel  6 6 0   

Lyft the softstarter and place in on bottom 

part  

76 76 0 Cycle 

Bay the carton and place it on the softstarter  3 3 0 Cycle 

Pick inlays  22 22 0 Periodic 

Place inlays on the product  6 6 0 Cycle 

Pick and plut manual in carton  10 6 0 Cycle 

Put label on carton 9 9 0 Cycle 

Close the carton with strips  60 60 0 Cycle 

Place the top cardbords on the carton and 

stap it together with carton  

18 0 18 Cycle 

Total  292 231 34   

SAP         

Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on 

pallet frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift and scan 

place in SAP 

120 0 120 Periodic 

Move the forklift back to packaging area 16 0 16 Periodic 

Total  136 0 136   

Total 480       
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PST, PSS 85-300     

Activity Cycle 

Time 

(sec) 

Value Not Value Closter  

Preparation         

Get appropriate pallet 7 7 0 Periodic 

Pick cardboard for pallet frame 5 5 0 Periodic 

Assemble the pallet frame 22 22 0 Cycle 

Total  34 34 0   

Packaging         

Pick carton  16 16 0 Periodic 

Assemble the carton by folding 6 6 0 Cycle 

Assemle the carton by stapling 3 3 0 Cycle 

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Pick Inlays 16 16 0 Periodic 

Place inlays on the product 32 32 0 Cycle 

Put the product in the carton  6 6 0 Cycle 

Put label on carton 9 9 0 Cycle 

Pick and put accessory-bag in carton 16 16 0 Cycle 

Extra management  70 70 0 Cycle 

Pick and put  manual in carton 16 16 0 Cycle 

Close the carton with clamps 10 10 0 Cycle 

Place carton on pallet 5 0 5 Cycle 

Total  238 192 21   

SAP         

Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on pallet 

frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift and scan 

place in SAP 

120 0 120 Periodic 

Move the forklift back to packaging area 16 0 16 Periodic 

Total  136 0 136   

Total 460       

 

  



 

 

PSTB 370-1050     

Activity Cycle 

Time 

(sec) 

Value Not Value Closter 

Preparation 
    

Get appropriate pallet 7 7 0 Periodic 

Pick bottom inlays 16 22 0 Periodic 

Place the bottom part along with a fixture 6 6 0 Periodic 

Total 29 35 0 
 

Packaging 
    

Scan the serial number 15 11 0 Cycle 

Stamp the green sticker 6 6 0 Cycle 

Print out and pick the label 10 0 10 Cycle 

Visual inspection 6 0 6 Cycle 

Place on the greylabel 6 6 0 Cycle 

Take two scerw bags and place them on the 

top of softstarters 

0 20 0 Periodic 

Place on the greylabel 6 6 0 
 

Lyft the softstarter and place in on bottom 

part 

76 76 0 Cycle 

Bay the carton and place it on the softstarter 3 3 0 Cycle 

Pick inlays 22 22 0 Periodic 

Place inlays on the product 6 6 0 Cycle 

Pick and plut manual in carton 10 6 0 Cycle 

Put label on carton 9 9 0 Cycle 

Close the carton with strips 60 60 0 Cycle 

Place the top cardbords on the carton and 

stap it together with carton 

18 0 18 Cycle 

Total 253 231 34 
 

SAP 
    

Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on 

pallet frame. 

10 0 10 Periodic 

Total 52 0 52 
 

Stocking 
    

Move order to podium by fork lift and scan 

place in SAP 

120 0 120 Periodic 

Move the forklift back to packaging area 16 0 16 Periodic 

Total 136 0 136 
 

Total 470 
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PSTX D     

Activity Cycle 
Time 
(sec) 

Value Not Value Closter  

Preparation         

Get appropriate pallet 7 7 0 Periodic 

Pick cardboard for pallet frame 5 5 0 Periodic 

Assemble the pallet frame 22 22 0 Cycle 

Total  34 34 0   

Packaging         

Pick carton  16 16 0 Periodic 

Assemble the carton by folding 6 6 0 Cycle 

Assemle the carton by stapling 3 3 0 Cycle 

Scan the serial number 11 11 0 Cycle 

Stamp the green sticker  6 6 0 Cycle 

Print out and pick the label  10 0 10 Cycle 

Visual inspection  6 0 6 Cycle 

Pick Inlays 16 16 0 Periodic 

Place bottom inlays in the carton 22 22 0 Cycle 

Put the product in the carton  6 6 0 Cycle 

Place upper Inlay in cardboard 8 8 0 Cycle 

Put label on carton 9 9 0 Cycle 

Pick and put accessory-bag in carton 16 16 0 Cycle 

Pick and put  manual in carton 16 10 0 Cycle 

Close the carton with clamps 10 10 0 Cycle 

Place carton on pallet 5 0 5 Cycle 

Lifting 45 45 
 

Periodic 

Total 211 184   Periodic 

SAP         

Report order in SAP system 42 0 42 Periodic 

Print A4-paper - delivery note, place on pallet 

frame. 

10 0 10 Periodic 

Total  52 0 52   

Stocking          

Move order to podium by fork lift and scan 

place in SAP 

120 0 120 Periodic 

Move the forklift back to packaging area 16 0 16 Periodic 

Total  136 0 136   

Total 433       

 


