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I 

ABSTRACT 
 
In today’s market, sustainability has become an important competitive priority, affecting the 
way manufacturing companies need to develop their production systems. Increased external 
pressure from stakeholders, customers, law and regulations, as well as the undeniable 
consequences of the environmental crisis, causes a need for more sustainable production 
patterns. This affects manufacturing companies, since the social and environmental dimension 
of sustainability no longer can be ignored if companies want to retain their competitive 
position. Therefore, this thesis proposes a conceptual modeling framework that includes both 
sustainability and operational goals, with purpose to support manufacturers who want to 
develop sustainable production systems with the help of discrete event simulation. 
 
Empirical evidence from Swedish automotive industry indicates an unlocked potential in 
applying this framework to a discrete event simulation project, and findings in current research 
shows that alignment of sustainability and operational goals during production system 
development can help manufacturing companies achieve increased competitive advantage. 
However, there is two limitations to current knowledge; firstly, on how to align sustainability 
and operation goals in the early phases of a discrete event simulation project, namely at 
conceptual modeling; secondly, a lack of focus on conceptual modeling in discrete event 
simulation. In order to examine how to address this gap, a case study was conducted within the 
Swedish automotive industry, along with a literature study. As guidance in this work, four 
research questions were formulated and answered: 
 

RQ 1:  Why is the alignment between sustainability and operational goals important 
in development of production systems? 

RQ 2: What sustainability goals may be included in a conceptual model in 
development of production systems? 

RQ 3: What operational goals may be included in a conceptual model in development 
 of production systems? 

RQ 4: How can operational and sustainability goals be aligned in a conceptual 
model in development of production systems? 

 
As for the environmental dimension of sustainability, the goals that could be included at 
conceptual modeling are: pollution; emissions; and resource consumption. The most commonly 
involved operational goals at conceptual modeling are: quality and design; throughput; 
production layout and flow; automation levels; production volume; cycle times; lead times and 
change-over times; material handling; buildings and plant properties; storage and stock; 
capacity; price and costs. 
 
Keywords: production system development, Discrete Event Simulation (DES), conceptual 
modeling, sustainability 



 

II 

SAMMANFATTNING 
 
Under de senaste åren har den alltmer påtagliga klimatkrisen och ändrade krav från 
intressenter, kunder och lagar, kommit att påverka faktorerna för hur tillverkande företag 
konkurrerar. Inom den tillverkande industrin finns det inte längre utrymme att se bort ifrån 
metoder som skapar hållbara tillverkningsmönster och produkter, i och med att hållbarhet 
numera även är kopplat till företagets förmåga att konkurrera. I linje med detta, föreslår denna 
uppsats ett ramverk för hur hållbarhetsmål och operationella mål kan inkluderas i den 

diskret händelsesimuleringkonceptuella fasen av en . Syftet med ramverket är att ge företag ett 
diskret verktyg som kan appliceras vid utveckling av hållbara produktionssystem med hjälp av 

händelsesimulering. Empiriska data från tillverkningsindustrin indikerar att det finns dold 
diskret potential för applicering av det föreslagna ramverket inom projekt som använder sig av 

händelsesimulering.  
 
Fynd i nutida forskning visar att en förening av hållbarhetsmål och operationella mål under 
utveckling av produktionssystem kan leda till att tillverkande företag uppnår fler 
konkurrensfördelar. Däremot saknas forskning på hur hållbarhetsmål och operationella mål 
skulle kunna förenas i en konceptuell modell under de tidiga faserna av ett simuleringsprojekt. 
Dessutom visar tidigare forskning att konceptuell modellering inte får tillräckligt med fokus vid 
simuleringsprojekt. I och med att den konceptuella modellen är den mest avgörande fasen i 
simuleringen kan det anses motiverat att förena hållbarhetsmål och operationella mål redan i 
denna fas, dock krävs mer forskning på området för att detta ska kunna realiseras. Med denna 
information som bakgrund genomfördes en litteraturstudie på området och en fallstudie inom 
den svenska tillverkningsindustrin. Som vägledning i forskningsstudien formulerades och 
besvarades fyra frågeställningar: 
 

Fråga 1:  Varför bör hållbarhetsmål och operationella mål förenas vid utveckling av 
produktionssystem? 

Fråga 2: Vilka hållbarhetsmål är möjliga att inkludera i en konceptuell modell vid 
utveckling av produktionssystem? 

Fråga 3: Vilka operationella mål är möjliga att inkludera i en konceptuell modell vid 
utveckling av produktionssystem? 

Fråga 4: Hur kan hållbarhetsmål och operationella mål bli inkluderade i en 
konceptuell modell vid utveckling av produktionssystem? 

 
De miljömål som är möjliga att inkludera i en konceptuell modell är föroreningar, utsläpp och 
resursförbrukningar. De vanligaste operationella målen att inkludera i en konceptuell model är 
kvalitet och design, produktionstakt, produktionslayout och produktionsflöde, 
automationsnivåer, produktionsvolym, cykeltider, ledtider och ställtider, materialhantering, 
byggnader och fabriksegenskaper, lager och förråd, kapacitet, pris och kostnader. 
 
Nyckelord: Utveckling av produktionssystem, diskret händelsesimulering, konceptuell 
modellering, hållbarhet 
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1.  INTRODUCTION 
This chapter provides an introduction to this thesis by presenting the background, problem 
definition, and four research questions. In addition, this chapter covers the aim, scope and 
limitations for this study.  
 
1.1. Background 
In recent years, sustainability has been found not only as a source of value and innovation; but 
as an engine for manufacturing competitiveness (Jovane, et al., 2009). In order to stay 
competitive in today’s market, manufacturing companies require both sustainable production 
patterns (Elkington, 1994; McWilliams, et al., 2016) and competitive priorities that 
comprehensively aims at economic, social and environmental achievements (Brettel, et al., 
2014; Herrmann, et al., 2014; Kiel, et al., 2017; Kiron, et al., 2012).  
 
Prior studies suggest that to unlock the potential of sustainability as a competitive advantage, 
companies must orient towards long-term sustainability of production systems, rather than 
maintaining a short-term profit focus (Jovane, et al., 2009). In this thesis, the concept of 
production system development refers to the development of production ability and the creation 
of effective production processes, and the term is used to emphasize the need of a long-term 
perspective on production development (Bellgran & Säfsten, 2010). In general, production 
systems are composed by production resources which help realize a process, such as 
equipment, machine tools, fixtures, tools, media and material handling systems, as well as 
resources in terms of staff, skill and competence (Lundgren & Sivard, 2008; Xu, et al., 2013). 
During the development of production systems, current research points to the need of aligning 
both sustainability and traditional operational goals (Angell & Klassen, 1999; Avella & 
Vazquez-Bustelo, 2010; Burgos, 2001; Dıáz-Garrido, et al., 2011; Sproedt, et al., 2015; 
Stoycheva, et al., 2018)  such as reduced cost, short delivery cycles, increased flexibility, on-
time delivery and quality products and processes (Skinner, 1969).  
 
Discrete Event Simulation (DES) is one method designed for evaluating the performance of 
production systems (Löfgren & Tillman, 2011), in which a variety of indicators can be 
addressed (Widok, et al., 2011). According to Banks et al. (2005), some of the most commonly 
applied performance measures in DES models are: utilization of machines, resource and labor, 
system cycle time, throughput under average and peak loads, work in progress storage needs, 
etc. However, these measures alone do not incorporate environmental factors (Widok, et al., 
2011). When it comes to improvement of production systems and environmental performance, 
manufacturers need tools to analyze sustainability aspects (Dettmann, et al., 2013). Here is 
where recent research demonstrates great potential for including sustainability in simulation 
models of production systems (Heilala, et al., 2008), and that these models can support analysis 
of factors affecting sustainability as well as analysis of the more common performance 
measures (Kuhl & Zhou, 2011; Larborn, et al., 2011; Shao, et al., 2017; Widok, et al., 2011). 
 
DES has long supported the analysis of operational goals during the development of production 
systems (Seleima, et al., 2012). Recently, DES has also been employed to analyze 
sustainability goals during the development of production systems, exemplified by studies 
performed by Lindskog et al. (2011) and Sproedt et al. (2015) showing that there are no reasons 
for absence of sustainability analysis in DES, referring to the former authors who establishes a 
method for determining the environmental foot-print of industrial products using DES, and 
where the latter shows DES-based decision making support for eco-efficiency improvements in 
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production systems. Despite the above, current understanding about DES use in the analysis of 
both sustainability and operational goals remains scarce. 
 
1.2. Problem formulation 
The above shows that potential for increased competitiveness in manufacturing may be 
achieved through the alignment of operational and sustainability goals and that tools such as 
DES may help enhance this. Despite of what is known, two crucial limitations to current 
knowledge exist about this issue.  
 
First, the simultaneous analysis of operational and sustainability goals seldom occurs in 
production system development. Although studies have focused on these separately, there is a 
lack of academic studies that have investigated these issues jointly (Stoycheva, et al., 2018). 
Research also reports that despite increased awareness about sustainability at manufacturing 
companies, this issue has yet to translate into generalized practice that is reflected in the 
development of production systems (Löfgren & Tillman, 2011). More importantly, research 
also points out that operational goals take precedence over sustainability ones in production 
system development and that current methodologies fail to recognize the combination and 
interaction of economic, social and environmental concerns (Smith & Ball, 2012; Stoycheva, et 
al., 2018). 
 
Second, there remains limited understanding on how to include operational and sustainability 
goals when first developing a DES model (Shao, et al., 2017). The difficulty of this challenge is 
increased by a lack of focus on conceptual modeling in DES (Ahmed, et al., 2014; Furian, et 
al., 2015) and the absence of studies that examine the alignment of sustainability and 
operational goals during the development of a production system. Also, there exists a lack of 
clear guidance on how to include sustainability goals when developing DES models at a 
conceptual phase. 
 
Solving this issue has important consequences to achieving manufacturing competitiveness 
since conceptual modeling is the most important part of any successful DES study (Chwif, et 
al., 2013; Furian, et al., 2015; Robinson, 2008a), because it serves as a crucial link between 
DES a model and engineering activities in improvement projects (van der Zee, 2012) and as a 
guide in elaboration of DES projects (Wang & Brooks, 2007). Additionally, this issue has far 
reaching implications to the development of production systems; the course of action for 
improvement of manufacturing performance in relation to environmental sustainability 
objectives is not as evident compared to more common business objectives (Löfgren & 
Tillman, 2011). 
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1.3. Purpose and research questions 
In light of this problem, the purpose of this thesis is to examine the alignment of sustainability 
and operational goals in conceptual modeling during DES in production system development. 
To fulfill this purpose, four research questions are formulated: 
 

RQ 1:  Why is the alignment between sustainability and operational goals important 
in development of production systems? 

 
RQ 2: What sustainability goals may be included in a conceptual model in 

development of production systems? 
 
RQ 3: What operational goals may be included in a conceptual model in development 

 of production systems? 
 
RQ 4: How can operational and sustainability goals be aligned in a conceptual 

model in development of production systems? 
 

1.4. Research scope and limitations 
This thesis focuses on three areas of operations management research: production system 
development, conceptual modeling in DES and sustainability in production systems. Within 
these three areas, the focus of this thesis has been limited to the early phases of production 
system development, towards the environmental dimension of sustainability in production 
systems and towards what sustainability and operational goals that can be included in 
conceptual modeling.  
 
Considering how the DES model was constructed, it is important to note the baseline for the 
project scope provided by one case company of the Swedish automotive industry. Moreover, 
the DES model was constructed with focus towards dimensioning of a material flow in a future 
state scenario of a production department. Also, the results of this thesis are limited by the time 
frame of four months, which means that the case has only been examined between January and 
April 2018.  
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2. METHOD 
This chapter contains an in-depth description of the methods used in this thesis, as well as 
arguments for the selection of these methods. First, the overall research process is described, 
followed by how literature study, data collection and the case study were conducted. Lastly, the 
quality of research is addressed. 
 
2.1. Research process 
As guidance for investigations in the process of collecting, interpreting and analyzing data, a 
research process has been followed (Yin, 2014). With purpose to respond to the research aim in 
a systematic way, activities were performed in a specific sequence, see Figure 1. The main 
activities were divided into four phases: research objectives, data collection, analysis and 
conclusion. The thesis was initiated by defining the research objectives by a review of 
literature, definition of problem formulation and creation of four research questions. In the data 
collection phase, an extensive literature study was performed as well as a case study within 
Swedish automotive industry. The case study included a Discrete Event Simulation (DES) 
study, interviews, inspections at the production site, as well as meetings with a reference group. 
The research objectives phase and the data collection phase were two iterative processes, 
jumping back and forth between the literature review, problem formulation, research questions, 
interviews, reference group, and the DES study. The analysis phase was performed by 
comparing theory with empirical data, which created a foundation for the conclusion phase.  
 

 
Figure 1 – An illustration of the research process. 

2.2. Literature review 
The literature review focuses on four major keywords: development of production systems, 
DES, conceptual modeling and environmental sustainability. The information for the literature 
review was collected in four steps; the first step was to use combinations of these keywords, 
and their synonyms, in a search engine for scientific papers to narrow down the number of hits 
to a reasonable number of articles. The search engine Primo (library search engine of 
Mälardalen University) was used to locate the scientific articles. In turn, the search engine 
located scientific articles from scholarly databases such as Elsevier, Emerald Insight, IEEE 
Explore, Google Scholar, Science Direct and Springer Link. As can be seen in Table 1, the 
keywords were developed from the research questions and applied in the search for articles.  
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Table 1 - Keywords. 

Alignment 
Competitiveness 
Competitive priorities  
Conceptual modeling frameworks 
DES  
Goals and objectives in manufacturing  
Modeling 
Operational goals  

Production system development 
Sustainability aspects  
Sustainability goals,  
Sustainability parameters 
Sustainable development 
Sustainable manufacturing 
Strategy objectives 
 

 
The searches were made with regards to a specific timespan and by using search filters, this to 
keep the data modern to today’s development; sources older than 2008 for articles were 
screened out in the search engine and search filters such as “full-text” and “peer-reviewed”, 
were applied. The second step, to pick out the articles which could be of value for this thesis, 
was to read through the abstracts of the articles. After this, as a third step, the articles were 
reviewed, and excerpts of relevant information were made. The final step was to summarize the 
relevant information, this step was performed to get an overview of the collected information 
and to identify where more information was needed. If interesting information was found in an 
article, the source of the information was traced down by using the concept of snowballing. 
When snowballing was used, some articles were allowed to exceed the defined timespan. 
Books were also used to collect relevant information to the thesis. The relevance of information 
found in books was determined by viewing the table of contents, overlooking the introduction 
chapter and scanning the book content. The objective of the literature review was to broaden 
the understanding of the research problem, investigate how the findings in this thesis could 
contribute to the current body of knowledge, and to benchmark with similar DES projects. The 
aim of the literature study was to build a theoretical framework that contextualizes the research 
area and that supports analysis and conclusion. 
 
2.3. Data collection 
For this thesis, the primary data collection approach has been qualitative. Nevertheless, 
quantitative data critical to the DES case has been collected at the case company. Primary data 
was collected during semi-structured interviews with key persons and through inspections at 
the case company. Secondary data was collected through semi-structured interviews, databases 
and through digital follow-up tools and databases at the case company. Multiple techniques and 
sources have been used in this thesis to widen the perspective regarding the research questions 
during the case study, such as inspections, reference group meetings, discussions and 
interviews at the case company, see Table 2. 
 
Inspections at the production site of the case company made it possible to observe the flow of 
products and the current production layout. These inspections were necessary in order to gain a 
holistic understanding of the production flow subject to the DES study. Reference group 
meetings were scheduled on a weekly basis at the case company to support progress and 
continuous development of the case study. In the beginning, these meetings were used to 
clarify the problem and to specify the objectives of the case study. Later, meetings were used to 
ventilate and discuss problems and challenges that had been encountered in the case study. 
Important feedback and data were gathered during these meetings by note-taking. If a topic 
needed more in-depth explanations, a separate meeting was scheduled with key persons to 
discuss the topic further. Interviews were conducted to examine what sustainability and 
operational goals the company was working with today and how they were working with 
sustainability. 
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Table 2 - Techniques used to collect data to the case study. 

Technique No. of 
meetings 

Duration 
(minutes) 

Description 

Inspections 2 40 – 60 Inspections were conducted to gain greater 
understanding of the production department that 
were about to be simulated. 
 

Reference 
group 
meetings 

9 30 – 60 The purpose of these reference group meetings 
was to support the case study, to discuss 
challenges and problems encountered, and to 
contribute to its continuous development.  
 
Topics discussed:  

• Problem formulation 
• Case study scope 
• Layout 
• Logistical flow 
• Product flows 
• DES outputs 
• DES inputs 
• Disturbance data 
• Assumptions and simplifications 
• Challenges and problems with the case 

study 
 
Collection of information: Note-taking  
 
Attendees: Project manager, production 
engineers (4), logistics engineer 
 

Discussions 9 40 – 90 If a topic needed additional explanations, a 
separate meeting was scheduled with key persons 
to discuss the topic further. 
 
Topics discussed: 

• Assumptions and simplifications at a 
conceptual stage 

• DES scope complexity and learning 
experiences from previous simulation 
projects within the organization 

• Production flow 
• DES functionality and design 
• Disturbance data 
• Product volume distribution 
• Attributes of automated guided trucks 
• Logistical flow 
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Collection of information: Note-taking 
 
Attendees: Project Owner, Project Manager, 
Production Engineers (4), Simulation Expert (3), 
Internal Logistics (3), Energy Manager 
 

Interviews 7 40 – 60 Interviews were conducted with key persons 
from different levels of the organization to 
discuss and collect information regarding 
different perspectives of sustainability and its 
importance for the site.  
 
Interview questions: See appendix 
 
Collection of information: Note-taking and 
recordings 
 
Respondents: Energy Manager, Environmental 
Coordinator, Production Area Manager, Area 
Manager for Industrialization Projects, 
Department Manager Production Engineering 
Machining, Program manager for 
industrialization projects, Industrial project 
manager (consultant) 
 

 
From the reference group meetings, discussions and interviews, a number of documents were 
provided by the case company with relevant information; see Table 3. 
 
Table 3 – Documents collected from the company. 

Type of document Description 
Production and 
product documents 

Information to the DES has been gathered from internal documents 
at the company, and all of these documents were provided by 
employees. 
 
Examples of gathered information: 

• Layout, product flow and logistic flow 
• Cycle times 
• Distribution of product volumes 
• Disturbances 
• Defects 
• Pallet structures 
• Master-process for simulation projects 

Organizational 
documents  

Documents involving information with relevance to the research 
questions were provided by the case company. 
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Example of gathered information: 
• Project pre-study directive 
• Technical specification for equipment acquisition 
• Project model 
• Forecast of new sustainability strategy 
• Annual report of the company 
• Environmental policy 
• Environmental requirements for production sites and 

operating units 
• Environmental checklist for improvement projects 

 
2.4. Selection of a case study 
The case study method can be useful when answering “why” and “how” questions about a 
contemporary set of events, where there also is a limited possibility to control the behavioral 
dimension of these (Yin, 2014). Over a limited period of time, information was collected from 
one single case study with intention to contribute to the research questions. This method was 
applied because it places emphasis on the interrelations of a limited number of events within a 
unit, as well as on the full analysis of them and/or the unit (Kothari, 2014). 
 
A case study was conducted to fulfill the purpose of this thesis, and to examine a potential 
misalignment between theoretical findings and manufacturing practice in automotive industry. 
Theoretical findings suggest that sustainability and operational goals should be considered 
simultaneously during production system development, however, inspections in manufacturing 
indicate a misalignment between what is believed and what is practiced at the company. 
Further, the gaps in current knowledge on 1) how to align sustainability and operational goals 
at conceptual modeling, and 2) the lack of focus on conceptual modeling in discrete event 
simulation, could be addressed through the case study method (Voss, et al., 2002). The case 
study method was a useful way of addressing the problem with a Conceptual Model (CM) 
stated in the introduction (Kotiadis, 2011; van der Zee, 2011), in this case, examination of how 
operational and sustainability could be aligned in a CM during the early phases of a DES 
project.  
 
The ultimate goal of this examination was to create a CM framework that includes operational 
and sustainability goals simultaneously and thus contribute to the current body of knowledge 
regarding this issue. This goal implied investigation and identification of current operational 
and sustainability goals at the case company, as well as creation of understanding for how these 
goals were measured. This was an important aspect to consider when determining suitable 
goals to include in the CM (Eisenhardt, 1989). Lastly, these activities were performed as a 
mean for creating alignment between activities performed during production system 
development and strategic objective at production site level.  
 
2.5. Discrete event simulation 
A DES case was performed at the case company to examine what operational and sustainability 
goals were measured and possible to include in the CM. The DES case was performed 
according to Banks et al. (2005) DES approach from step one to step seven, see Figure 2. By 
following the recommended steps, validity and reliability of the DES case increased. 
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Before beginning the case study, the researchers went through an introduction course in a DES 
software at the case company. The course consisted of 24 hours of online-lectures, group 
discussions and exercises in the software with supervision from simulation experts at the case 
company. As part of this education, a model was built of a real-world production line at the 
case company. This enhanced the knowledge about the different functions in the software and 
helped the researchers gain insight to potential challenges and restrictions of the software. 
 

 
Figure 2 - steps in a DES (Banks, et al., 2005). 

Even though conceptual modeling only includes step one to four, a DES case was conducted 
from the problem formulation step to the validation step. There are two main reasons why the 
DES case went through seven steps in the DES process. The first reason was to gain a deeper 
understanding of how the CM affects subsequent steps, and secondly, to gain knowledge of 
what was possible in the DES software. The latter reason contributes with an understanding of 
what sustainability and operational goals that was possible to include in the CM. 
 
Step 1, 2, 3 and 4: Problem formulation, setting of objectives and overall project plan, 
model building and data collection 
The four first steps were performed simultaneously to assure a satisfying level of correlation 
between them. These four steps were all linked together in the framework for CMs proposed by 
Robinson (2008b). Robinson’s (2008b) framework contains six main parts:  
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Define the problem situation 
The problem situation was clarified by cross-functional discussions and note-taking and 
inspections at the production site where conducted to gain a holistic understanding of the 
production process and the problem situation. 
Define the general project objectives 
The general project objectives are needed to create an appropriate DES model. The 
question “What is the purpose of this DES model?” was answered. 
Specify the outputs 
Here, questions such as “What does the company want to achieve with this model, what 
responses do they want to have?” was discussed and answered. 
Specify the needed inputs 
The data needed to achieve the outputs were specified. 
Specify the model content 
In this section the content of the actual model was specified and the level of detail for the 
model was defined. 
Assumptions and simplifications 
In addition to these five parts, assumptions and simplifications regarding the model were 
clarified. 

 
Step 5: Model translation 
To be able to create the DES model, a holistic understanding of the department was needed. 
This was achieved through discussions with key persons at the company, iterative data 
collection and through a process mapping session. The process map of the future state 
production department was the foundation for the DES model. As a first step, two machining 
cells were created, verified and validated in the DES software and these where later included in 
the DES model of the whole future state production department.  
 
Step 6 and 7: Verification and validation 
As the DES model would represent a future state scenario, the verification and validation got 
more complicated, due to very limited real world data for validation. To solve this, a sub 
system was created. Two already existing machining cells were simulated, verified and 
validated to its current performance. The accuracy of this DES model was determined by 
comparing its performance to the performance of the real-world machining cells. These 
machining cells became a part of the future state scenario, where the majority of the machines 
of the machining cells looked the same. This made it possible to apply this verification and 
validation to the DES model of the whole department. When the sub-system was verified and 
validated, the DES model of the whole department was created according to the process map, 
the sub system and the CM. 
 
2.6. Data analysis 
Miles and Huberman’s (1994) view was used as a method for data analysis. The method 
contains three activities: data reduction, data categorization, and data display. The activities 
were performed in parallel during the thesis and became the foundation for the analysis. All the 
data collected (company documents, data from interviews, data from meetings, etc.) were 
reduced to fit within the three areas of research and selected with a purpose to answer the 
research questions. The data under each research question were displayed as simply as possible 
to make it easy for the reader to follow. The theory and the empirical data collected 
(interviews, meetings and DES case) were compared in the data analysis, and from this 
comparison final conclusions were made. 
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2.7. Quality of research 
Through the course of this thesis, an iterative process has been used for data collection, data 
analysis and for refinement of qualitative and quantitative data, which has contributed to 
strengthened quality of research. The validity of this study was enhanced by the use of 
information collected from multiple sources (McCutcheon & Meredith, 1993) such as: books, 
scientific articles, interviews, meetings, data from the case company, etc. Frequent meetings 
with a reference group and discussions with key persons at the case company helped to confirm 
correct interpretations of the collected data (McCutcheon & Meredith, 1993). These meetings 
also helped to verify the requested functionality of the DES model and interviews were 
conducted at the production site to assure that the right data had been collected. Additionally, 
data analysis was conducted not only based on empirical findings, but rather through a 
comparison of theory and empirics, upon which conclusions were drawn (Gibbert, et al., 2008). 
 
As aforementioned in this chapter, a single case study was conducted at a Swedish 
manufacturing company in automotive industry, and Kothari (2014) and Voss et al.  (2002) 
states that by investigating a single case, the generalizability of the research theories, models 
and conclusions are limited. Case studies are only appropriate to use in a limited sphere; 
therefore, it is important to avoid making false generalizations based on findings in such a 
study (Kothari, 2014). DES is not yet a well-established method at the production site subject 
to the case study; however, a Master Process for simulation projects does exist within the 
organization and this was introduced at the site for the first time during the case study. This 
could have an effect on the generalization of the results in this thesis, since there may be a 
question of how representative this specific case is in comparison to other production sites 
where DES is extensively established.  
 
During the course of this thesis, the issue of generalizability has been addressed by basing the 
case study results on both theoretical and empirical findings. In order to develop the a clear 
picture of the studied phenomenon, a considerable amount of data has been collected at the 
case company (McCutcheon & Meredith, 1993) and conditions surrounding the studied 
phenomenon have been assessed to build credible causal relationships and explanations that 
associate past history to the results (Benbasat, et al., 1987). Moreover, the baseline for 
conclusions has been provided by an analysis of the results, constructed on a comparison of 
both theoretical and empirical data. Finally, key terms and topics identified in literature served 
as a guideline and framework to investigations during the case study, where activities 
performed with regards to this thesis have been linked to the concerns of the study, such as the 
purpose. These activities and investigations have been performed in a consistent way during the 
course of the study, with focus towards achieving the purpose and answering the four research 
questions. 
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3. FRAME OF REFERENCE 
This chapter serves as the theoretical baseline of this thesis and presents the current 
understanding of the research problem. First, production system development and its 
contribution to competitiveness for manufacturing companies will be described, followed by a 
summary of the current body of knowledge regarding conceptual modeling in Discrete Event 
Simulation (DES) when developing production systems. Additionally, this chapter elaborates 
on how the sustainability dimension comes into play when developing competitive production 
systems with the help of conceptual modeling. 
 
3.1. Production system development and its contribution to competitiveness 
The concept of production system development is about the development of production ability 
and the creation of effective production processes (Bellgran & Säfsten, 2010), where machine 
processes are considered micro sequences of a macro level system, which contribute to the total 
flow of material (Lundgren & Sivard, 2008). In general, a production system is composed by 
production resources which help realize the process, such as equipment, machine tools, 
fixtures, tools, media and material handling systems, as well as resources in terms of staff, skill 
and competence (Lundgren & Sivard, 2008; Xu, et al., 2013).  
 
In production system development, the question can both be of how to design new systems or 
how to improve existing ones. Production system development is used to emphasize the need 
of a long-term perspective on development (Bellgran & Säfsten, 2010). This can be achieved 
by working in a structured way and by applying methods and tools, which makes it possible to 
set aside thoughts on how the work is done and instead focus on what is to be accomplished, 
meaning creating and shaping system solutions (Bellgran & Säfsten, 2005). Bellgran & Säfsten 
(2010) points out the need for improving this work, since it is an important issue for every 
manufacturing company that wants to stay globally competitive.  
 
In the strive to retain and gain competitive advantage, the ambition for a manufacturing 
company to achieve higher automation levels, cost-rationalization (Säfsten, 2002), better 
working-environment, new capacity levels, or introduction of a new product are all potential 
reasons for the need to change and develop production (Bellgran & Säfsten, 2005). 
Traditionally, time has been one of the most important competitive factors for manufacturing 
companies, but there has been a shift of focus from solely the efficiency of production to the 
earlier phases of the product development process (Bellgran, 1998). When describing activities 
that appear in a production system this is often done from a life-cycle perspective (Teknisk-
Framsyn, 2003), see Table 4: 
 
Table 4 - Production system development from a live-cycle perspective (Teknisk-Framsyn, 2003). 

Activity Description 
Market activity Provides a framework for what the system should live up to with 

regards to productivity, quality, meeting customer demand, as well 
as fulfilling the preconditions for development time 

Design activity Determines product development, which will be the foundation for 
shaping the production system 

Manufacturing activity Creates the product of the production system 
Distribution activity Delivery of the product to the customer, in the right way at the 

right time 
Service activity Prevents and restores product defects 
Recycle activity How to save resources and handle obsolete material 
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Along with many other authors, Bellgran & Säfsten (2005) and Hubka & Eder (2012) 
emphasizes the need for a systems perspective for consideration of production systems, since 
this gives an overall picture of the system components and their interrelations. The holistic 
perspective will prevent a narrow view on the technology, organization, and decrease the 
chance for sub optimization. This creates better opportunity for successful production system 
development. A process perspective will also generate a horizontal view of the organization, 
which in turn makes it possible to achieve feedback of knowledge and experiences, which can 
contribute to the common body of knowledge about production system development. 
Ultimately, this becomes an important dimension to a manufacturing company’s 
competitiveness (Bellgran & Säfsten, 2005). Common design activates when adopting a 
process perspective on production system development according to Wu (1994) are illustrated 
in Figure 3: 
 

 
Figure 3 - Illustration of Wu’s (1994) process perspective on production system development. 

The process for production system development can be structured by the use of different 
models or frameworks, such as the one suggested above. However, factors such as different 
priorities, time restrictions, lack of existing methods on the market, and the difficulty of 
collecting high-quality data will affect the ability to follow a pre-determined and structured 
way of working. To enable successful development of production systems, the development 
process and its activities needs to be fully understood by those developing it, where process-
mapping can provide a basis. During production system development, mapping of process, 
material and layout flows can be used to illustrate key activities of the future system (Bellgran 
& Säfsten, 2005). Further, both process mapping (Bellgran & Säfsten, 2005), and DES (Banks, 
et al., 2005) has been proved to be useful at development of production systems (Bellgran & 
Säfsten, 2005). 
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3.2. Sustainability and operational goals in production system development 
The operational goals of production systems are jointly influenced by competitive strategy and 
customer demand; therefore, operational objective decisions will be significant when designing 
the production system (Xu, et al., 2013). According to Xu et al. (2013), a production system 
should be considered as a complex social system consisting of economic, human, and social 
environment, where the operational goals should be focused towards cost, quality, time, 
efficiency, environment and service level.  
 
To evaluate performance or operational objectives, indexes such as customer service level, 
cost, due dates, innovations and flexibility can be applied by manufacturing companies in 
automotive industry (Xu, et al., 2013). In investment intensive operations, these indicators are 
expressed as overall equipment effectiveness and as productivity per person in more labor-
intensive operations (Bicheno, et al., 2011). Bellgran & Säfsten (2005) and Machuca et al. 
(2011) describe common competitive factors and performance indicators of manufacturing 
companies as: cost (cost efficiency and the ability to produce and deliver at low cost), quality 
(the ability to satisfy the needs and expectations of the customer), delivery (the ability to 
deliver, where important dimensions involves speed, delivery precision (Just-In-Time), safety 
and dependability), and flexibility (the ability to quickly and effectively adapt production to 
changes in customer demand, for example with regards to production volumes or product mix). 
 
The end results of production system development are affected by the strategies; core values 
and people within a manufacturing company (Bellgran & Säfsten, 2005; Soosay, et al., 2016). 
When shaping production systems, production strategies will play a key role, as these serve as 
the link between production and the company’s overall operational goals. Production strategies 
can also be used as support for system designers, in terms of showing the properties that needs 
to be considered when developing the system, such as the ones suggested by Bellgran & 
Säfsten (2005) and Hayes & Wheelwright (1984); production process (process type, layout, 
technology level), capacity (amount/volume, point of procurement), plant (geographical 
position, focus), vertical integration (direction, extent, relation), quality (definition, role, 
responsibility distribution, control), organization and working force (structure, responsibility 
distribution, competence), production planning and control (choice of system, stock size). A 
checklist of system factors to use during development and evaluation of production systems is 
suggested by Bellgran (1998), see Table 5: 
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Table 5 - System factors affecting when developing production systems. 

Category System factor 
Production technology Production layout and flow 
 Automation levels 
 Flexibility 
 Production volumes; one-piece or batch 
 Product life cycle 
 Product variants 
 Cycle times, lead times and change-over times 
 Availability and dependability 
 Distribution of production processes 
 Disturbances 
 Modules 
 Sequence of operations 
 Tolerances 
 Production process requirements 
 Functionality safety – equipment 
 Spare parts for machines 
 Tool supply 
 Testing 
 Follow-up systems for production 
Material supply Push or pull system 
 Work in progress and buffers 
 Information systems 
 Material handling equipment and material handling 

volumes 
 Material and product flows 
 Queue times, transports and transport times 
 Store capacity and routines 
 Control of incoming material 
 Quality requirements and control of incoming goods 
Plant and equipment Buildings and plant properties 
 Layout planning 
 Equipment 
 Storage and stock 
 Media 
 Capacity 
 Staff space 
Financial factors Level of investment 
 Pay-off times for machines/equipment 
 Propositions 
 Turnover of staff 
 Costs due to sickness 
 Requirements for profitability 
 Life cycle cost and profit 
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Category System factor 
Organization and staff Organization type and teamwork 
 Available staff and competence training 
 Level of skill and knowledge 
 Staff flexibility 
 Information 
 Attitudes, creativity and willingness to change 
Working environment Physical environment: climate, temperature, dust 
 Man-machine, user friendliness and ergonomics 
 Safety and protection 
 Noise, vibration and lighting 
 Chemical health risks 
 Psychosocial working environment, stress level in 

relation to work tasks 
 Routines for cleaning and inspection 
 Work studies 
Market factors – strategic level New markets and market demands 
 Competitors and customers 
 Price, stability and forecasts 
Company factors – strategic level Company strategy and visions 
 Investment policy 
 Resources and competence 
 Core of the business – strategy for purchase and 

production 
Product concept – strategic level Price and costs 
 Quality and design 
 Product mix and product complexity 
 Delivery times and delivery precision 
 Customer tailoring  
 
In recent years, development of sustainable production systems has attracted attention as a 
comprehensive strategy for improving the economic performance and reducing the 
environmental impact of manufacturing industry (Yuan, et al., 2012). As products are produced 
from raw material in production systems, the consumption of energy and materials used in the 
manufacturing process generates significant environmental emissions, pollution and wastes 
(Yuan, et al., 2012; Zhu, et al., 2007). Hence, Shao et al. (2017) and Winkler (2011) highlights 
the importance of incorporating environmental goals into the production system, as this is one 
way for companies to achieve both mitigation of environmental impacts, such as energy 
consumption, waste, packaging and transport processes, and improved competitive positioning. 
 
The concept of sustainability is an approach commonly known as the “triple-bottom-line” or 
the three pillars of sustainability, which includes economic, social and environmental 
considerations of sustainable manufacturing alternatives (Elkington, 1997). Within the context 
of sustainability, additional authors such as Longoni & Cagliano (2015), Martin-Peña & Dìaz-
Garrido (2008) and Zhu et al. (2007) agrees that there is competitive advantage to gain if 
manufacturing companies understand that they will have to strive for simultaneous 
improvement of economic, social and environmental goals during production system 
development (Joung, et al., 2013; Winkler, 2011). 
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Along with the increasing external pressures of customer demand (Haanaes, et al., 2011), laws 
and regulations, and environmental crisis, it has become mandatory for manufacturing 
companies to assess sustainability and to set out plans and objectives on how to develop 
sustainable production systems (Giret, et al., 2015; Mani, et al., 2014; Rosen & Kishawy, 
2012). Addressing any one of the sustainability measurements and manufacturing indicators in 
isolation could result in unintended consequences (Vargas, 2010); hence, manufacturing 
companies require comprehensive improvement of the three pillars of sustainability (Elkington, 
1997). This involve factors such as; energy, resource and material efficiency; significant 
opportunities for meaningful, stable and rewarding employment; better production scheduling 
and planning at production operation level; effective maintenance and better safety; and 
decreases in exposure to toxic substances (Giret, et al., 2015). 
 
Kluczek (2017) adds an additional dimension to the traditional view on sustainability, namely 
the technical dimension. He also embodies sustainability in manufacturing processes by setting 
up objectives for interlinked sustainability indicators in four dimensions; technical, economic, 
environmental and social. The technical dimension covers requirements for processing 
technology; state of technical infrastructure; machine longevity; and technology state and 
equipment, while the environmental dimension consists of solid waste; energy intensity; dust 
reduction; raw material consumption; reduction in greenhouse gases and prevention of 
pollution. Further, the economic dimension contains payment per employee; cost for the 
implementation of technological improvements; energy efficiency and environmental 
management maintenance; while the social dimension entails safety and health at work; 
training system; number of employees and availability of local employment (Kluczek, 2017). 
 
Joung et al. (2013) study on indicators for sustainability measurement that can be implemented 
in sustainable production system development resulted in a categorization that builds upon the 
National Institute of Standards and Technology’s structure for categorization and sub-
categorization of the possible indicators that manufacturing companies can choose to 
inclusively integrate for assessment of sustainability for their processes and products. The five 
dimensions in National Institute of Standards and Technology’s structure are based on; 
environmental stewardship, economic growth, social well-being, technological advancement 
and performance management for manufacturing companies. Environmental stewardship 
covers environmental impacts from resources use, ecosystem impairment and emissions from 
manufacturing products and processes; economic growth emphasizes, profits, benefits and 
costs connected to investments made by the manufacturing organization; social well-being 
(Labuschange, et al., 2005; Mihelcic, et al., 2003) considers the impacts on the community 
from safety and health programs, employees, customers, career/educational development and 
satisfaction assessments; technological advancement stands for a manufacturers capability to 
endorse development through research and development staffing, high-tech products and 
overhead-costs; and performance management concerns policies, conformance to regulations 
and deployment of sustainability programs (Joung, et al., 2013). Figure 4 below shows the top-
level categorization of sustainable manufacturing indicators and Figure 5 shows the sub-
categorizations of environmental stewardship. 
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Figure 4 - Top level of sustainability according to (Joung, et al., 2013). 

 

 
Figure 5 - Sub-categories of environmental stewardship (Joung, et al., 2013). 

The wide range of indicators for environmental stewardship concerns the impact of emissions, 
pollutions, resource consumption and the natural habitat conservation. The emission sub-
category covers indicators for measurement of discharges of a service or service during its life-
cycle, along with what a process or an organization releases during production. The pollution 
category consist of greenhouse gases, ozone-depleting gases, hazardous substances and other 
pollutants that are harmful to the environment, and for the sub-category of resource 
consumption there are indicators for a process and/or an organization’s material use, water use, 
land use and energy use. Lastly, to reflect on the effects on flora and fauna, the natural habitat 
conservation category covers habitat management, conservation and biodiversity (Joung, et al., 
2013). 
 
Moreover during development of production systems, there is room for several strategic 
choices and consideration of aspects that will affect the ability of the system (Bellgran & 
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Säfsten, 2005). Tukker et al. (2008), reviewed previous suggestions on how criteria for holistic 
design of sustainable production systems should apply to manufacturing companies, so called 
“design rules for economy and environment”. These have been translated into principles for 
environmental development by several authors, i.e. Datschefski (2008) and McDonough & 
Braungart (2008); future generations should not be burdened with the need to administer or 
maintain potential danger ascending from the use of inappropriate standards or the careless 
creation of processes and products, safe objects of long-term value should therefore be created; 
the full life-cycle of processes and products should be evaluated and optimized so the concept 
of waste can be eliminated; human designs should rely on natural energy flows, such as i.e. 
solar income. These energy flows should be safe for responsible use and incorporated energy 
efficiently; those who plan and create should treat nature as a mentor and not be viewed as an 
inconvenience to be controlled or avoided. The limitations of design should be understood by 
those who practice it (McDonough & Braungart, 2008). Additionally, Datschefski (2008) 
suggests five holistic checks for sustainable production; “Is it cyclic (i.e. made with resources 
or organic materials that are in closed loops); Is it solar (i.e. using renewable energy during 
production and use); Is it safe (i.e. are emissions to water, air and soil “food” for other 
systems); Is it efficient (i.e. can the same functionality be realized with less impact); Is it social 
(i.e. does manufacture support basic social rights and natural justice)”. 
 
Despeisse and Evans (2012) identified a gap between various sustainability concepts and 
practices performed at operational level in regards to resource efficiency in manufacturing 
companies. They propose a list of areas to discuss further to fill in this gap, a list they call “the 
library of sustainable manufacturing strategies and tactics”, see Table 6. 
 
Table 6 - The library of sustainable manufacturing strategies and tactics (Despeisse & Evans, 2012). 

Strategy/tactic Action 
Prevention (avoid usage)  Remove unnecessary resource usage  

 Remove unnecessary technology 
 Align resource input profile with production schedule 
 Switch off/standby mode when not in use 

Waste reduction  Waste collection, sorting, recovery and treatment 
 Repair and maintain 

Resource use reduction  Optimize production schedule to improve efficiency 
 Optimize resource input profile to improve efficiency 
 Change set points/running load 
 Monitor performance 
 Control performance 
 Change resource flow layout 
 Change technology layout 

Reuse (waste as a resource)  Synchronize waste generation and resource demand to 
allow reuse 

 Reuse waste output as resource input 
Substitution (new resource or 
technology) 

 Replace resource input for better one 
 Replace technology for better one 
 Add high efficiency resource 
 Add high efficiency technology 
 Change the way the function is accomplished 
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3.3. Alignment of sustainability and operational goals in practice 
Production system development is a critical element to sustainable manufacturing, where the 
need for resource efficiency in manufacturing is driven by stakeholders’ pressures, costs and 
regulations (Despeisse, et al., 2013). In order to stay competitive in today’s market, 
manufacturing companies require competitive priorities that aims at both economic, social and 
environmental achievements (Brettel, et al., 2014; Herrmann, et al., 2014; Kiel, et al., 2017; 
Kiron, et al., 2012) and wide changes need to take place in manufacturing, from technological 
to behavioral and through local solutions as well as through holistic perspective (Despeisse, et 
al., 2013). However, many manufacturers in automotive industry neglect the social and 
environmental aspects of sustainability by solely focusing on the economic component, and 
apply frameworks that fail to consider all three pillars of the triple bottom line holistically 
(Bergenwall, 2012; Jasiński, et al., 2016). An explanation to this phenomenon may be referred 
to that of Slovic et al. (1977); the three pillars may be considered as inherently different 
disciplines, and therefore, trade-offs among them are difficult to calculate, which in turn may 
result in inconsistent responsiveness to stakeholder and customer requirements. 
 
An additional aspect to this issue is that sustainability strategies adopted by manufacturing 
companies does not necessarily translate into practice (Galeazzo & Klassen, 2015). When it 
comes to the set of actions and decisions that would lead to sustainable practices, these 
strategies often tells little about how resources should be balanced among competitive priorities 
and how sustainable practices should be implemented through concrete, specific action 
(Galeazzo & Klassen, 2015; Löfgren & Tillman, 2011). Additionally, there seems to be a 
misalignment between operating systems at plant level and strategic priorities, and both 
researchers and managers might be better served by espousing the lens of “strategy-as-practice” 
and thus avoid more talk than action when it comes to sustainability (Egels-Zanden & Rosen, 
2015; Jarzabkowski & Kaplan, 2015).  
 
In the pursuit of sustainability, the specification of stakeholders and customers are important, 
and potential links should therefore be identified between the dimensions for sustainable 
development (economic, social and environmental) and sustainable practices (Green, et al., 
2012; Zailani, et al., 2012). According to Galezzo and Klassen (2015), social and 
environmental sustainability must be given equal priority and be placed alongside the 
traditional manufacturing objectives of quality, flexibility, cost, delivery and innovation, 
mainly because there is both operational, competitive and economic gain for manufacturing 
companies in this (Galezzo, et al., 2014; Gimenez, et al., 2012). For organizations, the 
implications for this would be to develop and adopt sustainable practices, since these are 
expected to impact on their performance (Shao, et al., 2017).  
 
Adebanjo et al. (2016) suggest that it is important for managers to understand that investment 
in sustainable practices may not lead to an immediate reduction of manufacturing costs, but it 
may rather attract environmentally conscious customers and thus improve a company’s market 
share over time. In light of this, the same author show that careful investigations can create an 
understanding that economic advantage can reside elsewhere than in immediate manufacturing 
cost reduction. 
 
3.4. Conceptual modeling during production system development 
One of the most popular tools to use when developing a production system and its design is 
simulation, and more specifically DES (Johansson, et al., 2015; Negahban & Smith, 2014; 
Popovics, et al., 2016). The most common goals of DES modeling are to predict a future 
behavior of a system and to support decisions (Brooks, 2010). DES is, according to Chwif et al. 
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(2013), El-Khalil (2015) and Steinemann et al. (2013), a very useful tool to use in analysis of a 
production system and the processes within it.  
 
A widely accepted DES process is the one specified by Banks et al. (2005). The process 
contains twelve steps, see Figure 6. The first four steps; problem formulation, setting of 
objectives and overall project plan, model building and data collection, implies creation of a 
Conceptual Model (CM) (Furian, et al., 2015). Hence, these steps and are very critical to a DES 
project’s success (Ahmed, et al., 2014; Arbez & Birts, 2011; Chwif, et al., 2013; Furian, et al., 
2015; Haydon, 2010; Robinson, 2008a; Wang & Brooks, 2007). A well performed CM will 
according to Chwif et al. (2013) contribute to a DES projects success in a number of ways: less 
misunderstandings along the way, and thereby less rework; the framework generates a 
documented CM, this documentations will be possible to use for auditing and for beginners in 
future projects; smooth shift of resources from the simulation stage to the analysis stage (if the 
resources are changing) and a clarification of results performed versus promised can be 
motivated easier with a well performed CM (Chwif, et al., 2013). 
 

 
Figure 6 - Steps in a DES process (Banks, et al., 2005). 

3.4.1. What is a conceptual model?  
While a DES model is a simplified imitation of a real-world system within a company and is 
supposed to work in a similar way (El-Khalil, 2015; Popovics, et al., 2016), the CM is an 
abstraction of the real-world system (Robinson, 2008a). This abstraction could contain text and 
explanatory diagrams (Chwif, et al., 2013; Furian, et al., 2015), and is supposed to shape the 
functionality of the DES model. It also specifies what entities the model should contain, how 
these should interact with each other, and how they should behave (Brooks, 2010). Arbez and 
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Birts (2011) describe the CM as a bridge between the project description and the precise 
information needed for the development of a DES model, a model that will produce data to 
fulfill the objectives of the DES project (Arbez & Birts, 2011; Brooks, 2010). The process of 
performing and creating a CM is called conceptual modeling (Robinson, 2008a). 
 
Robinson (2008a; 2008b) identified a lack of understanding regarding the concept of CM as 
well as a lack of focus on this modeling stage. He states that “The main reason for this lack of 
attention is probably due to the fact that conceptual modeling is more of an 'art' than a 'science' 
and therefore it is difficult to define methods and procedures. Whatever the reason, the result is 
that the art of conceptual modeling is largely learnt by experience.” (Robinson, 2008a, p. 278). 
One area where the “art” of conceptual modeling is distinct is when to decide the level of 
detail. This level of detail is based on experience more than facts. For example, if a modeler 
creates a too simple model, the model will be unrealistic and possibly produce misleading 
results. A too complex model on the other hand would require a lot of resources and might 
therefor not be completed due to limited resources (Brooks, 2010). According to Robinson 
(2008a; 2010) there is no “right model” due to two reasons; conceptual modeling is an art 
based on experience more than a science; and a DES project involves different people with 
preferences and perception of requirements for the DES model (Karagöz & Demirörs, 2011; 
Robinson, 2010). There are no general or common methods on how to create a CM (Furian, et 
al., 2015; Haydon, 2010; Karagöz & Demirörs, 2011), but several ways are discussed in 
literature by different authors. Even though there are no common approaches, Chwif et al. 
(2013) find two common properties; firstly, the CM is the first real product of a DES project; 
secondly, all CMs are independent of the DES software (Chwif, et al., 2013). 
 
Manufacturing companies have embraced DES as a tool, and an incremental amount of 
companies have identified the great benefits of using DES (Negahban & Smith, 2014). In spite 
of nearly two decades of embracing DES among companies, it is only recently that the area of 
conceptual modeling has been under the loupe (Ahmed, et al., 2014; Furian, et al., 2015). This 
surprises researchers as it is considered to be one of the most important and critical factors 
contributing to the success of a DES project (Ahmed, et al., 2014; Arbez & Birts, 2011; Chwif, 
et al., 2013; Furian, et al., 2015; Haydon, 2010; Robinson, 2008a; Wang & Brooks, 2007). 
Larborn et al. (2011) put together lessons learned from six different case studies and propose 
that a vague problem formulation is one of the most common problems in a DES project, which 
supports the importance of a CM. A vague problem formulation could result in spending 
resources on a model which in the end will not give the required answer (Larborn, et al., 2011). 
 
Robinson (2008b) recommends that the framework proposed in Figure 7 should be applied to 
DES projects and performed in an iterative way, which means that the modeler goes back and 
forth during the creation of the CM (Brooks, 2010; Robinson, 2008a; Robinson, 2008b). 
Haydon (2010) states that the traditional method called “iterative waterfall” has been identified 
as a useful method when developing DES models. The “waterfall” represents the process of 
finishing one step before initiating the next step. While “iterative” refers to the action of going 
back to an earlier stage and modifying earlier decisions, and from there continue through the 
subsequent steps. This procedure is repeated until a desired state is achieved (Haydon, 2010). 
Robinson’s (2008b) framework includes the following steps: 
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Figure 7 - A framework used for creating the CM (revised from Robinson, 2008a). 

Problem situation 
The first part of a DES project is to understand the problem that needs to be solved. This is 
preferably done by discussing the problem with key people and to do thorough note-taking 
along the discussion. The modeler should also ask all questions that come up along the way to 
further develop his/her understanding.  
 
Modeling and general project objectives 
The objectives of a CM are the key factors contributing to an adequate model. These objectives 
will work as a reference point throughout the creation of the CM and the DES model. There are 
two types of objectives that need to be discussed, the general objectives and the project 
objectives. The general objectives are concerned with the overall goals of the organization and 
the project objectives are concerned with the aim of the DES study, which means how the DES 
model will contribute to the overall goals of the organization. A good question to have in mind 
when formulating the objectives is: ‘When this DES study is finished, what do we hope to 
achieve?’. 
 
Outputs 
The outputs are the same as the outcome or the response from the DES model. The outputs are 
identified to answer weather the objectives of the DES study are achieved or not, and will 
motivate the reasons. Examples of outputs are throughput, lead-time, produced products, cycle 
time etc. 
 
Inputs 
As the name suggests, this is the data that is inserted into the DES model. The input data are 
possible to change or modify (experimental factors) to generate the outputs, and thereby the 
objectives of the study. 
 
Model content 
In this part of the framework the content of the DES model is defined. The components used in 
this framework are grouped in four groups: entities (e.g. products in the factory, engines and 
components), activities (e.g. operations, machines and lines in the factory), queues (e.g. 
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buffers, conveyors, transport systems and queuing areas) and resources (e.g. operators, tools 
and trucks).  
 
Robinson’s (2008a; 2008b) initiative to define and formulate the concept of conceptual 
modeling started an upcoming trend among researcher to look into this field. A summary of 
examples of published approaches, guidelines and frameworks are presented in Table 7: 
 
Table 7 - Example of previous studies on CM. 

Description of study Reference 
A framework for simulation (Robinson, 2010) 
Conceptual modeling in practice: A systematic approach (Haydon, 2010) 
Conceptual modelling notations and techniques (Karagöz & Demirörs, 2011) 
Base Object Model (BOM) in CM (Karagöz & Demirörs, 2011) 
CM Development Tool (KAMA) (Karagöz & Demirörs, 2011) 
CMs of the Mission Space (CMMS) (Karagöz & Demirörs, 2011) 
Defense CM Framework (DCMF) (Karagöz & Demirörs, 2011) 
Federation Development and Execution Process (FEDEP) (Karagöz & Demirörs, 2011) 
Tutorial: Conceptual simulation modelling with ONTO-uml (Guizzardi & Wagner, 2012) 
A framework for specifying a discrete-event simulation CM (Chwif, et al., 2013) 
A conceptual modelling framework for discrete event 
simulation using hierarchical control structures (Furian, et al., 2015) 

The PartiSim framework (Tako & Kotiadis, 2015) 
 
3.4.2. Operational goals in discrete event simulation 
To experiment with uncertain outcomes, and to show the possible courses of action and events 
for real-world systems that often cannot be accessible (e.g. due to planning of new production 
lines), DES is a perfect tool to use especially since it can deal with many variables at once 
(Widok, et al., 2011). A variety of measures and indicators of production system performance 
can be addressed by the use of DES, such as utilization of resource, labor, and machines; 
throughput under peak and average loads; queuing at work locations; queuing and delays 
caused by material-handling devices and systems; system cycle time (how long it takes to 
produce one part); work in progress storage needs; bottlenecks and choke points; effectiveness 
of scheduling systems; staffing requirements; and effectiveness of control systems (Banks, et 
al., 2005). Because of the immediate connection between the in- and output relations within a 
system and improvement of the system, namely the attempt to invest lesser resources (inputs) 
while at the same time achieving more returns (outputs) (Wöhe & Döring, 2008), the target-
oriented process of optimization can also be applied to DES for optimizing e.g. quality, costs, 
effectiveness or efficiency (Domachke & Drexl, 2007). 
 
3.4.3. Sustainability in discrete event simulation 
In recent years, DES has been used more frequently in sustainability analysis when 
investigating the sustainability performances of production systems (Larborn, et al., 2011). 
Several authors present studies where different environmental dimensions of sustainability 
have been investigated in combination with DES. Herrmann et al. (2011), Johansson et al. 
(2015), Kuhl & Zhou (2011), and Seow & Rahimifard (2011) present studies where energy 
consumption and energy usage have been included in a DES model. Energy consumption or 
more specific electricity consumption was also introduced just a few years ago in the DES 
software Plant Simulation, which show that the awareness of including environmental aspects 
in DES has been increasing lately (Sproedt, et al., 2015). Fichtinger et al. (2012) and Marcilio 
et al. (2018) use DES to track greenhouse gases and Cao & Hongcheng (2014), Do et al. (2016) 
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and Fichtinger et al. (2012) use DES to track Carbon emissions and Kim et al. (2014) use it to 
track concentration of hydrogen chloride and dust. In addition to these studies, Wohlgemuth et 
al. (2006) combine material flow analysis with DES to examine environmental impacts in 
business decisions. 
 
3.4.4. Analysis of sustainability and operational goals 
The commonly used set of performance indicators for DES suggested by Banks et al. (2005) 
are considered valuable for production optimization, however, they do not include any 
environmental or social indicators, and utilization of them in production optimization would 
thus only lead to higher effectiveness and higher output (Widok, et al., 2011). The effectiveness 
and quality of decision-making in production system development has been affected by the 
underutilization of optimization and modeling, and this seems to be the consequence of the 
complex challenges faced by manufacturers who employ these techniques (Shao, et al., 2017). 
Substantial effort and significant modeling expertise is needed when using optimization and/or 
formal DES models, and Shao et al. (2017) suggest a decision guidance methodology for 
sustainable manufacturing analytics where these challenges are addressed by including both 
sustainability and manufacturing knowledge in the DES process. 
 
According to Herrmann et al. (2011), Johansson et al. (2015), Kuhl & Zhou (2011), and Seow 
& Rahimifard (2011) DES is useful for visualizing the performance of a manufacturing system 
with regards to energy efficiency, and can thus create greater environmental awareness among 
managers and decision-makers within a manufacturing company (Seow & Rahimifard, 2011). 
By overcoming barriers to both energy management and DES modeling, potential savings can 
be made (Johansson, et al., 2015; Seow & Rahimifard, 2011) and deployment of DES in 
sustainable production system development can lead to better energy efficiency, improved 
competitiveness and productivity, as well as to reduction of manufacturing costs (Wilson, et al., 
2016). According to Shao et al. (2017), possessing knowledge about a system is not enough; it 
needs to fit into a bigger picture, where KPIs that include both conventional and sustainability 
indicators need to be identified, such as cycle time, cost, quality, throughput, emission, waste, 
material and energy efficiency.  
 
Manufacturing companies targeting improved sustainability performance often fail to take into 
account the effect of many complex interactions (Smith & Ball, 2012). To provide decision 
guidance and prepare the analysis for sustainable manufacturing, modelers also need to identify 
relationships between sustainability and manufacturing performance indicators (Shao, et al., 
2017). Instead of employing model-based, quantitative and systematic approaches to 
sustainability issues (SMLC, 2011), most manufacturers use methods that are non-reusable, 
non-extensible and customized for individual situations (Madsen & Ulhöi, 2003; Smith & Ball, 
2012). However, to reach a higher level of sustainability in manufacturing, the use of DES, 
optimization and modeling has been identified as a key enabler (SMLC, 2011). 
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4. EMPIRICAL FINDINGS 
This chapter presents the empirical findings of the case study and opens with brief introduction 
to the case company, followed by a description of the case and the scope of the Discrete Event 
Simulation (DES) case. The Conceptual Model (CM) created in the DES case is described, 
followed by the operational and sustainability goals and priorities that have been identified at 
the case company. 
 
4.1. Introduction to the case company 
The case study is performed at one of the production sites of a Swedish manufacturing 
company in automotive industry with approximately 1600 employees, where the main 
processes are machining of components and assembly of finished products. To retain and gain 
competitive advantage and to meet customer demand, the company is continuously developing 
their production processes through several improvement projects. Continuous improvement is a 
well-established method at the site, both throughout the value chain and within support 
functions such as Production Engineering. As with many other global companies within the 
automotive industry, the production site aligns their everyday activities with the strategic 
objectives and goals on corporate level, see Figure 8.  
 
One mean for production system development at production site level are various kinds of 
projects such as smaller improvements projects, product development projects, and major 
improvement projects (e.g. improvement of process, organization). These projects are initiated 
primarily due to rationalization, replacement of equipment, or planned changes to product, 
production capacity or production volume. Further, the strategic objectives and goals on site 
level indicate the improvements and changes that should be performed. The illustration in 
Figure 8 provides an overall context of how activities for production system development, such 
as DES, are linked to fulfillment of corporate competitive strategy. 
 

 
Figure 8 - Overall context of how activities are linked to the corporate level. 

Corporate 
Level 

•Competitive strategy - achieve excellence in quality, delivery precision, 
flexibility, parts availability and developing people 

Production 
Site Level 

•Operational objectives: delivery, economy, environment, human, safety, quality 
•Continuous improvements 
•Create opportunities for fulfillment of corporate level goals 

Improvement 
Project Level 

•Structured way of working - project model for projects 
•Create opportunities for fulfillment of production site goals 
•DES as a tool in improvement projects 
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4.2. Case introduction 
The aim of the DES study is to increase automation levels for material handling at a production 
department for machining and make the material handling system more efficient. Resolving 
this issue is important for the company because operators at this department spend 70% of their 
work-shift solely on material handling by manual trucks. This has important consequences to 
the operation of the factory such as not using the full potential of each operator in terms of 
value adding work-assignments, as well as limiting the available time for material handling 
since this cannot be performed during breaks or between shifts. The current production layout 
also causes limitations in terms of flexibility among operators and different machining cells, 
since each operator is tied to a specific machining cell. 
 
At the start of the case study, the company had already initiated a pre-study study of an 
improvement project and developed a proposed future state scenario for production department 
layout, see Figure 10. The purpose of this improvement project was to increase utilization of 
floor-space, increase production capacity, raise automation levels for material handling, and 
streamline the production process in a lean way. Figure 9 and Figure 10 show the difference 
between the current state and the expected future state layout and logistical flow. The future 
state production department consists of ten machining cells, one measurement room and a 
buffer where machined products are stored before transportation to another production 
department. The company has predictions about how certain changes to the logistical flow 
could support an increase in production capacity, but wants a more substantial foundation for 
future decision-making. To solve this pressing issue, this case relies on the development of a 
DES model focused on determining the number of Automated Guided Trucks (AGT) needed in 
the logistics flow in order to support an increase in production capacity at the department. At 
the production site subject to the case study, DES projects are not commonly performed yet, 
but have just recently been introduced within improvement projects. Therefore, this case is the 
first DES project to be conducted in a structured way at the site. 

 
Figure 9 - Current layout of the department. 
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Figure 10 - Future layout of the department. 

4.2.1. A structured way of working with improvement projects 
This case study examines the DES part of a pre-study conducted during one improvement 
project at the case company. The improvement project is governed by a project model that 
applies to organizational development and improvements, as well as to process development 
projects at the case company. This model provides a framework for the project, consisting of a 
process with different gates, with each gate containing requirements for input, activities and 
output. The primary rule for projects following the project model is that they are only allowed 
to progress into the next phase if the requirements are fulfilled in the previous one. The size of 
investment needed to perform certain changes usually determines if the project model is useful 
for that particular project or improvement. Usually, the model applies to projects or 
improvements that acquire larger investments, such as the one in this case. 
 
In the early phases of an improvement project, a pre-study is conducted with purpose to gain 
understanding of the consequences of certain changes. Further, management requirements are 
set for how the project will align with the overall strategy guidelines, and synergies and/or 
interrelations with other projects are identified by representatives of a steering committee. If 
the results of the pre-study are approved by the steering committee, the project reference group 
and senior management, project directives are determined. Overall, the focus areas for the 
project model are: cost, capacity, quality, availability, layout, education, instructions, risk-
analysis of sustainability (environment and safety), environmental checklist, and environmental 
effects. Case study findings suggests that “Environmental assessments should be included 
earlier in improvement projects than they are today” – Area Manager Production Engineering, 
and “We need to become better at flow DES and involve it more in improvement projects” – 
Program Manager for Industrialization Projects. 
 
4.3. Sustainability and operational goals 
The case company works towards a number of operational goals and priorities, as well as 
towards goals and priorities for sustainability. The operational goals refer to the traditional 
operational priorities of time, quality, delivery and cost, while sustainability goals refer to the 
three sustainability dimensions of environment, social and economy. However, for the overall 
production site, the sustainability and operational goals are presented in comprehensive 
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manner: delivery, economy, environment, human, safety and quality. The operational priorities 
apply to all levels of the production site organization, together with action plans and follow-up 
standards. The distribution among the operational priorities is determined based on historical 
data and external requirements for site-performance within each area respectively during the 
previous year, and site performance is measured through business reviews and results-analysis. 
However, safety is always the main priority of the production site despite the previous year’s 
performance in other areas. 
 
On corporate level there are competitive priorities, strategic goals, objectives and KPIs that 
provide guidelines for how the company should operate. These guidelines also serve as the 
primary baseline for how goals, objectives and KPIs are set for each production site. To allow 
for local variations at production site level, the site management team has the freedom to adapt 
corporate level KPIs to fit the local needs and there are requirements for KPI compliance. The 
set of production site KPIs are broken down into goals for different areas and production 
processes at the site, for example machining, where the goals are sub-categorized into 
production unit, production department and production team, see Figure 11. In connection to 
these goals are the goals for production engineering, a support function with purpose to 
develop new production processes and improve already existing ones at the site. The goals for 
production engineering machining have correlations with the production engineering goals and 
goals for machining, although they are not exactly the same. In short, the purpose of activities 
performed by production engineering machining is to make sure that goals can be reached and 
exceeded at the production area of machining after implementation of production changes and 
improvements. Findings from case study investigations suggest that the main priorities for 
improvement projects conducted by production engineering machining are production capacity, 
product, economy perspective, investment categories and replacement procurement. Generally, 
a holistic perspective and cross-functional collaborations between different functions are 
applied before changes or improvements are implemented. 
 

 
Figure 11 - Break-down structure for production site goals. 

 
4.3.1. Operational goals 
The official operational goals and priorities that the production site follows include delivery, 
economy, safety and quality. Respectively, these priorities all have their corresponding KPIs, 
such as: absence due to accident (safety), customer complaints on product or component 
(quality), defects (quality), delivery precision for production and overall equipment efficiency 
(delivery), variable cost per unit (economy), improvements per employee (economy), see Table 
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8. Safety (AGT disturbance), quality (defect components), delivery (availability), cost (of an 
AGT), time (process and transport times), become the best in the business (by the use of DES 
as a tool) are the operational priorities included in the DES model of material handling. 
 

Table 8 - Operational goals mentioned in the interviews. 

Operational goals Interview  DES 
case 1 2 3 4 5 6 7 

 
A 
 

Safety X X X X    X 
Quality X X X X X X X X 
Delivery X  X X X X X X 
Cost X X X X X  X X 

 
 

B 

 

Production capacity X X      X 
Product X X       
Tact-time       X  
Time X       X 
Transports X       X 
Production technology  X       

C Become the best in the 
business X   X X  X X 

A – Mentions the main operational priorities of the production site 
B – Mentions sub-categorizations of operational priorities 
C – Mentions production site vision 

 
Case study inspections at the production site confirm that quality, cost, delivery and safety 
seem to be the main priorities, as well as becoming the best in the business. These findings are 
verified by evidence suggesting that “The goal of the production site is to deliver our products 
to the customer right on time and to the right price and quality” – Program Manager 
Industrialization Projects, and “The main goal of the site is to become the best in the business 
and a world-leading actor in our field in terms of quality and the ability to deliver”- Area 
Manager Production Engineering Machining. 

4.3.2. Sustainability goals 
The sustainability goals that the production site currently follows are related to human and 
environmental priorities, such as total employee absence due to sickness (human), employee 
engagement index (human), environmental savings (environment), quality of waste streams and 
waste management (environment). For operating production sites, there are several 
environmental requirements on; use of chemicals and storage (lubricants, coolants and other 
chemicals), use of energy and emission of CO2, emissions to air, emissions to water, water 
usage, waste management, material efficiency, noise, organization, technical requirements for 
specific processes, odor, soil and groundwater contamination, see Table 9. For all of these 
areas, levels of performance have been identified and the basic principle is that operations 
should comply with ISO 14001 Standard (year 2015) and legal requirements. Knowledge 
building and safety for humans around the AGT transport route are the only sustainability 
related goals involved in the DES model of the material handling system. However, there are 
economic and waste related factors involved in the project, such as cost of an AGT and the 
quality of waste streams, but these factors are not included in the DES model. 
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Table 9 - Sustainability goals mentioned in the interviews. 

Sustainability goal Interview  DES 
case 1 2 3 4 5 6 7 

A 

Environment X  X X  X   
Human X  X X  X  X 
Economy X  X X  X   
Become ranked as market leader 
in terms of environmental care         

B 

Waste management X  X X X X X  
Environmental savings  X X X X X   
Emission of CO2      X   
Emissions to air      X   
Emissions to water      X   
Material efficiency  X    X   
Organization X X  X X    
Technical requirements for 
specific processes  X       

Odor         
Soil and groundwater 
contamination         

Water consumption      X X  
Coolants X X   X  X  
Noise X    X X   
Lubricants  X   X  X  
Energy consumption (per 
produced unit)  X  X  X   

A – Mentions the main sustainability priorities of the production site 
B – Mentions sub-categorizations of sustainability priorities 

 
For projects following the project model, environmental experts at the site are involved in the 
early phases in a standardized and systematic way. The project model contains checkpoints and 
a checklist for sustainability, but since not all projects use this model, this is also a reason for 
why these checklists are not always applied to improvements or changes. Since the case study 
project employs the project model for projects, the majority of the goals mentioned in the table 
above are included in the improvement project in compliance with project model requirements. 
However, only one of these goals is clearly included in DES case objective. Thus, there are no 
indicators or clear requirements for how sustainability and operational should be aligned in the 
DES case.  
 
Findings from inspections and discussions at the production site indicate that sustainability 
goals, such as waste management, do not get enough focus and priority in improvement 
projects: “There are great shortcomings with regards to implementation of the environmental 
perspective on improvement projects, the main focus of these projects lie in getting the right 
machine and the right production equipment, therefore, focus on peripherals such as waste 
management is lost”, “We need to ensure quality of our waste streams since this will have 
important consequences and benefits for the site, we can reduce the need of waste transports by 
70% and thus influence the working environment, and the benefits of correct waste 
management are twice the cost!” – Environmental coordinator. Further, evidence indicates 
possible ways of addressing this problem “A way to improve this would be to include clear 
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requirements for sustainability already in the improvement project directive and also to 
holistically take control over waste streams at production site level”- Energy manager. In 
contrast to this, another respondent at the site claims that “As of today, operations at the site 
are saturated by an environmental and safety focus and these are also carefully included in 
improvement projects” – Project manager industrialization projects. 
 
In general, percentile goals are applied at the production site for reduction or increase of 
environmental performance, for example with regards to energy consumption for a machine 
running on empty, expressed as percentage of energy consumption when the machine is 
producing, but overall there is absence of explicit goals for sustainability. The site Management 
Team is able to adapt the corporate KPIs to fit the local variations to the needs of each 
production site and this also applies to sustainability. However, the “top-down” approach has 
been applied to production site KPIs for sustainability, meaning that corporate KPI has not 
been adapted to any greater extent, but rather implemented according to the general corporate 
guidelines for sustainability. According to environmental experts at the site, this is somewhat 
problematic since the general corporate guidelines do not focus enough on waste management. 
Therefore, it is challenging for the site to act on reducing production process waste, since the 
corporate KPIs do not provide clear enough guidance on how to do this in practice, “There is a 
need of a holistic and long-term strategy for sustainability, and waste management should be 
addressed already in the stages of production technology design”, ”Today, it is challenging to 
visualize the potential benefits that environmental care changes can result in, such as cost 
reduction, and it is hard to convince project managers to focus on this in improvement projects 
since potential cost reductions are always bigger for quality and delivery related changes” – 
Energy manger.  
 
Adding on to this problematic picture are the long-term sustainability goals and strategies set 
up for the company. Currently, these strategies and goals are under development by corporate 
management, meaning that there is only a draft of the future official goals and strategies 
available to production sites to follow. Experts at the site express that “Even in these new 
strategies and goals for sustainability, there is an unclear picture of where the priority lies for 
the company and what environmental profile corporate management wants to go for” – Energy 
manager. As of now, the production site can only predict what the future objectives will be, 
namely a holistic integration of environmental care throughout the whole organization, in all 
roles, and in continuous improvement. On a general level, the future objectives involve: 
strengthen environmental analysis and compliance, reduce hazardous chemical use and 
improve dangerous goods control, improve competence and knowledge sharing, achieve 
landfill free and improved materials efficiency, energy efficiency and CO2 reduction, increase 
renewable energy use, and sustainable water use in stressed regions.  
 
4.5 Sustainability as competitive advantage 
Historically, the organization has held a strong position on the market in terms of sustainability. 
Strong personal commitment among corporate environmental management and clear strategies 
and goals was said to be the key to this position, but due to recent organizational changes 
together with new laws and regulations, top level management has changed their ways of 
working. According to experts at the company, this may be an aspect influencing the fact that 
the company’s previous position and competitive advantage of sustainability is not as evident 
today as it used to be. Giving the evidence collected through the company’s environmental 
policy, sustainability should apply to all areas of the company and to all individuals, and thus 
contribute to gained competitive advantage and sustainable development through continual 
improvement, resource efficiency and a holistic view. According to this policy, the goal of the 
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company is to become a world-leader in terms of environmental care by building, 
implementing and follow-up on environmental programs. 
 
As Table 10 shows, none of the interview respondents mentions the company vision of 
becoming ranked as a leader on the market in terms of environmental care. Evidence indicate 
that: ”The main focus when developing production is production technology and getting the 
right machine” – Environmental coordinator. However, all but one of the respondents 
explicitly expresses a belief in a positive correlation between sustainable practices throughout 
the organization and gained competitive advantage for the company. One respondent deviates 
from the others by indicating a stronger focus on product, technology and production methods, 
”A company who has the right combination of technical solutions for electrified mobility and 
production methods will be the winners and the strongest competitors of the future”. In general, 
results of the case study investigations indicate a stronger focus on the operational goals for 
quality, cost and delivery than on the environmental dimension of sustainability. This is 
confirmed by another respondent “Historically, environmental care, such as waste 
management, has not been a natural part of production site improvement activities” – Program 
manager industrialization projects. However, additional evidence indicates: “If we look back at 
the production site history, sustainability has never been as high up on the agenda as it is 
today, it is clear that things are changing and that employees and managers are becoming 
more and more concerned with sustainability” – Energy Manager. 
 

Table 10 – Topics mentioned in the interviews. 

Topic Interview 
1 2 3 4 5 6 7 

Become the best in the business in terms of quality and the 
ability to deliver X   X X  X 

Become ranked as a leader on the market in terms of 
environmental care 

       

Holistic view X   X X  X 
Resource efficiency        
Continual improvement X X X X X X  
Positive correlation between the practice of sustainability 
throughout the company and gained competitive 
advantage 

 X X X X X X 

 
4.4. Conceptual modeling 
In the future state scenario of the production department, the case company has defined fixed 
and unfixed factors for the DES case, where the majority of factors involved in the DES model 
are fixed while some factors are considered variables. Understandably, this limits the amount 
of options available for model functionality and design. The illustration in Figure 12 below 
provides an overall context of how activities performed in the DES case, such as conceptual 
modeling, contributes to fulfillment of the project goals.  
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Figure 12 - Overall context of how activities. 

  
4.4.1. Discrete event simulation at the case company 
At the case company, there is a master process for flow DES projects that apply to projects that 
employ DES as a tool for production system development. This process builds upon Banks 
(2005) with a few alterations, illustrated in Figure 13. Within the organization, there are several 
simulation experts that continuously works with development of the master process and who 
conducts and supports advanced DES projects. Some of these experts are part of a global 
simulation network existing within the organization, where knowledge and experience from 
simulation studies can be shared and spread among network members and between different 
production sites. Two experts from this network are involved in this specific DES case with 
purpose of supporting verification and validation of the DES model. 
 
 

Improvements 
Project  

• Project directive and goal 
• Steering model for projects 

Simulation 
study 

• Steering model for simulation projects 
• Problem definition 
• Process description 

Conceptual 
model 

• Direction for DES model 
• Inputs 
• Model content 

• Operational and sustainability aspects 
• Outputs 
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Figure 13 - The master process for simulation projects at the company. 

4.4.2. The content of the conceptual model 
The DES project objective is to construct and use a DES model as support in decision-making 
with regards to dimensioning of the logistic flow in a future state production department. 
Therefore, the expected output of the model is the number of AGTs needed in the logistics flow 
to support full capacity production, without AGTs becoming a system bottleneck. As 
aforementioned in earlier sections, the case company has determined the fixed and unfixed 
variables of the DES case. For input data, this implies that the number of AGTs is the only 
unfixed variable, while additional input variables are fixed, such as cycle times, availability 
(machining cell), disturbance data, pallet structures (the number of products that fit onto each 
pallet), distribution of production volume among machining cells, and primary production flow 
for each product variant. 
 
In regards to model content, this involves collection of data at the case company, as well as 
creation and validation of a DES model of two real-world machining cells, a so called “sub-
simulation” (machining cell 3 and 4 in Figure 10). Model content also covers the creation of a 
DES model of the future state production department as a whole, in which the sub-simulation is 
included. The sub-simulation step involves DES of two real-world machining cells currently 
existing at the production site. This is valuable to the overall DES project since it provides an 
opportunity to verify model functionality and model result validity in comparison to a 
machining cell that will be part of the future state production department. Except for this 
specific machining cell, there is scarcity of real-world systems at the site that can be used in 
verification or validation of the full DES model. 
 
The future real-world production flow will allow for each product variant to be machined in 
several different machining cells even though each variant has its main production flow, 
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creating alternative production flows for each product variant. To avoid the complex 
functionality that this creates for the DES model, alternative production flows are not 
considered. Naturally, certain machining cells are dedicated to processing of set of product 
variants, where each variant will arrive to the machining cell in a random sequence rather than 
in a specific sequence of batches. Distribution of production volume for these product variants 
is applied to each machining cell. Variation in pallet structure is an additional aspect to the 
DES model. Depending on the product variant, there are variations in the number of products 
that fit onto one pallet. Further, there are variations in the number of incoming pallets that a 
machining cell can hold in respect to how many outgoing pallets that the machining cell can 
hold, this relationship is not 1:1. 
 
Figure 14 shows a simplified layout of the production department subject to the DES case. The 
department consists of eight machining cells and a buffer where products are stored before they 
move on to the next production process step at another department. As the figure shows, 
transports to and from the measurement room are not considered in this DES case, which is the 
first simplification made at the conceptual stage. Instead, the model solely focuses on material 
transport between position 1 (incoming material), each machining cell, and the buffer (position 
2). Continuous flow of incoming material is the second simplification made to the model, 
meaning that incoming material arrives without interruption and is always available for pick-up 
by an AGT at position 1.  
 
Additionally, an AGT receives and carries out a new electronic work order from a machining 
cell in a first-in-first-out manner; it picks up pallets of material at position 1, and transports it to 
whichever machining cell that called for it first. When it arrives to the machining cell with a 
new pallet, the pallet is dropped off and later processed in the machining cell. Likewise, the 
AGT will receive a new electronic work order when the pallet is ready for pick-up at the 
machining cell, and the pallet will be transported to the buffer in the same manner. 

 
Figure 14 Layout with of production flow. 

The one-way transportation route applied to this flow goes in the opposite direction to the one 
suggested by the case company (see Figure 10), since this increases transport efficiency. The 
high production volumes in machining cell 6, 7 and 8 indicates that the overall transportation 
flow benefits from this change, since the transport route between position 1 (where incoming 
material is picked up), and position 2 (where finished products are stored), will be shortened 
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for these machining cells. In other words, this scenario makes it possible for the AGT to 
facilitate transports to and from the high volume machining cells in a more efficient way. 
 
Further simplifications made to the logistics flow are positions 1, 2 and 3, which are the only 
positions where an AGT is allowed to electronically start a new work order for either delivery 
or pick-up. However there is one exception to this, in 30% of the cases the AGT will receive a 
work order to both deliver and pick up a pallet at the same machining cell at the same time. 
This assumption is used to compensate for the times that this will be needed in the real system. 
In the remaining 70% of the cases, the AGT will continue along the transportation route after a 
completed work order and receive a new order, at position 1, 2 or 3, whichever position is 
closest to the current position of the AGT, for pick-up or delivery. These three positions are 
used as way of simplifying the number of possible starting points for where an AGT can 
receive a new work order, and thus simplify calculations. In reality, the AGT will be able to 
electronically start a new work order anywhere along the route, a scenario that causes big 
variations in transportation distance and time consuming calculations for determining the mean 
transportation time for each work order. The real-world AGT-system will also be affected by 
disturbances along the transportation route, such as the interference with people or road-blocks, 
which will affect the mean transportation velocity. As way of simplifying the model further, 
disturbances along the route is compensated for by decreasing availability for the AGT, and no 
velocity variations are considered in the model (velocity of AGT is constant). 
 
With these simplification made to the model, mean velocity and mean distance is known for an 
AGT traveling along the route, therefore, the mean transportation time can easily be calculated. 
Additionally, a distribution of how often an AGT will have its starting point at each one of the 
three positions is included in calculations. This distribution, along with the number of pallets to 
be transported, is included in a linear equation. The equation is developed from a set of mean 
transportation times from each position respectively (1, 2 and 3), to each machining cell, as 
well as from each machining cell, to the buffer. 
 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑡𝑡𝑡𝑡 =
∑(𝑣𝑣𝑡𝑡𝑣𝑣𝑇𝑇𝑣𝑣𝑇𝑇𝑇𝑇𝑣𝑣 ∗ 𝑑𝑑𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑣𝑣𝑡𝑡(𝑃𝑃𝑃𝑃) ∗ 𝑑𝑑𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑡𝑡𝑇𝑇𝑏𝑏𝑡𝑡𝑡𝑡𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝑃𝑃𝑃𝑃))

3
 

 
The CM is structured as in Figure 15 below and is built during an iterative process of data 
collection, inspections, interviews, discussions, cross-functional meetings, and creation of the 
DES model at the case company. As shown in the description below, there are no sustainability 
aspects involved in the improvement project directive, DES project objective, model content, 
or in the inputs or outputs of the model. Findings from case study investigations suggests that 
“It would be valuable to include sustainability aspects at conceptual modeling during DES 
projects” – Department Manager Production Engineering.  
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Figure 15 - An illustration of the CM from the DES model at the case company. 
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5. ANALYSIS 
This section presents the answer to the four research questions. The research questions are 
answered by comparing and analyzing the empirical data and theory. The data are analyzed 
within the field of each research question and will be the foundation to the proposed 
conclusions in the next chapter.  
 
5.1. The importance of aligning sustainability and operational goals  
Bellgran and Säfsten (2010) point out that every manufacturing company needs to work with 
production system development to stay globally competitive. They explain that this could be 
done by working in a structured way and by applying methods and tools (Bellgran & Säfsten, 
2010). These methods and tools needs to be fully understood to enable successful development 
of production systems (Bellgran & Säfsten, 2005), and they need to fit into a bigger picture 
(Shao, et al., 2017). At the case company production site, there is great awareness about the 
importance of continuous improvements of production systems and processes. Therefore, 
several improvements projects are conducted on a continual basis, with purpose to support the 
organizations’ strive to retain and gain competitive advantage, and its goal to satisfy customer 
demand. These improvement projects are most often governed by a project model. Overall, the 
case company emphasizes the importance of aligning their everyday activities with the strategic 
objectives and goals on corporate level, and management requirements determine how projects 
will align with corporate strategy. Since both sustainability and operational goals are part of the 
competitive priorities of the organization, this emphasizes the importance of aligning both 
sustainability and operational goals in improvement projects throughout the organization. 
 
The focus when developing production systems has changed a bit in recent years and Yuan et 
al. (2012) points out that the development of sustainable production systems has attracted more 
attention, this to improve the economic performance, to positively affect the environmental 
impact of manufacturing industry and to improve the competitiveness (Shao, et al., 2017; 
Winkler, 2011; Yuan, et al., 2012). Additionally, manufacturing companies should be aware 
that investing in sustainability may not lead to immediate reduction of manufacturing costs, but 
may attract customers with sustainability in mind (Adebanjo, et al., 2016), and that this will 
strengthen the competitiveness of the company over the long term. All except one of the 
interview respondents believe in a positive correlation between the practice of sustainability 
and gained competitiveness. Notably however, is that none of the interview respondents 
mentioned the case company’s environmental vision; to become ranked as market leader in 
terms of environmental care, and four interview respondents mentioned the company vision of 
becoming market leader in terms of quality and delivery. This evidence may suggests a 
misalignment between operational and sustainability priorities during production system 
development at the production site. 
 
Scientific evidence indicates that social and environmental sustainability must be given equal 
priority and be placed alongside the traditional goals as there is operational, competitive and 
economic gaining in this (Galeazzo & Klassen, 2015). In spite of this congruence, sustainable 
practices were not evident in regards to the Discrete Event Simulation (DES) case at the 
company. The aim of the DES project was to dimension the material handling system for a 
department. Notably, only the human and economic dimensions were included at conceptual 
modeling in this DES case. Interestingly enough, Jasiński et al. (2016) and Bergenwall et al. 
(2012) identified a phenomenon for how companies in automotive industry seem to operate in 
practice in regards to sustainability, namely that many manufacturers fail to consider all three 
dimensions of sustainability simultaneously during development of production systems. This 
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phenomenon seem to have had an occurrence in the DES project at the case company. On the 
other hand, it is not too surprising that the company focus is more on operational goals during 
development of production systems, as these are considered to have the greatest contribution to 
customer satisfaction and increased capital. The lack of DES experience at the production site 
may be an additional reason to why no evident alignment of sustainability and operational 
goals could be identified at conceptual modeling in the DES case. This may raise a question 
about whether findings at this specific production site are representative and generalizable. 
Nonetheless, learning outcomes from the case study indicate that there is an opportunity for the 
company to introduce a conceptual modeling framework that creates alignment of 
sustainability and operational goals in DES. To stay competitive in today’s market 
manufacturing companies require equal focus on all three dimensions of sustainability and on 
the traditional operational goals (Brettel, et al., 2014; Herrmann, et al., 2014; Kiel, et al., 2017; 
Kiron, et al., 2012).  
 
Two interview respondents believed that the environmental dimension of sustainability could 
be included in earlier stages of improvement projects (such as the DES case), along with 
traditional operational goals. By aligning sustainability and operational goals already in the 
early stages of improvement projects, empirical evidence indicates that this could influence the 
competitiveness of the company. Figure 16 illustrates how the alignment between sustainability 
goals (green) and operational goals (blue) potentially could affect the competitiveness of a 
manufacturing company.  
 

 
Figure 16 - Degree of alignment between sustainability goals (green) and operational goals (blue). 

5.2. Including sustainability goals in a conceptual model 
Lately, it has become mandatory for manufacturing companies to focus more on sustainability 
and to develop sustainable production systems (Yuan, et al., 2012). Literature about 
sustainability is a nascent field, and much remains to be known. None of the Conceptual 
Models (CMs) found in literature present or describe how it would be possible to include 
sustainability in a CM, this despite that DES, optimization and modeling has been identified as 
a key enabler for higher levels of sustainability (SMLC, 2011).  
 
As aforementioned, the aim of the DES project in the case study was to dimension the material 
handling system for a department. However, only human dimensions (such as knowledge and 
safety) was treated in this case. This indicates that there is a need for more sustainability 
dimensions when developing production systems. As mentioned in the limitations of this thesis, 
only the environmental dimension of sustainability will be further discussed.  
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To contribute to increased assessments of sustainability when developing production systems 
Joung et al. (2013) have categorized indicators for sustainability based on the National Institute 
of Standards and Technology’s structure. This list contains five dimensions of sustainability, 
namely: environmental stewardship, economic growth, social well-being, technological 
advancement and performance management. The environmental dimension of Joung et al. 
(2013) is the sub-categorization of environmental stewardship, these are; emissions, pollution, 
resource consumption and natural habitat conservation. Kluczek’s (2017) environmental 
dimensions of sustainability are similar to Joung et al. (2013). They present the environmental 
dimensions as: solid waste; energy intensity; dust reduction; raw material consumption; 
reduction in greenhouse gases and prevention of pollution. All of these indicators from Joung 
et al. (2013) and Kluczek (2017) are of course interesting when developing production systems, 
but not all of them is applicable in DES and in a CM. The environmental dimensions from 
Joung et al. (2013) and Kluczek (2017) are listed in Appendix 8.2, together with other studies 
from authors that examine the possibility of including different environmental dimensions in 
DES. Kim et al. (2014) use DES to track the concentration of hydrogen chloride and dust in the 
air, this indicates a possibility to track other emission in DES. Studies also show that it is 
feasible to track greenhouse gases (Fichtinger, et al., 2012; Marcilio, et al., 2018) and carbon 
emissions (Cao & Hongcheng, 2014; Do, et al., 2016; Fichtinger, et al., 2012), and therefore 
opens up the possibility to track other pollutants as well. Another relatively common 
environmental dimension is energy usage or energy consumption (Herrmann, et al., 2011; 
Johansson, et al., 2015; Kuhl & Zhou, 2011; Seow & Rahimifard, 2011). These studies have 
proven that it is possible to use DES to track energy usage of machines and processes. By 
tracking energy, researchers track a consumption of resource, so why wouldn’t it be possible to 
track other resources such as water, material and land? Wohlgemuth et al. (2006) have already 
used material flow analysis with DES to examine the environmental impacts. The last category 
is Natural Habitat Conservation and the combination of either biodiversity and habitat 
conservation with DES has not been found in literature, therefore it is not illustrated how these 
factors would be included with DES. Some of these environmental dimensions were also 
identified during the case study and in interviews at the case company, but none of these 
dimensions were considered in the DES case. The project subject to the case study was 
governed by a project model which implied consideration of environmental dimensions in other 
project phases; however, the comprehensive consideration of social, environmental and 
economic dimensions during DES projects is still to be realized at the production site. A first 
step in this process could examines further details on how the material handling case affected 
energy consumption at the production department, aided by DES.  
 
As seen in Appendix 8.2, researchers indicate that tracking emissions, pollution and resource 
consumption is feasible in DES, which also makes it possible to include these in the CM. 
Robinson (2008a, 2010) does state that a “right CM” does not exist and for that reason, there 
will not be a “right” number of environmental dimensions to include in the CM either. To 
support modelers in the assessment of suitable environmental dimensions to include in a CM, it 
would be suggested to use sustainability strategies in combination with the environmental 
dimensions to discuss and elaborate on the environmental dimensions further. McDonough and 
Braungart (2008) present four excerpts out of the eight Hannover Principles that may be 
applicable to conceptual modeling in DES. Datschefski (2008) propose five holistic questions 
to ask as check-up to strive towards a sustainable production, and Despeisse and Evans (2012) 
propose a list of tactics to use to link sustainability concepts and operational practices regarding 
resource efficiency, these may also be used as support at conceptual modeling in DES. 
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5.3. Including operational goals in a conceptual model 
Findings in literature suggest a variety of measures and indicators of production system 
performance that can be addressed in DES, such as: utilization of resource, labor, and 
machines; throughput under peak and average loads; queuing at work locations; queuing and 
delays caused by material-handling devices and systems; system cycle time (how long it takes 
to produce one part); work in progress storage needs; bottlenecks and choke points; 
effectiveness of scheduling systems; staffing requirements; and effectiveness of control 
systems (Banks, et al., 2005) and the target-oriented process of optimization can also be 
applied to DES for optimizing e.g. quality, costs, effectiveness or efficiency (Domschke et al, 
2008). As for operational goals that are directly applicable in a CM, Robinson (2008b) suggests 
a few; throughput, lead-time, produced products, and cycle time. 
 
Since DES can be used as a tool in production systems development (Banks, 2005; Bellgran & 
Säfsten, 2005) applicable operational goals for conceptual modeling are selected primarily 
from this comprehensive development perspective. Additionally, if this is tied together with 
Robinson’s (2008b) claim that modeling objectives should relate to fulfillment of overall 
organizational goals, it seems even more relevant to consider production system development 
aspects at conceptual modeling. From the perspective of production system development, 
Bellgran & Säfsten (2005) suggests that production strategies can be used as support for system 
designers in terms of showing the properties that needs to be considered when developing the 
system, such as; production process (process type, layout, technology level), capacity 
(amount/volume, point of procurement), plant (geographical position, focus), vertical 
integration (direction, extent, relation), quality (definition, role, responsibility distribution, 
control), organization and working force (structure, responsibility distribution, competence), 
production planning and control (choice of system, stock size). Further, Bellgran’s (1998) 
categorization of system factors to consider in production system development are production 
technology, material supply, plant and equipment, financial factors, organization and staff, 
working environment, market factors, company factors and product concept.  
 
However, not all of the above mentioned factors of production system development are 
applicable to a CM, therefore; empirical evidence serves as an example of variables that can be 
applied directly at this phase of a DES study. Nonetheless, it is important to keep the 
comprehensive and holistic view of production system development when conducting a DES 
study (Shao, et al., 2017). For the DES case, the following operational goals are applied at 
conceptual modeling: process time, availability, automation levels, product and material flows 
(one piece), internal transports (number of Automated Guided Trucks (AGT), transport times 
and routes), production capacity, disturbances (mean time to repair, change-overs (time and 
frequency), AGT safety), quality (defect products), product demand (volume), work-shifts 
(planned production time), utilization (machines and AGT), flexibility (alternative production 
flows), work in progress (within transport system), product mix and variants, material supply 
(frequency of arrival/departure, volume), buffer (physical position) and efficiency of AGT 
transport system. 
 
In summary, the following operational goals could be included in a CM: quality and design; 
throughput; production layout and flow; automation levels; production volume, cycle times; 
lead times and change-over times; material handling; buildings and plant properties; storage 
and stock; capacity; price and costs, see Appendix 8.3. 
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5.4. Aligning operational and sustainability goals in a conceptual model 
As aforementioned, benefits in terms of improved competitive positioning can be achieved by 
simultaneous consideration of sustainability and operational goals during production system 
development. According to Robinson’s (2008b), a DES model can contribute to the overall 
goals of the organization and empirical evidence suggests an existing link between creating a 
good CM, containing both sustainability and operational goals, and achievement of 
sustainability and operational goals on production site level. Both case study findings and 
literature (Ahmed et al., 2014; Arbez and Birts, 2011; Chwif, 2013; Furian, et al., 2015; 
Haydon, 2011; Robinson, 2008a; Wang and Brooks, 2011) indicates that a well performed CM 
will contribute to successful achievement of DES model objectives, and that successful 
achievement of these objectives will contribute to fulfillment of general project objectives. 
Seemingly, successful fulfillment of general project objectives will satisfy the need to change 
in accordance to customer demand, and production site goals can thus be fulfilled. The 
suggested link is illustrated in Figure 17. 

 
Figure 17 - The effects of a well performed CM. 

The interrelations of sustainability and operational goals are additional reasons to consider 
them jointly in a CM. To provide decision guidance and prepare the analysis for sustainable 
manufacturing, modelers need to identify relationships between these indicators (Shao et al, 
2017). However, manufacturing companies targeting improved sustainability performance 
often fail to take into account the effect of these interactions (Smith & Ball, 2012). For 
example, sustainability and operational goals are naturally connected through the economic 
dimension, which is also connected to DES, and Johansson et al. (2015) and Seow & 
Rahimifard (2011) claims that potential economic savings, in terms of energy efficiency, can 
be visualized through DES. Further, Wilson et al. (2015) states that deployment of DES in 
sustainable production system development can lead to better energy efficiency, improved 
competitiveness and productivity, as well as to reduction of manufacturing costs. To reach a 
higher level of sustainability in manufacturing, the use of DES, optimization and modeling has 
been identified as a key enabler (SMLC, 2011). In spite that these companies has embraced 
DES for nearly two decades, it is only recently that conceptual modeling has been under the 
loupe in manufacturing companies (Ahmed et al., 2014; Furian, et al., 2015). According to 
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Shao et al. (2017), traditional operational performance indicators need to be considered along 
with sustainability in DES. Therefore, it would be possible to claim that this also applies to 
conceptual modeling. With regards to how this can be realized in practice, there is notable 
scarcity of suggestions found in literature.  
 
In light to this, a framework for conceptual modeling is constructed based on Robinson’s 
(2008a) approach, as an attempt to help manufacturing companies overcome barriers of 
including sustainability and operational goals in DES. This framework is created with the help 
of the “iterative waterfall” (Haydon, 2011), and is structured in accordance to Robinson’s 
(2008a) approach to a CM, containing problem situation, general project objectives, modeling 
project objectives, outputs, inputs and model content (Robinson, 2008a). When creating the 
suggested framework, Robinson’s (2008b; 2010) claim is considered, namely that there is no 
“right CM” and that conceptual modeling is an art based on experience more than a science. 
Karagöz and Demirörs (2011) and Robinson (2010) also add that a DES project involves 
different people with preferences and perception of requirements for the DES model, and it is 
important to understand the problem that is going to be solved through DES. Therefore, the 
modeler needs to develop an understanding of the problem by asking all the questions that 
come up along the way (Robinson, 2008b). On the other hand, Shao et al. (2017) states that 
having knowledge is not enough; it needs to fit into a bigger picture where KPIs for both 
conventional and sustainability priorities are identified and included, such as cycle time, cost, 
quality, throughput, emission, pollution, and resource consumption. Here is where the 
suggested framework attempts to aid modelers in the process of including these issues jointly in 
a CM.  
 
Indicators found in empirical evidence are suggesting a need for involvement of sustainability 
along with operational priorities at the early stages of production system development and in 
DES. Therefore, the conceptual modeling framework presented in Figure 18 provides an 
approach to how sustainability and operational goals could be aligned at the conceptual 
modeling phase of a DES study. Summaries of sustainability and operational goals, that may be 
suitable to include in a conceptual model, have been drawn from literature focusing on 
production system development and DES, as well as from empirical evidence. These 
summaries are illustrated in Appendix 8.2 and Appendix 8.3. In regards to alignment of 
sustainability and operational goals in the suggested CM framework, Appendix 8.2, Appendix 
8.3 and strategies in Chapter 5.2 could help modelers to assess suitable goals for a specific DES 
project. 
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Figure 18 - Aligning sustainability and operational goals in a CM. 

As for modeling objectives, these are the key factors contributing to an adequate model and 
fulfillment of the general objectives and organizational goals (Robinson, 2008b). In light of 
this, it would be possible to claim a need of aligning sustainability and operational goals in the 
modeling and general objectives, so that sustainability and operational goals can be pursued on 
organizational level; the design of the suggested conceptual modeling framework provides this 
opportunity. 
 
In pursuance of DES modeling and general objectives, model content such as; products in the 
factory, engines, components, operations, machines, lines in the factory, buffers, conveyors, 
transport systems, queuing areas, operators, tools or trucks (Robinson, 2008), will need to be 
considered from both a sustainability and an operational perspective. As for input, this is the 
data that is inserted into the DES model and that is needed to generate the outputs and 
objectives of the study. Understandably, if outputs include sustainability and operational 
requirements, the inputs also need to include sustainability and operational variables.  
 
When contemplating the applicability of this framework in DES projects such as the one at the 
case company, empirical evidence indicates an unlocked potential. Firstly, the company’s 
current environmental policy states that sustainability should apply to all areas of the company 
and to all individuals, and implementation of this framework in DES projects would be a way 
for the production site to comply with this policy in DES projects. Secondly, the environmental 
policy states that the company should strive towards gained competitive advantage through 
sustainable development; and the goal of the company is to become world-leader in terms of 
environmental care. In this light, implementation of the conceptual modeling framework in 
DES projects at the company could have great potential, since this will be one way to align 
production system development activities with the overall goals of the organization. 
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6. CONCLUSIONS AND FURTHER RECOMMENDATIONS 
In this chapter, conclusions are drawn upon the analysis of empirical and theoretical evidence 
presented in earlier chapters of this thesis. In addition, recommendations for further research 
are presented in the final section of the chapter.  
 
The purpose of this thesis was to examine the alignment of sustainability and operational goals 
in conceptual modeling during production system development. Earlier research has shown that 
increased competitiveness for manufacturing companies may be achieved through the 
alignment of operational and sustainability goals in Discrete Event Simulation (DES) projects. 
Despite of what is known; two crucial limitations to current knowledge regarding this issue 
were identified. First, the simultaneous analysis of operational and sustainability goals seldom 
occurs in production system development. Second, there remains limited understanding on how 
to include operational and sustainability goals when first developing a DES model, especially 
at conceptual modeling. In order to examine the suggested gap in research and the 
misalignment mentioned above, a case study was conducted within the Swedish automotive 
industry. As guidance in this work, four research questions were formulated and answered: 
 

RQ 1:  Why is the alignment between sustainability and operational goals important 
in development of production systems? 

 
RQ 2: What sustainability goals may be included in a conceptual model in 

development of production systems? 
 
RQ 3: What operational goals may be included in a conceptual model in development 

 of production systems? 
 
RQ 4: How can operational and sustainability goals be aligned in a conceptual 

model in development of production systems? 
 
6.1. Conclusion 
Theoretical and empirical evidences suggest that economic and environmental benefits can be 
achieved by aligning sustainability and operational goals in early stages of production system 
development. In addition, manufacturing companies can achieve improved competitive 
positioning through simultaneous consideration of sustainability and operational goals during 
production system development. 
 
As for the environmental dimension of sustainability, the goals that could be included at 
conceptual modeling are: pollution; emissions; and resource consumption. The most common 
operational goals for conceptual modeling are: quality and design; throughput; production 
layout and flow; automation levels; production volume; cycle times; lead times and change-
over times; material handling; buildings and plant properties; storage and stock; capacity; price 
and costs. Additionally, the interrelations of sustainability and operational factors need to be 
considered in a comprehensive manner during the simulation process and conceptual modeling. 
At the case company, the first step of realizing the comprehensive consideration of 
sustainability dimensions at conceptual modeling could be to look into details on how the 
material handling case affects resource consumption at the production department.  
 
As a way to address the identified gap in research regarding how to create alignment between 
sustainability and operational goals at conceptual modeling, a conceptual modeling framework 
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that includes both sustainability and operational goals was proposed in the analysis section. 
Empirical evidence indicates an unlocked potential in applying this framework to a DES 
project in the automotive industry. Moreover, the framework may help to create an alignment 
between sustainability and operational goals in production system development, and thus 
contribute to fulfillment of organizational goals and increased competitive advantage. 
However, more research is needed within this field in order to determine the effects that can 
derive from the implementation of the CM framework during DES in automotive industry.  
 
6.2. Recommendations for further research 
As aforementioned, solving the issue of misalignment between sustainability and operational 
goals in conceptual modeling has important consequences to achieving manufacturing 
competitiveness. Conceptual modeling serves as a crucial link between a DES model and 
engineering activities in improvement projects and is the most important part of any successful 
DES study. To develop the suggested conceptual modeling framework further, the social and 
economic dimensions of sustainability need to be examined and included in the framework. 
This may contribute to a comprehensive and holistic view on sustainable production system 
development through DES. Moreover, it would also be recommended to test and evaluate the 
suggested framework in a DES project within automotive industry.  
 
The generalizability of the findings in this thesis is limited by the use of the single case study 
method and due to the fact that DES is not yet a well-established tool at the production site. 
Since only one case has been examined, the results of the study cannot be entirely accepted as a 
general truth for all DES projects in automotive industry. Therefore, a recommendation for 
further research is to perform additional case studies within automotive industry in regards to 
the topic of aligning sustainability and operational goals at conceptual modeling in DES. These 
case studies may be performed with focus towards how suppliers of e.g. production equipment 
are aligning sustainability and operational goals at conceptual modeling during DES projects. 
DES is, according to the manufacturing company subject to the case study, well-established in 
the production system design process at their suppliers of production equipment. By 
performing additional studies of DES projects at these suppliers, historical and valuable data 
could be collected and analyzed, in order to identify patterns for how sustainability and 
operational goals have been aligned at conceptual modeling. 
 
Despite the contributions to academia and manufacturing practice that this thesis work has 
provided, there are still additional work to be performed within the area of improving the 
performance of production systems with regards to both sustainability and operational goals. 
Alignment of sustainability and operational goals has far reaching implications to the 
development of production systems and the suggested framework for conceptual modeling only 
provides a small piece of a big puzzle. For manufacturing companies, the course of pursuing 
sustainable production system development with the help of DES is still not as evident 
compared to the more common business objectives. Hence, a recommendation to further 
research is to investigate and develop additional tools, principles or practices that can help 
manufacturing companies to become more sustainable and competitive. 
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8. APPENDICES 
8.1. Interview questions 

What is your role at the company? 

• How long have you been in this position? 
• To what degree does sustainability influence your current role? 

What are the company’s sustainability and environmental strategies and values? 

• How are these measured? 

We are also interested in sustainability, in what way is sustainability integrated in the 
sustainability and environmental strategies and values? 

What sustainability and environmental goals does the company work towards? 

What is your picture of how the company lives up to its sustainability and environmental 
strategies and values? 

• Does this depend where in the organization you look? In different levels etc. 

What is your opinion regarding the relationship between sustainability and competitiveness in 
the automotive industry, today and future? 
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8.2. Sustainability goals for conceptual modeling 

Sustainability goals for conceptual 
modeling 

Joung 
et al. 

(2013) 

Kluczek 
(2017) 

Kim et 
al. 

(2014) 

Fichtinger et 
al. (2012) 

Marcilio et al 
(2018) 

Cao & 
Hongcheng 

(2014) 
Do et al. (2016) 
Fichtinger et al. 

(2012) 
 

Herrmann et al. 
(2011) 

Johansson et al. 
(2015) 

Kuhl & Zhou 
(2011) 

Seow & 
Rahimifard 

(2011) 

Wohlgemuth 
et al. (2006) 
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te
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ie

w
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D
ES
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Em
is

si
on
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Effluents X         
Solid Waste emission X X      X  
Air emission x  X X    X  
Waste energy emission X         

Po
llu

tio
n 

Hazardous substances X       X  
Greenhouse gases X   X    X  
Carbon emission     X   X  
Ozone depleting gases X         
Other pollutants X  X     X  
Pollution prevention  X        

R
es

ou
rc

e 
co

ns
um

pt
io

n Water use X       X  
Material use X X     X X  
Energy use X X    X  X X 
Land use X         

N
at

ur
al

 
H

ab
ita

t 
C

on
se

rv
at

io
n 

 

Biodiversity X       
 

 

Habitat conservation X       
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8.3. Operational goals for conceptual modeling 

Operational goals for 
conceptual modeling 

Bellgran 
(1998) 

Bellgran 
& Säfsten 

(2005) 

Banks 
et al. 

(2005) 

Robinson 
(2008b) 

Domschke 
et al. 

(2008) D
ES

 C
as

e 

Utilization of resource, 
labor, and machines   X   X 

Throughput under peak 
and average loads   X X  X 

Queuing at work 
locations   X    

Queuing and delays 
caused by material-
handling devices and 
systems 

X  X    

Work in progress 
storage needs X  X    

Bottlenecks and choke 
points   X   X 

Effectiveness of 
scheduling systems   X    

Staffing requirements X  X    
Effectiveness of control 
systems X  X    

Production layout and 
flow X X    X 

Automation levels X X    X 
Technology levels  X     
Flexibility X      
Production volumes; 
one-piece or batch X   X  X 

Product variants X     X 
Cycle times, lead times 
and change-over times X  X X  X 

Availability and 
dependability X     X 

Distribution of 
production processes X X     

Disturbances X     X 
Modules X      
Sequence of operations X      
Production process 
requirements X X     

Functionality safety – 
equipment X      

Spare parts for machines X      
Tool supply X      
Testing X    X  
Push or pull system X      
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Information systems X      
Material handling 
equipment and material 
handling volumes 

X X    X 

Material and product 
flows X     X 

Queue times, transports 
and transport times X     X 

Store capacity and 
routines X X     

Control of incoming 
material X X     

Quality requirements 
and control of incoming 
goods 

X X   X  

Buildings and plant 
properties X X    X 

Layout planning X X     
Equipment X      
Storage and stock X X    X 
Capacity X X    X 
Staff space X      
Level of investment X    X  
Pay-off times for 
machines/equipment X      

Propositions X     X 
Turnover of staff X      
Costs due to sickness X    X  
Requirements for 
profitability X      

Organization type and 
teamwork X X     

Available staff and 
competence training X      

Level of skill and 
knowledge X     X 

Information X      
Attitudes, creativity and 
willingness to change X      

Safety and protection X     X 
Routines for cleaning 
and inspection X      

New markets and market 
demands X      

Competitors and 
customers X      

Price, stability and 
forecasts X      

Company strategy and X      
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visions 
Resources and 
competence X     X 

Production strategies X X     
Price and costs X    X X 
Quality and design X X   X  
Product mix and product 
complexity X      

Delivery times and 
delivery precision X      

Efficiency and 
effectiveness     X X 

Production planning and 
control  X     
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