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Abstract. This paper presents challenges of using discrete event simulation when 
supporting decision in early stages of production system design, when significant 
changes are introduced. It was based on three real-time case studies performed at 
one manufacturing company during 2014-2016. Challenges in the cases were 
mapped to previous literature, pointing out discrepancies and highlighting three 
additional challenges, specifically related to issues in the early stages of the pro-
duction system design process. The significant change introduced to the assembly 
system, and the early phases of evaluation put significant challenges to the use of 
discrete event simulation and the study points out further efforts needed to sup-
port manufacturing companies under change, with an established industrial struc-
ture and legacy systems to consider. 
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1 Introduction 

As manufacturing companies currently meet major change drivers in terms of digitali-
zation, technology development, sustainability and market behavior, many production 
systems need to deal with significant changes in terms of product portfolio, volumes, 
and its role in the value chain. In addressing these significant changes, modeling and 
simulation is a fundamental concept for analyzing behavior and performance in a future 
setting, and in the area of production system design, literature and practitioners have 
for long underlined the benefits of discrete event simulation (DES) [1],[2],[3]. DES 
involves the modeling of a series of events when state changes occur at discrete points 
in time [3], and is used for decision support in production system design because of its 
ability to evaluate change dynamically [4],[5]. DES is suggested to create knowledge, 
generate understanding, visualize results, and communicate production system design 
decisions across different functions within a manufacturing firm [6]. The further devel-
opment of streamlining simulation-based production systems engineering based on in-
put data from digital twins is a current strong development [7].   
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However, research has long indicated the limited use of DES at manufacturing com-
panies [8] where specific challenges have been pinpointed. As the DES use can be sep-
arated into the three model process phases of design, development and deployment [3], 
challenges have been discussed from different perspectives. This identification of chal-
lenges in DES use for decision support has preponderantly centered on difficulties in 
the development phase of DES models. This approach stems from the realization that a 
single DES model is often incapable of supporting all production system design deci-
sions and that detailed questions about a production system’s performance will arise 
during the design process [3]. In line with this, Heilala et al. [10] analyze the support 
of production system design and operations decisions based on DES use. Also, the de-
ployment phase are exposed to challenges due to the need to build trustworthy DES 
models for factory management to commit to production system design decisions. This 
situation underscores the issues that arise when determining which elements of a pro-
duction system to represent when supporting decisions through DES during production 
system design and thereby achieve a successful implementation of DES models [11]. 
In addition, contextual circumstances related to the introduction of significant changes, 
such as the lack of information necessary to commit to decisions during production 
system design, upset the validity of a model and question the credibility of its results 
[12].  

Concluding, current understanding of challenges in DES use for manufacturing ap-
plications has so far focused on the use of DES during the operation of a production 
system or in the final stages of production system design. Thus, the aim of this paper is 
to revisit the challenges of DES use when supporting decision in early stages of pro-
duction system design, when significant changes are introduced. We present empirical 
findings from three real-time case studies performed at one manufacturing company. 
Each case follows early design stages of a production system and where the DES was 
suggested to support design decisions. DES was used in two of the three cases, but in 
one of the cases DES was decided not to be used. The study explores the basis for the 
decisions of using, or not using, DES during the early design stages where, for the com-
pany, new assembly system concepts were to be evaluated. The study contributes to a 
more established scientific fundament in a practitioner’s context, relying on a trial and 
error tradition. It presents live empirical evidence on challenges while using DES in 
early design stages of assembly systems for manufacturing companies with an estab-
lished industrial structure and legacy systems to consider.  

2 Material and method   

Three real-time case studies were conducted at a Swedish manufacturing company from 
the heavy vehicle industry with sites around the globe. Live projects during 2014-2016 
were followed and data were collected during 12 months for Case 1, 14 months for 
Case 2 and for 5 months for Case 3. Data collection for each case included interviews, 
participant observation, company documents, and discrete event simulation models. 
Collected data included five interviews per each case. Interviewees were selected on 
the basis of their participation in each production system design project and included a 
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manufacturing research manager, two logistics developers, two consultants, six manu-
facturing engineers, two project leaders, a manufacturing engineering manager, and one 
assembly system concept owner. Interviewees described the reasons behind the start of 
production system design, and activities in the design of the production system. Finally, 
interviewees reported on the conclusions and consequences of the designed production 
system. Interviews were recorded and transcribed and lasted between 38 to 120 
minutes. Interviewees were individually contacted at a later date, and shown the tran-
scribed texts for approval.  

Additionally, data were collected through participant observation including weekly 
project meetings, workshops, informal conversations, and floor shop visits. Also, com-
pany documents related to each production system design project were analyzed. Col-
lected data included the examination of seven DES models developed in Cases 1 and 3 
which focused on understanding the consequences of introducing production system 
changes during production system design. Data analysis followed three streams of con-
current activities: data condensation, data display, and conclusion drawing [13]. Each 
case was first treated individually as a separate study. Then a cross case synthesis and 
analysis was employed to gain a comprehensive understanding across cases [14]. The 
analysis was based on earlier identified challenges in using DES in manufacturing ap-
plication from [9], [11] and [1]. Conclusions were finalized based on the comparison 
and contrasting of theoretical findings with cross case synthesis. 

3 Discrete Event Simulation in three cases 

All three cases were initiated by a corporate decision to allocate resources and actions 
to the transformation of product-specific assembly systems into multi-product assembly 
systems. The objectives of this transformations are best explained by the manufacturing 
research manager of Case A, “There was the vision to utilize our production system in 
a more efficient way. We believed it was important to make a better utilization of our 
industrial footprint, being closer to customers with standardized production of prod-
ucts.” Design and implementation of multi-product assembly systems was a corporate 
objective included in the manufacturing company’s strategy. 

Case 1 explored the design of a multi-product assembly system where five different 
product families and all variations in each product were to be assembled in one assem-
bly line. This multi-product assembly system included shared technical solutions, as-
sembly processes, tools, assembly operators, and logistics. The aim of this production 
system design project was to increase the flexibility of manufacturing sites in addition 
to meeting the company’s strategic objectives previously mentioned. Five DES models 
were developed during the production system design project.  

Case 2 concerned the design of an assembly system in which powertrains of five 
different product families could be assembled in the same multi-product assembly line. 
When designing the multi-product assembly system, the design project aimed at mini-
mizing product cost and investment levels required to design a multi-product assembly 
system while at the same time complying with the manufacturing company’s strategic 
objectives. In Case 2 DES use during production system design was proposed; there 
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was interest in using DES in the production system design project team, but DES was 
ultimately not used during production system design. 

Case 3 investigated a production system design project that introduced a multi-prod-
uct assembly system to replace the site’s existing product-specific system in which dif-
ferent families of cabs could be assembled in the same line. The designed production 
system aimed to comply with the manufacturing company’s strategic objectives as well 
as the site’s need to increase production system efficiency and reduce assembly line 
space. The production system design project included the development of two DES 
models. Summarizing the findings, Table 1 classifies the identified challenges of DES 
support of production system design decisions for the three cases (C1, C2 and C3) based 
on the three DES model process phases [9]. The list of challenges is put together from 
existing literature [9], [11], [1]. 

Table 1. Empirical identification of challenges of DES supporting production system design de-
cisions in Cases 1, 2, and 3. List of challenges based on [9], [11] and [1]. 

 Challenges of DES supporting production system design decisions C1 C2 C3 
Design Decision support restricted by question specific model formulation.  √ √ √ 

Representation of production system dynamics and complexity    

Validity of a model's detail level  √  

Simplification of production system complexity and factor interdependence   √ 
Non-uniform abstraction level for model simplification √  √ 
Modelling combinatorial explosion of options in a production process    

Incomplete and conflicting production system knowledge √  √ 
Development of simulation and production system knowledge √  √ 
Software diversity and lack of standardization    

Develop-
ment 

Model verification and validation √ √ √ 
Model development time √ √  

Input data collection and its analysis √ √ √ 
Input data availability and quality √ √ √ 

Deployment Model interoperability and information sharing across models √   

DES industry acceptance √ √ √ 
Communication of results for effective decision making √  √ 
Simulation model maintenance    

Consideration of trade-off and non-intuitive decisions   √ 
High cost and low re-usability of models √   √ 

4 Discussion on why, and why not, to use DES 

Identified challenges in DES model design phase.  
The challenges of DES use supporting production system design decisions seen in the 
DES model design phase confirm the importance of the objectives of a model [15]. In 
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all cases identifying the specific questions that a DES model should address was a chal-
lenge. As expressed by the project manager in Case 1, “Are we doing the right thing? 
Should we do it this way? No one really had an answer for that.” This related to speci-
fying the level of abstraction of a model when incomplete and conflicting production 
system knowledge existed [1]. The point in case is described by the manager in Case 3, 
“you can do it in a lot of ways and still get the same result. What should we choose? 
It’s not only about the pieces, it’s the system around you, and finding the right solution 
for you.” This could be explained by the presence of high uncertainties in early design 
phases [16] and the lack of overall comprehension of the intricacies of a production 
system during its design [9]. Specifying what to model and how to do so required the 
assistance of DES experts in all cases. This exposed the lack of resources with the right 
competence to build DES models [11], the absence of standards to aid the development 
of DES models [17], and the dependency on individuals instead of processes to achieve 
DES use during production system design.  

Identified challenges in DES model development phase.  
DES model development in its relation to input data and DES model verification was 
the most frequent of challenges of DES use when supporting production system design 
decisions, a situation consistent with current findings [18]. The reasons behind this 
challenge were related to the absence of a real world from which to draw data and came 
as a consequence of introducing a change that was significantly different from the man-
ufacturing company’s current operations [19]. This issue was increased by the high 
levels of uncertainty, which involve the probability that certain assumptions made dur-
ing design are incorrect or that the presence of entirely unknown facts has a bearing on 
the future of a designed production system [20]. This is instantiated by the project man-
ager in Case 2, “There were many unknowns in this innovative project, which different 
from doing business as usual. We were doing this (transformation) for the first time 
with no recipe.” 

Identified challenges in DES model deployment phase.  
Challenges associated with the deployment of a DES model in support of production 
system design decisions were also present. These were linked to the limited use of DES 
in the industry. Model developers had to continuously show in what ways DES contrib-
uted to the design of production systems [9], as exemplified by the consultant in Case 
2, “There was a need to present simulation testing at very different levels (in the organ-
ization). Simulation is important, but it is really difficult to make a crisp conclusion for 
everyone to see. Especially when so little is known.” Further, communication of DES 
model results required the interpretation of experts, a situation that limited effective 
decision making by project team members [10]. Similarly, the low-reusability of DES 
models was linked to the lack of in-house resources with DES know-how that could 
modify or re-use developed models at later times. 

Discrepancies between challenges in the case studies and earlier literature.  
Empirically not all challenges in DES use outlined in [9], [11] and [1] were detected 
(see table 1), and different levels of concurrence of challenges in DES use existed across 
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cases. The absence of previously identified challenges (Table 1) does not indicate a 
disagreement with extant theory. The dearth of evidence on this matter is explicated by 
contextual circumstances. The absence of challenges regarding representation of pro-
duction system dynamics and complexity, as well as modelling the combinatorial ex-
plosion of options in a production process was a consequence of the choice of what 
production system to model and how to model. DES models incurred in assumptions 
and simplifications that limited the representativeness of complexity and options. Chal-
lenges affecting simulation model maintenance were not discovered as DES models 
were not re-used after presentation of model results had taken place. 

Also, case data show the presence of challenges additional to those specified in lit-
erature when DES supported production system design decisions. First, DES model 
objectives did not establish a direct connection to the high level objectives pursued by 
the manufacturing company. This constitutes a severe challenge to the characterization 
of a production system during its design and the decisions involved [21]. Second, DES 
use was severely limited by the absence of a rigorous production system design process 
with clearly defined milestones for DES use [10]. The project manager in Case 1 ex-
emplifies, “We could not specify an implementation (for DES) at the beginning. We had 
to investigate if it was a good idea first, look into this and start to generate ideas,” and 
a production engineer from Case 2, “Of course we tried to look for benchmarking but 
there are not so many examples in this kind of industry for this type of a change. There 
is actually no case available where you can find something similar.” 

5 Conclusion 

This study revisited challenges of using DES when supporting decision in early stages 
of production system design, when significant changes are introduced. It was based on 
three real-time case studies performed at one manufacturing company during 2014-
2016. Challenges were mapped to previous literature, pointing out discrepancies and 
highlighting two additional challenges, specifically related to issues in the early stages 
of the production system design process. The significant change introduced to the as-
sembly system, and the early phases of evaluation put significant challenges to the use 
of discrete event simulation. Future research efforts are needed support manufacturing 
companies under significant change, with an established industrial structure and legacy 
systems including: (1) model design in terms of alignment to high level business objec-
tives and knowledge, (2) input data and model validation during model development, 
and (3) model knowledge, reuse, and interoperability during model deployment.  
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