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ABSTRACT 
 

In today’s competitive market, a company will not succeed unless they stand out in other 

ways than pure benefits with its products. This can be reached by in some way altering the 

process currently in place. One way, is by introducing process innovation. Advantages related 

to the adoption of process innovation has been found in literature, for example by increase 

competitiveness, increase productivity, and increase plant visibility. However, process 

innovation evokes uncertainty. 

 

Discrete Event Simulation (DES) models has in previous research been suggested as a tool to 

reduce uncertainty at manufacturing companies when they are undergoing changes. However, 

the study of change in process innovation setting has been largely ignored. By acknowledging 

this gap in current research, the aim of this study is to investigate whether the use of DES 

models are able to reduce uncertainties in process innovation. The study is guided by three 

research questions:  

 

1. What are the characteristics of process innovation introduction in a production process 

context? 

2. How is the production process at manufacturing companies affected by process 

innovation related uncertainties? 

3. How can the usage of DES contribute to reduction of uncertainties during the 

introduction of process innovation at manufacturing companies? 

 

In order to answer these questions, a research methodology consisting of a literature review 

and a case study including the usage of DES were applied. In this thesis the case study is 

conducted at a manufacturing company, presented with the goal of making a modification in 

the production. This is done in an attempt to make it more environmental friendly while also 

establish a competitive edge over the rivals. To reach this, an implementation of a process 

innovation technology is under planning, but introducing something new creates numerous 

uncertainties. To be able to implement this process innovation, uncertainty reduction is 

crucial.  

 

By identify literature within the field, and compare with findings from interviews and 

workshops at the studied company, process innovation characteristics and how process 

innovation evokes uncertainties were identified. From the usage DES in this thesis, 

uncertainties were reduced, partly reduced and identified while some uncertainties remain 

unresolved. Moreover, the findings point to the creation of the simulation model working as a 

visualisation of the current production and the possible future, which generates a discussion 

platform for all stakeholders involved. 

 

 

Keywords: Process Innovation, Uncertainty, Discrete Event Simulation, 

Uncertainty Reduction 
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SAMMANFATTNING 
 

I den nuvarande konkurrenskraftiga marknaden har ett företag många utmaningar ifall de vill 

lyckas. Det räcker nämligen inte längre med att ha bra produkter utan de måste också 

förbättras på andra sätt. Ett sätt att uppnå detta på, är att genomföra förändringar i den 

nuvarande produktionen, en metod för detta är introducera en processinnovation på företaget. 

Under detta arbete har fördelarna relaterade till processinnovation upptäckts i befintlig 

litteratur, till exempel genom att ökad konkurrentskraftighet, produktivitet och synlighet för 

fabriken. Dessvärre framkallar implementeringen av en processinnovation osäkerheter. 

 

Diskret händelsesimulering (DES) modeller har i tidigare forskning föreslagits som ett 

verktyg för at minska osäkerheter i tillverkningsföretag, medan de planerar att genomgår en 

förändring. Forskning om hur simulering hanterar fabriker som genomgår en 

processinnovation har i hög grad ignorerats. De här studien har för avsikt att undersöka just 

det området där nuvarande forskning brister, nämligen om ifall DES modeller kan minska 

osäkerheter i processinnovationer. Tre forskningsfrågor har tagits fram för att styra arbetet: 

 

1. Vilka kännetecken har introduktionen av processinnovation i en produktionsprocess 

kontext? 

2. Hur påverkas produktionsprocess hos tillverkande företag av de osäkerheter som 

processinnovation medför? 

3. Hur kan DES användas för att bidra till minskandet av osäkerheter i tillverkande företag 

som introducerar processinnovation? 

 

För att besvara dessa frågor genomfördes an litteraturstudie och en fallstudie som innehöll 

simulering. Fallstudien som utfördes på ett tillverkningsföretag som är i planeringsstadiet för 

att införa en processinnovation. Innovationen har för avsikt att göra produktionen mer 

miljövänlig och samtidigt skapa en fördel över konkurrenterna. Nuvarande planering är fylld 

av osäkerheter eftersom tillägget av någonting nytt alltid gör det. Därför är reduceringen av 

osäkerheter avgörande för att en implementering ska kunna genomföras 

 

Genom att identifiera forskning inom området, och jämföra den med resultat från 

företagsrelaterade intervjuer och workshops, identifierade kännetecken på processinnovation 

och hur processinnovation skapar osäkerheter. Genom att använda DES i examensarbetet, 

minskades antalet osäkerheter, till fullo och delvis, och nya osäkerheter identifierades.  

Dessutom visar resultat på studien att simulering kan användas som ett visualiseringsverktyg 

för att skapa en diskussionsplattform angående framtida förändringar i produktionen. 

 

 

Nyckelord: Processinnovation, osäkerheter, DES, minska osäkerheter  
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1. INTRODUCTION 

This chapter presents the background for this thesis, the problem formulations, and the aim of 

the study. Three research questions will be established, and lastly the limitations of the 

project.  

1.1 Background 

The competitive market of industries in the manufacturing business today fosters product 

innovation; new products that makes companies successful in their market. However, after a 

certain period, competitors can produce similar products at the same or lower cost. This force 

manufacturing companies to seek additional competitive advantages. One way to reach a 

competitive edge is to formulate a sustainability-related manufacturing strategy, that increases 

plant visibility and environmental practices and outcomes (Galeazzo & Klassen, 2015). 

Furthermore, it focuses on new process technology that can provide protection from imitators 

(Pisano, 1997). When companies investigate options of new and unfamiliar technologies for 

their manufacturing processes, which will lead to a competitive advantage, accuracy when 

comparing these technologies becomes challenging due to limitations in their process 

specification (Milewski, et al., 2015). In addition, the implementation of new technologies 

depends on the fit between the new processes and technologies and their ability to harmonise 

with the current capability of the system (Damanpour & Aravind, 2012). Successful 

implementation of new technologies and processes, often referred to as innovations, nurtures 

employee knowledge necessary for manufacturing companies to retain customers (Larsson, et 

al., 2015). Additionally, benefits of introducing successful innovation in a production system 

include producing newly developed products, attaining efficiency gains, reducing time to 

market, and creating strong competitive barriers that lead to an increased market share 

(Wheelwright, 2010). 

 

To achieve competitiveness, process innovation is prioritised for a manufacturing plant. 

Process innovation has been defined as the process of going through technological and 

organisational change (Reichstein & Salter, 2006), and involves developing a firm’s 

manufacturing processes (Frishammar, et al., 2013). Process innovation requires both 

organisational and technological changes, and is an important source of increased productivity 

in a firm. This process can also support firms in gaining a competitive advantage, and 

facilitating the introduction of equipment, new management practices, and changes in the 

production process (Reichstein & Salter, 2006). The process innovation capability in a firm is 

understood as the ability to acquire, assimilate, transform, and exploit technically related 

resources, procedures, and knowledge for process innovation purposes (Frishammar, et al., 

2012). In spite of the benefits associated to the implementation of process innovations in a 

production system, research has been quick to point out the challenges associated to the 

presence of uncertainties that affect the characterisation of a production system and its 

performance (Wheelwright, 2010; Colarelli O'Connor & Rice, 2013; Parida, et al., 2016).  

 

A change in technology requires companies to have a formal work process (Frishammar, et 

al., 2012), and specifications of production needs (Frishammar, et al., 2013). However, high 

amount of uncertainties is common in process innovation projects, and is one of the biggest 

issues for manufacturing companies (Parida, et al., 2009). Furthermore, manufacturing 

companies underprioritise the importance of uncertainty when introducing process innovation 

in a production system as past research has shown the lack of agreement on uncertainty as a 

significant issue in this context (Schmolke, et al., 2010).  
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Uncertainty has been defined as “…the difference in the amount of information needed to 

perform the task at hand, with the the amount of information already processed” (Galbraith, 

1973, p. 5). Thus, addressing uncertainties related to the introduction of process innovation at 

manufacturing companies is considered a means to secure the long term benefits pursued by 

innovative changes to a production system (Carrillo & Gaimon, 2002). 

 

To better support the introduction of changes and address issues related to the presence of 

uncertainties in a production system, research has considered the use of simulation. Although 

many approaches exist, Discrete Event Simulation (DES) is frequently used to support these 

needs (Jahangirian, et al., 2010). DES allows for experimenting with the effects of changes in 

an existing or proposed production system without the need of physical testing, fosters the 

participation of project stake holders (Law, 2009), and helps with the qualitative and 

quantitative analysis of production system changes (Eldabi, et al., 2002).  

1.2 Problem formulation 

Research effort has been spent in understanding the causes and consequences of process 

innovation (Frishammar, et al., 2012) and managing uncertainties in this context (Frishammar, 

et al., 2011). However, the current understanding that leads to securing a competitive 

advatage, as proposed by Reichstein & Salter (2006), remains limited.  

 

First, there exist a need to investigate the characteristics of process innovation in a production 

process. As the topic is being treated as an outcome of previous product innovation at firms to 

stay competitive (Pisano, 1997; Reichstein & Salter, 2006), little is mentioned about other 

driving forces for process innovation. Some cases have shown where focus groups in 

organisations indentify areas of improvement solely on the production system, but mostly, 

process innovation is seen as an opportunity for improvements when introducing a new 

product (Bellgran & Säfsten, 2005). In a manufacturing context, other incentives need to be 

highlighted and connected to previous research, as well as required features for a successful 

implementation.  

 

Second, it is also important to specify the manner in which products and the production 

process are affected by uncertainties related to process innovation. Literature suggests sources 

of uncertainty (Downey & Slocum, 1975; Tushman & Nadler, 1978) and how to reduce them 

(Galbraith, 1973; Daft & Lengel, 1986; Ragatz et al., 2002; Brettel et al., 2014), but the 

interrelations between uncertainties in process innovation and its impact on the production 

process remains hidden. Furthermore, research emphasise an interdependencie between 

process innovation and product innovation (Reichstein & Salter, 2006), but how companies 

cope with process innvation when it comes without any change in the product has not been 

considered. This also suggest a gap when companies try to find guidelines for process 

innovation, its implementation, and its impact on existing products and the production. 

 

Third, although research has shown the use of DES when reducing uncertainties during the 

introduction of change at manufacturing companies (Oberkampf, et al., 2002; Banks et al., 

2005; Law, 2009; Jahangirian et al., 2010) the study of change in a context of process 

innovation has been largely ignored. Thus, it is important to draw attention to this unexplored 

field, especially since DES as a tool can help manufacturing companies (Jahangirian, et al., 

2010), just as process innovation (Pisano, 1997; Bellgran & Säfsten, 2005; Reichstein & 

Salter, 2006; Wheelwright, 2010). DES models can be used for dealing with changes (Law, 

2009), but whether simulation supports reduction of or enforces uncertainties has not been 

discussed.  
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1.3 Aim and Research questions 

The aim of this study is to investigate how DES can be used to reduce uncertainty in the work 

of implementing process innovation at manufacturing companies. By looking at process 

innovation characteristics from a production standpoint and considering existing products in a 

production system, this study focuses on the uncertainties that come as a consequence of 

process innovation. 

 

1. What are the characteristics of process innovation introduction in a production process 

context? 

2. How is the production process at manufacturing companies affected by process 

innovation related uncertainties? 

3. How can the usage of DES contribute to reduction of uncertainties during the 

introduction of process innovation at manufacturing companies? 

1.4 Project limitations 

This thesis research scope focuses on the areas process innovation, uncertainty, and discrete 

event simulation, illustrated in Figure 1. By realising that process innovation evokes 

uncertainty, the scope narrowed down to what technique or tool that potentially could reduce 

the uncertainty. When skimming through literature, DES emerged as one way to reduces 

uncertainty, which lead to the question of whether DES could enable process innovation. 

 

 
Figure 1 - The relationship between process innovation, uncertainty, and DES. 

Empirical data supporting this thesis is based on a single case study at a Swedish 

manufacturing company. An ongoing process innovation project has been studied. The case 

study included the pre-treatment area of a paint shop, one section of the production with 

several needs of process innovation due to environmental concerns. The evoked uncertainties 

in the case study, caused by the process innovation, are deeply connected to the specific stage 

of the project. Thereby, caution when generalising identified uncertainties is recommended.  

 

DES was used in this thesis to the section of the pre-treatment where a new chemical was 

about to be introduced. By using DES, experiments on different process setups were 

investigated and evaluated, to reveal how small changes in a process could affect the section.  

However, the study cannot tell whether later discovered uncertainties could be reduced by 

using DES.  
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2. RESEARCH METHOD 

This chapter describes the research method of this study. Firstly, the process of research is 

described. Then, literature review, case study, and simulation are explained. Afterwards, the 

data collect and data analysis techniques used are presented. 

2.1 Research Process 

To respond to the aim of the study a research process has been followed. The aim of the study 

is to investigate how DES can be used to reduce uncertainty in the work of implementing 

process innovation at manufacturing companies. The research process started with a review of 

literature. The reviewed literature was based on keywords from production processes, product 

development, and the manufacturing field. A connecting point was found in process 

innovation, which has strong influence on the products in the process, as well as being a 

source of uncertainty. Due to previous experience of DES, and understanding of its benefits 

for future visions before implementation, the case company was selected that had need of 

making process innovation and required simulation for making decisions. Once understanding 

of literature emerged, a problem of interest and research questions, related to this problem, 

were formulated. A case study was selected for the ability to answer both “what” and “how” 

questions in a real-life context (Yin, 2009), and data collection as well as development of a 

DES model followed. 

 

As visualised in Figure 2, the process steps worked in parallel for the major part of the thesis. 

The introduction of the case study evoked further questions that contributed to the framework 

of the literature, and the simulation contribute to understanding of literature within the field. 

Also, worth highlighting, is the iterative process between stakeholder from the studied 

company and the simulation, which continuously gave confirmation to the simulation 

progress.  

 

 
Figure 2 - Overview of the thesis research approach. 
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The case study was conducted in a manufacturing company producing heavy vehicles. The 

plant in the study has 360 employees, 180 years of production experience, and distributes 

their products to over 200 countries worldwide. Most importantly, the plant was undertaking a 

process innovation project during the time of the case study. The selection of this case 

facilitated the investigation of using DES to reduce uncertainty when implementing process 

innovation at manufacturing companies. The reason for selecting this case was to acquire an 

in depth understanding of process innovation in a chemical operation, and how it could affect 

products that would not be undergoing innovation themselves - even if the production was 

about to change. Eisenhardt (1989) stress the importance of case selection to both lengthen the 

emergent theory, but also to define the limits for generalisation of findings. This case, suited 

the purpose. 

2.2 Literature Review 

The review of literature was done in Google Scholar as a primary database, and the three 

keywords identified led the way of searching for articles within its main fields: process 

innovation, uncertainty, and discrete event simulation. Other databases such as IEEE Xplore, 

Emerald Insight and Sage Journals were used in order to find more literature. Books also 

contributed to build a broader definition of the studied fields. The search was done in steps. 

First, the field of process innovation was investigating with the aim of defining the term and 

its surrounding themes, such as technological process innovation, and the terms relationship 

with product innovation. Advantages drawn from process innovation in organisations where 

identified, but also challenges that come into play when working with process innovation. 

Secondly, the characteristics, sources, and ways of reducing uncertainty were identified. 

When reaching saturation of the literature on process innovation and uncertainty, the last 

keyword, discrete event simulation, was searched for. At first, the term simulation alone was 

combined with previous keywords, among other identified within the field, before searching 

for literature solely on discrete event simulation. The first step sought to identify what a 

simulation model were, and how it could be used by organisations. The study of simulation 

also contained of a predetermined set of steps in how to build up and analyse the model, as 

well as how to validate and verify its results. 

 

The search was done by reading the abstracts of the selected literature. Articles were 

discarded from the thesis work based on its relation to the research problem. Some articles on 

process innovation focused more on product innovation and end customers, meanwhile others 

focused on tools and strategies such as total quality management and lean production. 

Snowball sampling was used to further understanding in the research topic. Key authors who 

had written extensively in the keyword fields were identified and their publications included 

in reviewed literature. In addition, literature linked to the keywords was also included. Table 1 

shows the first search for literature. 
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Table 1 - Keywords, period, databases, and hits 

Keywords Period Search Engine Hits 

"product innovation" AND "process innovation" AND 

"engineering change*" AND "decision making" AND 

"modification" 

2013-2017 Google Scholar 10 

"product innovation" AND "process innovation" AND 

"engineering change*" AND "process implementation" 
2013-2017 Google Scholar 3 

"product innovation" AND "process innovation" AND "process 

implementation" AND "simulation" 
2013-2017 Google Scholar 17 

industrial changes modifications "enablers for implementation" 2013- Google Scholar 25 

((("Abstract":uncertainties) OR "Abstract":desicion making) AND 

equivocality) 
1990-2015 IEEE Xplore 7 

((("Abstract":uncertainties) OR "Abstract":desicion making) AND 

equivocality) 
2010- IEEE Xplore 3 

2.3 Case study 

Case study, as a research method, can be used in many situations and is commonly used 

between different scientific disciplines, since it allows the investigators to retain the holistic 

and important characteristics of real-life event. Advantageously, the use of case studies can 

both answer “what” and “how” questions in settings where the researches has limited control, 

in a contemporary set of events. Furthermore, case study’s strength lies in the ability to deal 

with multiple, evidential sources for the research questions (Yin, 2009).  

 

A single case study was selected, to increase the depth of observations, and the method itself 

allows the researcher to revisit the research questions along the way (Voss, et al., 2002). Voss 

et al. (2002) underscore case study as a step process that goes both parallel and is iterative, as 

occurred during the empirical investigation of this thesis. Case study method was also 

selected for the ability to draw multiple sources of data that allowed the generation of stronger 

conclusions, as highlighted by Yin (2009). In terms of the case study, this meant conducting 

workshops, interviews, and observation simultaneously to confirm statements and develop 

stronger bounds between literature and empirics. Biases of conclusions were limited by not 

focusing on finding relationships between variables, and observe as objective as possible 

(Eisenhardt, 1989).  

 

2.3.1 Case study data collection 

 

Multiple sources of evidence were used in this thesis. Observations through meetings at the 

company site were compared with data elevated from observations at the company’s other 

plant sites. Also, individual and focus group interviews were conducted with both internal and 

external stakeholders of the project. Additionally, six DES models were developed and data 

for these models was collected. A summary of how this data was collected throughout the 

case study is presented in summary in Table 2. Interview questions are summarised in 

Appendix 9.2.  
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Besides conducting individual semi structured interviews (Bryman, 2011, pp. 413-415) with 

stakeholders, focus group interview in a workshop structure was conducted two times during 

two hours each at the company to clearly understand the problem (see Appendix 9.2). This 

also gave the opportunity to comprehend how the stakeholders were working as a group, and 

who was expected to take the lead during discussions. In general, focus group interviews are 

also a good method for enable people who thinks one-to-one interview are intimidating 

(Gubrium, et al., 2012, p. 354). Group interviews are examining how the process of 

interaction in the group is related to the substantive information they generate, as well as 

describing how research design can affect the interaction of the group.  

 

During Workshop 1, a total of four stakeholders and employees participated, which were 

divided into pairs. For Workshop 2, six stakeholders and employees participated. The 

participants were selected based on their involvement in the process innovation project, 

experience of the pre-treatment process itself, and if the project would have impact on their 

current working tasks. By having one researcher moderating the workshop, and the second 

documenting participant behaviour, we could, as Voss et al. (2002) emphasised, increase 

confidence in findings. 

 
Table 2 - Case study data collection 

Technique No. Duration 

(minutes) 

Type of data collected 

Interviews 7 30-180 Background to project, participant involvement, and 

stakeholder responsibility and gain of participation. 

Identification of uncertainties in project, data needed to 

move forward, stakeholders’ view of severity in 

uncertainty.  

Respondents: Production manager, manager of production 

technology and pre-treatment, team leader at paint shop, 

former thesis worker at studied firm, former thesis worker/ 

employee at other pre-treatment company, pre-treatment 

manager at other site of firm, chemical supplier 

 

Participant 

Observations 

   

Paint shop meeting 1 120 Firm stakeholders in paint shop involvement in project, 

uncertainty identification and reduction, and task 

distribution. Interdependency between stakeholders in 

project. 

Pre-treatment test meeting 2 60-180 How decision are made with test facility in company, how 

to increase quality test results, and preparation of test 

method for new manufacturing process. Included a tour 

around the test facilities to understand the testing 

procedures. 

Workshops 2 120 Layout suggestions for simulation, desired measurements 

parameters and presentation of results.  

Discussion and decision of simulation actions. 

Participants: Manager of production technology and pre-

treatment, team leader at paint shop, process operators, 

process engineers, and chemical supplier 

 

Identification of uncertainty and vision of project, and how 

the group setting change the outlook. 

Floor shop visits 6 15-180 Building conceptual model for simulation and taking 

measurements of studied manufacturing process. 
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In addition to workshops, as mentioned, interviews were carried out to both internal and 

external stakeholders, such as employees of different levels, suppliers, former thesis workers, 

employees and other sites of the company. Other important sources of findings were found in 

observations. For example the pre-treatment process on the floor shop, that led to the 

understanding of its complexity, and related uncertainties that stakeholders declared. 

Observation through meetings also helped reveal decision makers, personal incentives, and 

uncertainties affecting the process innovation without being part of the project itself. Sannö et 

al. (2016), highlights the importance of building relations and trust when conducting case 

studies in industries by academics. Informal meetings, for example eating lunch with co-

workers or talking causal during a break, built mutually relational trust in the case study. 

 

2.3.2 Case study data analysis 

 

To analyse findings, all raw data from field notes was grouped, and recordings from 

Workshop 1 and 2, together with an interview of thesis worker at the other pre-treatment 

company, was transcribed. The recording from Workshop 1 was transcribed entirely, 

meanwhile Workshop 2 and the interview were partly transcribed, due to the level of notes 

taken and relevance to the research questions. The rest of the interviews and meeting, held in 

the production setting before the workshops, were made without recording to avoid the setup 

time and to build a stronger relation with the stakeholders. Afterwards, the interviews were 

grouped as the field notes from observations and meetings. By grouping findings into the 

keywords “process innovation”, “uncertainty”, and “simulation”, an indication of where more 

empirical data was needed appeared.  

 

After organising collected data, the data was coded to respond to the research questions. By 

matching the coded findings with the literature, that either agued with or against, the overall 

analysis of the thesis took form. This goes hand in hand with Voss et al. (2002), suggesting to 

first split data to identified concepts that is regrouped into subcategories, then code and link 

groups in a rational manner, and lastly, select a core category to measure the other categories 

against. Eisenhardt (1989) also highlight this as a process step to build internal validity, which 

also is important when crosschecking historical data (Voss, et al., 2002).  

 

One important activity for the analysis was to have reflection meetings. By discussing 

findings one step further, patterns were identified that otherwise would remain hidden. It also 

built up a consensus between the thesis workers, in how to interpret and explain the findings 

with help from the theoretical framework. This has been proven as a good method to value the 

validity and reliability of research, and can also be adapted to workshops (Sannö, et al., 2016). 

2.4 Simulation 

As real-world processes often are too complex for mathematical models, simulation is being 

used, built on logical and mathematical assumptions, and data collected from reality (Law & 

Kelton, 1991). This study used the software Extendsim9 to carry out DES programming and 

analysis. Development of all DES models in this thesis followed Banks et al.’s (2005) steps 

for the development of a simulation model. These steps are shown in Figure 3 - Steps in a 

simulation study (Banks, et al., 2005). A brief description of the steps follows. 
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Figure 3 - Steps in a simulation study (Banks, et al., 2005) 

Firstly, a problem formulation was agreed upon with the stakeholder of the case study project. 

Since process innovation includes uncertainties itself, changes in the objectives were done 

which slightly changed the problem formulation during the course of the project. The second 

step was to set up objectives and a plan for the simulation. Objectives stated by the 

stakeholders were how a switch of chemicals in the pre-treatment, together with new layouts, 

would affect tact and lead-time. After Workshop 2, the two objectives lid handling and crane 

movements (see Chapter 4.1.1) were added in order to match with the current system. With 

the overall project plan of the thesis work set from the start, the planning of simulation steps 

specified more deeply by the thesis workers.  
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In step 3 and 4, Banks et al. (2005) explains model conceptualisation and data collection as 

two parallel processes before model translation, followed by step 6 and 7 where the model 

gets verified and validated. This approach was used in practice by first construct four concept 

model layouts that were translated into simplified future state models. Compared with a 

simplified current state model, they got evaluated by the stakeholders to one option. 

Alongside, more data were put into the model, revalidated and verified by the project 

stakeholders. Four samples of lids á 75 minutes each going through the process were taken 

and four empty lids going back á 15 minutes. In addition, crane movements and patterns for 

retrieving the lids were documented. 

Before starting the experimental design, data from the pre-treatment process logs and 

suppliers was triangulated with collected data. This gave an understanding of how the cranes 

affected the overall process time and baths compared with supplier suggestions. Then, the 

experimentation of the future state process layout begun. Except for reduced process steps, the 

experimentation mainly focuses on how to set the cranes’ work area to reduce idle time. 

Number of run was set to 100, and parameters for analysis was decided to; Lead-time, tact 

time, process output, utilisation of cranes, idle time, amount of cranes, and obstructions 

caused by cranes. When the optimal setup was found, no more runs were needed, and the end 

results were documented into tables and diagrams for comparison.  

In order to be objective, reflection meetings and specific simulations meetings was held with 

and without supervisors in the area. This helped to build up strategy for data collection, 

validity and verification of results in simulation steps, and how to present to stakeholders in 

project. To increase and maintain validity in this case study, models were structured from a 

triangulation based of real-life data, observations made at the plant, and answers from 

interviews and workshops. The real-life data was mainly from databases that the company 

provided with some exceptions regarding process data that suppliers had to contribute with. 

Observations gave process times, a deeper understanding of the whole process, crane 

movement, bath order, and material in- and output. The interviews and workshops was 

conducted with the project’s experts, both on the process and chemicals, in order to get the 

most valid data for the simulation. Then, the data was put to use in an iterative process of 

structuring the current state model. This model was then compared to the actual system in 

place at the plant, in order to reassure the validity the model was re-modified until the results 

were satisfactory. The simulation was done to represent a two month period, with demands 

and production hours from the first two months of 2017. 

Concerning validity and verification, a word of caution is in order. A simulation can clear up 

many uncertainties, but since it is only a replication of the reality it cannot be trusted fully. A 

simulation will only handle what data it is given and can only analyse what it is programmed 

to. This can cause issues if the goal or the parameters are unclear for the project or the 

company as a whole, as a simulation is structured from what direction is chosen in the 

beginning (Law, 2009). By being objective to the result of the simulation, and instructing the 

project group of the company to see it as an indication for decision making more than the 

definite truth, this was highlighted.  
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3. THEORETIC FRAMEWORK 

This chapter presents the theoretical framework of this thesis. First, process innovation and its 

characteristics are defined. Then, a section will follow with the definition of uncertainty, how 

to reduce uncertainty, and the challenges faced by manufacturing companies when dealing 

with uncertainty evoked by process innovation. Finally, DES will be presented and how 

uncertainty is handled and reduced. The chapter ends with a summary of theory. 

3.1 Process Innovation 

This section will firstly establish a definition of process innovation, then the purpose of using 

process innovation, and its benefits. The section also describes how to manage process 

innovation, and what challenges arise when introducing it in practice.  

 

3.1.1 Definition of process innovation 

 

Process innovation is a type of process development, which is the development of a firm’s 

manufacturing processes (Frishammar, et al., 2013), and has been defined as the creation and 

implementation of new concepts and methods in manufacturing companies (Parida et al., 

2016). This involves a number of heterogeneous activities such as introduction of equipment, 

new management practices, and changes in the production process (Reichstein & Salter, 

2006). Performing a process innovation of a larger scale often causes the involvement of both 

organisational and technological changes (Reichstein & Salter, 2006). To complete such a 

task, Lager (2000), stresses the high importance of having a formal work method. 

 

When introducing process innovation, the company simply start with making a process 

definition. This is typically followed by pure implementation projects where the definition is 

implemented into the existing processes. This implementation sometimes also triggers 

supportive construction projects (Frishammar, et al., 2013). The firms ability to achieve 

process innovation depends on a set of parameters. For example on what overall method or 

strategy the company priorities, their cost focus, and to what extent the management is 

involved in the process innovation process (Reichstein & Salter, 2006). A growing 

manufacturing strategy is the sustainability-related, which has been proven to be linked more 

to plant visibility compared with traditionally competitive strategy priorities such as cost, 

quality, and flexibility. Plant visibility encompasses a greater international ownership or 

labour intensity, and being more responsive to stakeholder perceptions and pressure. This 

fosters managers to develop a strategy that goes beyond customer and suppliers, and nurtures 

positive environmental practice and outcomes (Galeazzo & Klassen, 2015).  

 

3.1.2 Process innovation purpose 

 

There are different reasons for using process innovation, with the most common one being 

caused by rivalry with the competitive companies that produce similar of the same product 

(Bellgran & Säfsten, 2005). Process innovation can slow down competitors by giving the 

company advantages from the manufacturing context, such as cost efficiency, production 

speed, and quality consistency (Pisano, 1997, p.7-8). Reichstein and Salter (2006) agree on 

the possibility to gain competitive benefits by implementing process innovations, further 

adding that the innovation is an important source of increased productivity. Frishammar et al. 

(2012), suggest having both potential and realised process innovation capabilities are essential 
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for achieving competitive advantage, but they have complementary roles. Process innovation 

capability can be seen as the firm’s ability to acquire, assimilate, transform, and exploit 

technically related resources, procedures, and knowledge for process innovation purposes. 

Companies that develop and implement new process technologies quickly and effectively get 

competitive, for example by being protected from imitation (Pisano 1997, p.16). Assessment 

of intended outcomes was another important dimension because it both allowed estimation of 

efficiency gains, reduced ambiguity, and defined purpose and direction with the development 

process efforts (Frishammar, et al., 2013).  

 

Having an inceased level of process innovation can also enable the evolvement of the 

company’s products, and from this create more innovation project in the form of product 

innovation (Reichstein & Salter, 2006). However, Lager (2000) argues the biggest difference 

between product and process innovation, except for the differentiation of product and process, 

is the project triggers and end customers for the innovation. Bellgran & Säfsten (2005) 

concluded from case studies that there is often focus groups within an organisation that 

identifies areas of improvement for process innovation, but introduction of new products 

could also be a trigger or opportunity to improve the production.  

 

Wheelwright (2010) brings up four types of benefits of effective process development efforts. 

First, benefits of the market position, meaning that the company is able to set the standard for 

the industry that becomes barriers to competitors. The second benefit is applying new 

technologies, which enable the company to overcome past weaknesses, and the process to 

reach its full potential. This is summarised as resource utilisation. Renewal and 

transformation of the organisation, the third benefit, emphasises organisational benefits. 

Positive outcomes associated with the process capture commitment, innovation, and creativity 

of the whole organisation. In addition, it fosters new thinking, and increase the organisational 

ability to recruit the best people. A fourth advantage is the ability to speed up time to market, 

which provides a competitive edge, or delay development to acquire better information to 

bring products to the market better suited for the customers.  

 

3.1.3 How to manage process innovation 

 

The development of process innovation is deeply connected to external factors, and 

Wheelwright (2010) suggests three external forces that drives this development. The three 

external factors are; intense international competition, fragmented and demanding markets, 

and diverse and rapidly changing technologies. Cetindamar et al. (2016), articulates that 

technology managers have to deal with more technology innovation, mainly since the 

innovation in manufacturing companies has increase along with the overall concerns about 

sustainability. This means that the technology manger’s role is to support management and 

staff in order to understand, develop and implement process innovation technology for the 

sake of the firm and its surrounding stakeholder. This requires that the technology manager 

needs to be educated on how to manage teams, data analytics, and development techniques.  
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The competitive market nurtures firms to be responsive to changes in customer expectation 

and technology. This also requires being fast on identify opportunities and bring products to 

the market. This development of the competitive market also means that fewer resources are 

being utilised to each development project, which thereby puts demand on efficient 

engineering, design, and development activities (Wheelwright, 2010). According to Pisano 

(1997), there exist three different types of innovation with mutually dependent capabilities: 

 

• Process driven: Traditional mature industries, relatively little product innovation, and 

intense process innovation focused on products at lower costs.  

• Product driven: Industries with flourishing product innovation, and stable process 

technologies.  

• Process enabling: Product and process technologies evolve rapidly and needs to be 

synchronised.  

 

According to Slack et al. (2011), design can be seen as a conceptual exercise that will deliver 

a solution that can work in practice. Process design is more of an activity, where the form gets 

more detailed with time, with emphasis on understanding design objectives before proceeding 

(p.91). Bellgran & Säfsten (2005) also resembles process innovation with a project that 

consists of defined activity, unique task setup, and constellations of team members. 

Frishammar, et al. (2013), lists key dimensions of process definitions which are important to 

establish in early phases of process development according to studied firms. The most 

important ones were to understand the production needs, assessment of intended outcomes, 

product consequences, implementation plan, legal aspects, technical and manufacturing needs 

and technical process design. Bellgran & Säfsten (2005) resembles process innovation with a 

project that consists of defined activity, unique task setup, and constellations of team 

members. 

 

Milewski et al. (2015), dissociate process innovation with regard to four key components – 

mutual adoption, technological change, organisational change, and systematic impact. Their 

findings show that companies follow asymmetric approaches to technological process 

innovation development and implementation, favouring either technological or organisational 

change depending on the level of standardisation desired. In the ideation phase of the 

innovation life cycle, mutual adoption emphasise the initial appraisal of existing technological 

infrastructure, processes, and hierarchical structures, all serves as a frame for developing and 

implementing new processes. Regarding the technological change companies evaluated 

options based on potential compatibility and relative advantage.  

 

Frishammar et al. (2012) identifies the success factors for process innovation as strategic 

alignment, portfolio management, collaboration among internal subunits and external 

partners, innovation climate, and top management commitment and attitudes. Firms that are 

able to introduce different types of innovations in tandem and have the ability to combine 

these, are more likely to outperform firms that are not able to do so (Damanpour & Aravind, 

2012). One tool for improving processes is process maps. By mapping processes, activities 

can be examined and cut down the unnecessary, which can reduce process time (Slack, et al., 

2011, pp. 102-103). 
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3.1.4 Challenges in process innovation 

 

Process innovation can be a costly and difficult practice if the knowledge and experience is 

lacking. Frishammar et al. (2013) emphasises the need to understand production needs, the 

assessment of product consequences, having a thorough implementation plan, understanding 

of project resources, and early anticipation of intended outcomes. They also highlight the 

importance of risk assessment. Experiments can avoid negative surprises in later stages of the 

process development process. To create a more unified direction, Damanpour & Aravind 

(2012) suggest that companies should invest in both technical and managerial innovations 

synchronously. Adoption of new technologies cannot be realised unless they work in harmony 

with new organisational processes and systems, since performance depends on how well 

innovation of different types advance organisational goals together. Parida et al. (2016) also 

discuss how formalised roles in process innovation projects can have the adverse effect on its 

success. On the other hand, formalised processes are beneficial for reducing uncertainty. 

 

However, Frishammar et al. (2013) see a problem with introducing new process technology, 

other than all the uncertainties that need clarification, and planning that needs to be applied. 

The issue being that the company’s products could suffer, both from stops and quality. With 

an inflexible process line or a highly specific process solution, new process technology can 

possibly hinder product innovation. Product innovation and process innovation are considered 

to be interdependent (Reichstein & Salter, 2006; Frishammar, et al., 2013), meaning that the 

two types of innovation trigger each other. Bellgran & Säfsten (2005) separates process 

innovation and product innovation, stating that industrial companies put resources into 

product innovation instead of process innovation, mainly because process innovation is 

communicated as a consequence of new developed products. By not having a focus on 

process innovation, disadvantages such as short time frames, decreased resource availability, 

increased maintenance demand rises when it is time to develop the production system. Lager 

(2000) claims that not even half of companies have a set of working methods when it comes 

to process innovation, accentuating that one important reason for this is the lack of effort and 

capital put into process innovation in comparison to product innovation. 

 

Knudsen and Srikanth (2014) and Reichstein and Salter (2006) both discuss the implications 

of using suppliers and external specialists. Knudsen and Srikanth (2014) argue for the usage 

of specialists both external and internal, since they bring an expertise to the project, and view 

data in a different manner. Reichstein and Salter (2006) however, see the input from suppliers 

as something positive as they often strive to innovate, but using an external specialist or 

customer as a knowledge source could decrease the likelihood of a process innovation. An 

extreme form of outsourcing operational activities is virtual operations, which is relying on a 

network of suppliers that last as long as the project itself. The downside is the difficulty for a 

company to hold onto and develop technical expertise (Slack, et al., 2011, p. 152). This is also 

highlighted by Bellgran and Säfsten (2005), that barrier such as time, organisational structure, 

linguistic limitations, and cognitive effort is common. They suggest that this can be reduced 

by rotating staff in the organisation.  

 

Although research effort has been spent in understanding the antecedents and consequences of 

process innovation (Frishammar, et al., 2012), and managing uncertainties in this context 

(Frishammar, et al., 2011), a high amount of uncertainties is common in current process 

innovation projects. Thus, it is regarded as one of the bigger issues for larger companies 

(Parida, et al., 2016). 
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Because the process innovation technologies themselves often are unfamiliar to companies, 

achieving accuracy can be challenging when comparing two alternatives. Adding up with a 

limited specification of new processes makes it difficult to determine the technologies 

systematic impact of process ideas. This, together with weighing potential cost versus benefits 

can mean that a technology for process innovation gets excluded from further investigation 

(Milewski, et al., 2015). This is aligned with Galbraith (1973), stating that when engineers 

create new processes, the line requires rebalancing and more information processing. Lastly, 

Galeazzo and Klassen (2015) suggests that there is a risk when trying to implement a 

manufacturing strategy based on sustainability, since this is commonly more talk than action. 

3.2 Uncertainty  

This section will define the term uncertainty, its sources, and how to reduce it. Lastly, the 

section will describe the forms of uncertainty in process innovation.  

 

3.2.1 Definition of uncertainty 

 

Galbraith (1973) defines uncertainty as the difference in the amount of information required 

to be processed among decision makers in order to perform the task at hand, and the amount 

of information the organisation has. According to Daalhuizen et al. (2009), uncertainty arises 

in situations that are non-routine based. Thus, when uncertainty is high, the demand of 

information processing therby increases (Daft & Macintosh, 1981). Consequently, the 

presence of uncertainties pressures decision makers to search for additional information to 

commit to a decision (Galbraith, 1974). The uncertatinty is used both to express the 

probability of that defined assumptions during the design phase are incorrect, as well as the 

the presence of unknown fact that can impact the future state of a product or system. Known 

uncertainties are often related to product properties, while unknown often are linked with an 

external context, both of them worth attention (de Weck & Eckert, 2007). This has led to the 

identification of numerous types of uncertainties as pointed out by Downey & Slocum (1975) 

and others. 

 

3.2.2 Sources of uncertainty 

 

There are various sources of uncertainty. In the product context, it could be a matter of 

uncertainty in technology, durability or reliability. These uncertainties are however deeply 

tied to a trade-off between life cycle cost and the product specification (de Weck & Eckert, 

2007). Ragatz et al. (2002) agree with this, and stress that technology uncertainty directly 

affects the cost of the product and its development negatively.  

 

Another source is the individual, where uncertainty varies depending on the differences in 

cognitive processes, and behavioural responses and repertoires. In addition, social expectation 

for the perception of uncertainty and the perceived characteristics of the environment, can fuel 

uncertainty (Downey & Slocum, 1975). This can mean that the individual who lacks required 

knowledge, rules, skills, or information necessary to exchange with team members, also can 

be sources of uncertainty (Daalhuizen, et al., 2009). This ties in to the corporate context that 

de Wech & Eckert (2007) specify, where bad planning, strategies and decision making can 

evolve uncertainties in the long term. For example changes in available resources. Reaching 

down to subunits within an organisation, Tushman & Nadler (1978) identify three factors that 

get affected by uncertainty; task characteristics, task environment, and inter-unit task 

interdependence. This was seen by Daalhuizeen et al. (2009) as well, claiming that most 
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uncertainties are caused by changes in the understanding of the problem in a task, or in the 

interaction with others who have a different understanding of the task itself.  

 

In addition to uncertainties related to products and people, there is also external uncertainty. 

External uncertainty can emerge from a market context, meaning that competitors, 

environment, and suppliers can be the source, or from political and cultural context such as 

regulations and warfare (de Weck & Eckert, 2007). Miller & Lessard (2001) connects market-

related uncertainty to the ability to forecast, both the demand in resources and utilisation, and 

the financial prospective return of projects.  

 

Uncertainty is evoked by equivocality, which Daft & Macintosh (1981) define as the issue of 

different people or stakeholders experience altered interpretations of the same information. 

This, if handled poorly, could cause lessened clarity which could lead to even more 

misinterpretations. Furthermore, equivocality impacts the demand of qualitative information 

to perform tasks, both in the amount, and its richness (Daft & Lengel, 1986). Equivocality is 

also an important factor for understanding the relationship between product development 

processes, structures, and performance (Xenophon, et al., 2005). 

 

3.2.3 Reduction of uncertainty 

 

Firstly, the relevance of knowledge changes quickly, and it is therefore important to address 

new situations and build an understanding around them (Daalhuizen, et al., 2009). When it 

comes to uncertainty reduction tools, many have been suggested. For example checklist for 

capturing uncertainty depending on its form, resolvability, discreteness, and modelling 

approach, to reduce uncertainties (de Weck & Eckert, 2007), and a matrix that defines current 

and future uncertainties that can be converted to assumptions and tested (Colarelli O'Connor 

& Rice, 2013). Sometimes, it is about using knowledge based behaviour through trial and 

error (Daalhuizen, et al., 2009). 

 

Earlier research focuses more in the information processing to reduce uncertainty. For 

example Daft & Lengel (1986), whom state balancing the richness and amount of information 

processing with the process requirements from uncertainty and equivocality, information 

processing capabilities and requirements reach efficiency. Galbraith (1973) suggests two 

approaches to deal with information processing; either reduce the amount that needs to be 

processes, or increase the capacity to handle more information. Reduction can be achieved by 

creating slack resources, meaning increased resources such as time available in production to 

avoid missing targets, or by creating self-contained tasks, meaning that each group in the 

organisation has all resources they need to perform their tasks. Increase capacity to handle 

more information can be done by investing in a vertical information system, which enable to 

collect and direct information at appropriate time and places so that decision maker in the 

hierarchy does not get an information overload. The other way is to create lateral relations, 

which is to decentralise decision-making without creating self-contained groups. This can be 

two people that share a problem, and solve it together instead, and thereby avoids managerial 

levels in the hierarchy.  

 

Brettel et al. (2014) propose to reduce uncertainty by partnerships and network knowledge 

sharing. Similarly, Ragatz et al. (2002) emphasise the importance of suppliers in uncertainty 

reduction, just as Xenophon et al. (2015). The contribution of suppliers to the reduction of 

uncertainties has also been suggested by Colarelli O'Connor & Rice (2013), who emphasise 

the importance of competence gaps the project leaders need to deal with, and which can be 
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reduced by the information provided through partnerships. Organisations process information 

in order to manage uncertainty and equivocality, and manage these forces either in a 

structured or unstructured way (Daft & Lengel, 1986). Consequently, they are determinants to 

attaint organisational.  

 

3.2.4 Uncertainty in process innovation 

 

When new technologies and products are being develop, as earlier mentioned, suppliers play a 

significant role in reducing uncertainties. By seeing the supplier as a team member in the 

project, uncertainties get easier to deal with, and the process innovation process itself also 

improves (Brettel, et al., 2014; Ragatz, et al., 2002). The involvement does also improve 

quality of the products (Xenophon, et al., 2015), cycle time objectives, problem solving, and 

reduced cost of project (Ragatz, et al., 2002). This strategy has also been presented as a way 

of building common understanding of both the problem and the core process (Daalhuizen, et 

al., 2009), and can ensure that the manufacturing process works properly during the product 

ramp-up (Ragatz, et al., 2002). 

 

There are two types of uncertainties, organisational and resource, which especially fit into a 

process innovation setting. According to Colarelli O’Connor & Rice (2013), organisational 

uncertainty can be found within and between projects, in the relationship between units, and 

the transition from radical innovation to operations. Resource uncertainty is more focused on 

competence gaps. Wynn et al. (2011), conclude that by modelling the relationship between 

uncertainty levels and design process outcome, you can help in manage design processes and 

understand causes of delay. It also helps to show the relationship between the evolution of 

uncertainty levels and the organisations’ ability in making decisions.  

 

In settings which are of non-routine character, people cannot rely on skills. Instead, 

knowledge based behaviour through trial and error is used to reduce uncertainty (Daalhuizen, 

et al., 2009). In settings where the situation is less defined, people either collect insight to 

knowledge with equivocal cues, or reflect on past experience (Daft & Macintosh, 1981). 

 

According to Eriksson et al. (2016), processing equivocality can simplify the coalition of 

different views and ideas which can lead to better sharing of information. But, it may also 

result in poor collaborations between different groups in the project, which could cause their 

coherence to not match. The authors also add that equivocality in an innovation framework is 

an area that needs more research. Most current research only emphasises the negative 

attributes of equivocality. Managing equivocality can also enhance the learning in innovation 

projects. As established, uncertainty appears when information about systems and their 

surroundings is vague or even unknown (Walter, et al., 2014). 

3.3 Discrete event simulation 

This section will describe what simulation is, and discrete event simulation in particular. It 

will also explain what uncertainties that can evoke when using simulation.  

 

3.3.1 Definition of simulation 

 

A simulation, according to Banks et al. (2005) is “…the imitation of the operation of a real-

world process or system over time” (p.3), and studies the behaviour of the system as it 

evolves over time. Haveman & Bonnema (2015) point out that a simulation does not have to 
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be computer based, as long as the model is something executed over time. In engineering 

design, the use of simulation has increased over the years. One of the reasons why is that the 

developer is able to analyse the relevant characteristics of the process during the development 

(Walter, et al., 2014). Simulation can be used to investigate what if scenarios, potential 

changes to predict system performance, system in design stage before it gets built, and as an 

analysis or design tool (Banks, et al., 2005). It also supports in understanding how complex 

system behave (Walter, et al., 2014; Banks, et al., 2005; Law, 2009), with experimenting in a 

flexible, detailed and cost-effective way (Walter, et al., 2014), where mathematical methods 

are not enough (Banks, et al., 2005), without manipulate its physical properties (Law, 2009). 

Simulation can also be used for uncertainty reduction (Haveman & Bonnema, 2015). 

 

The applications for simulation are many. For example, it is used to investigate internal 

interactions of a complex system or subsystem, system changes and their effects (informal, 

organisational, and environmental), variable interaction by changing inputs and outputs, and 

machine capabilities (Banks, et al., 2005). The application of simulations varies from 

manufacturing and logistic studies, to business processes such as baggage screening at 

airports (Banks, et al., 2005). Altogether, it is used for design, resource allocation, planning 

and control, training, and strategy making (Jahangirian, et al., 2010). Important for all areas is 

that in order to assure that the model becomes a good representation of reality, devotion 

towards validity and credibility becomes essential (Law, 2009). It is also important to 

differentiate what belongs to the modelled system, and what is in its environment. Banks et al. 

(2005) defines the system as a group of objects joined together in interaction or 

interdependence to accomplish a purpose, while the system environment are changes outside 

this system that affects it.  

 

Moving into the methodology, Banks et al. (2005) define the validation step in simulation 

study as a matter of comparing the model against the actual behaviour of the system repetitive 

through iterations, until high enough accuracy is achieved. Overall, the simulation model 

should replicate the system measures. Law (2009) explains validation in a similar way, as 

creating a model that gives the same decision support as experiments on the actual system. 

This is achieved by setting up appropriate objectives of the simulation model’s purpose linked 

to the complexity of the system observed.  

 

Law (2009) also adds another dimension to consider when building a model – credibility. 

Credibility refers to getting correct results of the simulation in the eyes of decision makers 

and key personnel, which is deeply connected to their understanding and agreement on the 

model assumption, their involvement, the modeller’s reputation, and the validation and 

verification of the model itself. Haveman & Bonnema (2015) present a six step model for 

simulation study process that follows a different logic compared to the one presented by 

Banks et al. (2005) (see Figure 3). Their framework is designed to guide modelling, 

simulation and communication in early stages of system engineering. 

 

A discrete system is when the stated variables change at a discrete set of points in time. For 

example customers arrive at a bank. This can be compared to a continuous system, where 

stated variables are constant (Banks, et al., 2005, p. 9). Discrete event simulation became 

possible through the independent library of blocks in the software that could communicate 

with each other, as well as the features path prediction and item gating. Furthermore, the 

software contains features such as virtual feedback and live interface that responds to input 

changes, which simplifies experimentation and changes on the model for the user. The 

software also allows the user to structure hierarchies, connect data through databases, and use 
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equations to specify model behaviour (Krahl, 2012). There is, however, criticism towards 

DES in the academic world claiming that many studies do not use real data (Jahangirian, et 

al., 2010). The data itself is also an uncertainty in simulations (Walter, et al., 2014).  

 

3.3.2 Uncertainties in simulation 

 

Ankenman & Nelson (2012) discuss the uncertainties of using simulation as a decision 

making tool. They emphasise that the model built must represent the real-life situation in a 

proper way. Uncertainty in modelling and simulations is elaborated further by Walter et al. 

(2014), whom suggest it originates from the limitation of the human perception of reality and 

increases through simplifications, idealisations, and abstractions. Walter et al. (2014, pp.553-

555) exemplifies four types of uncertainties: 

 

• Uncertainty in data. Originates from lack of knowledge and variation in parameters 

and inputs.  

• Uncertainty in a model and simulation. Evokes from conceptualised models 

disconnected from reality, for example caused by idealisation, formulations of 

mathematically used models, programming, and approximation for visualise results. 

• Phenomenological uncertainty. When events and future influences get ignored by the 

usage of vague future data. 

• Uncertainty in human behaviour. Interpretation of input data subjective to the 

examiner, decision making in model creation and simulation implementation, 

ambiguity due to imprecise declarations and information.  

 

Obertkamph et al. (2002) agrees with Walter et al (2014), by distinguee between uncertainty 

and error. Error is a recognisable inaccuracy in a phase or activity that is not caused by lack of 

knowledge, meanwhile, uncertainty is either caused by lack of knowledge, or inherent 

variation in the physical system or its environment (Oberkampf, et al., 2002). Furthermore, 

Haveman & Bonnema (2015) analyse a set of simulation frameworks focusing on later design 

stages, and highlights the frameworks’ lack of guidance on what information to convey, and 

how to structure this for presentation. By this, they highlight two more uncertainty aspects of 

simulations – how to simulate the right problem, and how to carry out the results and their 

individual impact on all stakeholders.  

 

Uncertainties caused by the formulation of mathematically used models are also highlighted 

by Oberkampf et al. (2002) in a missile flight example. By identify uncertainties beforehand, 

and using the right mathematical model for the simulation purpose, the authors sought to 

reduce uncertainty. Schmolke et al. (2010) emphasise that uncertainties in simulation 

modelling needs to be considered carefully, decision makers and stakeholders need to agree 

upon an acceptable level of uncertainties to be able to validate and use its results. A lack of 

decision makers in the modelling process is thereby an uncertainty. 

 

Even though simulations involve dealing with additional uncertainties, the tool is used by 

industries as an enabler for competing on the market (Jahangirian, et al., 2010). Another 

benefit with DES as a tool is that is can cope with weaknesses from both quantitative and 

qualitative method. For example where quantitative studies lack in the ability to discover and 

instead is used to verify, DES do both enhance understanding and testing of hypotheses. In 

qualitative studies, DES can assist in identifying key variables to avoid large variety of 

unnecessary data for analysis (Eldabi, et al., 2002). However, using the involvement of 
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stakeholders to identify the core problem to be simulated, is something Haveman & Bonnema 

(2015) oppose against.  

3.4 Summary of the theory 

From the reviewed literature, its evidential that process innovation is effective against 

competitors (Bellgran & Säfsten, 2005; Pisano, 1997), enables development of products 

(Reichstein & Salter, 2006), but can also work the other way around (Bellgran & Säfsten, 

2005). The ability to achieve process innovation depend on company strategy, cost, and 

management involvement (Reichstein & Salter, 2006), as well as establish process definitions 

(Frishammar et al., 2013). There are challenges with introducing process innovation, but 

suppliers as team members of the project can bring clarity by knowledge (Knudsen & 

Srikanth, 2014).  

 

Uncertainties are common in process innovation projects (Parida, et al., 2016), and rises from 

individuals (Downey & Slocum, 1975), products (de Weck & Eckerts, 2007), the tasks at 

hand (Tushman & Nadler 1978), and external contexts such as the environment and market 

(de Weck & Eckert, 2007). Equivocality evokes uncertainty (Daft & Macintosh, 1981), and 

impacts the information requirements in amount (Daft & Lengel, 1986). Having an effective 

integration of suppliers is a key factor for manufacturing companies to remain competitive, 

and for reducing technology uncertainty (Ragatz, et al., 2002). DES can be used to reduce 

uncertainty (Haveman & Bonnema, 2015), by building a model that is verified, valid (Banks, 

et al., 2005), and credible (Law, 2009). Stakeholders and decision makers need to be involved 

in the modelling process and set the acceptance level of uncertainties (Schmolke, et al., 2010), 

since the tool also can trigger uncertaity when used as a decision tool (Ankenman & Nelson, 

2012). 
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4. EMPIRICAL FINDINGS 

In this chapter, the empirical data will be presented, opening with a section that briefly gives a 

company description, the case study is presented, and process innovation in relation to the 

case study described. Then, three sections follows where empirics are presented that is related 

to the projects’ three research question. At the end of the chapter, the main findings from the 

empirics is summarised. 

4.1 Case description 

The studied company plant is located in Sweden, and has approximately 360 employees. The 

plant is focusing on three main processes: welding, painting, and assembling. By utilising 

these three processes they together with their sister plants manufacture and assemble heavy 

vehicles. The main goals of the company is to produce high quality machines in a safe way 

while effecting the environment as little as possible. At the start of the thesis work, the 

company had already begun the process innovation project. The planning strategy of the 

process innovation project was divided into three steps. When the thesis workers were 

introduced to the project, the company had just completed the first step, which meant that the 

case study was initiated during step two with the purpose of preparing for step three. 

 

4.1.1 Process description 

 

The case study object at the plant is a part of the painting processes, the pre-treatment process. 

All of the crafted components are brought through the pre-treatment process to ensure high 

and consistent quality. This makes the pre-treatment process incredibly important for the 

company as a whole, since it effects all of the production plants products, which are 

distributed all across the world. Today, the process is based on Zinc phosphate, and consists 

of 18 processing steps, hereby referred to as treatment baths. For the chemicals to the first 14 

in these treatment baths the plant uses the same supplier which is the baths in focus for 

change. In more detailed description of the process, the welded products gets lifted and 

fixated with hooks onto a loader that is attached to a carrier. Transported by a conveyor, the 

products comes to the pre-treatment section at gets mounted at the bottom of steel lids by a 

robot. Depending on the size of the products, one to three carrier mounts to the same lid. 

Then, the lids get transported up by a lift to the start of the process and into the different 

treatment baths managed by cranes. At the pre-treatment process end (14 baths), an additional 

four baths with electrophoretic deposition (ED) coating is processed before the lid goes down 

with a lift. The carriers are unloaded by a robot onto the next section of conveyor. An overall 

map of the pre-treatment process steps is visualised in Figure 4. The current state layout is 

displayed in appendix 9.3 Process Layout. 
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Figure 4 - Pre-treatment process steps and ED coating 

Support and knowledge sharing is supposedly retrieved from a global paint shop network for 

the company, but according to the manager of production technology and pre-treatment, the 

engagement is lacking. Before it emerged to a global network, the Swedish plant had their 

own network that resulted in physical meetings several times per year, whereas now there just 

been one – in the studied plant. Because of this, there are no sharing of ideas, nor discussions 

of method or results, basically no collaborations at all. This makes standards harder to 

maintain and the products quality differ more than if the plants worked more unified. 

 

4.1.2 Future vision of pre-treatment process  

 

Zinc phosphating is a common method for pre-treatment of metal components (Sankara 

Narayanan, 2005). However, the natural extraction of the phosphate rocks will reach its peak 

in 2030 as a consequence of the increase population in the world and its resource demands 

(Cordell, et al., 2009). Thereby, a future vision from the company is to change to a silane 

based pre-treatment process. By changing chemical composition of the process, the plant will 

be ready for future environmental requirements of chemical and energy consumption. Since 

silane is less toxic to the environment than phosphating, and several of the baths can decrease 

in temperature. Furthermore, waste products such as sludge will decrease by the switch, 

leading to less maintenance work. The new method also opens up other areas for 

improvement, for example changes in the lid handling, reduction of process steps and 

acquisition of equipment to optimise process quality. On the downside, a silane based pre-

treatment requires increased water quality, and a stable process to start from. The pre-

treatment process itself is also sensitive to stops, since it can cause the assembly department 

to run out of component, which would stop the entire production. And, even if not the biggest 

of investment, the change of chemicals will be costly. In particular if this means changes in 

process layout and new piping. Moreover, the managers of the plant wants a rigorous 

presentation of the silane alternative, including risks, costs, and time for implementation. This 

is where the thesis project comes in; the project will provide indications about the future pre-

treatment process by simulating how the process innovation changes the current production 

process.  
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 4.2 Introducing process innovation in a manufacturing company 

The initiative of a new method for the pre-treatment process came from the plant’s production 

manager of the paint shop. Together with the manager of production technology and pre-

treatment, the two sought out for a supplier with the knowledge and ability to form a 

sustainable pre-treatment process for future environmental requirements, and were then 

introduced to silane. The supplier and the company set up a strategic plan for how to 

implement the process innovation by introducing the new pre-treatment technology step by 

step in smaller sequences. The company also tied one new member to the core group of the 

project, the team leader at the paint shop, with the purpose to mark down and question 

decisions and progress in the project. The group got training from the supplier, as well as 

decision support, which meant the process innovation project depended a lot on the supplier.  

 

The company has formed focused groups within the organisation to follow up the daily 

production before implementation and moving forward in their process innovation approach. 

This has been important since sample plates from the pre-treatment that gets examined by a 

lab located at another of the companies sites, and has shown decreased results of quality of 

corrosion resistance. Before moving further in the process innovation approach, the 

production manager of the company wants to start from a stable current process in order to 

track implementation issues. Focused groups were formed to support the discussions of the 

new chemical’s implications for surrounding processes in the paint shop, as well as 

identifying supportive systems required to reach full implementation. Through participation 

and observation, these groups seemed to involve several suppliers and the sister plant, apart 

from personnel at the studied plant.  

 

The project itself opened up for opportunities at the company, for example to redesign the 

pre-treatment process. During workshops with the thesis workers, project members including 

suppliers created and elaborated around different layout, which also resulted in that other 

supportive functions came up as visions for the new pre-treatment processes. Many of these 

are developed from the fact that the process today contains of unnecessary elements such as 

lid handling, non-optimised crane systems, and long walking paths in the pre-treatment 

facility for process operators. Thereby, shortening the process into one line, investigate crane 

utilisation, acquisition of evaporators, and the design of a lid-free process was brought up as 

desirable outcomes besides more effective chemicals.  

 

Even though the project meant a big implementation and its meetings took a lot of time, the 

company worked parallel with other development projects for the paint shop. One of the 

examples is to evaluate paint resistance towards UV light. Compared with the pre-treatment 

project, these were more familiar to the company, meanwhile changing chemicals would line 

up uncertainties. If the implementation would be unsuccessful, it would mean a huge 

competitive loss. On the other hand the uncertainty of how long phosphate could be extracted 

became an uncertainty that trigger the company to change. 

4.3 Uncertainties of implementing a process innovation  

Since the plant is assumed to be first in this type of industry of introducing silane, the process 

of implementation and its outcome presents a big uncertainty for the company. Even though 

the supplier state that the automobile industry in Europe has adopted the treatment method, 

insight of how it was implemented, and its impact on the finalised products remains unknown 

for the studied company. In addition, the company has not defined how to test the quality of 
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corrosion resistance of the chemical, which thereby sets attention out of focus, and adds up 

with uncertainty of when they can approve its results during implementation.  

 

Another factor of uncertainty was the timeframe of the project. The timeline, with a year and 

period set for the implementation of the new process, was continuously postponed, mostly due 

to uncertainty with quality in the current pre-treatment process. As long as samples showed 

less desirable results, the implementation was set to standby. One important issue concerning 

the sample plates used for the testing, was that another department decided to change material 

without giving any notice the paint shop. Previously, the same thing happened with welding 

oil. This caused confusion when results were uncertain, and experimentation on the pre-

treatment process steps were carried out. Even though other factors contributed to the test 

results, the lack of information regarding the switch did not help the paint shop when trying to 

identifying the sources of uncertainty. Meanwhile, the project group tried to forecast issues 

with the implementation, and set up a strategic plan for how to manage it.  

 

Focusing on the current process and its sample results, more uncertainties appeared. From the 

start of the case study there was a tendency, especially from managers in the project, to seek 

uncertainty reduction by asking the suppliers. This also meant that suggestions of how to deal 

with problems often came from the suppliers, chemical as well as plant builders. Along the 

project, when the employees from the company got more insight in the chemicals, the pre-

treatment process, and the implementation, more suggestion came from the company itself. 

This was especially the case for the process operators, which had a high knowledge of the 

current process and its daily issues. 

 

In addition, one big uncertainty in the project was leadership. Although all participants in the 

project group had their formal title and associated level of responsibility, informal roles 

shifted from meeting to meeting when making decisions. The chemical supplier declared 

during an interview that they were waiting for the company’s signal to start implement the 

chemical, but on the other hand, the company continuously sought confirmation from the 

suppliers to see if their results and ideas were valid. This made it difficult for both parties, 

since the supplier wanted the requirements to be fulfilled before pushing the button, and the 

company found it difficult to formulate the expected list of requirements.  

4.4 Uncertainty reduction by simulation 

The main goal from the company’s side was to see if the pre-treatment line could handle a 

change and how that change would affect the plant as a whole. The company thereby wanted 

data and analysis of layout options and hard data, meaning numbers and expenses to compare 

with the current state. However, as seen throughout this project most uncertainties are not 

reliant on the simulation itself, it has more to do with problem formulation, objectives, and 

data collection to the simulation. These things have in a way been used as tools to cause 

discussion between the different stakeholders, mainly employees and suppliers. Nevertheless, 

testing their objectives is possible with the usage of simulation, as long as the correct and 

necessary data is obtainable. The reduction of uncertainty in this project will be the possibility 

to compare lead-time, tact-time, production, crane utilisation, obstructions caused by the 

cranes and process times. The result however will not give a complete answer, more research 

must be made and more uncertainties explored. 

 

While trying to simulate a non-existing reality is an uncertainty in itself, constructing the 

future process still needed limitations in order to provide a useful result. These limitations 

were obtain from the workshops and interviews performed, by asking what changes that were 
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possible according to the employees and suppliers. If relevant and rich data were found, these 

changes was simulated to reduce the uncertainty of their impact. Desirable supportive 

functions was left out if they did not directly affect the simulated process, for example the 

evaporators.  

 

Using DES as a tool for uncertainty reduction was mainly experimented during the two 

conducted workshops. The first one focused on identifying strengths and weaknesses with 

their current state process, how to solve issues with the current and future process, and visions 

for the silane based process. In addition, the participants were asked to create new layout 

suggestions that would be translated to simulations and analysed in Workshop two. By first 

emphasise issues with today’s process, and then moving to future visions, the participants 

focused on designing processes that would reduce uncertainty. By then present the suggested 

layouts to each-other, they together could decide on which that were worth investigating 

further by using DES, and thereby reduce uncertainty of process tact and lead-times. The 

workshop also contributed to identify key data needed to simulate the current and future state 

processes. 

 

The second workshop started with the comparison and decision of what layout from the first 

workshop to build a future state model around. By dividing the group into pairs of different 

disciplines, they got different view of the presented data, and could assist each-other in 

understanding uncertainties of the layouts further. Once again, the simulation made the group 

discuss the future vision and take decision of which layout that was the most beneficial – even 

if given little information. By visualising process steps of the different layout, the participant 

also was able to visualise a future process layout. 

 

4.5 Summary of empirical results 

From the case study, there are some findings in data worth highlight. Firstly, process 

innovation at the studied company was driven by future environmental requirements and a 

desire to have a more sustainable pre-treatment process. The process innovation project was 

supported through the creation of focus groups and began to strategically plan their approach 

to the process innovation. By conducting workshops, the company found new opportunities 

for innovation. Secondly, the uncertainties in their process innovation project mainly evoked 

from being first of its kind, the timeframe, lack of knowledge, and leadership. A clear linkage 

between suppliers and uncertainty reduction in the process innovation was observed. The 

simulations reduced uncertainties in process times, for the current state and a future, clarify 

objectives with the process innovation project, and helped visualise a future layout. 

  



 

26 

 

5. DISCRETE EVENT SIMULATION RESULTS 

In this chapter, the results of the conducted simulation study will be presented. The chapter 

opens with a section describing the simulation data, and then followed by a comparison 

between simulation and reality, and results of the current state DES model. At the end of the 

chapter, the results of the future state DES model will be presented, and a brief summary of 

the chapter.  

5.1 DES modelling data  

The pre-treatment process currently involves 18 steps divided into one small and one longer 

line with cranes (see appendix 9.3 Process Layout). The first 14 subjected to change, and the 

last four ED coating baths. Every processing bath is follow by rinse bath in order to deactivate 

chemical transformation, and prevent chemicals from being transferred to the next treatment 

bath. Chemical transfer, together with the fact that the treatment baths are set to a specific 

order, the potential to remove baths are limited. However, the longer line also contains empty 

areas that could facilitate a more compressed process line by moving the baths into these 

empty areas.  

 

Besides supportive lifts and cranes that been mentioned in the case description, the system 

contains lid handling. This means that the cranes are programmed both to transport lids with 

products down the lines, but also bring back empty lids. Every crane is programmed 

specifically to handle lids with product or lids with and without, these procedures and follow 

a specific pattern and range. The cranes movements are visualised in Figure 5, were the dotted 

line represents the movement of the lids as they are transported back to the beginning. 
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Figure 5 - Process with cranes, starting at P22 and ending at P24 

 

When collecting data for the treatment process, four products were followed from start to end. 

Every move and activity was recorded with a stopwatch in order to separate process time from 

transport time. The same procedure was done with the lid handling back, and additional times 

were recorded from the start and end points of the layout. The lead-time of products was then 

compared to a production log in order to confirm that clocked times were in the same 

intervals. Furthermore, the log gave data on the product mix, average work time and product 

output. Since the lids could contain between one to three products depending on its size, this 

was also considered. Additionally, the times from the log was compared with the supplier 
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suggested process time for each bath. By also retraining the number of lids in the process, the 

idle time in the actual process could be compared with the process log and clocked lead-times. 

In Table 3, key data retrieved from the production log is displayed, and in Table 4 times 

recorded with the stopwatch compared to the database are summarised. 

 
Table 3 - Data from production log 

Averages of production data gathered from the company 

Month Days Production hours/day Produced lids/hour Produced lids/day 

Jan 21 12,9 8,2 106,2 

Feb 21 12,3 8,9 109,6 

 
Table 4 - Comparison of lead-time between production database and clocked times 

 
 

5.2 The DES model compared with reality 

When the process of the simulation study begun, limitations related to information became 

apparent. Firstly, fundamental data of the current process did not exist in its entirety, since the 

operators who help build it no longer works there and the contact with that supplier is almost 

non-existent. The cranes and tilting procedures of the lids did not have records, and additional 

documentation only revealed the maximum speed for the cranes going up and down. 

Furthermore, the definition of crane tilting as part of the bath process or not, lacked definition 

due to that some baths had tilting before going down into the same bath once again. These 

factors resulted in data assumptions and theoretical process times from the chemical supplier 

in order to provide a useful result. The generalisations in the simulations are especially applies 

to the future state models where process times were based on supplier recommendations. In 

addition, the chemical components was excluded from the simulation since these uncertainties 

was to be reduced by the supplier involvement in the process innovation project.  

 

When conducting a simulation study, it is important to create a stable and verified model 

before starting to experiment. Therefore, the study started with the construction of a current 

state model that first had to work properly compared with the real-life system. Then, the 

experimentation of the future state model was built on the same logic as the current state. By 
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doing this, the models got the same parameters and condition, which make it easier to analyse 

and compare their results with each-other.  

5.3 Current state results 

When modelling, the first steps are to concretise the problem formulation and structure the 

objectives for the performing the simulation. At the beginning of the case study, the 

simulation objective was only to track simple objectives such as, lead-time, tact time and 

production, but as the project progressed further more objectives were added to advance the 

simulation and its purpose. These additional objectives were the utilisation for the cranes and 

how the crane would handle the lids. The product mix used for the DES model, was decided 

to represent the month of January and February thus being the latest production months. The 

production mix is found in Table 5. 

Table 5 - Production mix data of pre-treatment process 

 

In parallel to data collection, four conceptual models were created. These models had the 

purpose of testing the simpler objectives lead-time, tact time and production on the different 

production setups constructed during the first workshop. One of them was discarded due to 

pre-treatment method not being pickling, but blasting. Additionally a concept model for the 

current state was created, and the results were compared to all other models as well as the 

plant’s current outputs. The results of the comparison are found in Appendix 9.4 Comparison 

of conceptual models.  

5.4 Future state results 

With data from workshops, interviews and the current state model, a future state model was 

built. The layout was based on a decision by the stakeholders at Workshop 2, where three 

potential layout were evaluated based on simplified models. The group decided to go further 

with a layout called One Line that included 16 baths in total. The concept got some 

modification from supplier requirements, so that uncertainty in bath order was reduced. In its 

entirety, the model was constructed with the process steps visualised in Figure 6 - Future state 

process steps, ED-part remain as current state. 
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Figure 6 - Future state process steps, ED-part remain as current state 

The DES model from the current state was used as a foundation for the future state model, 

and firstly compared with the same crane actions as the previous. Then, experiment of the 

work areas for each crane was conducted. A setup with 6 cranes with work areas as displayed 

in Appendix 9.5 gave the best results on tact and lead-time. Figure 6 can be used as a 

reference of the baths properties. The suggested process times from the suppliers are 

displayed in Table 6. These process times and variations are what the suppliers considers 

acceptable to reach the desired quality. The darker boxes are where the data is lacking or 

when no variation is allowed. 

 
Table 6 - Process times and variations acquired from different suppliers 

 
 

5.5 Comparison between current and future state results 

When comparing results of the current state DES models with the future, the data settings 

impact the results. If the DES models of the future state uses eight cranes, and the bath times 

specified by the supplier, and average of 137 products get produced per day. The tact times 

also decrease by having more cranes in the future state model, but utilisation goes down to 

36,5%. However, the most important result of the simulation, is the improvement capability of 

using the supplier times. Since they do not match with the clocked times, the cranes probably 

prevent the process from running as desired. 

 

Bath B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18

Suggested time 180 180 60 60 60 210 60 60 60 60 180 60 60 60 180

Allows variation No No Yes Yes Yes No No Yes Yes No No Yes Yes Yes No Yes Yes Yes

Min 45 45 45 60 60 60 45 45 45 45 60 60 60

Max 150 150 150 120 120 120 90 150 150 120 120 120 120

Process times acquired from supplier
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Table 7 - Simulation results comparison 

Simulation Results 

100 runs á 12,6 hours each 
Crane utilisation (%) Lead-time (s) 

Average Min Max Average Min Max 

Current state 
Clocked 38,1 17 81,8 5127 5038 5264 

Supplier 41,2 21,7 74,9 4152 4098 4206 

Future state 6 cranes 
Clocked 47,2 35,7 67,3 3493 3367 3662 

Supplier 54,2 44,4 64 2921 2872 2978 

Future state 8 cranes 
Clocked 36,5 27,6 53,3 3314 3276 3391 

Supplier 41,7 32,2 50,5 2822 2787 2894 

    Production (#) Tact time (s) 

    Average Min Max Average Min Max 

Current state 
Clocked 95 92 97 428 417 445 

Supplier 120 118 122 346 340 351 

Future state 6 cranes 
Clocked 110 104 115 384 369 405 

Supplier 132 129 135 323 316 332 

Future state 8 cranes 
Clocked 116 113 118 364 357 372 

Supplier 137 133 139 312 308 322 

 

As viewed, the current process setting in the future still shows time losses compared to what 

the supplier expects. But, by arranging the cranes differently, the tact and lead-time decreased.  

5.6 Summary of DES results 

The conducted simulation study used data provided by the company, supplier and clocked 

times in the pre-treatment process in order to build a DES model. The process log correlates 

with clocked times, but not the process times provided from supplier. The current state layout 

is divided into two lines, and was simulated with tact time, lead-time, and production mix. 

Parameter of crane movement was simplified due to insufficient data. By realising empty 

spots for lid handling could be used as spots for baths, the stakeholders started to visualise a 

future state on one line instead of two. The decided layout consisted of 16 baths, still showing 

a high tact time. By experimenting on amount of cranes and their work areas, the tact time 

was slightly reduced, but further optimisation would be required to make sure the most 

beneficial solution is implemented. The uncertainties are however, resolved to some degree, 

indicating that DES could be used as a tool for uncertainty reduction. 
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6. ANALYSIS 

Using Figure 1 as a foundation, this chapter will analyse how process innovation was 

characterised, uncertainties evoked, and how simulation reduced the uncertainties compared 

with reviewed literature.  

6.1 Characteristics of introducing process innovation in a production process 

What was characterised as the main driver for process innovation at the studied company was 

increase sustainability at the plant, meaning being prepared of future environmental 

requirements. As a result, increased sustainability triggered other objectives such as reducing 

sludge handling, reducing energy consumption from water heating, and being a step ahead of 

competitors. The products themselves would not be changed, meaning that the company 

sought other ways to compete in the market. This is similar to the innovation type defined by 

Pisano (1997) as process driven, occurring in traditional and mature industries. The case itself 

can also be one of the characteristic of process innovation that Pisano (1997) emphasises, by 

focusing on environmental factors in production; being first of its kind on the market with the 

new technology that other will be forced to consider sooner or later. The process innovation 

projects’ outcome would also mean that the company would gain plant visibility and show a 

competitive edge of sustainability thinking. This outcome is highlighted in literature 

(Galeazzo & Klassen, 2015), just as the presented empirical data suggesting that sustainability 

gets more attention in companies (Centidamar et al., 2016). 

 

The silane based process both suited the current process and gave the company advantages if 

implemented, but it also initiates opportunities such as layout changes and new supportive 

equipment. This align with Milewski et al. (2015), stating that the options of technological 

changes companies are faced with, gets evaluated based on potential compatibility and 

relative advantages. In contrast to Bellgran & Säfsten (2005), the studied process innovation 

project is not a consequence of new developed product, but a necessity to remain competitive 

and successful. On the other hand, the deadline of the process innovation project has been 

postponed forward due to the complexity. This can be an indication of both lack in working 

method, but also less engagement in production towards innovation compared with product 

innovation. Thus, the findings correspond to Lagers’ (2000) idea that process innovation 

comes in second place for companies, and thereby lack effort and capital, and an unclear 

working method. 

 

There is a clear linkage between products produced and the process innovation project at the 

company, occurring as a permanent topic through meetings and workshops. The main 

attention at the company has been whether the new process will affect the quality of the 

products. This interdependency has been demonstrated in literature (Reichstein & Salter, 

2006; Frishammar, et al., 2013). Suppliers of chemicals, such as in this case, have ensured 

product quality in the process innovation project by having knowledge of the chemical 

properties and its corrosion resistance. This finding aligns with Xenophon et al. (2005), but 

that is not the only thing the supplier does. 

 

In the studied company, the solution for reaching a more sustainable pre-treatment process 

was brought by the supplier, and the supplier had already compared chemicals, even though 

against the automobile industry. This is advantageously, since, according to Milewski et al. 

(2015), companies face a challenge when about to compare different options in technology, 

due to lack of knowledge. The suppliers thereby became an important knowledge source that 
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enabled process innovation, just as previous research has presented (Reichstein & Salter, 

2006; Slack, et al., 2011). Furthermore, the suppliers in the process innovation project 

indirectly influence decision making by bringing alternatives in cost and design. Even though 

not outspoken by stakeholders, these factors are enablers of process innovation according to 

Ragatz et al. (2002). Altogether, having collaboration with suppliers as well as internal 

stakeholders has been visible during the case study, and is according to Frishammar et al. 

(2012) this is enablers for process innovation. 

 

When looking at the different stakeholders in the project, there is both internal and external 

with their own objectives. At the studied case, this exemplifies by the supplier seeking proof 

that the chemical works in other industries than the automobile, the data they value. On the 

contrary, the company valued data that gave them knowledge about the current process and 

design alternatives’ impact if implemented, this concurs with Knudsen & Srikanth (2014). 

These objectives also resulted in that data covered through meetings and workshops between 

these parties differentiated depending on who was taking charge. Parida et al., (2016) states 

that formalised roles in process innovation projects can have the adverse effect on its success. 

In this manner, it is positive that the decision making and leader at the studied company 

switches, even if unintentionally. 

 

It is suggested that manufacturing strategies that emphasises sustainability risks being more 

talk than action (Galeazzo & Klassen, 2015). This is not the case here; the company proves 

their actions continuously by question current methods used in the paint shop in addition to 

pre-treatment. For example the paint they are using and the lid handling. Since the lid 

handling cause disturbances in the current process, the lid solutions systematic impact might 

not have been considered enough when being implemented. That have a connection with 

Milewski et al. (2015), discussing the fact that process innovation ideas can be excluded when 

tricky to determine their systematic impact together with cost and benefits. These questions 

rises with knowledge retrieved from the suppliers in the project. Evidentially, the current 

supplier plays a big role in the process innovation project at the company. 

6.2 Products and the production affected by process innovation related uncertainties 

In order to differentiate uncertainty in process innovation more general, and uncertainties that 

effects the products in the process where process innovation is to be implemented, the two 

topics are split into two sections.  

 

6.2.1 Uncertainty effect on process innovation 

 

During the case study, sources of uncertainties affecting the process innovation project were 

seen. The exchange of information among the team was in order, but what did cause 

uncertainties was the rest of the company’s information exchange to the team. For example 

when sample plates and welding oil were replaced. Furthermore, so called knowledge related 

uncertainty switched between the different meeting settings, mostly due to absence of key 

members of the group. Task complexity in the project, however, was well understood, 

meaning that uncertainties in tasks were highlighted and discussed in how to proceed. 

Daalhuizen et al. (2009) confirms these sources of uncertainty in non-routine situations as not 

having the required knowledge, rules, skills, an absence of information exchange among team 

members, or lack of understanding the task complexity. The study also revealed uncertainties 

that were brought up by suppliers and external stakeholders. Without their knowledge, these 

uncertainties would remain hidden. According to de Weck & Eckert (2007), unknown 
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uncertainties are often of an external kind. But, since the suppliers and stakeholders in the 

studied case presented them during meetings, and their impact got questioned by personell, 

they instead became internal and known uncertainties.  

 

When discussing the future layout of the process during company meetings and workshops, 

equivocality was identified. The chemical supplier pointed in different direction of what was 

possible to design or not, depending on which person was present at the company site. This 

aligns with Daft & Macintosh’s (1981) definition of equivocality; different interpretations of 

the same information can lead to even more confusion. Eriksson et al. (2016) also states that 

equivocality may also result in poor collaborations between different groups in the project. 

This identified equivocality can cause uncertainty by looking at Daalhuizen et al. (2009), 

meaning uncertainty can be caused by changes in the understanding of the problem in a task, 

or in the interaction with others that had a different understanding of the task itself. The same 

equivocality scenario played out during Workshop two, where the supplier pointed out that 

the crane movement in the pre-treatment process was too complex for the participants to 

change. This lead to that the other participants agreed with the supplier, not willing to perform 

the task due to newly found uncertainty. This can be seen as an action related to Galbraith 

(1973), suggesting that the participants reduced the information that needed to be processed 

and thereby eliminated that uncertainty temporarily.  

 

Even though uncertainty hindered the progression of the process innovation, the studied 

company still tried to forecast uncertainties for later stages in the project. De Weck & Eckert 

(2007), stress that it is important not to ignore uncertainty, since it can backfire, and Brettle et 

al. (2014), suggest planning as one way of reducing uncertainty. This was demonstrated when 

the project team planned the implementation step that was not allowed to affect the ongoing 

production. Other strategies and tools used to reduced uncertainty such as checklist (de Weck 

& Eckert, 2007), and matrix (Colarelli O'Connor & Rice, 2013), were not used by the studied 

company. However, they use a trial and error approach described by Daalhuizen et al. (2009), 

suggesting they actually work in a non-routine based setting with the process innovation 

project. This was also seen during the paint shop meetings, where the stakeholders discussed 

small experiments done in the pre-treatment to increase quality results. 

 

The conducted study also found attempts to reduce uncertainties. Early in the project, the 

team leader of the paint shop was included in the project as a resource to increase the capacity 

in the core group, and thereby the information process ability in the project. Galbraith (1973), 

suggest to either reduce the information processing or increase resources of handling 

information processing in order to reduce uncertainty, which evidentially was done in the 

process innovation project. The supplier’s ability to reduce uncertainty in the case study was 

also identified as of high importance. In presence of the suppliers, more decisions were taken 

due to higher uncertainty reduction compared with in company meeting. Supplier as an 

enabler for uncertainty reduction has been highlighted by several authors (Brettel, et al., 2014; 

Colarelli O'Connor & Rice, 2013; Daalhuizen, et al., 2009; Ragatz, et al., 2002). Furthermore, 

partnerships and network sharing was present in the company through the thesis study that 

ties in to an academic network, and the overall network of the paint shop facilities in the 

company globally. Brettel et al. (2014) emphasise partnerships and network sharing as 

another way of reduce uncertainty. However, these enablers did not give the same support as 

supplier involvement in the project. Having an effective integration of supplier is a key factor 

for reducing uncertainty and remains competitive as a company (Ragatz, et al., 2002). 
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6.2.2 Uncertainties effects on products subjected to process innovation  

 

As mentioned before, one source of uncertainty that was identified in the process innovation 

project was the lack of information exchange in in the company’s departments. An important 

example of this that affected the product was when the company switched sample plates in the 

pre-treatment. This was another department’s decision, but the information was not 

transferred to the paint shop department, leading to conclusion that decreased results on 

corrosion tests had to do with the pre-treatment. The same event occurred when the welding 

department decided to switch their oil - no information was transferred to the paint shop. This 

builds up uncertainties highlighted by Daalhuizen et al. (2009), caused by a lack of 

information exchange among teams and team members. Besides the plates, another project 

concerning paint in the paint shop caused uncertainties in the process innovation project. The 

paint sets the quality of UV resistance of the products, just as pre-treatment sets the quality of 

corrosion resistance, and the paint shop was looking for alternative paint. Even if results were 

pointing in a good direction, uncertainty surrounding if it would be wise to implement the 

new paint before the pre-treatment put the project on hold. This aligns with both Colarelli 

O'Connor & Rice (2013), and Daalhuizen et al. (2009), whom identify uncertainty within and 

between projects, and in relationship between units. Likewise, the identified task 

interdependency has been discussed by Tushman & Nadler (1978).  

 

Their current strategic planning is a good example of how the studied company approached 

interdependence related uncertainty between process and product. They sought to stepwise 

trim in the new process, with the suppliers, until stable, and showed desired quality results on 

the passing products. This ties in to Damapour & Aravind (2012), claiming the adoption of 

new technology cannot be realised unless it works with harmony with the company process 

and systems. However, the uncertainty of product implications at this stage of the process 

innovation project remains. As the adoption of new process technology can cause changes to 

the end product, according to Frishammar et al. (2013), this matter might need more attention 

in the continuing of the project. This uncertainty can neither be reduced by the suppliers. As a 

matter, their knowledge stays within the pre-treatment, and how to test the new process for 

corrosion is assumed to be handle by the company itself. Even though Xenophon et al. (2005) 

argues that supplier involvement improves product quality, the suppliers in the studied case 

cannot solve all uncertainties.  

6.3 DES introduction during process innovation at manufacturing companies 

By introducing DES to the process innovation project, the project got the ability to simulate a 

future state of the studied process, identify uncertainties in the project, and reduce some of the 

uncertainties. The section is divided into identified uncertainties in the development of the 

DES model and the project, and which identified uncertainties that were reduced by the usage 

of DES. 

 

6.3.1 Identified uncertainties when using DES in process innovation 

 

Using Walter et al. (2014, pp.553-555) four types of uncertainties, the identified uncertainties 

in the simulation will here be analysed. 

 

Uncertainty in data was identified when stakeholders required analysis of the cranes without 

having data on their behaviour today. Parameters and inputs also showed uncertainty when 

times clocked did not correlate with the company’s or suppliers suggested tact times. 
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Uncertainty in data spreads from lack of knowledge, and variation in parameters and inputs 

according to Walter et al. (2014).  

 

There was also uncertainty in the model and the simulation itself caused by idealisation of 

what was considered as bath time for crane tilting. This uncertainty in referred to by Walter et 

al. (2014) as conceptualised models disconnected from reality. Furthermore, the key factors 

decided to be simulated in the case study was mainly focused on the process parameters. 

However, the managers also desired benefits with the silane from an investment perspective. 

Hence, it is difficult to say whether the simulation supports both agendas more than that less 

bath probably means less maintenance costs. Haveman & Bonnema (2015) states the 

importance of simulating the right problem, and in this case study it was decided to simulate 

the problem where data could be retrieved.  

 

The future state model used current state data of product mixes and required output per day in 

order to be comparable. The company can however decide to remove the lid system in a 

future layout, but since not prioritised today, this event does not impact simulation results 

even if it can be a future uncertainty. This phenomenological uncertainty, when events and 

future influences gets ignored by the usage of vague future data (Walter, et al., 2014), does 

not fully apply on the constructed simulation.  

 

When conducting workshops, the stakeholders of the company both agreed and disagreed 

with simulation result. The disagreement was concerning the current state, where tact time 

differentiate from company data, and the supplier’s (see Figure 7 and 8). This is referred to by 

Walter et al., (2014) as uncertainty in human behaviour, since the stakeholders interpreted the 

data differently by having different information.  

 

 
Figure 7 - Analysis of simulated bath times compared with stakeholders 
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Figure 8 - Analysis on simulated crane and bath times compared with stakeholders 

Since the company record data of the total cycle time, but not the cranes, and the supplier only 

provided bath times, these data needed triangulation in order to be used in DES. The company 

data got verified by the usage of clocked data, and the supplier data was used in the future 

state data to show a best case scenario. However, the estimated time tolerances for the future 

state bath times had not been validated in the real-life system. They were just assumptions 

from the supplier. Thereby the verification, when input parameters are correctly represented 

in the simulation as well as its logical structure (Banks, et al., 2005), can be questioned. 

 

6.3.2 Uncertainty reduction through usage of DES in the process innovation project 

 

The usage of DES as a tool to conduct experiments, in combination with having the company 

continuously discussing technological challenges, seems to reduce some of the uncertainties 

in the studied company. Frishammar et al. (2013) highlights experimenting as one way of 

prevent negative surprises further down the project. The supplier involvement, once again, 

contributed to reduced uncertainty when building up the conceptual DES model, by pointing 

out the real-life system’s limitations and problems. Haveman & Bonnema (2015) however, do 

not emphasis stakeholder involvement to identify the core problem to be simulated. Thus, 

they contradict the theory found in uncertainty related literature (Brettel, et al., 2014; Colarelli 

O'Connor & Rice, 2013; Daalhuizen, et al., 2009; Ragatz, et al., 2002), that in the conducted 

study became a fact. 

 

The DES model was able to suggest crane setups alligned with suggested bath times from the 

supplier, that fit estimated intervals for the different bath steps. Thereby it is suggested that 

the DES is able to reduce product uncertainty since supplier times is assumed to maintain 

quality of corrosion resistance. In this case, the interdependency between process and product 

stated by Frishammar et al. (2014) and Damapour & Aravind (2012), was taken into account. 

However, the uncertainty regarding the testing of the new chemical remains to be dealt with 

by the company. On the other hand, the workshops was able to delimit required data by agree 

on which factors were most important to be answer by the DES model, although some of them 

still lacked detailed data. This method of reducing uncertainty in simulation, by identifying 

the key variables needed, has previously been suggested by Eldabi et al. (2002). 

 

0

50

100

150

200

250

300

350

400

450

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18

T
im

e 
(s

ec
o

n
d

s)

Baths

Bath and Crane times

Supp Max C + Rec B Supp Min C + Rec B Our Max C + Max B

Our Min C + Max B Takt Our Takt



 

38 

 

Table 8 summarise the uncertainties reduced by simulation, and which remained unresolved. 

Some of the unresolved uncertainties can be applied to the existing simulation models without 

any major reworks, these are consumption of water, chemicals, future demand and stoppages. 

The two remaining uncertainties, implementation cost and quality issues, are not applicable 

for simulation. However, the results and outcomes from the simulations could be used for 

further calculations or give indications of how to reach the sought out results. For the 

uncertainties only partly tested, the process layout and future crane movement are caused by 

time constraints, since every process layout is time consuming to structure and every layout 

has numerous different possibilities for crane movements. As for the last uncertainty Product 

quality it cannot be fully tested by only simulation, the actual process has to be tested with all 

the correct parameters to insure the quality of the product. 

 
Table 8 - Uncertainties and actions 

  

Uncertainty Solved? Explanation

Lead-time Tested through simulation
Compared to current production and current state simulation then 

implemented into future state

Tact time Tested through simulation
Compared to current production and current state simulation then 

implemented into future state

Demand Tested through simulation
Compared to current production and current state simulation then 

implemented into future state

Obstructions Tested through simulation
Compared to current production and current state simulation then 

implemented into future state

Crane utilization Tested through simulation Current state simulation

Process times Tested through simulation
Compared to current production and current state simulation then 

implemented into future state

The process layout Partly tested by simulation Other layouts could be more beneficial 

Future crane movement Partly tested by simulation
Tested but not optimised, however it is feasible to argue for a 

reduced number of cranes compared to today

Product quality Partly tested by simulation
Can se if the different process times are acceptable, but can not 

however measure the quality itself

Uncertainty Reason Explanation and potential action

Consumption of water Lack of information
Do calculations from overflow and material processed then 

simulate, it will however increase

Chemicals Lack of information Gather data on costs and consumption then simulate

Future demand

Used information based on 

current demand to compare the 

simulation to reality

Use existing simulation with the forecast for future demand          

(still only a forecast)

Implementation cost Not a simulation issue
Get the different costs for implementation, restructuring and 

purchases then calculate depending on the chosen process layout

Quality issues Not a simulation issue
Variation in process time could lead to inadequate results, this 

could be a crane issue

Stoppages
Discarded as a none simulation 

issue

Since they are at random and the downtimes sporadic in length, it 

was regarded as more profitable to be removed
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7. CONCLUSIONS AND RECOMMENDATIONS 

This chapter will summarise the finding from the study by first discussing process innovation 

characteristics, how process innovation affects the products in the production, and how DES 

can reduces uncertainty in process innovation. Afterwards, the conclusion will be presented 

by answering the research questions. Lastly, suggestions for further research divided into 

academia and studied case will be proposed. 

7.1 Summary of main findings 

To sum up, the results of the case study shows that process innovation evokes uncertainties 

that can be reduced by the usage of DES, which in return enables the process innovation 

process. Previously, process innovation has been treated as a strategy established by product 

innovation to stay competitive (Pisano, 1997; Reichstein & Salter, 2006), which thereby 

diminish its advantages if used by itself. The results also reveal how products in the 

production get affected by process innovation since it evokes uncertainty, without having 

changed the products in production. Because of process innovation is something new, it 

changes more than just a parameter setting and will affect parts surrounding it. Finally, DES 

as a tool for reducing uncertainty in process innovation has not been studied in previous 

research. Our study clarifies how DES can support process innovation in the matter, but also 

how the usage of DES contributes to uncertainties. In Figure 9 the main findings of our study 

is summed up. 

 

 
Figure 9 - Main findings of how DES interacts with uncertainty in process innovation 

7.2 Discussion  

At the studied firm, our findings showed that process innovation was driven by future 

environmental requirements due to insufficient resources of phosphate. The project was a 

necessity both for remaining competitive, but also to stay in a market where environmental 

requirements get tougher for each year. By not waiting on competitors’ initiative to change 

technology, it was more important for the studied company to change before they were 

obliged to. Either cause by insufficient phosphate resources or regulations. This also gave 
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them a competitive advantage by being first (Pisano, 1997). Judging by the high amount of 

supplier involvement and personnel from sister plants, there are more stakeholders than the 

studied plant. This increases the plant’s visibility (Galeazzo & Klassen, 2015), and will do so 

even more when the process innovation project is successfully completed. To achieve the 

mission, the studied process innovation project had defined project steps, a stretchable 

timeframe, and an initiators of new project possibilities. Project possibilities included for 

instance re-design of process layout and supportive equipment proposed during the 

workshops. A stretchable timeframe, led to a continuously postponed deadline, which 

probably means that more resources and money was put into the project than expected at the 

beginning. If the need of supportive equipment also will become a part of the project, deadline 

will be postponed even more. This, before even the management has approved the 

investments for the implementation.  

 

The most important enabler of the process innovation project the suppliers (Brettel, et al., 

2014; Colarelli O'Connor & Rice, 2013; Daalhuizen, et al., 2009; Ragatz, et al., 2002), 

especially the chemical supplier. By being present in the project, the supplier supported the 

company in decision making through every decision associated with the pre-treatment 

process. The supportive equipment is proposed to be a result of experimenting on potential 

layouts, which got all stakeholders to reflect on investments in associated areas of the pre-

treatment process to achieve a quality assured production for the long-term. Therefore, 

regardless of how the project innovation project was originally created, the need of supportive 

equipment is part of achieving project innovation, and additional costs thereby becomes 

unavoidable.  

 

The new process innovation technology was decided based on compatibility with the current 

process and its advantages, a likely approach according to Milewski et al. (2015). The 

evaluation of different technologies can be a source of uncertainty (Damanpour & Aravind, 

2012), and our study identified eight uncertainties evoked by process innovation in a situation 

where the products were not undergoing development. Three of them point directly at process 

innovation uncertainties affecting products, five related to the project itself. Additionally, the 

DES model identified three new uncertainties evoked by the process innovation project. 

Evidentially, it is hard to undergo process innovation without being affected by uncertainties 

in other parts of the company. If process innovation was about to be implemented in a bank’s 

service system, it would affect the customers, the staff, and administrative system as well. 

 

The quality of the products was identified as the most central uncertainty. With a production 

manager stressing a stable process before implementing the new technology, the quality of the 

products’ corrosion resistance consumed both time and resources, because to the process 

innovation project. In addition, quality of the products with the new chemicals had not been 

confirmed in the studied company. Secondly, the uncertainties of how to test the new 

chemical’s corrosion resistance on products evoked concerns. Being a company used to 

standardised procedures of verifying quality, directions in this matter was difficult to define - 

especially since the supplier did not want to be involved in the creation of the testing 

directives. The third uncertainty can be viewed as an outcome of the two previous, being 

uncertainty in steps before implementing the process innovation project. Thus, being 

dependent on supplier knowledge, the company did not see themselves as in charge for 

pushing the start button for implementation. Somehow, we feel the responsibility of starting 

the implementation lies in the hand of both parts since the project is of mutual interest. 
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Furthermore, the DES model revealed additional documentation related uncertainties when 

data of the process was asked for. By not having a documentation of the crane programming 

and its process times, triangulation of stopwatch data was necessary in order to compare 

retrieved data with the measured. The lack of documentation also revealed two more 

uncertainties when creating the simulation model – knowledge about the process and its 

characteristics. During Workshop 2, this became an essential part, where no one of the 

participant had enough knowledge of the cranes to execute the planned activities, and instead 

asked us to solve the crane issue. This was also revealed by comparing supplier bath times 

with the company’s and the reality (see Figure 7 and 8), suggesting the supplier lack 

knowledge about the pre-treatment process at the studied company. And, even though strong 

efforts had been made to improve the product quality with the supplier chemicals, the bath 

times do not fit the process as built today. If the chemical composition does not align with the 

pre-treatment process today, will it do better when switching to silane?  

 

Even though DES contributed to identifying uncertainties, the tool itself indeed reduced 

uncertainties and enabled decision making in the process innovation project. By first revealing 

unknown uncertainties, the project group realised weaknesses that had to be improved to 

accomplish the process innovation implementation. But, the main contribution of using a DES 

model in the process innovation project was its ability to visualise new possibilities and create 

a platform for discussing uncertainties about the project. By discussing different direction of 

the project, and suggesting supportive equipment, the project group reduced uncertainty of the 

future process. By clarify the vision of the process innovation into more details than before; 

decisions could be taken about parts that previously had been ignored, as the ability short 

down the process to one line. By visualising simple DES models of future layouts, the 

stakeholders could now create a mental picture of how the process could look like, and 

benefits in time with different alternatives. The platform also increased the supplier 

involvement; they are being the core of knowledge about the chemical requirements in 

process changes. The simulation is not unique as a model nor its ability to analyse a 

production process. The uniqueness however, comes from what is analyses, a chemical 

process. 

 

7.3 Conclusions 

The aim of this study was to investigate how DES could be used to reduce uncertainty in the 

work of implementing process innovation at manufacturing companies. The study was taken 

from a production standpoint that also considered the existing products in the production 

system, and focused on the uncertainties that came because of process innovation. Three 

research questions were used to guide our work: 

 

1. What are the characteristics of process innovation introduction in a production process 

context? 

2. How is the production process at manufacturing companies affected by process 

innovation related uncertainties? 

3. How can the usage of DES contribute to reduction of uncertainties during the 

introduction of process innovation at manufacturing companies? 
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Our case study showed that process innovation was driven by future environmental 

requirement as a mean of remaining a competitor on the market. The process innovation 

project was characterised by defined project steps, independent of time, and fosters new 

projects. Our identified key enablers for process innovation were suppliers, supportive 

equipment, knowledge, and project strategy. Three main sources of product related 

uncertainties were concluded to affect the process innovation project; Quality of existing 

products, testing of products, and steps before implementation. Furthermore, five 

uncertainties evoked by the process innovation at the studied company were; other projects’ 

impact, verifying new process, cost of implementation, stakeholder alignment, and 

documentation. The DES model added three more uncertainties to the process innovation 

project. These were uncertainties related to process knowledge, process characteristics, and 

documentation. The usage of DES reduced uncertainty in the process innovation project by 

visualising new possibilities, identifying unknown uncertainties, being a platform for 

discussing uncertainties, and additionally increased supplier involvement. 

 

Limitations exist regarding the outcome of the project. Nonetheless, findings emphasise the 

uncertainties evoked in the specific stage of the project. Thereby, the study cannot tell 

whether later discovered uncertainties could be reduced by using DES. The identified 

uncertainties are also deeply connected to the process innovation project itself, meaning 

generalisability is limited. The case study was also limited due to the specific context of the 

process innovation project, which gave no additional case study to compare findings with. 

However, the in-depth investigation of the studied case company, exploit findings that 

matched with literature, strengthening the thesis validity. 

 

By its nature of methodology, DES requires to continuously be validated and verified, and 

show credibility to be a tool to use for real-life application. In this sense, DES reduces 

uncertainty as a tool for process innovation, by reassuring that data is collected, represents 

reality, and analysed on its real-life conditions. Uncertainties also gets reduced by 

experimenting on different parameters impact on the system, which increase knowledge of the 

simulated process. The reduction also gets displayed in decision making, where the 

visualisations assisted the stakeholders in the project to discuss layout options, and supportive 

equipment. 

 

7.4 Future research 

This section will present the implication of this thesis in an academic and practical 

perspective, and suggestions for future research. 

 

7.4.1 Academic implications 

 

The results of the case study shows that process innovation evokes uncertainties that can be 

reduced by the usage of DES, which in return enables the process innovation process. This 

contributes to previous research by highlighting process innovation characteristics in a 

manufacturing process as an incentive, and not treat it as a strategy established by product 

innovation to stay competitive. The results also reveal how products and the production is 

affected by process innovation as it evokes uncertainty. This adds to existing literature by 

partly filling the research gap on how a process innovation can be implemented without 

causing uncertainty in other parts of the production process. Lastly, the main contribution of 

our study is how DES as a tool can be used to reduce uncertainty in process innovation. This 
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has been largely ignored by previous research. Our study clarifies how DES can support 

process innovation in the uncertainty reduction, but also how the usage of DES contributes to 

the identification of uncertainties. 

 

The search of literature was primarily done in Google Scholar, due to access limitations from 

the other databases. Even though the databased can be argued for not being trustworthy when 

quantifying, it gave the literature search a head start for pin out the research fields, and a start 

of the snowballing. In addition, most the articles from the other databases needed to be found 

in Google Scholar to be accessed. However, it would be interesting to see if a similar study 

was conducted in other databases would have the same outcome and academic conclusions.  

 

The conducted simulation study was conducted by thesis students, confident of how to collect 

and analyse data through DES. Whether the company will invest resources into DES as a tool, 

further research is suggested to investigate what happens with a company introduced to DES. 

Further, if implemented in the company, which issues is the tool addressing in-house for 

uncertainty reduction? 

 

7.4.2 Practical implications 

 

By presenting DES to a company, you do not just present a tool for experimenting real-life 

systems and process without making any physical changes. You also present a tool with the 

ability to reduce uncertainties in process innovation. The DES models contributed to the 

studied case by visualising future potential layouts, something that they had not done before. 

By just highlighting the topic layout, the stakeholders also provided knowledge about the 

process’ abilities if changed, that otherwise would not be an option for the implementation. 

The DES as a new element also contributed to discussions, where decision were taken that 

clarified the project goals – to be prepared for future environmental requirements in a 

competitive way. Uncertainties in the existing production was also exploit by the usage of 

DES, but its most important impact was how it contributed to the process innovation project 

itself. 

 

The adoption of DES in the process innovation project made the involved stakeholders view 

process innovation as something more than just following a plan and implementing a new 

technology. They distinguished ways to improve both the conditions of the process 

innovation, but also its surroundings in the pre-treatment process. The stakeholders exposed 

to our thesis study further developed additional knowledge about the pre-treatment process, its 

limitations, and why previous implementations now hindered the process innovation. And 

now, they have one tool that can provide them with decision making support to prevent this 

from happening in the future. 
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7.4.3 Recommended future research 

 

Process innovation in previous literature has been overshadowed by product innovation, 

tending to be viewed as an outcome of newly developed products. In this study the same 

connection was not found, suggesting there is an underrepresentation of studies investigating 

process innovation as something driven by other factors. For future research we strongly 

recommend to conduct studies where the driving factors of process innovation itself is the 

main focus. 

 

In the research field of uncertainty, there exist rich definitions, different sources and types, 

and ways to reduce uncertainty. Therefore, we do not see a need for deepen the research of 

uncertainty. We do, however, see a gap in equivocality research, where little is mentioned 

about types of equivocality that commonly causes uncertainties in process innovation.  

 

Seeing the future potentials and benefits of using simulation, we strongly believe that DES 

will be a part of uncertainty reduction in the future, and definitely a part of the manufacturing 

industry. However, more in-depth analysis and data gathering is needed in order for the DES 

to work as a foundation for decision making. This is a great entry for further research, to 

investigate more fields in process innovation where DES can be used as a tool for decision 

making by reducing uncertainties.  
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9. APPENDICES 

9.1 Summary of interview questions 

 

Stakeholder interview questions concerning process innovation project 

• What is your job title, and what is your role in the company?  

• Which factors are the most important in order for you to perform your daily work?  

• Which factors are less important?  

• What will you gain in your daily work by the process innovation project?  

• Is there any uncertainties linked to your role at the company concerning the process 

innovation project?  

• Can you identify any uncertainties in the implementation stage of the new pre-

treatment process? 

•  Can you identify any uncertainties that can be evoked after the implementation? 

Specified interview questions of pre-treatment process 

• When do the company get feedback on sample plates, who gets the results?  

• What does the final check in the paint shop process do? 

• What requirements is needed of the existing baths to implement the new technology? 

o How stable does the current process need to be? 

o What documentation is required of the current and future process? 

o What factors and uncertainties can be solved later? 

• What knowledge is required before the new technology is implemented? 

o Technology knowledge? 

o Future process layout? 

o Water pipes, water overflow, water cascades etc.  

• How long can the process stand still for configuration after implementation of the new 

technology, before you need to produce full-scale? 

• How does the switch in technology affect the rest of the plant, and other plants within 

the company?  

• How much of the supportive functions (water and electric supply etc.) can be 

constructed ahead of the implementation?  

• Have you planned to perform smaller actions before the implementation of the new 

technology?  

• Do you, as a company, have the knowledge to reprogram the crane system, or does 

this task need to be outsourced?  

• How much is required in order to reprogram the crane system?  

• Will the ED oven get affected by the new pre-treatment process?  
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Supplier interview questions 

 

Process questions 

• How will the new pre-treatment process look like, and what steps in the process can be 

changed? 

o Bath properties and order 

o Chemicals and requirements 

o Basins’ different volumes, functions and limitations  

• Process times  

o Is the tact time going to change or remain as in the current process 

o Will any bath times change in the new process?  

• Is the current process using traditional Zink phosphating?  

• Have you ever supplied to a company with pickling as one of the baths?  

 

Around the process 

• Can the same handling system (hooks, carrier, lids, and cranes) be used with the new 

chemicals? 

• Does the new chemical manage the same product mix as Zink phosphating?  

• Do the plant need to invest in new basins/baths, or can the current be used? If yes, how 

thorough do the cleaning need to be?  

• What other working tasks are needed in order to implement the new chemical (new 

electrical connectors, mounting of cranes etc.)?   

 

The vision 

• What is your vision of the process innovation project and its technology? (Compare 

this with the company) 

• What are your expectations of the company, and what are you obligations towards the 

company? 

• What will you, as a stakeholder, gain in implementing this process innovation project? 

• What are your previous experience of implementing silane? 

• How is the testing of the new technology going to be performed, what samples are 

required?  

• What parameters and functions make the current process run, is it clear or is there 

uncertainties?  

• What do you think of that the current process is unstable, is that a concern for 

implementation?  
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9.2 Agenda Workshop 1 and 2 

 

Workshop 1 Agenda  

• Introduction –  Purpose of the thesis work, today’s purpose, and presentation of agenda 

• Vision of the thesis work for the pre-treatment process 

• Demonstration of DES software 

Part 1 

• Discussion of current state pre-treatment process; advantages and disadvantages, participants 

vision of pre-treatment process and factors to consider if the layout changes 

• Group exercise; divide into smaller teams, provide pictures of current layout, and marker pens 

to draw new suggestions. Show requirements and considerations for designing the new layout 

• Discussion of layout suggestions and decision of which to simulation 

• Decide parameters to simulate 

Part 2 

• Discussion about current crane system; advantages and disadvantages, known parameters, 

suggestions of change in crane system.  

• Summary of workshop 1, book time for workshop 2. 

 

Workshop 2 Agenda  

• Introduction –  Purpose of the thesis work, today’s purpose, and presentation of agenda 

• Summary of previous workshop; participants, group exercise with requirements and 

considerations, and results.  

• Today’s purpose; Three crane system suggestions (one as current state) including lid handling 

Part 1 

• Method for DES modelling; how concepts were chosen and discarded. In data, and what the 

models were able to measure. 

• Presentation of results; current state, created layouts, comparison between current and future 

layouts by showing visualisations. 

• Decision making exercise of layout to simulate further; divide into teams that discuss the 

different options of layout, rank based on interest and compatibility, identify uncertainties in 

the layouts. Discussion with all participant and make decision of layout. 

Part 2 

• Crane system; Divide into same teams as before, mission is to create 1-2 new systems per 

team, show requirements and considerations 

• Presentation of created crane systems; each team picks one system to present, three crane 

systems get decided to simulate, decide parameters. 

• Summary of workshop and book time for DES presentation and thesis work. 
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9.3 Process Layout 
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9.4 Comparison of conceptual models  
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9.5 Future state process layout  

 


