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ABSTRACT 

The industry is facing major challenges today. The challenges are tougher global competition, 

customers who require individualized products and shorter product lifecycles. The predicted 

industrial revolution is a way to deal with these challenges. Industry 4.0 includes strategies 

linked to several technologies that will meet the new needs. Smart factory is a central concept 

in industry 4.0, which involves connected technologies of various kinds. Such as digital 

manufacturing technology, network communication technology, computer technology, 

automation technology and several other areas. In this work, these were defined as smart 

factory technologies. Implementing such technologies will result in improved flexibility, 

resource productivity and efficiency, quality, etc. But, implementing smart factory technologies 

poses major challenges for the companies. 

Laboratory environments can be utilized to address the challenges. This results in a new 

problem, how to transfer a smart factory technology developed in a laboratory environment to a 

full-scale production system. In the literature study no, structured approach was identified to 

handle this challenge. Therefore, the purpose of this work was to: create a work process that 

supports the technology transfer from a smart factory compliant laboratory environment to a 

full-scale production system. To justify the purpose, the following research questions were 

answered:  

RQ1: What are the differences in the operating environment between the laboratory and the 

full-scale production system? 

RQ2: How is a smart factory technology determined ready to be implemented into a full-scale 

production system? 

RQ3: What critical factors should a work process for the implementation of smart factory 

technologies include? 

The research questions were answered by conducting a multiple-case study in collaboration 

with Scania CV AB. During the case studies, interviews, observations and other relevant types 

of data collection were conducted. 

The results were as follows: 

RQ1: How difficult it is to transfer a technology from a laboratory environment to a full-scale 

production system depends on how large the differences between these are. The general 

difference is that laboratory environments are used to experiment and develop technologies and 

a full-scale production system is used to produce products. Some want the laboratory 

environment to be an exact copy of a full-scale production system, but this is not appropriate 

because it means you lose the freedom of experimentation and it would be much more 

expensive. 

RQ2: Determining whether a smart factory technology is ready consists of two parts, 

laboratory activities and pilot testing. A structured assessment method has been developed. The 

laboratory operations reduce the risks and contribute to raising the degree of maturity of the 

technology. In pilot testing, it is important not to interfere with the full-scale production system 

stability. This is the reason for doing pilot testing in a delimited area first and checking that the 

technology works as desired. 

RQ3: The critical factors identified were: competence and knowledge, technology contributing 

to improvements, considering risks with implementation, cost versus potential improvement, 

clear goals and reason for implementation and communication. 

Keywords: Smart factory lab, full-scale production system, technology transfer, technology 

readiness level, operating environment, implementation, critical factors, multiple-case study 
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SAMMANFATTNING 

Industrin står idag inför omfattande utmaningar. Utmaningarna gäller tuffare global 

konkurrens, kunder som kräver individualiserade produkter och kortare livscykler för 

produkter. Den förutspådda industriella revolutionen är ett sätt att hantera dessa utmaningar. 

Industri 4.0 innefattar strategier kopplade till flera teknologier som ska möta de nya behoven. 

Smart fabrik är ett centralt koncept inom industri 4.0, som innebär uppkopplade teknologier av 

olika slag. Såsom, digital tillverkningsteknik, nätverkskommunikationsteknik, datorteknik, 

automationsteknik och flera andra områden. I detta arbete sågs dessa som smarta 

fabriksteknologier. Att implementera sådana teknologier kommer resultera i förbättrad 

flexibilitet, resurs produktivitet och effektivitet, kvalitet, etc. Men, att implementera smarta 

fabriksteknologier innebär stora utmaningar för företagen.  

Laboratoriemiljöer kan utnyttjas för att hantera utmaningarna. Det resulterar i sig ett nytt 

problem, hur överför man en smart fabriksteknologi som utvecklats i en laboratoriemiljö till ett 

fullskaligt produktionssystem. I litteraturstudien identifierades inget strukturerat arbetssätt för 

att hantera denna utmaning. Därför var syftet med detta arbete att skapa en arbetsprocess som 

stödjer teknologiöverföringen från en smart fabriksöverensstämmande laboratoriemiljö till ett 

fullskaligt produktionssystem. För att berättiga syftet besvarades följande forskningsfrågor: 

FF1: Vilka är skillnaderna i driftsmiljö mellan laboratoriet och fullskaligt produktionssystem? 

FF2: Hur är en smart fabriksteknologi bestämd redo att implementeras i ett fullskaligt 

produktionssystem? 

FF3: Vilka kritiska faktorer ska en arbetsprocess för implementering av smarta 

fabriksteknologier innehålla? 

Forskningsfrågorna besvarades genom att utföra en flerfallstudie i samarbete med Scania CV 

AB. Under fallstudierna genomfördes intervjuer, observationer och andra relevanta typer av 

datainsamling. 

Resultaten var följande:  

FF1: Hur svårt det är att överföra en teknologi från laboratoriemiljö till ett fullskaligt 

produktionssystem beror på hur stora skillnaderna mellan dessa är. Den generella skillnaden är 

att laboratoriemiljöer används för att experimentera och utveckla teknologier och ett fullskaligt 

produktionssystem används för att producera produkter. Vissa vill att laboratoriemiljön ska 

vara en exakt kopia av ett fullskaligt produktionssystem, men det är inte lämpligt eftersom det 

innebär att man förlorar experimenteringsfriheten och det skulle bli mycket dyrare. 

FF2: Att avgöra om en smart fabriksteknologi är redo består av två delar, laboratorieaktiviteter 

och pilotprovning. En strukturerad metod för bedömningen har tagits fram. 

Laboratorieverksamheten minskar riskerna och bidrar till att höja teknologins mognadsgrad. 

Vid pilotprovning är det viktigt att inte störa den fullskaliga produktionssystemets stabilitet. 

Det är orsaken till att pilotprovning sker i ett avgränsat område först och där kontrollerar att 

teknologin fungerar som önskat. 

FF3: De kritiska faktorerna som identifierades var: kompetens och kunskap, att teknologin 

bidrar till förbättringar, att överväga risker med implementeringen, kostnad kontra potentiell 

förbättring, tydliga mål och anledning till implementeringen och kommunikation. 
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1. INTRODUCTION 

The first chapter of the thesis begins with a background description and description of the 

thesis's context. Followed by the problem formulation, after that, the purpose and research 

questions where the problem is highlighted and specified. Finally, the scope of the thesis is 

described.   

1.1. Background 

In Europe the industrial sector is the crucial key driver of economic growth and contributes 

with 75% of all exports and 80% of all innovations (Hofmann & Rüsch, 2017). According to 

Bellgran & Säfsten (2012), it is more important than ever before for manufacturing companies 

in Sweden, to intentionally invest in the production area, due to the tough global 

competitiveness. The complexity and requirements in the manufacturing industry has during 

the recent years gradually increased (Hofmann & Rüsch, 2017). The challenges presented to 

companies are increased competition globally, increased instability on the market, customers 

demand individualised products and shorter product life cycles. Consequently, by introducing 

new products faster than the competitors, companies will receive both economic and market 

advantages (Bellgran & Säfsten, 2012). Accordingly, the number of varieties provided by 

manufacturers has significantly increased over the last decades (Hu, et al., 2011). The increases 

are a response to the diversity of customer needs and preference, as well as the tough 

competition on the global market. To continue being competitive, attractive product solutions 

are not enough, it is equally important to have successful production operations (Rösiö & 

Bruch, 2014).   

Until today, three industrial revolutions have brought, mechanisation, electricity and 

information technology to the manufacturing industry (Qin, et al., 2016; Wang, et al., 2015). 

The fourth industrial revolution was a response to the European debt crisis in 2009 and the 

requirement to meet the individual customer requirements, fierce global competition and 

shorter product life cycles (Kagermann, et al., 2013). A strategy was presented in 2011 by the 

German Government, to continue strengthen and promote global German manufacturing 

influence, called Industry 4.0. As pointed out by Kagermann et al. (2013), a major contribution 

to the strategy realization, is the increasing competitiveness from developing countries, such as 

China, India and Brazil (Qin, et al., 2016). The emerging countries has doubled their industrial 

share over the past 20 years accounting for 40% of global manufacturing, during the same time 

Europe has lost around 10% of their industrial share (Hofmann & Rüsch, 2017). This has 

forced to development of industrial technologies for reducing the labour force, faster product 

development, more efficient use of resources, etc (Qin, et al., 2016). The goal of industry 4.0 is 

to deal with personalised needs as well as gaining competitive advantages in view of the 

globalisation of markets (Wang, et al., 2015). Therefore, manufacturers need to implement and 

comply with the technologies related to industry 4.0 (Sjödin, et al., 2018).  

As industry 4.0 gained in interest among research centers, universities, and companies, the 

various contributions from academics and practitioners has not helped clarifying the meaning 

of the term, rather making it even more fuzzy (Hermann, et al., 2016; Hofmann & Rüsch, 

2017). The working group behind the term “Industrie 4.0” has presented the vision, the basic 

technologies that the idea aims towards, and certain scenarios, but there is not a clear definition 

(Kagermann, et al., 2013). However, it will take several years to fully realise the concept of 

industry 4.0. Despite that, implementations focusing on given parts of the manufacturing 

processes can be realised earlier. Industry 4.0 targets creation of smart products, procedures 

and processes; smart factories are central in industry 4.0. Accordingly, in this thesis, smart 

factory was regarded equal to industry 4.0.  
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Smart factories are a complicated and flexible system including digital manufacturing-, 

network communication-, computer-, automation technologies and several other areas (Zhou, et 

al., 2015)1. Thus, the implementation of technologies related to smart factories will have the 

ability to meet the individual customer requirements, improve flexibility, optimise decision 

making, improve resource productivity and efficiency, improve quality, improve robustness of 

processes, etc. (Kagermann, et al., 2013). By adapting and implementing smart factory 

technologies (SFT) companies within the manufacturing sector in high-wage countries can 

maintain their long-term competitiveness (Biegler, et al., 2018; Kagermann, et al., 2013). The 

companies that have started the implementation are at the beginning of the change (Liere-

Netheler, et al., 2018).   

1.2. Problem formulation 

Transforming a traditional factory to a smart factory presents substantial challenges for today’s 

companies (Biegler, et al., 2018; Haddara & Elragal, 2015), concrete actions are needed to 

realise the transformation (Erol, et al., 2016a). 

When a production technology is implemented in an existing production system, it might 

implicate adjustments that were not part of the initial focus (Bruch, et al., 2014). Therefore, 

developing a production technology adjusted to the existing production system is seen as a 

major challenge. Thus, it would be of great value to verify the reliability and safety of the 

technologies under industrial conditions before implementing them in existing operations 

(Zuehlke, 2010). Consequently, testing the technologies as close to industrial conditions 

possible and develop them further to better operate in the industrial conditions would facilitate 

those tasks. Wiktorsson et al. (2018) adds, building demonstration areas off-line can help 

companies manage the challenge of targeting and transforming processes with formerly widely 

used systems, such as existing production systems. To deal with these challenges, laboratory 

experiments is one approach; which can be used to develop and demonstrate the SFT (Wagner, 

et al., 2012). But, Liao et al. (2017) highlights and confirms a huge gap between industrial 

applications and laboratory experiments of SFT. And Hayes et al. (2005), addresses two critical 

challenges of technology development and transfer; the first lies in the complexity of 

transferring a technology from the laboratory environment to the actual operating conditions 

and the second lies in the differences in operating conditions and scale.  

RAMI 4.0 (Reference Architecture Model Industrie 4.0) (Adolphs & Eppel, 2015) is one 

common reference architecture. Such models have been provided by researchers, but these does 

not provide any details about the implementation (Pisching, et al., 2016). Existing smart factory 

maturity models of different types gives opportunities on defining a company’s strategic 

position; a significant initial phase (Biegler, et al., 2018). But, companies are still struggling 

when trying to transform the visionary ideas of smart factories to a missionary level of 

improving the productivity on the shop floor (Erol, et al., 2016a).  

Due to the characteristics of the technologies of smart factories, they can be broadly applied to 

the development and operation processes of diverse manufacturing systems, but, Kang et al. 

(2016) points out the need for systematic and strategic approaches from analysis of 

requirements to the realisation for successful introduction and application of the technology. 

Creating frameworks and methods is a common way for researchers to convert theory and 

knowledge into useful tools for industrial applications (Bellgran & Säfsten, 2012). 

_____________________ 

1 Will in this thesis this will be regarded as SFT. 
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From the literature study, one can conclude that there seems to be a gap in the scientific theory, 

companies still struggle with the implementation of SFT as they lack a structured way of 

working that could support technology transfer from laboratory to full scale application. The 

work process produced in this thesis will thereby contribute to new knowledge and contribute 

to recommendations of how the gap can be filled.  

1.3. Purpose and research questions 

The purpose of this thesis work is to develop a work process to support the implementation of a 

smart factory technology from a smart factory compliant laboratory environment to the full-

scale production systems. Accordingly, to following research questions are addressed: 

RQ1: What are the differences in the operating environment between the laboratory 

and the full-scale production system? 

RQ2: How is a smart factory technology determined ready to be implemented into a 

full-scale production system? 

RQ3: What critical factors should a work process for the implementation of smart 

factory technologies include? 

1.4. Scope  

The research was conducted through a multiple-case study approach investigating how the 

process of implementation or pilot testing for SFT had been undertaken. The case studies of the 

thesis were conducted within the manufacturing industry at a large heavy automotive company 

located in Sweden. The case company has established its own smart factory lab (SFL) 

environment.  

The case company is a large organization with 22 production units, and due to the time 

limitations of 20 weeks of this thesis, the focus was on only one of the production units, but 

one case from another production unit was also part of the investigation. So, the cases have the 

perspective of two, of the production units within the organization, potential receivers of the 

technologies tested at the SFL. The cases that were investigated were narrowed down to cases 

of implementation and pilot testing. Pilot testing was included due to the novelty of these 

technologies, there were not that many cases to investigate.  

The implementation process was not created to support the whole concept of a smart factory, 

the support is for implementing the technologies independently. The implementation process is 

focused towards internal technology transfer (i.e. within the organization). The purpose of this 

thesis was not to perform an actual implementation, it was to provide a process to support the 

implementation. The study’s focus was not on the laboratory activities; accordingly, the 

process starts when the laboratory activities on the technology is completed, however it is of 

importance to investigate how the laboratory activities can facilitate the implementation in full-

scale production. The implementation process is targeting existing factories, where there are 

more difficulties in implementing SFT. 
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2. RESEARCH METHODOLOGY 

The second chapter of the thesis begins with describing the research design, which describes 

what approaches was used during the study. Followed by the research process, that shows the 

proceedings of the study. Afterwards, the data collection is described, covering the methods of 

collection empirical data, followed by the description of the data analysis. Lastly, validity and 

reliability are highlighted. 

2.1. Research design 

The main purpose with deciding on a research design is to avoid that the identified data does 

not answer the original research questions (Yin, 2014). The research design is the theoretical 

outline, it contains the plan for the collection, measurement, gathering and analysis of data; as 

well as it specifies the information relevant to the research problem of the thesis (Kothari, 

2004; Merriam & Tisdell, 2016; Yin, 2014). Having a research design was helpful since it 

made the research more efficient and generated maximal information with as little expenditure 

of effort and time, possible (Kothari, 2004). Also, the research design is very important for the 

reliability of the results of this thesis, therefore Kothari (2004) indicates it to be the foundation 

of the entire research work. Consequently, a plan was created, which made it is easier to 

organise ideas in such way that it was possible to search for flaws and shortfalls. Setting up the 

research design forced the researcher to plan for what approaches was most applicable for the 

research conducted. Consequently, having a research design, primary and secondary data was 

collected continuously, and later be used in the analysis, thereafter in the conclusion, in order to 

answer the research questions. 

Research can be conducted with different purposes; it might be to, confirm, falsify or explore 

(Karlsson, 2009). This thesis is exploratory, since there was a major emphasis on understanding 

the phenomenon (Kothari, 2004). Exploratory research is about formulating a problem which 

will be investigated more precisely, the purpose of this thesis was to produce a process to 

support the implementation of a SFT from a smart factory compliant laboratory environment to 

the full-scale production systems application.  

2.1.1. Case study 

The case study method was chosen since it is most appropriate for situations in which the 

investigation and understanding of context is important (Voss, 2009). The purpose of this thesis 

was exploration, discover areas for research and theory development. When the research 

questions seek to explain a few actual circumstances, it is relevant to use case study research 

(Yin, 2014). The research questions in this study was investigating very specific and novel 

circumstances, thereby, the case study approach was most suitable. Since the research 

questions are investigating such specific circumstances, the existing research theory is rather 

low. Therefore, the research questions are open-ended as recommended by Edmondson & 

McManus (2007). The case study research allowed the researcher to focus on the cases and 

keep a holistic and real-world perspective (Yin, 2014). A case study is an empirical 

investigation to examine a current circumstance in-depth and within its real-world 

surroundings, in particular, when the outline between the circumstance and surroundings may 

not be obvious. The main focus of a case study is to highlight unique features of a specific case 

(Bryman, 2011), the uniqueness of this thesis work was that it investigated the transfer from a 

lab environment to the full-scale production systems application.  

2.1.2. Exploratory multiple case studies 

As suggested by Kothari (2004); when conducting exploratory research, a flexible research 

design is needed, thus, in view of many different aspects of a problem. The flexibility is needed 

because the research problem is may be narrowed down as the study is conducted, and thus, 
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changes in the research procedure may be required to gather relevant data. In this thesis, 

analysis of “insight-stimuling” (Kothari, 2004) approach is chosen. Since there was little 

experience to serve as a guide. The method comprises intensive study of selected instances of 

the phenomenon of interest. Existing experiences may be investigated by unstructured 

interviews or some other approach. The investigation consisted of multiple cases of 

implementations or pilot testing of SFT, which was investigated through a semi-structured 

interview approach.  

The investigated cases are retrospective cases, where SFT were implemented, or pilot tested in 

a full-scale production system at Scania. The cases; 

Case A: Virtual reality for digital test assembly (DTA), used for the production preparation. 

Case B: 3D-printer, used for printing spare parts, testing concepts of new tools. 

Case C: Virtual reality for robot painting programming, used to create the painting programs. 

Case D: Pick-by-tablet used in logistics furnishing to improve the quality of picking. 

Case E: Virtual reality for factory and machine layout, used to evaluate the layouts. 

Case F: Pick and put-to-light used in logistics furnishing to improve the quality of picking. 

2.2. Research process 

The research process was constituted by a series of operations or steps essential to effectively 

perform research and the anticipated sequence of the operations, rather than following a strict 

sequence the operations overlap continuously (Kothari, 2004). This research process (Figure 1) 

has not been strictly straight, some iterations was needed. This was to be sure of that all 

headings were in line with the scope and purpose. 

 

Figure 1: Research process (Produced by author) 

Started with discussing the scope and purpose with the supervisor and employer at the case 

company of the thesis, to get an idea of what is of interest to include in the study as well as 

exclude. It is very important to define the scope and purpose of the thesis early in the process, 

since it is the base of the whole work. To conduct a comprehensive literature analysis is 

necessary to design and scope the case study research (Williamson, 2002). Accordingly, up-to-

date literature was reviewed in order to identify what research exists in the chosen area and if 



6 

the theory was well developed, it also helped narrow the scope (Croom, 2009). The search for 

theory has been conducted in the scientific database, Scopus, and from the articles found, the 

concept of snowballing has been used. The keywords used were: Industry 4.0, Implementation, 

Manufacturing, Production system, Learning Factory and Technology readiness level. The 

keywords were combined and used in different word classes. A gap in the theory was 

identified, which matched the scope and purpose. With regards to the theory, research 

questions could be formulated (Williamson, 2002). Thereafter, the research methodology could 

be decided, how the data collection should be executed, primary data and theory collection 

from the literature review. The theory collected was read in two steps, first the text was speed-

read, to gain an initial understanding of the subject and with specific attention to the abstract  

(Croom, 2009; Williamson, 2002). If the research were relevant for the research area of the 

thesis; in step 2, it was carefully read and analysed, to identify good data, then the part of good 

data was coloured to faster identify the interesting parts (Voss, 2009). When a good knowledge 

base of the research area had been reached, the collection of empirical data could begin. Some 

cases at the receiving units was selected to be further investigated by interviewing people with 

the best knowledge, i.e. people involved in the project. Empirical data was also collected from 

internal documents, personal observations, etc. Then the analysis and discussion of the primary 

and secondary data started. Subsequently, based on the analysis and discussion, the conclusions 

were identified and specified. Then, the further recommendations were formulated. 

The qualitative approach is based on the researcher’s insights and impressions, from subjective 

assessment of attitudes, opinions, and behaviour (Kothari, 2004). Accordingly, during the 

major part of the research process I was located at the case company between 08.00 a.m. to 

16:30 p.m., that facilitated the research. For example, informal discussions could be held 

directly, daily observations were done and participation at meetings.    

2.3. Data collection 

When the research problem had been defined and the research design was finished, the 

collection of data could start (Kothari, 2004). There are two types of data, empirical and 

theoretical, each collected through different methods. The low availability of former research in 

the area, implies that the data collected should be qualitative, primarily open-ended data, which 

needs to be interpreted for meaning (Edmondson & McManus, 2007). The empirical data is 

original data, collected for the first time, interviews, internal documents, meetings, 

observations and discussions was used to collect primary data (Edmondson & McManus, 2007; 

Kothari, 2004).  

In case study evidence, interviews are one of the most important sources (Yin, 2014). In this 

thesis the main source of primary data was interviews. The cases that was chosen to be 

investigated was cases of implementations or pilot testing, the investigation was to understand 

how their implementation process had been undertaken. Since the purpose was to investigate 

the technology transfer from laboratory environment to full-scale production system 

application, and only two cases; Case A and E, has a connection to the SFL but is not directly 

transferred from there. In Case F, the technology was developed by a global development 

group at Scania. In Case D the technology was developed by another production unit within 

Scania’s organization. In Case B and C, the technology was developed by suppliers. Based on 

this, the decision to conduct two different types of interviews was taken. The purpose of type 1 

(see, Appendix A) interviews was to investigate cases of implementation or pilot testing at 

production units, to identify how their implementation process was undertaken. The purpose of 

type 2 (see, Appendix B) interviews was to investigate how the SFL were organized, what their 

mission is and how that might facilitate the technology transfer and, in the end, the 

implementation. The interviewees were chosen according to whom had the most knowledge 
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about the investigated case, in the investigated cases, the project leader and the manager of the 

project leader (Voss, 2009). The project leader was interviewed to receive another perspective 

of the project, if they accepted the interview. 

The interviews were conducted in form of person-to-person encounter, where one person 

obtains information from another (Merriam & Tisdell, 2016). In this thesis the semi-structured 

approach was chosen. The method is more flexible than highly structured interview as well as 

more structured than unstructured interviews (Merriam & Tisdell, 2016). The advantage of 

semi-structured interviews is that the interview is guided by a list of prepared questions and the 

order they are asked is not determined, and at the same time it allows the interviewer to include 

new ideas on the topic given by the respondent (Bryman, 2011; Merriam & Tisdell, 2016; 

Williamson, 2002).  

Receiving good data from interviews is depending on the questions asked, and that takes 

practice (Merriam & Tisdell, 2016). Before the interview was conducted, pilot interviews were 

completed. This was crucial for testing the questions, one can notice that some questions need 

to be reworded, since the interviewee were confused; and, suggestions for questions to be 

added or removed was considered. The questions should be formulated with words that is 

understandable to the interviewee and words that reflect the respondent’s world view; this 

enhances the quality of data gathered from the interview. The questions were sent in advance to 

the respondents for them to acquaint with the questions and the expressions used, if something 

was unclear, that could be solved before the interview was conducted. The interviews were 

conducted in Swedish, if the interviewee had Swedish as native language, otherwise in English. 

The reason for conducting the interviews in the respondent’s native language was based on the 

thought that the discussions should be better, since the respondents felt more comfortable with 

the language.  

The interviews were recorded, after gaining permission from the interviewee. The choice of 

recording the interviews was to not have to take notes during the interview, and thereby, being 

able to focus on the interview and not focus on writing. Transcripts of the interviews was 

created by listening to the recording and writing down, accurately. This was very time-

consuming, but it ensured that the information provided was obtained. Table 1 presents the 

interviews conducted in this thesis, along with the position of the interviewee, when it was 

conducted, their degree, how many years they have worked at the case company and as well 

which type of interview it was. A total of 12 interviews was conducted, the duration was 

between 15 and 65 minutes. 

During the time the research was conducted, most of the time, the author was located at the 

case company. Thereby, the data collection also came from personal observations, informal 

conversations, attendance at meetings and events, and review of archival sources (Voss, 2009). 

Informal conversations were conducted directly when needed, therefore, estimated to two or 

three times a week, varying in length. Personal observations were received almost on daily 

basis since, the researcher was provided with a desk at the case company, in one of the 

receiving units. The SFL also provided a desk. So, the SFL was visited about 10 times during 

the thesis work. 
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Table 1: Respondents for the semi-structured interviews. 

Position Interview 

date 

Degree Years of 

employment 

Interview 

type 

Product 

preparator 

2019-03-27 Non-academic 

training 

15 1 

Process 

engineer 

2019-03-28 Non-academic 

training 

9 1 

Robot 

programmer 

2019-04-04 Non-academic 

training 

30+ 1 

Manager 

logistics 

development  

2019-04-05 B. Sc. 5 1 

Manager 

product 

preparation 

and process 

engineering 

2019-04-05 M. Sc. 11 1 

Project 

manager 

logistics 

development 

2019-04-09 M. Sc. 3 1 

Project 

engineer 

2019-04-11 M. Sc. 7 1 

Manager 

logistics 

furnishing  

2019-04-15 Non-academic 

training 

16 1 

Project 

manager 

logistics 

development 

2019-04-17 B. Sc. 4 1 

Project 

engineer and 

smart factory 

coordinator 

2019-04-26 Ph. D. 11 2 

Project 

engineer and 

smart factory 

core team 

2019-04-29 M. Sc. 1 2 

Manager TEID 

and SFL 

2019-05-07 M. Sc. 32 2 

2.4. Data analysis 

After the collection of data was completed, the data could be analysed in accordance with the 

research design (Kothari, 2004).  This is an important step in a scientific study and for ensuring 

the relevant data, and further, making considerate comparisons and analysis. In qualitative 

research an inductive process is suggested, which means that the researcher gathers data to 

build concepts, hypothesises, or theories (Merriam & Tisdell, 2016). The goal of the data 

analysis was to identify answers to the research questions of the study. The analysis started 
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with the transcriptions of the interviews and writing down key findings in a separate document. 

The key findings could contain potential answers or part of an answer to the research questions. 

When the interview transcripts had been analysed, the key findings from each interview were 

organized according to the investigated cases, and information about the SFL (seen as an own 

“case”). Then the key findings for the respective interview, related to the same case was 

analysed together, to find similarities and differences. Afterwards, the different cases were 

compared and analysed in the same way, searching for cross-case patterns (Croom, 2009). That 

left analysed segments of information, the segments were assigned to a category, in this case 

the categories were the research questions. The segments were marked with colour, depending 

on what research question it related to, in that way the segments relating to each other could 

easily be identified. The theoretical findings were already organised in a structured way, and 

therefore, the chapter was read through and segments were marked with colour in the same way 

as the empirical findings. Then the segments from both the theoretical and empirical findings 

of the same colour were put together and analysed (i.e. read through looking for common 

denominators), to find conclusions. This is in line with Edmondson & McManus (2007) who 

states that, when the prior research in the area is nascent, the goal of the data analysis is to 

identify patterns. Accordingly, the theoretical contribution is more of a suggestive theory, it 

might encourage further investigation of the issue or other issues highlighted in the study. 

2.5. Validity and reliability 

When the quality of any empirical social research should be established, four tests are 

commonly used (Yin, 2014). Case study research is a subset of the larger body, and therefore, it 

is relevant for this thesis also. For exploratory case studies, such as this one, only three tests are 

relevant; construct validity, external validity and reliability; each deserving careful thought.  

Construct validity is the most challenging to achieve (Yin, 2014) (Kothari, 2004), this due to 

the critics, points out, the researcher to be bias when identifying the correct operational 

measures for the concepts being studied (Yin, 2014). Consequently, construct validity refers to 

how good the accuracy of the case study’s measures replicates the concepts being studied. Here 

the research design is affecting a lot. What is a good design then; generally, a good design is 

one that minimises bias and the reliability of the data collected and analysed is maximised 

(Kothari, 2004). In qualitative research, including case studies, it is common to use 

triangulation (i.e. using more than one method for collection and analysis of qualitative data) 

(Croom, 2009). Consequently, empirical data has been collected through interviews, 

documents, observations and informal discussions. Thus, tried to find different aspects and 

perspectives of the same phenomenon.   

External validity refers to, in which extent the results of the study are generalisable; here the 

target is analytic generalisation (Yin, 2014). Which is an indicator of how well the results from 

the case study is relevant to situations outside of the original study, based on the relevance of 

similar theoretical concepts or principles. The results of the thesis are applicable for different 

settings, where there is a centralised development which not only targets a specific production 

unit. By conducting a multiple-case study, the external validity was augmented, and it reduces 

observer bias, but the disadvantage is, it demands more resources and the cases are not 

investigated in-depth to the same extent as when conducting a single-case study (Croom, 

2009). Most of the cases investigated was on-going, but some were retrospective and the 

disadvantage of that is; participants may have a hard time recall important events. In this case 

study, some participants in the investigated cases had changed department or company, some 

were on parental leave, others did not find time to participate, and there was rather low number 

of participants involved in the cases; that has led to some of the cases could not be investigated 

in-depth. Which is the reason, even with exploration as the purpose, why not investigating 
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fewer cases and more in-depth (Croom, 2009). This definitively affects the reliability of the 

information gathered for cases with low participation in the data collection. It is also affecting 

the construct validity, negatively, but, with several cases investigated it is somewhat enhanced 

by the fact that several cases were investigated. Multiple-case studies are more likely to 

provide better and more generalizable theory (Eisenhart & Graebner, 2007). 

The reliability of a study is linked to the operations followed during the study, and if they can 

be repeated, with the same results; to minimise errors and biases in a study (Croom, 2009). The 

research process is visualised in Figure 1 and the process is detailly described. The 

triangulation of data also contributes to the reliability of data (Croom, 2009). The reliability of 

the data collected from the interviews is enhanced since they were recorded and after that 

transcribed. Additionally, the questions in the interview guides was tested before conducting 

the interviews, to avoid that the questions were poorly formulated. These actions are also 

contributing to enhancing the construct validity. The reliability of the work is influenced by the 

low number of participants in the interviews. Some of the managers did not want to participate 

because they were not responsible for the department at the time and had recently taken over 

the department. The manager they replaced was either on parental leave or changed 

position/company. Other people involved in the projects was also asked to participate, but most 

did not want to be interviewed due to low involvement in the project or, they did not prioritize 

to participate. 
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3. THEORETIC FRAMEWORK 

The third chapter of this thesis begins with some definitions underlying this research. Followed 

by a description of different environments. Continuing with, how to decide if the technology is 

ready and technology readiness level. Lastly, some critical factors of implementation are 

addressed. 

3.1. Definitions   

The theoretical framework begins with defining the terms used in the thesis, this is important 

since the meaning of terms varies among different authors and to create an understanding for 

the terms underlying this research.  

In this thesis production is regarded as “the act or process (or the connected series of acts or 

processes) of physically making a product from its material constituents, as distinct from 

designing the product, planning and controlling its production, assuring its quality” 

(Chisholm, 1990, p. 736). Production is the process where products is created through the 

combination of material, work and capital (Bellgran & Säfsten, 2012). The terms production 

and manufacturing are often seen as synonymous, as in this thesis.  

Production system is in this thesis defined as “an interacting combination at any level of 

complexity, of people, material, tools, machines, software facilities, and procedures designed 

to work together for some common purpose” (Chapanis, 1996, p. 22). The function of a 

production system is transformation of input to output; by means of machining or assembly 

(Bellgran & Säfsten, 2012). The input could be seen as raw material and after the 

transformation, it could be a component or a finished product. To achieve the transformation 

technology, humans, energy and information needs to be organised in best possible way. In 

system theoretical terms the execution is done by the technical and human systems, and the 

information and management systems are the active environment; these are all parts of a 

transformation system (i.e. production system). Production systems development is referring to 

existing production systems, as well as development of new production systems (Bellgran & 

Säfsten, 2012). For the existing production systems, the mission is to improve the efficiency 

and operational performance. In this thesis, the focus will be on existing production systems. 

As the focus of this thesis is on SFT, technology development will be used to indicate 

development efforts of a specific technology for a specific purpose. In this thesis, 

implementing a SFT in a full-scale production system means that the technology is always used 

when the process states so. 

The term laboratory conditions are used broadly, to cover different settings from computer 

simulations to pilot-scale production plants (Pisano, 1996). In this thesis, laboratory is regarded 

as: a dedicated area, specifically for testing and validation of new technologies discovered by 

benchmarking or own research, and laboratory conditions, are not a copy of the actual 

production conditions. 

3.2. Different environments 

3.2.1. Laboratory environment 

Laboratories are often initiated for a specific purpose (Frishammar, et al., 2015). Laboratories 

are commonly used to perform experiments by a trial-and-error based approach, it is an 

iterative research process involving guidelines, expectations and prior research. 

Testing in a laboratory is less reliable than testing in larger scales but testing in larger scales 

implies larger costs (Frishammar, et al., 2015). But, the ease of experimentation and low costs 

are reasons to use laboratory experiments (Lager, 2000). Therefore, weighting between costs 
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and benefits, between different experimental arenas are crucial to any company (Frishammar, 

et al., 2015).  

Lee et al. (2014) elaborates on self-aware and self-maintenance and points out an issue with 

developing the technology in a laboratory environment. The algorithms in most cases only 

manages, condition monitoring data from real machines, with a predefined routine, and is not 

attempting to learn from it. The real-time data collected at the shop floor is usually more 

complex, it is data from several machines and for a longer period of time. Therefore, the 

algorithms must be adaptive, and learn from production data and production knowledge that 

cannot be attained in a laboratory environment. Rentzos et al. (2014) also addresses another 

challenge with learning factories related to data, and that is the sensitive data, which might be 

used in collaboration projects and thereby spread to the academia. 

Zuehlke et al. (2010) addresses the challenge with wireless and mobile solutions, traditionally 

wired solutions have been used, but with the new problems like power supply and availability 

of channels are questions remining open. For example, in a research and demonstration plant, 

one wireless webcam jammed all the wireless communication. More and more devices are 

equipped with wireless communication, this may cause available frequency bands to reach their 

capacity limits. 

Frishammar et al. (2015) highlights the importance of considering the differing local 

conditions. This is supported by Díez et al. (2017), whom, created a methodology for validation 

of wireless communication systems in laboratory environments. They point out the importance 

of knowing the prerequisites of operating scenarios, in order to reproduce relevant conditions in 

the laboratory. In the end, the goal is to have a robust and replicable process for full-scale 

production (Frishammar, et al., 2015). Consequently, if the environment in the learning factory 

is similar to real production, the transfer of problem-solving abilities is facilitated (Abele, et al., 

2015). 

Examples of laboratories and respective differences 

With the challenges of smart factories, a growing number of research centers, universities and 

companies have taken part and contributed through laboratory experiments (e. g. Smart Factory 

OWL) or industrial applications (e. g. Digital Enterprise Software Suit, by Siemens) (Liao, et 

al., 2017).  

SmartFactoryKL in Kaiserslautern, Germany was the first research and demonstration plant for 

SFT in the world (Zuehlke, 2010). Consisting of a process manufacturing part and piece goods 

handling part. The machines and components used here is identical to those found in modern 

industrial plants. 

Kemény et al. (2016) describes the Smart Factory laboratory at MTA SZTAKI, being 

comprised of a simplified environment that is a physical representation of relevant processes 

similar to those found in the manufacturing industry. 

Nardello et al. (2018) describes the Smart production laboratory at Aalborg University, they 

mention that the products and their processes are not as complex as in most manufacturing 

processes in the industry.  

Erol et al. (2016b) describes the Industry 4.0 pilot factory at TU Wien, they mention the use of 

a demo product.  

Mueller et al. (2017) describes the Experimental and Digital Factory (EDF) as a complete mini-

factory. The laboratory environment inside EDF consists of current state of technology in 

industry, which enables application of innovative technologies in a relevant environment for 

industry. 
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Central or decentral technology development 

A crossroad for organisations is the choice between having a centralised or decentralised 

technology development (Hayes, et al., 2005). Managers responsible for an operating unit, 

often mistrust a centralised development, because they want to control over the technologies 

used on site. The mistrust is also related to that they have a hard time seeing the technologies 

being developed to work equally well for all sites. Industry is often cautious when deciding to 

adapt new technological advances (Rentzos, et al., 2014). There is advantages and 

disadvantages with both approaches, the choice is then based on an organisation’s specific 

strategies and competitive priorities (Hayes, et al., 2005). One must consider three questions; 

1. How will local operating conditions affect the technology? 

2. How close to actual operating conditions can the process be optimised before transfer? 

3. When major improvement in performance is reached, do the improvement come from 

incremental improvements of a specific generation of production technology or from a 

newly developed generation of production technology? 

It is hard to create a single development area to meet all challenges in industry (Abele, et al., 

2017).  

3.2.2. Full-scale production systems 

The most important task of production is output (i.e. quantity) (Bruch & Bellgran, 2014). This 

is achieved by daily operational work tasks, and a production system consisting of verified 

technology and a high degree of routine tasks. 

“…production system development is based on conscious and planned organizational attempts 

aiming at changing or modifying the production system to improve operational performance.” 

(Bruch, et al., 2014, p. 4).  

Changing on part of the production system, may imply effects on other parts of the production 

system, that is why this is a challenge for companies (Bruch, et al., 2014). Therefore, direct 

interaction of research results and production system operations is not recommended, the risk 

of interfering with the basic factory stability is not controllable (Abele, et al., 2017). The 

complexity and the costs of transferring research results directly to industrial production can be 

considered high. Configuring and intervening in the actual conditions are economically 

unjustified (Díez, et al., 2017; Seitz & Nyhuis, 2015).  

New technologies equal new barriers, both social and technological, associated to its 

implementation, to industrial reality (Thiede, et al., 2016). One of the technological challenges 

is the implementation of SFT in existing production systems (Wiktorsson, et al., 2018). The 

impediments and challenges factories will face working with SFT will differ from factory to 

factory (O´Donovan, et al., 2015). There are distinct differences between the challenges in a 

greenfield project (i.e. new factory) and brownfield project (i.e. existing factory). The usual 

case is not to build a smart factory from scratch, with the possibility to choose any technologies 

(Hirsch-Kreinsen, 2016). It is more common that there is an existing production system with 

some old and newer technologies. Whereat, there are challenges with incorporating the new 

technology with existing legacy devices, information systems, and protocols, some might be 

exchangeable (O´Donovan, et al., 2015). Hence, it is key that the technology not only is aligned 

with existing departments, but equally important for the departments to align with the new 

technology (Hellsmark, et al., 2016). Commonly accepted standards, software and hardware is 

still lacking (Liao, et al., 2017).  
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3.3. Evaluate technologies 

3.3.1. Deciding if the technology is ready 

The process of making the transition from one scale to another is long and often difficult, with 

several obstacles (Frishammar, et al., 2015; Hayes, et al., 2005). Frishammar et al. (2015) 

highlights the importance of extensive experimentation and trial-and-error for overcoming 

technological problems. New technologies are developed in different ways in different 

industries, but problem-solving approaches are often similar (Hayes, et al., 2005). One central 

activity in problem-solving is experimentation. Laboratory activities contributes to increase 

knowledge and reduce uncertainty (Frishammar, et al., 2012; Hellsmark, et al., 2016). Learning 

factories offer a platform allowing technology to be researched and developed till reaching the 

maturity demanded by the actual environment and application (Tisch & Metternich, 2017). 

Likewise, the subsequent transmission of those technologies is supported. Zuehlke et al. (2010) 

indicates that the activities conducted at a research and demonstration plant for SFT, is to 

examine, test and develop technologies. Laboratory experiments is an important approach to 

generate and facilitate feedback (Pisano, 1994). If the results are reliable depends on how well 

the laboratory test conditions replicates the actual operating conditions.  

When developing new technologies under these conditions, it implies issues, such as, when the 

technology should be transferred from lab environment to actual production (Hayes, et al., 

2005). The technology transfer is a success factor; to have a reliable technology transfer 

process for implementing the results from the area of development (Lager & Hörte, 2005). As 

the technology evolves due to the laboratory-activities, the technology eventually becomes 

more qualified of competing with existing alternatives (Hellsmark, et al., 2016).  

Not all problems can be solved before implementing, some problems are hard to anticipate or 

solve ahead of time (Pisano, 1997). Most of the new SFT cannot be implemented in the shop 

floor as fully working solutions (Hirsch-Kreinsen, 2016). As the technology matures 

complementary actions are needed (Hellsmark, et al., 2016), then, it is more common to 

conduct tests directly in the production environment, since it generates fast feedback and 

reliable results (Lager, 2000) (Kurkkio, et al., 2011). However, prematurity in a technology is 

often discovered when the project evolves (Hellsmark, et al., 2016). Thus, new technologies 

should first be integrated in smaller areas of the existing production (i.e. island solutions) 

(Hirsch-Kreinsen, 2016). Thereby, connecting the development and the receiver, to further 

develop the technology towards implementation (Nordqvist & Frishammar, 2019). 

Consequently, there is a need for a concrete introduction-phase, where the prerequisites of the 

new and existing production system are considered.  

3.3.2. Technology readiness level 

TRLs (Technology Readiness Levels) is a system used to support assessments and 

systematically measure the maturity of a specific technology, thereby comparisons between the 

maturity of different types of technology can be consistently conducted (Mankins, 1995). TRLs 

was a concept presented by NASA (National Aeronautics and Space Administration) in the 

middle of the 1970s, for effective assessment and communication of the maturity of new 

technologies (Mankins, 2009). The first detailed definitions of each level of the TRL scale was 

presented by Mankins (1995), see Table 2 for summary. The intended use of TRL was an intra-

organizational tool to communicate and minimize risks of internal technology transfers (Héder, 

2017). The use of TRLs have made the communication of the status of new technologies highly 

effective, amongst various organizations (Mankins, 2009). When a TRA (Technology 

Readiness Assessment) is conducted, the TRL scale is used to evaluate the maturity of the new 
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technology. During the development of a new technology TRA should be conducted several 

times, for example, when a decision to proceed the full-scale development of the technology. 

For the best use of TRA, include the use of some metric(s) that contributes to an inclusive 

assessment of the risks. Such as, a clear understanding of the performance objectives of the 

new technology; e.g., operational measures of performance, such as availability, mean-time-

between-failure, etc. 

Table 2: Technology Readiness Level summary adopted from (Mankins, 1995). 

Level Achievements 

TRL 1 Basic principles observed and reported 

TRL 2 Technology concept and/or application formulated 

TRL 3 Analytical and experimental critical function and/or characteristic proof-of-concept 

TRL 4 Component and/or breadboard validation in laboratory environment 

TRL 5 Component and/or breadboard validation in relevant environment 

TRL 6 System/subsystem model or prototype demonstration in a relevant environment 

(ground or space) 

TRL 7 System prototype demonstration in a space environment 

TRL 8 Actual system completed and “flight qualified” through test and demonstration 

(ground or space) 

TRL 9 Actual system “flight proven” through successful mission operations 

The TRL scale has proven to be useful in manufacturing (Héder, 2017). One deficiency is that 

it was developed for space programs; and the operational environment of the technology is 

what differs space applications from other fields, space is essentially unchanging.   

The TRL scale has contributed significantly to the discipline of TRA, and it is likely that the 

scale will play an even more significant role in the future of technology (Mankins, 2009). The 

TRL scale has been used for purposes of smart factory and SFT; Schmidt et al. (2017) used 

TRL scale to decide the maturity level of a specific 3D-printing method, laser beam melting for 

different applications in industries. Likewise, Leitão et al. (2016) decided the maturity level of 

CPS industrial applications. Zarte et al. (2016) built a smart factory-compliant lab to 

demonstrate connectivity between shop floor and IT levels. They used established components 

to build a manufacturing system in an environment close to actual industrial applications (TRL 

6). 

3.4. Critical factors when implementing smart factory technologies 

3.4.1. Competence and knowledge 

Adolph et al. (2014) addresses a future challenge with implementation of SFT, is determination 

of required competencies and knowledge for application of the technologies. This will involve 

close interaction of IT and production engineering training (Kagermann, et al., 2013). The 

relevant learning content for the future must be identified and appropriate learning and 

methodological approaches needs to be developed. Learning is a prerequisite for uncertainty 

reduction, accordingly learning efforts are needed (Frishammar, et al., 2015; Pisano, 1997). 

Learning factories can hereby be utilized to overcome most of these barriers, through early 

contact with the new technology (Thiede, et al., 2016).  

A learning factory is a practice-oriented learning environment, which encompasses a more or 

less complex production environment (Seitz & Nyhuis, 2015). The innovation performance of 
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European manufacturing can be improved by new concepts of training, industrial learning and 

knowledge transfer schemes (Rentzos, et al., 2014). Learning factories enables training 

opportunities for preparing for the use of SFT (Prinz, et al., 2016). More specifically, the new 

learning approaches are needed to (Abele, et al., 2017): 

(1) Enable training in relevant manufacturing environments. 

(2) Update the learning processes and shorten the distance to the industrial practice. 

(3) Support the industrial practice through adoption of new manufacturing knowledge and 

technology. 

"The goal of the learning factory is to offer participants a learning environment which allows a 

balanced relationship in conveying specialized theoretical and analytical knowledge as well as 

hands-on experience. Moreover, the aim is to facilitate learning experiences that have a strong 

connection with practical problems" (Seitz & Nyhuis, 2015, p. 93). 

Future engineers need to have analytical abilities to find area-specific and feasible brownfield 

solutions (Erol, et al., 2016b). They will also need IT skills, to manage the communication 

integration of different systems (Abele, et al., 2015). The trend for learning factories is to use 

them as test areas for research (Abele, et al., 2017). In that case, the learning factory is also 

used as a test bed for identifying research gaps and for the implementation of research results. 

Learning factories was thought to connect research, innovation and education activities in one 

initiative, to promote future perspectives of manufacturing (Chryssolouris, et al., 2013). This 

kind of facility can be used for investigating and experimenting with real industrial problems, 

generating educative benefits as well as production innovation. Learning factories can have 

positive effects on the quality of research, innovation and technology transfer as well (Abele, et 

al., 2017).  

Learning factories can be managed with different purposes, learning activities are teaching, 

training and/or research (Abele, et al., 2017). Thereby, the outcomes of the learning activities 

may be competency development and/or innovation. Other key characteristics of learning 

factories can be seen in Table 3.  

Table 3: Key characteristics of learning factories adopted from (Abele, et al., 2017). 

Dimension Feature 

Purpose Teaching and/or training and/or research 

Process Authentic + multi stage + technical and organizational  

Setting Changeable + real or virtual 

Product Physical or service 

Didactics Concept based + formal and informal learning + own actions of 

trainees + on-site or remote learning 

Operating model Sustainable plan allows the ongoing operation (desirable) 

Industrial companies have identified the potential with learning factories and has initiated their 

own, to deliver technologies and knowledge most relevant to their business (Abele, et al., 

2017). 

3.4.2. Clear goals and reasons for the implementation of smart factory technologies 

Industries are not willing to take the risk of implementing SFT, due to, the possible benefits are 

unclear, lack of clear implementation details, and relatively large investments needed (Theorin, 

et al., 2017). Therefore, creating an understanding for potentials and limitations of the SFT is 
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of importance and define the objectives of the project (Ting, et al., 2013). It is important to 

understand the benefits of the technology, but, equally important to understand the limitations 

of it, to not create unrealistic expectations. Then, the manager must reflect on the suitability of 

implementation the solution in their own factory. It is significant for the factory to have a clear 

understanding of the reasons and expected result of the implementation. 

3.5. Stage-gate process 

A stage-gate process is a plan to get from point A (idea) to point B (successful implementation) 

(Cooper, 2008). It consists of a series of stages; the stages are including activities to collect 

information to reduce uncertainties and risks of the project to progress towards the next gate or 

decision point; thus, the required information defines the purpose of each of the stages in the 

process. The stages are followed by a gate or a go/kill decision, comprising deliverables (e.g. 

the results of the activities of the previous stage), criteria (e.g. a checklist of what needs to be 

fulfilled), outputs (e.g. a plan for the next stage). If the circumstances change, so does the plan. 

Flexibility is therefore required in the process; all project might not pass every stage or gate of 

the process, activities and deliverable can be overlocked or moved to another stage of the 

process. If one procedure, meeting, activity, does not add value, do not include it in the process. 
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4. EMPIRICAL FINDINGS 

The fourth chapter begins with the introduction to the company where the investigated cases 

was conducted, then the investigated production units are presented and short on their strategy 

and goals. Followed by the description of the Smart Factory Lab, the background, mission etc. 

Then, the investigated cases are described. Followed by the identified differences between SFL 

and full-scale production systems, the evaluation of SFT and critical factors for 

implementation of SFT. 

4.1. Introduction of the case company 

The thesis conducted a multiple-case study at a manufacturing company in Sweden, in the 

forefront of the automotive industry, Scania CV AB. Scania is world leading in providing 

transport solutions, comprising trucks and buses. In addition to complete trucks and buses, 

profits are obtained from industrial- and marine engines, where Scania is one of the leading 

providers. The case company has approximately 52,000 employees in about 100 countries. The 

main processes are machining of parts and assembly of complete trucks and buses. Scania 

wants their customers to focus on their core business, and is therefore providing customer 

services as vehicle financing, insurance and rental services. Scania defines their aim as; 

“Scania’s aim is to drive the shift towards a sustainable transport system, creating a world of 

mobility that is better for business, society and the environment” (Scania, 2019a). 

4.1.1. The production units 

The receiving units investigated in the case study was component assemblies, with a high 

degree of manual assembly. The components being assembled is not produced in the receiving 

units, other production units at Scania or external suppliers provide those. Both units have 

around 1100 employees and is located in Södertälje, Sweden. One of the units are producing 

engines, to trucks and buses as well as industrial and marine applications, hereon referred to as 

production unit A. The other is producing transmissions, to trucks and buses, hereon referred to 

as production unit B. The units consist of assembly operations, logistics operations, testing 

operations and painting operations, and supporting operations, such as, planning, management, 

engineering, etc. Both units are working according to takt time, which is a way of achieving a 

stable process. The factories are operating in two shifts.  

4.1.2. The case company’s manufacturing strategy and organizational goals 

One of the success factors for Scania is their production system, which they have created on 

their own. The Scania Production System (SPS), has its roots in the widely known, Toyota 

Production System (TPS), but is of course adopted to match Scania’s core values. SPS is 

usually visualized as a house, as seen in Figure 9. The SPS ensures that the whole organization 

works towards common goals and is the foundation for all actions taken at Scania. 

The “Scania house” consists of four main priorities: SHE (Safety Health Environment), quality, 

delivery and cost. It is by these priorities the employees should always think before taking a 

decision, the decision can be regarding e.g. implementing a new technology. In that case it is 

very important how the new technology affects the priorities. The strive for continuous 

improvements are begun at the bottom, all the building blocks are needed to reach the goal of 

being the leader in sustainable transport, enabled by continuous improvements. 
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Figure 2: Scania Production System adopted from Scania CV.   

4.2. Scania’s Smart factory lab 

4.2.1. Background 

The background to the initiation of the SFL was that Scania saw a new industrial revolution 

were predicted and initiatives was taken at national and industry level. To achieve the business 

targets and to retain their competitiveness on the market Scania saw the need to boost their 

productivity and by the use new technologies within the area of smart factory. In short term, 

that meant allocating an area for testing, developing, demonstrating and education of the new 

technologies. And, in long term, develop and secure competence for the upcoming revolution.  

The smart factory started in 2017 as a small informal project team, whose first objective was to 

investigate the predicted fourth industrial revolution, and what that could imply for Scania. 

They found that it was related to a lot of different technologies. At the same time lots of 

different projects were on-going at Scania, so, they saw the need to gather all those activities in 

one place, that was the embryo of the SFL. They started to do demonstrations of such 

technologies for projects and management groups and evaluated future technologies, about 

three demonstrations per year. After moving around between different locations, not having its 

own dedicated space meant, building up and taking down the technologies for each 

demonstration, and no place to do the testing and evaluation, they found space in their offices 

mostly. During this whole time, the resources involved in the smart factory project was not 

working full time with the tasks, it was a subset of other tasks.  

In the end of year 2018, starting year 2019, the SFL had been assigned a specific area for 

conducting their activities. The SFL is located in Södertälje, Sweden. The lab is 400 square 

meters, with an additionally, 100 square meters of office space. The SFL has 4 full time 

employees, called, core team. Then there are some rotation resources from different parts of 

Scania, adding them and the resources from Scania IT, results in about 15 employees. The core 

team is a sub-group of another department called TEID, digital factory. Their task is 

maintenance of software systems used at Scania. Digital factory is part of TEI, global industrial 

IT, whom are responsible for the IT and automation strategy, and the planning initiatives, 

projects and services of IT used within production and logistics at Scania. So, the core team is 

not an own formal group as of now, they are investigating to conduct an organizational change, 

or it will continue to be a sub-group of digital factory. 
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The stakeholders of the SFL is the production units with its respective technology organization, 

within Scania’s organization. There is much interest from research and development, 

aftermarket and service. Additionally, one major driving force is the collaboration partners, 

such as Ericsson, Atlas Copco and H&D wireless. They are also using the SFL as a 

development area, so, they join the core team and are working in the lab as well. There is a lot 

of thesis workers having the SFL as their focus. Then, it is research institutes and schools that 

are in collaboration with the SFL. MAN is another collaboration partner, within the 

Volkswagen concern.  

4.2.2. Smart Factory Lab mission 

“Scania have chosen a way to actually evaluate by ourselves what type of technologies that we 

believe in, test and implement then, what we think is useful” 

The mission of the SFL is to adapt, evaluate and demonstrate new technologies. Adapt means, 

adapting it to fit Scania’s strategies and processes. Evaluate means, testing (i.e. trail-and-error) 

is conducted in the lab to see if there is an application for the technology in Scania. Thus, the 

SFL is used to develop competence. Scania’s aim is to create an arena for building 

competency, skills and knowledge for the technologies following the up-coming industrial 

revolution (i.e. SFT), the competence is achieved by evaluating and adapting the technologies 

to fit Scania’s strategies and processes. 

“Yes, I would claim that, to a very high degree. Above all, in the slightly newer technology 

areas that come more and more in connection with digitization.”. The manager of the lab 

answering if the SFL is a place for competence development.   

The technologies have not reached the maturity needed for being implemented in actual 

production. The technologies need to be modified to Scania’s needs and the SPS. With the aim 

to improve productivity, quality and employee health. The purpose with first using the SFT in 

the lab environment is to find a safe application before taking it to the actual production. So, 

the SFL are evaluating and adapting the SFT, consequently, contributing to eliminate some of 

the risks with the technologies, the risks, can refer to safety, performance, adaptability with 

existing IT-infrastructure, etc. Demonstrate means, arranging demonstrations for different 

stakeholders at Scania, as well as external stakeholders. Later, find appropriate pilots at the 

production units and likewise, verify that it works in that environment. Moreover, to create an 

interest and awareness of the SFL, they have developed a number of movie clips, which was 

spread on the internal network.   

The SFT can derive from a need identified at production units (i.e. pull) or collaboration 

partners (i.e. push). If the technology is pushed, the core team conducts the laboratory activities 

to investigate if there is an application for the technology at Scania. When a technology is 

pulled, the need is identified, but the task comes to finding the appropriate technology to solve 

the need. The technology may already have been tested, but no application was found, then it is 

a match. Otherwise, the SFL must look for a new technology outside Scania.   

The SFL maturity model (Figure 6) is a visualization of Scania’s strategy towards realizing a 

“Smart Factory”, and in what order the efforts shall be prioritized. The pyramid is consisting of 

six levels, each level is enabling the succeeding level. The top three levels are seen as the 

“Smart Factory” levels, and the lower three is the baseline for achieving the higher levels. The 

goal is to predict the future and have a method for acting on these insights. To achieve this, 

collection of real time data and analysis is a prerequisite. The major challenges with the 

realization of “Smart Factory” is safety, cyber security, standards and competence 

development.     
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The vision of “Smart Factory” is: “A connected manufacturing engineering and operational 

environment for predicting and optimizing processes”. 

 

Figure 3: Smart Factory maturity model, adopted from Scania CV. 

4.2.3. Inside the smart factory lab 

The SFL is working towards the whole organisation, therefore, the environment inside the lab 

is not fitted to any of the production units within Scania. They have tried to create an 

environment that facilitates testing of the technologies and having as many similarities to the 

production units as possible. 

The focus areas are assembly, logistics, machining and product preparation. The SFL is divided 

in smaller testing areas for the respective focus areas, consequently the technologies are tested 

separately. For example, if evaluating, pick-to-light for logistics application, they have built a 

small version resembling the picking areas at the production units, however, it does not 

resemble the flow of material as in the full-scale. The picking area inside the laboratory has 

similar logistics racks, boxes and most importantly, the software system (at least true for some 

of the production units, since it is not standardized). Another example, in the case of VR for 

DTA, the evaluation is conducted with a neutral product, a digitalized pedal car. The pedal car 

is not resembling the products at the production units, the pedal car is much less complex, 

which facilitates the testing. The IT-infrastructure differs, e.g. software systems. They have 

some software’s installed in the lab but far from all used at the production units.  

4.3. Introduction to the investigated cases 

Here the cases that was investigated in this thesis are presented. Table 4 presents the 

technology in focus and its application area, as well as the status the technology has reached 

and how much time has elapsed since the initiation until the case study was conducted or the 

technology was implemented. 
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Table 4: The investigated case in this thesis. 

Case Application 

area 

Technology Usage description Status Time elapsed 

from initiation  

A Smart 

engineering 

VR  Digital test 

assembly, to 

identify risks 

before physical test 

assembly 

Pilot testing 1 year and 6 

months 

B Smart 

engineering 

3D-printer Printing spare parts 

for machines and 

test concepts. 

Implemented 1 year 

C Smart 

engineering 

VR Creating robot 

painting programs. 

Implemented 10 months 

D Smart 

logistics 

Pick-by- 

tablet 

Digitalization of 

the furnishing 

instead of picking 

according to a 

printed paper. 

Pilot testing 1 year and 6 

months 

E Smart 

engineering 

VR See the layout of 

new assembly lines 

and machines to 

identify possible 

risks. 

Pilot testing 1 year and 6 

months 

F Smart 

logistics 

Pick and 

put-to-light 

Digitalization of 

the furnishing 

instead of picking 

according to a 

printed paper. 

Pilot testing 2 years 

4.3.1. Background to the cases 

Hereunder, a more thorough description of the cases will be presented.  

Case A: The project was initiated globally in a forum for DTA. The DTA-forum was attending 

a demonstration arranged by the SFL, when the technology VR was discovered. They 

demonstrated DTA of a pedal car. The need identified in the forum was to include ergonomics 

in DTA. The decision was taken to start pilot testing at another production unit than the 

investigated in this case. Production unit A, experienced that their organisation and way of 

working differed to such degree, that they initiated their own pilot testing. The goal at 

production unit A, was to make the DTA more effective and include ergonomics. The person 

representing production unit A in the DTA-forum was picked to lead the project at production 

unit A. At production unit A, they also saw the opportunity to use VR for other applications 

(see Case E). Therefore, at production unit A, they created a group of four persons, led by the 

project leader of Case A at the unit. The decisions were taken locally, high management of the 

technical organisation at production unit A. 

Case B: The project was controlled locally at production unit A, by the process engineering 

group who implemented the technology at their department. The project started as a discussion 

within the group, where they had identified some issues regarding modifications of existing 
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equipment, testing different concepts, problems finding suppliers, ergonomics and quick 

actions. One of the solutions they saw was buying a 3D-printer. Thus, they could print different 

concepts, spare parts, different modifications to existing equipment, old equipment that does 

not have drawings, where it may take more than a week to find a drawing. They decided the 

goal of implementing the 3D-printer was to improve ergonomics, minimize time waiting for 

suppliers and minimize costs for employing suppliers. The manager of the department, named 

one of the employees at the group the responsible for the project. The decisions were taken 

locally, by the manager of the process engineering group and the manager of the manager. 

Case C: The project was controlled locally at production unit A, by the process engineering 

group who implemented the technology at their department. The project started when the 

person working as a robot programmer was loaned to another production unit to help them with 

their robot painting programs. At the other production unit, a supplier was visiting and 

demonstrated the use of VR for creation of robot painting programs. The robot programmer 

saw the use of VR as such an efficiency gain, that no evaluation needed. Thus, time savings 

was the goal. The software was already in use, so the technology was the missing part. When 

the person was back at production unit A, a meeting was held with the manager of the process 

engineering department, to explain what the interest of VR was about. Thereafter, the decision 

was taken to buy a VR-headset and start using it. The decisions were taken locally by the 

manager at the process engineering department.  

Case D: The project was controlled locally at production unit A, by the logistics development 

group responsible for the pilot testing. The project started with a need from the furnishing 

employees, to facilitate the picking. The logistics development group started to look for 

technologies and found that another production unit at Scania had initiated visual pick. 

Therefore, they contacted that production unit for more information about this. The manager of 

the logistics development group made one person at their group responsible for the project. 

Then, some other projects interrupted the pilot testing and the project leader changed work 

tasks, thus, the project was paused for approximately one year. Then a new project leader was 

named. The decisions were taken locally, by the logistics development manager and the 

logistics steering group (i.e. high management) at production unit A. 

Case E: The project was controlled locally at production unit A, by a small project group, led 

by the project leader of Case A. The project was initiated from Case A, when the decision was 

taken to conduct their own pilot testing at production unit A, they saw the opportunity to use 

the technology for other purposes than DTA. One area where they saw potential was evaluating 

machine and factory layout with the use of VR. Based on that, they started the pilot testing for 

layout applications as well. The decisions were taken locally by high management of the 

technical organisation at production unit A.     

Case F: The project was initiated globally by global logistics development. The project started 

as a project investigating picking technologies (e.g. pick-to-light). The project resulted in a 

continuation with focus on creating a black-box solution to connect the software and hardware. 

The problem is that there are many different software systems and hardware’s used within 

logistics at Scania, therefore, they saw the need of creating a solution that could manage to 

connect all those systems and hardware’s. Through the black-box project they started pilot 

testing of pick and put-to-light at production unit B. The decisions were taken locally, by 

people involved in the project, global project leader at global logistics development, a 

coordinator and resources from Scania IT and a local project leader at production unit B. In this 

project it was mentioned that lots of resources has changed during the project. The local project 

leader has changed and the resources from Scania IT as well. 
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4.4. Identified differences 

First several respondents mentioned the differences between their own full-scale production 

system and other within Scania’s organisation. They pointed at differences the products they 

are producing, which is one of the controlling factors when building a production system. Other 

differences were the organization and way of working at the production units. One of the 

interviewed (type 2) stated: “I think, the biggest problem is that there are different 

environments all around the world […], they are all using, something that from a distance 

maybe looks the same, but, actually if you come to an IT-implementation it is different.”. 

Following the statement, it was mentioned that the different full-scale production systems were 

using different types of systems (i.e. IT-infrastructure). This was supported by other 

respondents as well. But the SFL would like to have all systems inside the lab. But the SFL has 

some systems that the full-scale does not, for example has installed the latest 5G connection in 

collaboration with Ericsson. For future technologies it is good to not have the same 

environment with all the systems and so on. But for technologies that are ready for pilot testing 

during the demonstration it is important to show that it works with a similar system. 

“Because, the whole theme of the lab, is that you can test something without the whole 

bureaucracy of having to change a production system” 

The challenge of having a centralized development was brought up and meeting all these 

different environments in all the different full-scale production systems. There are full-scale 

production systems in all around the world, that are interested in the SFL. 

At the SFL they have 4 people employed to only focus on the mission of SFL. This means that 

the SFL has dedicated resources and time to work with the technologies inside the SFL. One of 

the interviewed (type 2) stated: “We have employees who are dedicated to just testing, it will 

not be something that you do with your left hand, it will be full focus on that task. In 

production, the production is in focus”. In the SFL they have no process to consider, therefore 

they have the possibility to fail. This is not the case in the full-scale production systems, there 

the people employed are in some way working towards maintaining and controlling the 

stability of the process, always, because the process is in focus. If the process is interrupted and 

it is part of your tasks, forget what you were doing and focus on getting the process going 

instead. The full-scale production systems have a demand of a certain number of products that 

must be meet every day. 

Several respondents mentioned that they would have seen less differences between the SFL and 

the full-scale production for more reliable results. And the transfer of technologies had been 

easier. One of the interviewed (type 2) stated: “If you have the completely the same situation in 

the lab as in the real production, then it takes one day to implement it. If you have a simulated 

environment, but you have the freedom to fail, then it takes a little bit longer to implement. But 

I think that’s a good pay off.”. 

The product was by many respondents pointed out as the largest difference between the SFL 

and the full-scale production.  

“A big other difference is of course, that we don’t have trucks in the lab, but a pedal car. A 

truck is of course, very complex. But, sometimes you can show the technology of course, only 

easier and quicker on a simpler product.” 

The SFL uses a pedal car for experimenting. This is a neutral product; the reason is to not 

target the development towards any specific full-scale production system. As seen in the 

mission, the SFL arranges demonstrations for external stakeholders and external collaboration 

projects are also arranged by the SFL, and the pedal car is not secret material. The pedal car is 
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less complex which facilitates the experimentation, and if the technology cannot manage that 

little complexity it is not worth continue the experimentation. 

“We should never produce any pedal cars in here and we will make simplifications so that it is 

quick to do the feasibility studies, so that it does not get complicated” 

The takt time was another difference highlighted by many respondents. The technologies must 

manage the hard conditions resulting from working according to takt time, they need to be safe 

and very reliable. These aspects are not tested in the SFL. In the full-scale production systems, 

the technologies must manage to run at maximum level.  

“Smart factory has the big negative thing, that you can adapt the process to the technology, 

that you build something for the sake of technology”. 

When SFL is testing technologies, they are trying to replicate the processes of the full-scale 

production systems. But the big difference is that they are in that case building the process for 

the sake of the technology. In the full-scale production systems, this is not possible, here the 

technology must be adapted to the existing process and not vice versa. 

4.5. Evaluation 

4.5.1. Evaluation in the smart factory lab 

The SFL is evaluating risks of using the technologies within the lab. When the technology is 

installed a risk identification and assessment is conducted. The risks concern the operation of 

the technology. They follow a Scania standard sheet, the risks are mostly focused on the safety 

of using the technology, what safety equipment the employees working with or around it needs, 

with special attention to the operation. One prerequisite for using the technology is that the 

person supposed to use the technology, has received training for the purpose. 

Examples of parts included in the sheet:  

(1) There are instructions for operators when using work equipment. 

(2) Is the marking and signage of work equipment correct, referring to CE-marking. 

(3) The safety working with and around the work equipment, e.g. incorrect operation, risk 

of injuries, risk of fire, chemical contact, electrical chocks. 

(4) Ergonomic risks. 

(5) Safety equipment.  

To decide if the technology is ready for pilot testing at the production units, the SFL contacts 

knowledge owners, asking if the technology matches the strategies etc. For example, one of the 

respondents mentioned that human robot collaboration, is being kept in the SFL, since it did 

not meet the requirements of the safety engineers at Scania, they said no to use it otherwhere 

than in the SFL. Another example is exoskeleton, this technology was not approved by the 

ergonomics, it was against Scania’s strategy. 

During the investigation it was found, that the SFL did not have a standardized way of 

working, they only had some brief guidelines for how the deployment of SFT was proposed. 

The people working in the lab was informed that they are conducting the pre-study and then, 

other departments, like Scania IT together with the production units are responsible for the rest. 

They did experience that they could be better at supporting the production units with the pilot 

testing and implementation. 

4.5.2. Evaluation of the smart factory technology in the investigated cases 

Common for all the investigated cases was that no evaluation system was used during the 

projects. Hereafter, what the respective cases did in their evaluation will be described in more 

detail. 
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Case A: SFL had said that the technology was ready for pilot testing. During the pilot, the 

technology was used in real cases and evaluated. This technology had not reached the full 

implementation yet, but according to the people involved they are close to implementation. 

They had started to calculate the on the potential savings the use of VR could imply. 

Case B: First a pre-study was conducted to see if there was possibility to buy a 3D-printer to 

their department. They benchmarked another production unit at Scania, they had a 3D-printer. 

So, they visited them and looked at their way of working, then the decision was taken to buy 

one. No pilots were conducted, they had seen how the other production unit used it, it was their 

“pilot”. From the pre-study and what they had seen, there was no risks with the technology. 

The decision for implementation was therefore taken based on what they saw on the other unit.  

Case C: The technology was seen at a demonstration by a supplier, the person saw so much 

potential time savings in using the technology, that no evaluation was needed (this was mostly 

based on the persons experience). The person held a meeting with his manager and the manager 

was convinced, then the decision was taken to buy the technology. They did not see any risks 

with implementing the technology. 

Case D: Benchmarking another production unit at Scania. Based on that another production 

unit had successfully implemented a similar technology, the pilot testing was initiated. The 

evaluation started with a smaller pilot, a few hours per day at a delimited area, to collect data. 

After, the project was paused, and the project leader changed. Then the pilot testing was 

expanded to be used at all time, but still at a delimited area and a limited period of time. This 

was due to bad documentation according to the new project leader. With better documentation 

and data, they have decided to further expand the pilot to a larger delimited area, based on the 

evaluation of data from previous pilot testing.  

Case E: Since the initiative for this case came from production unit A, when they were about to 

start pilot testing VR for DTA. The cases have been evaluated in the same way.  

Case F: Arranged a little lab-area at their production unit to configure the technology, an 

unused space in a logistics area. Then they conducted a small pilot in a delimited area and for a 

limited time. Conducting a pilot is where the project is now, the pilot testing has been 

interrupted by bugs in the technology. 

4.6. Critical factors to implement smart factory technologies 

In all the investigated cases the competence was mentioned important. In some cases, the 

competence was easier to get according to the respondents and other’s as a tougher task. In 

Case A, B, C, D, E they had prior knowledge of the software behind the technology. 

How the competence was achieved in the different cases is presented in Table 5. 
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Table 5: How the competence was received in the investigated cases. 

 Other 

production 

unit at 

Scania 

External 

supplier 

Smart 

factory 

lab 

Another 

department 

at Scania 

Own 

initiatives 

From 

other 

cases 

Case A   Partly  Mostly Partly 

Case B Partly Partly   Mostly  

Case C  Mostly   Partly  

Case D Partly    Mostly  

Case E   Partly  Partly Partly 

Case F    Partly   

Other important factors for implementation mentioned was: 

Case A: They were according to themselves very close to implementation, the last part was to 

calculate potential savings of time and costs. 

Case B: The goals of the project were to improve ergonomics, time and cost savings. After 

implementation they concluded that they had successfully achieved their goal. 

Case C: The goal was to be more efficient when creating the painting programs. According to 

the respondent, one week’s work was conducted in one day after implementation.  

Case D: The goal was to remove physical quality controls, they are pilot testing and collecting 

data, but they have become insecure of what level of improvement that is needed to take away 

the quality controls. They were discussing if one technology was enough quality control. 

Case E: They were according to themselves very close to implementation, the last part was to 

calculate potential savings of time and costs. 

Case F: The goal was to remove physical quality controls, they highlighted not implementing 

anything for the sake of technology, some improvement was needed. 
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5. ANALYSIS 

The fifth chapter combines the theoretical findings with the empirical findings to answer the 

research questions. 

5.1. Differences in operating environments between laboratory and full-scale 

production system. 

It is hard to find general differences between laboratory environments and full-scale production 

systems. All laboratory environments are built for experimenting, but they are experimenting 

for different applications. See, (Erol, et al., 2016b; Kemény, et al., 2016; Mueller, et al., 2017; 

Nardello, et al., 2018; Zuehlke, 2010). In the same manner the full-scale production systems 

are built to producing a specific product. For full-scale production systems the empirical 

findings support this, the respondents in the investigated cases indicated how different their 

respective production unit is to other production units at Scania.  

The largest difference is; that the laboratory has the mission to experiment and develop 

technologies and the full-scale production systems has the mission of producing products. 

Hence, Scania initiated their own SFL to have the possibility to test new SFT, in a dedicated 

environment, separated from their full-scale production systems. They have created an 

environment where it should be easy to evaluate, adapt and demonstrate SFT. 

In Scania’s SFL is a centralized technology development. The challenge with centralized 

development is that you cannot develop technologies fitting equally well in all sites in the 

organisation (Hayes, et al., 2005). Scania is a global company with different factories all 

around the world. The SFL cannot have an environment meeting the requirements of all 

factories. Therefore, the environment is more general, trying to possess as many similarities 

possible with all factories, meeting many requirements. This is supported by Abele et al. 

(2017), who points out, that it is a challenge to create a single development area to provide an 

appropriate and general environment meeting all the challenges in the industry. In this case the 

challenges of all factories within Scania’s organisation. 

The SFL has 4 people employed to only focus on the SFL mission. The SFL does not have any 

process to consider, thus having the possibility to fail. This is not desirable in the full-scale 

production systems. Employees working in full-scale production has several different tasks 

focusing on controlling and maintaining the production at a steady level, the goal is to have a 

stable process. Therefore, the lead times of implementing new technology in full-scale tends to 

be long. Consequently, supported by both empirical findings and literature (Abele, et al., 2017); 

if one chose to conduct the testing in full-scale directly, that task would be less prioritized, 

since it contributes to the risk of interfering the production. This indicates that one difference 

between the SFL and the full-scale production systems at Scania is; resources and time. 

Moreover, interfering the production implies costs, therefore, it is not economically justified. 

The complexity and costs of integrating research results directly can be considered high (Díez, 

et al., 2017; Seitz & Nyhuis, 2015). Here is another difference, the SFL has no production to 

interfere with therefore they do not have to think about the economical factor.  

In the empirical findings regarding the SFL at Scania, several respondents indicated that if the 

differences between the SFL and the full-scale production had been smaller, the results 

provided by the lab had been more reliable. This view is in the theoretical findings. This is 

because no environmental factors are missing in full-scale. The SFL did not have all the 

environmental factors that the full-scale production systems have. If the SFL was a copy of the 

full-scale production system it would have been very expensive, and unnecessary because then 

it is just the same thing as testing in the full-scale production from the beginning.  

Hereunder, some distinct differences will be described and why they are justified. 
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The product: In the empirical findings, several respondents mentioned the product to be the 

largest difference between the SFL and full-scale production systems. In the SFL, they are 

using a neutral product, a pedal car, which is far less complex than the products used in the 

full-scale production systems of Scania. Similarly, Erol et al. (2016b) mentions the use of a 

demo product at Industry 4.0 pilot factory. There are several reasons for using the pedal car as 

a testing product.  

(1) The SFL are arranging presentations for collaboration partners, suppliers, research 

institutes and schools. In order to have the ability to arrange such presentations, they 

need a neutral product, which is not secret. Rentzos et al. (2014) likewise, addresses a 

similar problem with learning factories, regarding data, and that is the sensitive data, 

which might be used in collaboration projects and thereby, spread to the academia.  

(2) Since it is a centralized development, they cannot meet each factory’s, individual 

requirements, and work with their respective product. If SFL had been using a specific 

product, the development had maybe become more specific for one factory, when using 

a neutral product, the development targets none of the factories at Scania specifically. 

Of course, the development is, mostly, targeted meeting the needs of several factories at 

Scania.  

(3) The pedal car is not equally complex as other products at Scania, it facilitates the testing 

and first parts of the development. Such as in Case A, when SFL developed VR for 

DTA, they used a digitalized pedal car to conduct the testing. Lee et al. (2014) 

described a similar problem with complexity of operational data for developing 

technologies in a laboratory environment. The use of less complex operational data may 

omit some issues, that must be solved when the complexity is increased. Additionally, if 

the technology does not work with the pedal car, there is no reason to evaluate the 

technology further. In the interviews it was mentioned that the reason to conduct pilots 

of their own is to verify that the technology works in the same way with actual 

production environment and product. The demonstration is facilitated by using a less 

complex product, such as the pedal car, it is quicker and easier. 

(4) There will never be any production of pedal cars in the SFL, they will make 

simplifications to quicker and easier conduct the mission. 

The working conditions: Some of the respondents were questioning the technologies robustness 

and reliability. The full-scale production is working according to takt time, which results in 

hard conditions and high frequency where the technology is used. The SFL should during their 

mission think about the end-customer, i.e. the full-scale production systems. What are their 

requirements on this technology, e.g. the working conditions. The reason for this was, not 

forgetting the environmental factors at full-scale that might hinder the implementation. But, the 

task of the SFL is not to test the technology in the same conditions, it is to test in a simplified 

environment to create an understanding of the technology and evaluate it.  

The IT-infrastructure: The SFL did not have a completely similar IT-infrastructure, e.g. same 

software systems. Such as, systems used in the automation pyramid and other systems used to 

control or send information to the production or logistics. Díez et al. (2017) confirms the 

importance of being aware of the prerequisites of the real operating environment, in order to 

reproduce a relevant environment in the laboratory. The IT-infrastructure was mentioned as a 

problem by several respondents, this is because many if not all, the SFT are in some way 

connected to the different software systems used in full-scale production and the fact that there 

is a brownfield. Consequently, the SFL has an easier task, by not having to consider the 

existing production systems at all times. O´Donovan et al. (2015) approves the challenge of 

incorporating new technologies in existing production systems. The difference in IT-

infrastructure implies that all connections cannot be tested and verified in the SFL. Having an 
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exact copy of the full-scale production system is not exclusively an advantage. As one of the 

respondents described it; if investigating a technology that is more of a futuristic technology 

which may be used in 5 years or more, it should be possible to investigate it under conditions 

that are not similar to the full-scale, where one can neglect the different systems used for 

example.   

Concluding, if the SFL would have all the software systems, IT-security systems and so on, 

parts of the easiness of quick failing and quickly understanding a new technology would be 

lost. Consequently, how the environments differ shall be depending on how close the transfer 

to full-scale the technology is. If the technology is very futuristic then it should not be a similar 

environment. However, if it is a technology close to transfer, the environment should be very 

close, tested with the same systems etc. 

The process: When conducting the mission, the SFL can build a process around the technology, 

meaning, carts might be used but they are smaller than in production, things might end up 

closer than in production. When the technology is transferred to the full-scale, the process is 

already existing, and the technology must be adapted to it, not vice versa, as in the SFL. 

Hellsmark et al. (2016) are indicating that it is not only the laboratory environment that can be 

changed to produce reliable results, but also, the full-scale production can be changed to be 

more flexible for new technologies. The authors mean that it is not only important that the 

technology is adapted to fit the full-scale production, i.e. developed in a laboratory 

environment, similar to full-scale, it is equally important for the full-scale production to adapt 

to the new technology. Adapting to the new technology may imply, e.g. installing new software 

or hardware. In the interviews it was indicated that, today, when developing processes, one 

does rarely include thinking about the future. What if in the future this is solved technically. 

So, if one had technology in mind when developing processes, the processes could as well be 

adapted to the new technologies. Concluding, the process must be the controlling factor but if 

something is to be changed in the process or a new process should be developed, then one may 

think about future technologies and adjust for the process to be better fitted to new 

technologies. The best-case scenario is that the process is ready before the implementation, one 

does not want to change the process while implementing the new technology.     

5.2. Determining if a smart factory technology is ready to be implemented in the full-

scale production system application. 

Implementing an SFT means that the technology is always used when the process states so. 

Most often it is preceded by pilot testing in a delimited area and during a limited period of 

time. Determining if an SFT is ready to be implemented in the full-scale production system 

application consists of two parts; the different activities conducted in the laboratory and the 

pilot testing conducted at the full-scale production. 

Common for all investigated cases was that no evaluation system was used to determine if the 

technology was ready or not. One existing system used to support assessments is the TRL, 

which is used to determine the maturity level of a specific technology, according to Table 4 

(Mankins, 1995). TRL is used as an intra-organizational tool to communicate and minimize 

risks of internal technology transfer (Héder, 2017). TRL has been useful for manufacturing 

industries, but the TRL is developed for space programs. Mankins (2009) predicted that the 

TRL scale would have a significant role in the future of technology. The prediction was 

correct, the TRL scale has been used in some cases to assess the TRL level of SFT (Leitão, et 

al., 2016; Schmidt, et al., 2017) and a smart factory-compliant lab (Zarte, et al., 2016). To 

improve the evaluation system, one can suggest the use of TRL for SFT. But as Héder (2017) 

mentioned, it is developed for space programs and the difference between space and a full-



31 

scale production is huge, since space is essentially unchanging. Therefore, some modifications 

of the TRL scale is recommended in Table 6: 

Table 6: Evaluation system for SFT, modified based on (Mankins, 1995). 

Level Achievements 

TRL 1 A need and/or interest for a technology is discovered. 

TRL 2 Technology concept and/or application formulated 

TRL 3 Analytical and experimental critical function and/or characteristic proof-of-concept 

TRL 4 Technology verification in laboratory environment 

TRL 5 Technology verification in relevant environment 

TRL 6 Initiate pilot testing in a delimited area and for a limited time in full-scale 

production system, validation in small scale 

TRL 7 Expand pilot testing to a larger, but still delimited area and a limited period of time 

in full-scale production system, validation in larger scale 

TRL 8 Conduct the analysis of how the technology has affected different KPI’s of the 

production 

TRL 9 Implementation 

In the laboratory the focus is on TRL 1-5, by evaluating the technologies according to the 

respective level. Hereunder described for the case of VR DTA. 

In TRL 1, the lab must understand the needs of the customer and understand the possibilities of 

new technologies. There was a common belief that with VR, ergonomics could be included in 

the DTA, but the need had not been identified yet. In TRL 2, the lab should formulate the 

technology’s application based on the need of the customer and how the experiments shall be 

conducted. In TRL 3, the first critical functions are tested, in the case of VR, that meant 

starting up the equipment and adding own things into the VR-environment. In TRL 4, the 

technology is verified in a simplified environment, that meant adding the digitalized pedal car 

in the VR-environment. In TRL 5, the technology is verified in a relevant environment, that 

meant using a computer similar to the ones used at production units and connected to the 

internal network with IT-security etc.  

In TRL 3 when the technology shall be installed, the SFL conducts risk identification and 

assessments regarding the operation of the technologies, which is a very important task if any 

implementation should be successful. Which is mostly focus on safety but instructions for 

usage and ergonomic risks are also included. The prerequisite to use the technology is that the 

person has received training for the purpose of using it. If the SFT is not fulfilling the right 

requirements here, it cannot even be tested in the SFL. If the application or environment is 

changed, a new risk identification and assessment must be conducted. 

As seen in the SPS house of Scania, safety, health and ergonomics is high priority. For 

example, one of the respondents mentioned that human robot collaboration, is being kept in the 

SFL, since it did not meet the requirements of the safety engineers at Scania, they said no to 

use it otherwhere than in the SFL. Another example is exoskeleton, this technology was not 

approved by the ergonomics, it was against Scania’s strategy. This indicates that there are more 

demands on the SFL apart from those resulting from the need. Making full-scale 

implementation even more difficult.  
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To decide if the technology is ready for pilot testing at the production units, the SFL contacts 

knowledge owners, asking if the technology matches the strategies etc. As one on the 

respondents stated; “Before we do the pilot, we should make a list of things that we want to 

test, and, in the end, we should check them off”. This is an appropriate way to conduct the final 

testing before the transfer to full-scale production. The list should be created with consideration 

to the prerequisites of the production units. Maybe even, involve some stakeholders from the 

production units. 

Between TRL 5 and 6, the transfer is completed from laboratory to full-scale production. This 

involves the technology, knowledge and known delimitations with the technology. 

In the full-scale production the focus is on TRL 6-9, continuing to describe the case of VR 

DTA.  

In TRL 6, the production unit must find a delimited area, decide the period the pilot testing 

shall proceed and an application for the technology. It was at this stage the VR DTA identified 

a challenge, the software for the VR was not allowed to be installed in their computers. It also 

meant adding a simplified product to the VR-environment to verify that the technology works 

for the application. 

When staring pilot testing, it is important to not create risks with the pilot testing. The pilot 

testing shall not add risks that can interrupt the production, however, it shall provide useful 

data and/or information about the technology. If one identifies risks with the pilot testing, one 

needs to figure out how to work around that risk. In Case D, they saw the risk of dropping the 

tablet or that the battery should die, therefore, they kept the previous way of working as a 

backup, if something happened with the tablet, in that way they eliminated the risk of 

interfering with production.  

In TRL 7, the production unit should expand the delimited area, decide the period the pilot 

testing shall proceed. That meant testing the technology with real cases and real product. 

Adding a real product to the VR-environment and verify that the technology manages the more 

complex product.  

In Case D, they described that the pilot testing had been expanded after the project was paused. 

The first time the pilot testing was initiated (TRL 6), it was a delimited area and for a couple of 

hours per day. After the pause, the pilot testing was initiated again at the same delimited area, 

but for whole days instead (TRL 7), due to the first pilot testing was poorly documented. They 

also mentioned that the decision to expand the pilot testing to a larger delimited area had been 

taken, they did not feel that they had enough results to conduct a thorough analysis (TRL 8).  

In TRL 8, conduct the analysis for identifying how the technology has affected the delimited 

area of production. Were the KPI’s improved or decreased? What has work well and not? 

Based on this the decision to implement or not is taken.   

In TRL 9, the technology is implemented and thereafter used whenever the process needs it. 

That means using the VR in the product development process when the DTA is conducted. 

Some problems need to be solved on the way towards implementation. This is supported by 

Pisano (1997). Hirsch-Kreinsen (2016) highlights that most of the new SFT cannot be 

implemented in the shop floor as fully working solutions. The prematurity of the technology is 

hard to discover before the project evolves (Hellsmark, et al., 2016). Which is because, the 

environment in the SFL and full-scale production is not similar. When conducting the 

evaluation and adaption, at some point the technologies cannot be developed further inside the 

lab. When that point is reached, it is time to transfer the technology and continue evaluation 

and development through pilot testing. It is when the pilot testing starts, the verification of 
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SFL’s mission is conducted. Hirsch-Kreinsen (2016) suggests that the new technologies should 

first be integrated in a delimited area of the existing production. Similarly, that is how pilot 

testing shall be conducted. This is also in line with what the respondents described when 

conducting pilot testing. When the technology is transferred from the laboratory to full-scale 

production, the first recommendation is to find an appropriate, delimited area, where the pilot 

testing can be conducted. By using a delimited area, the risk of interfering with production is 

minimized and development can continue.   

5.3. Critical factors to consider in the process of implementing smart factory 

technologies 

The following critical factors have been identified and will be described below. 

• Competence and knowledge 

• Clear goals and reasons for implementation 

• Technology contributes to improvements 

• Consider risks with implementation, such as interrupting production 

• Cost versus potential improvement 

• Communication 

One critical factor to consider is pointed out by Adolph et al. (2014), which is, competence and 

knowledge for application of SFT. In the case study, a smart factory laboratory was 

investigated at Scania, which is like a learning factory, with the difference that it is located at 

an industrial company instead of a university. The key characteristics of a learning factory can 

vary (Abele, et al., 2017). Scania is using their SFL for researching new technologies, but also 

for training and teaching, to receive competence and knowledge. This is as highlighted in the 

theoretical findings a critical factor to consider with the future SFT. The technologies are most 

often connected to different software’s and networks, therefore the new technologies demand 

knowledge of both IT and production engineering (Kagermann, et al., 2013). This is where the 

SFL can be utilized as a knowledge source for the entire organisation at Scania. The people 

working inside the lab are becoming very competent in using the technologies and understands 

how to use them in a good way. This knowledge should then be transferred to the production 

unit that is about to start pilot testing. Because, the SFL has already gained lots of knowledge 

and if that knowledge is transferred to the people at the production units, they do not have to 

re-invent the wheel. It saves time and the application the SFL has tested is clear, if the 

production unit wants to try something slightly different. The SFL should act as support when 

the production units are conducting pilot testing.  

In the investigated cases competence was a critical factor. The competence was received in 

different ways, summarized in Table 8. 

In Case A, B, C and E the competence was mostly achieved by own initiatives. In Case B and 

C, the supplier provided some competence, otherwise they learned from own initiatives. The 

supplier can in these cases, be seen as the knowledge source. 

In Case A and E, some support from Case C, who had implemented the same technology but 

for different purposes. For Case A in the DTA-forum, there is also support persons involved 

from TEID and one person from the SFL core team, who is supporting the production units 

conducting the pilot testing, if needed. Concluding, Case C acted as a “pilot” at production unit 

A, when Case A was buying the technology, which was a very good way to receive knowledge 

on what hardware to choose. During the pilot the SFL has supported Case A, this is how the 

competence should be spread.  
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In Case D, the competence was achieved through training and education from the production 

unit that was using a similar technology. Due to the large distance between the locations of the 

production units it was by Skype-meetings. Thus, when the initial training was received, they 

could start learning more by themselves. The other production unit can in this case be seen as 

the knowledge source. 

In Case F, they have almost no competence of the technology at all. It is another department at 

Scania who is possessing the knowledge. That department wants production unit B to manage 

the configuration in a short future, but they have not received any training. This is a bad 

example of how the competence is “transferred”.  

Communication was in the interviews mentioned as a critical factor. The reason was mostly for 

exchanging competence between different departments at Scania. But, in some cases it was 

because they needed support from the IT-department, who has the competence and resources to 

conduct configurations of the technologies. They control the networks at Scania, so, to access 

the network they need to approve it. Since most of the technologies are connected to the 

network, they need to be involved to support with solving such issues. 

The SFL saw improvement potential in supporting the production units with the SFT. 

Concluding, the sharing of competence and knowledge is a critical factor. Otherwise, the 

production unit is dependent on someone else to come and help them with e.g. configuration. 

This is not the ideal case, since there are risks related to not having the competence at the 

production unit, if the technology in some way can interfere the production. Therefore, ideally, 

when the SFL has completed their mission and the technology is decided to be transferred to 

the full-scale production; the first thing for the production unit should be to visit the SFL and 

participate in the use of the technology, to start building competence and understanding for the 

technology. If the production unit is the ones notifying a need, they can be part even earlier in 

the evaluation. 

Project scoping was highlighted by Ting et al. (2013) as a critical factor for implementation. 

The investigated cases are compared in Table 7. 

Table 7: Comparison of the investigated cases according to project scoping. 

Activity Case A Case B Case C Case D Case E Case F 

Project Scoping * ** * ** * * 

* = Conducted but briefly described and/or poorly conducted. 

** = Conducted but comprehensively described and/or well conducted. 

X = Not conducted or not applicable. 

Ting et al. (2013) highlights, the importance to understand the benefits and limitations of the 

technology, also, having a clear understanding of the reason and expected results of the 

implementation.  

In Case B and D, they had defined the potential benefits, and in Case D even the limitations. In 

Case B the goal was improve ergonomics, time and cost savings, they had not defined any 

specific level of improvement, just improvements. They reached all goals after implementation. 

In Case D the goal was to improve quality of the picking and accordingly remove employees 

from quality controls (i.e. cost savings), but the issue was that they had not defined what level 

of quality that was seen as good or not. Therefore, they are now a little bit insecure of when the 

quality is “good enough” to remove the quality controls. The limitations discussed was if one 

technology is enough to secure the quality or if two technologies are needed. This indicates two 

cases of implementations where they have clear understanding of the reason and expected 
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results. None of the cases had defined what level of improvement that was needed to 

implement, but in Case B that was not seen as a problem and in Case D it was seen as a 

problem. This may be because, in Case B they implemented a 3D-printer, and they were very 

clear with the risks of implementing. In fact, they did not see any risks at all. In Case D, they 

are also aware of the risks of implementing, but as the technology is implemented, they want to 

remove quality controls. If they remove the quality controls and the quality deviations rise, it 

will imply interfering with production, which implies costs. From this it can be concluded that 

it is important to have a goal, but if the risks of implementing the technology is high, it can be 

recommended to define what level of improvement the implementation should achieve, before 

implementation is considered. 

In Case F they had the same goal as in Case D, but they were not indicating that as an issue. 

Case A, C and E had defined the goal, not what level of improvements were needed, but they 

were not mentioning this as a problem. Concluding, it is critical for the project to have a clear 

understanding of the reason and expected results of the implementation as suggested by Ting et 

al. (2013). This is for the people involved in the project to know what they are working towards 

and for the decision makers to base their decision on. E.g. if implementing pick-by-tablet, and 

the current quality level of picking is 5 quality deviations per day, and from the pilot testing 

one can conclude that the quality level is not increasing or decreasing. Can the quality controls 

be removed? Then one has to consider e.g. the cost of implementing, the risks of implementing, 

the risks of the quality deviations increasing versus the potential decrease in quality deviation, 

cost of employees working with quality controls etc. If one sees more risks of implementing 

then not, there will probably not be any implementation. 

5.4. Work process for implementation of smart factory technologies developed in a 

smart factory compliant laboratory environment 

The purpose of this thesis was to develop a work process to support the implementation of a 

smart factory technology from a smart factory compliant laboratory environment to the full-

scale production systems. And by combining the former parts of the analysis, an illustration of 

a work process is provided (Figure 4). 

 
Figure 4: Work process for supporting the implementation of smart factory technologies developed in a smart factory 

compliant laboratory environment. 
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6. CONCLUESIONS 

Hereunder the conclusions for each research question will be presented. 

RQ1: What are the differences in operating environment between the laboratory and 

full-scale production? 

One can conclude that it is hard to find general differences between laboratory and full-scale 

production. However, one general difference is the different purposes. The laboratory is used to 

develop technologies and the full-scale production is used to produce products. Some specific 

differences identified in this thesis was; 

• Resources and time dedicated to testing only in the laboratory. 

• Economical factor, experimenting in the laboratory does not contribute to the risk of 

interfering the production. 

• The product, the laboratory used a simplified product. 

• The working conditions, the laboratory is not working according to takt time. 

• The IT-infrastructure, the laboratory does not have all the software’s, networks and IT-

security. 

• The process in the lab can be adjusted to the technology. 

RQ2: How is a smart factory technology determined ready to be implemented into a 

full-scale production system? 

The important parts of determining if the technology is ready are; knowing that the laboratory 

conducts their activities in the right way, pilot testing, analysis of affects and implementation. 

It is recommended to follow the order of Figure 5. 

 

Figure 5: Evaluation system for SFT modified based on (Mankins, 1995). 

In full-scale production systems, the stable process is crucial for the output. When pilot testing 

in full-scale production systems it is important to not interrupt production. That is the reason 

for pilot testing in a small delimited area first, to check that the basics of the SFT is working 

correct, e.g. the connection with the IT-infrastructure. In full scale production also, higher 

requirements are put on safety and ergonomics of the operators. When it is concluded that the 

SFT is not disturbing the stability of the process, one can expand the pilot testing to a larger 

area. After the pilot testing is completed, the analysis of how the SFT affected the process is 

conducted. Based on that the decision to implement is taken.   
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RQ3: What critical factors should a work process for the implementation of smart 

factory technologies include? 

The critical factors identified in this work are: 

• Competence and knowledge must be received to use and understand how to configure 

the SFT.  

• Technology that contributes to improvements. If the technology does not contribute 

there is no reason to implement the SFT. 

• Consider risks with implementation, such as interrupting production.  

• Cost versus potential improvement. When implementing an SFT, it implies costs, one 

must weigh the costs against the potential improvement the SFT can deliver. 

• Clear goals and reasons for implementation. 

• Communication between involved departments. 

Future recommendations following this work is to further investigate the different phases of the 

work process (Figure 4). The work process has the basis to develop a traditional linear process, 

but then more details about the phases is needed and what criteria that needs to be fulfilled in 

each TRA, for reaching the next level. Thereafter, it may be appropriate to verify the work 

process with a case study. Additionally, how to control that the competence has been received 

and spread. Another way to continue this work is to investigate the communication, how can 

the communication be better in large organizations. 
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8. APPENDICES 

8.1. Appendix A 

Interview guide (Type 1) 

A) Background information 

1. What is your formal position? 

2. What is included in your work tasks? 

3. What is your background and education, and how long have you worked for your 

present employer? 

B) The process of implementation 

4. Which smart factory technology has been implemented, pilot tested or is pilot tested 

right now at your department or factory? 

5. By whom was the interest for the technology discovered? (Through the smart 

factory lab, other production units, or own interest) 

6. Was there a need that was or could be solved by the technology? 

7. Who was or is the project owner? (Factory or smart factory lab) 

8. Did or will the project ownership change during the process?  

9. Was or is there a project organisation, with a project leader? If yes, which 

competencies was/is involved?  

10. How was the technology determined ready for implementation/pilot testing and who 

made the evaluation? Was the evaluation conducted according to some established 

evaluation system?  

11. Were there prerequisites (e. g. software, hardware, competence) for the department 

or factory to receive/test the technology? 

12. After deciding on the technology to be implemented, how would you describe the 

process of implementation? Try to identify some key phases and explain what was 

done in each phase and by whom (Factory or smart factory lab).  

13. What did you experience worked or works well and not well in the process? A 

phase or activity during any of the phases. 

14. Were or is the roles and responsibilities between the lab and the production unit 

clearly defined (i.e. who does what)?  

C) Differences in environments 

15. Largest differences between the lab environment (i.e. smart factory lab) and full-

scale production? 

16. How did or does the differences affect the implementation process? 

17. What needs to be done to reduce the differences? What competencies/ resources 

from the smart factory lab and the production unit needs to be involved to facilitate 

the transition? 
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8.2. Appendix B 

Interview guide (Type 2) 

A) Background information 

1. What is your formal position? 

2. What is included in your work tasks? 

3. What is your background and education, and how long have you worked for your 

present employer? 

B) The Smart Factory Lab 

4. When was the smart factory founded? In its current state and from the beginning. 

5. How many employees are working at the smart factory? And how many employees 

are working towards the smart factory, but it is not their main task? 

6. Are there specific people working in or towards the production units? 

7. Has it always been the same number of employees at the smart factory or has the 

number evolved the last years? If yes, why? 

8. How big is the smart factory (layout)? In current state and before. 

9. How are you organized? Which stakeholders are there? 

10. What is included in your working tasks? 

11. How are you deciding if the technology is ready for implementation or pilot testing 

at the production units and by whom is it conducted? Are you using some 

established evaluation system? 

12. How are you working for deploying the technologies tested in the smart factory lab? 

13. How would you like the deployment of technologies to function? 

14. What are the focus areas of the smart factory? E.g. assembly, logistics, etc. 

15. What can be improved in the process of deploying technologies? 

16. How do you intend to follow-up on the technologies that have been deployed? 

C) Differences in environments 

17. Largest differences between the lab environment (i.e. smart factory lab) and full-

scale production? 

18. How did or does the differences affect the implementation process? 

19. What needs to be done to reduce the differences? What competencies/ resources 

from the smart factory lab and the production unit needs to be involved to facilitate 

the transition? 
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