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”When wireless is perfectly applied the whole earth will be 
converted into a huge brain, all things being particles of a 
real and rhythmic whole. We shall be able to communicate 
with one another instantly, irrespective of distance.”  

– Nikola Tesla, Inventor and Scientist, 1926 
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The purpose of this study was to develop a framework that facilitate manufacturers in 
their journey of digitalizing production processes. The manufacturing industry is 
currently allocating significant resources to transforming production plants into smart 
factories, as the outcomes is estimated to be beneficial. To fulfil the purpose, the 
development of a framework for implementation was narrowed into investigating 
success factors, challenges and outcomes in implementation of smart factory, which 
has been formulated within two research questions.  

To achieve the purpose, case studies with five factories and one central unit at a 
leading truck and bus manufacturer. Cases were selected to capture rich and varied 
insights since both internal/external factories, successful/failed projects and 
new/existing factories were investigated. In total, six implementation cases over two 
continents, three countries and 31 interviews was held in a total amount of over 1800 
minutes.  

The analysis of the collected data and a pattern-matching method resulted in an 
adaption and modification of a smart factory maturity model. Three aggregated 
dimensions corresponding to the research questions was found. First, the dimension 
of successful practices promoting implementation of smart factory constituted of eight 
general themes, for example the practice of uniting the organization through a mutual 
vision of smart factory. Second, eight barriers concerning restricting implementation 
of smart factory was found. An example of a barrier was difficulties in building a 
business case prior to implementation. Finally, the outcomes of implementation were 
many, but categorized into eight different groups where major quality improvement in 
all processes are reoccurring through the study. These were taken into consideration 
while developing the smart factory framework, that summarized key activities level-by-
level to mitigate barriers and promote implementation with long-term benefits. In 
order to accelerate to the benefits in the next level of the smart factory maturity, an 
agile-stage gate model with iterative characteristics has been suggested, supporting 
smart factory as a radical process innovation. 

This study adds three concrete theoretical contributions to literature; (I) a framework 
for different maturity levels in smart factory, with corresponding key activities based 
on success factors, challenges and outcomes from smart factory implementation. 
Which has been missing in literature. (II) Tools for project management needs to be 
developed in order to implement smart factories, an agile stage-gate model inspired on 
Cooper (2008) has been suggested. (III) At start, the outcomes of implementation has 
shown to be adverse, but has been seen as necessary to reach all beneficial outcomes, 
which the study has confirmed to be vital for competing on the market.   

By using the above-mentioned model in Figure 5. Smart Factory Frameworkplant 
managers (or similar) are guided when they are about to start a smart factory 
transformation. The guide clearly informs that transforming into smart factory is not 
about just investing in new IT-systems, but explains the transformation complexity 
and the steps necessary to take for a successful transformation. But in order to gain 
the identified outcome of smart factory implementation within a relevant time frame, 
management need to use an accelerated model, an agile stage-gate model for smart 
factory described in Figure 6. The identified outcome of smart factory implementation 
will mitigate barriers when top management are making a valid business case for smart 
factory transformation.  

Process Innovation, Smart Factory, Digital Transformation, Industry 4.0, Industrial 
Digitalization 
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Nyckelord

Det har framgått i tidigare forskning att tillverkningsindustrin står inför en digital 
transformation och denna studies syfte har varit att utveckla ett ramverk som guidar dem i 
denna resa. Tillverkningsindustrin allokerar betydelsefulla resurser till digital transformation 
med målsättningen att skapa smarta fabriker, forskning har visat att resultatet av 
implementering av smart teknik är fördelaktig. För att uppfylla syftet med denna studie, 
bröts utvecklandet av ett ramverk ner genom att undersöka framgångsfaktorer, utmaningar 
och resultat vid införandet av smart fabrik som i sin tur formulerades med två 
forskningsfrågor. 

För att uppnå syftet, gjordes fallstudier med fem fabriker och en central produktionsenhet 
hos en ledande lastbils -och busstillverkare. Fallen valdes för att fånga en rik och varierad 
insikt, eftersom både interna/externa fabriker, framgångsrika/misslyckade 
implementationsprojekt och nya/befintliga fabriker undersöktes. Totalt undersöktes sex fall 
över två kontinenter, tre länder och 31 intervjuer hölls i sammanlagt över 1800 minuter. 

En metod som identifierade mönster i intervjuerna användes vid analysen av data, som 
resulterade i en modifiering och utvecklandet av en mognadsmodell för en smart fabrik 
med tillhörande nyckelaktiviteter. Tre dimensioner som motsvarade svar på 
forskningsfrågorna kunde således identifieras. Den första dimensionen innehöll 
framgångsrika arbetssätt som främjar implementeringen av smart fabrik, totalt åtta generella 
teman. Ett exempel var arbetssättet för att förena organisationen genom en gemensam 
vision om den smarta fabriken. Den andra dimensionen var åtta hinder som begränsade 
införandet av smart fabrik. Ett återkommande exempel var svårigheterna att bygga ett 
business-case inför implementeringen av smart fabrik. Slutligen, var resultatet av 
implementationen den tredje dimensionen, som också kategoriserades i åtta olika teman där 
kvalitetsförbättringar i samtliga processer var genomgående exempel i intervjuerna. 
Dimensionerna togs i beaktning vid uppbyggandet av ett ramverk innehållandes 
nyckelaktiviteter för att ta sig till nästa mognadsnivå för smart fabrik, där hinder lindras och 
främjande arbetssätt prioriteras i syfte att införskaffa positiva resultat av implementeringen. 
För att snabbt nå positiva resultat, har en agil fasmodell utvecklats med iterativa egenskaper 
som stödjer smarta fabrik som radikal processinnovation. 

Denna studie tillför tre konkreta teoretiska bidrag till litteraturen; (I) ett ramverk för olika 
mognadsnivåer i en smart fabrik med tillhörande nyckelaktiviteter grundade på 
framgångsfaktorer, utmaningar och resultat från smart fabriksimplementation. Något som i 
litteraturen har helt saknats. (II) För att industrin ska utveckla smarta fabriker, behöver 
verktyg för projektledning förändras med att använda en agil fasmodell, inspirerad av 
Cooper (2008). (III) Resultaten från smart fabriksimplementation har visat sig vara negativ i 
början, vilket har visat sig vara nödvändigt för att ta del av alla positiva fördelar, som 
studien dessutom visat vara livsavgörande för traditionell tillverkningsindustri om de ska 
konkurrera.  

Genom att använda ovannämnda modell kan fabrikschefer (eller liknande) bli guidade i 
deras transformation mot en smartare fabrik. Riktlinjerna informerar tydligt att en 
omvandling till en smart fabrik enbart inte handlar om införandet av nya IT-system, utan 
även om en komplexitet kopplade till vilka steg fabriken väljer att ta och framförallt i vilken 
ordning. Stegen har visat sig vara avgörande för hur lyckad transformationen blir. Däremot, 
för att få de fördelaktiga resultateten från smart fabrik inom en rimlig tidsram, behöver 
ledningen använda en accelererad fasmodell, vilket illustreras mer agilt (se Figur 7). De 
resultaten som identifierats vid en smart fabriksimplementation väntas gynna ledningen vid 
byggandet av ett hållbart business-case för den smarta transformationen.  

Processinnovation, smart fabrik, digital transformation, industri 4.0, industriell digitalisering 
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1 Introduction 

This chapter will give the reader an introduction to the background based on the research area. The background 
will lead into problem discussion and research questions based on the discussed problem area.  

1.1 Background  

Innovating the production process by re-thinking how we are doing things and how it can be 
done differently has been a driver of industrial competitiveness, prosperity and development in 
the 20th and 21st century. Process innovation focuses on the development of a firm’s manufacturing 
processes, to reach objectives such as cost reduction, enhancement of production volumes, etc. (Pisano, 1996; 
Frishammar, Florén, & Wincent, 2011). This thesis will investigate process innovation as the 
implementation of smart factory, referring to major improvements in manufacturing.  

Rapid development regarding manufacturing can be traced to over three waves of industrial 
process innovation. During the first wave, the world witnessed the application of new energy 
sources (i.e. coal consumption lead to steam power) to methods of production (Chandler, 1990). 
Secondly, we witnessed a wave of massive change that came with modern transportations and the 
telecommunication industry. Mass production using electrical energy, first production line and 
distribution systems were born, making the second wave of the industrial revolution a fact (Lasi, 
Fettke, Kemper, Feld, & Hoffmann, 2014). Thirdly, as the second wave brought inventions that 
enabled a steadily growing productivity whilst production costs and prices fell, it brought 
consequences. Oil price increased dramatically during the 1970s, which forced engineers to 
rethink production processes and streamline activities (Jensen, 1993). Therefore, the third wave 
came with inventions that laid ground for the future, automation became the solution. Groover 
(2007) claims in his book that cutting-edge technologies enabled automation in various 
production systems, for an instance Industrial Robotics, Programmable Logic Controllers (PLC), 
product design and Computer Aided Design/Manufacturing (CAD/CAM) and manufacturing 
systems (ERP/MES/SCADA). These technologies streamlined not only cost but also 
productivity and ergonomically conditions (Parasuraman, 2000). This is where we are left today, 
traditional manufacturing – too comfortable to disregard, while the technology readiness level 
calls for a fourth wave (Leitão, Colombo, & Karnouskos, 2016).  

Today we are entering the fourth wave of industrial revolution or Industry 4.0. With information 
technology (IT) systems growing as a more essential role in the manufacturers reality, the fourth 
wave of industrial revolution is referred the Digital Age – Digitalization (Hopkinson, Hague, & 
Dickens, 2006). A wave that was named with the term Industrie 4.0 by the German government 
in 2011 because of its’ ability to disrupt industries and then change its’ behavior correspondently 
(Shrouf, Ordieres, & Miragliotta, 2014; MacDougall, 2014). Industry 4.0 was developed and the 
term is defined to gather a wide range of concepts, among them is smart factory (Lasi et al., 
2014). This wave expects to merge the physical and digital sphere, which will lead to better 
product quality and system reliability with more intelligent and predicative equipment (Lee, 
Behrad, & Hung-An, 2015). These smart technologies are closely related to the production-
preparatory steps with digitalized/simulated models of products and factories (Digital/Virtual 
Factory) (Lucke, Constantinescu, & Westkämper, 2008). The actual utilization of the technologies 
that bring ubiquitous computing (monitoring data in real time at any location) is proposed as 
smart factory which in its’ complete stage is an autonomously controlled factory (Lucke et al., 
2008).  

Several authors have expressed the complexity in implementing smart factory in practice, we will 
use a combination of several studies to define Smart Factory as a context-aware concept, interwoven 
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with several systems that assists machines and humans in a factory by applying ubiquitous technology (Yoon, 
Shin, & Suh, 2012; Lucke, Constantinescu, & Westkämper, 2008; Wang, Wan, Li, & Zhang, 2016; 
Bauer, Jendoubi, & Siemoneit, 2004). It is associated with technology such as sensors, displays 
and other computer elements to gather data in integrated systems. These are connected to each 
other in a network whereas the system communicates tasks and information in real-time (Wong, 
2016; Lucke, Constantinescu, & Westkämper, 2008). For example, the automotive manufacturer 
Tesla has implemented smart factory where devices, sensors and robots are connected and work 
simultaneously together within an integrated system to produce cars and batteries more efficiently 
(Rundle, 2016; Lambert F. , 2016). 

For industry, the smart factory concept is the solution of the highly-increased globalization and 
wish to manufacture highly customized products (Klein, et al., 2014). Today’s manufacturing is 
not able to answer these demands because of the plethora of product variants, the reduced 
production batches, the fasten order cycles and need of flexibility as customers’ demands green 
products with more sustainable manufacturing procedures (Kessler & Buck, 2017; Lucke, 
Constantinescu, & Westkämper, 2008; Klein, et al., 2014). The transformational process of rising 
a smart factory faces challenges as it must answer a more complex environment to achieve 
success. However, in-depth knowledge of challenges and success factors for implementation are 
still lacking.  

1.2 Problem Discussion 

A lot of research states that integration of process innovation of latest technologies and 
production equipment, is fundamental to gain a competitive advantage (Porter & Heppelmann, 
2014; Kurkkio, Frishammar, & Lichtenthaler, 2011; Pisano, 1996). An organization that manage 
to implement new technology successfully, gain advantages such as increased productivity, 
improved quality and thereby a competitive advantage (Kurkkio et al., 2011), making new 
technology implementation crucial for long-term survival. The weight of knowing what outcomes 
a manufacturer will have on their results for implementing smart factory is crucial, as it should aid 
manufacturing in the changed market demands. One aspect is that western automotive 
manufacturers thrive for exceptional product quality to compete on the global market against low 
cost manufacturers (Klein et. al, 2014). Thus, western manufacturers cannot afford to lose 
competitive advantages as product quality. Facing an uncertainty in implementation of smart 
factory as the concept’s outcomes of implementation are not assured from practice nor research.  

For example, the Swedish truck manufacturer Scania has built their competiveness successfully 
by implementing most of the innovations of the third wave of industrial revolution within their 
production (e.g. Industrial Robotics, PLC, CAD/CAM, Lean management, etc.) but are now 
searching for ways of transforming to smart Factories. Nils Dressler, smart factory coordinator at 
Scania, described this challenge at Scania P&L Technology Day 2015: “A factory that works on the 
same principles as your smartphone. Is this what will be required for the manufacturing industry to remain 
competitive?” (Dressler, 2016). Indeed, most automotive manufacturers face this uncertainty and 
seek guidance.  

Within traditional manufacturing, process innovation projects have commonly been implemented 
by following the conventional Coopers (2008) stage-gate model. However, this approach is 
probably not best practice within implementation of smart factory, because of the fast-moving 
development of new technologies and the changed competitive landscape (Iansiti & Lakhani, 
2014; Klein et al., 2014; Cooper, 2008). There are no literature found regarding this, but it may 
seem likely that a more agile implementation process, such as the ones used in IT projects 
(Gulliksen et al., 2003; Goodwin, 2009), is to prefer for smart factory implementation because of 
its digital components. An agile implementation process would mean development over time 
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based on value generating needs and requirements, rather than plan driven transformations of 
context-aware artifacts (Lycett et al., 2003). For example, managers in a traditional plan-driven 
process would implement smart factory and leave it there according to one, long project cycle. 
An agile approach would accelerate to an implementation through smaller teams and circle 
through many cycles of the same process to reach a full-scale implementation (Boehm, 2002). 
Boehm (2002) agrees that agile methods combined with plan-driven methods as the stage-gate 
model is, are to prefer in an implementation project to sustain structure but also allow flexibility. 
Agile methods are still unknown to engineers in manufacturing environment since IT and 
production environment are today, two separate entities and the possibility for merger within the 
smart factory concept are yet undiscovered.  

There is some, but a lack of research about digital technologies and process innovation. Porter et 
al. (2014), is one of few that highlight the importance of integrating digital technologies in 
production processes, as they suggest that some of the new digital technologies that should be 
implemented are smart and connected tools and products. Thereby, creating a smart factory is a 
result of implementation of new digital technologies as sensors, actuators, mobile phones, new 
software and IT-solutions in production environment (Porter et al., 2014; Qu et al., 2016). The 
moderate amount of literature that deals with digital technologies and process innovation, does 
not include the implementation process of digital technologies. The literature thereby provides a 
scope to explore the implementation dimensions of success factors and challenges in process 
innovation and similar concepts to smart factory through a framework for implementation. 
These can be combined to fill the existing gap in research and to aid manufacturers in the 
transformation process towards a smart factory. Further, since the previous named gap of smart 
factory implementation exists, research confirming how a smart factory would benefit is crucial. 
The authors seek the answer if smart factory implementation only outcome is increased 
production efficiency, or also has other effects like improved quality, ergonomics, cost-savings. 

We argue, like MacDougall (2014), that there is an urgent need of preparing production 
management for the radical changes that is predicted with the fourth industrial revolution and the 
development of smart factory. To stay competitive, manufacturers need to align with the trend of 
digitalization and adapt to new technology (Park, Fujimoto, & Hong, 2012; Porter & 
Heppelmann, 2014). However, the lack of knowledge for implementing smart factory in 
production processes need to be addressed to aid the manufacturing industry in the uncertainty 
of challenges, success factors and outcomes with an implementation. 

1.3 Purpose and Research Questions 

On an overall level, there is a growing need for understanding the implementation of smart 
factory to stay competitive. A framework will aid the process of digitalizing production by 
describing success factors, challenges and outcomes of smart factory implementation. 
Accordingly, the purpose of this study is to:  

Develop a framework that facilitates manufacturers journey in implementing smart factory.  

To achieve this purpose this study seeks to answer the following research questions (RQs): 

RQ 1: What success factors and challenges are identified while digitalizing a 
manufacturers production process? 

RQ 2: What are the outcomes of implementing smart factory technology in a 
production process?  
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The research area 
& focus 

2 Theoretical framework 

Following section is divided into three parts whereas process innovation and its’ implementation is investigated due 
to the rapid development that the implementation of smart factory might require. Correlated concepts and 
terminology to smart factory are investigated as outcomes, challenges and success factors are reviewed. Latter, the 
smart factory implementation model has been conceptualized through literature as it summarizes the chapter 
through a summary of key activities related to lessons for implementation.  

The main objective with this chapter has been to bridge the three concepts of process 
innovation, smart factory and implementation of digital technologies – see Figure 1 for an 
illustration. 

 

Figure 1. Research Focus 

2.1 Process Innovation and implementation 

Process innovation has multiple meanings, but the definition we use is new to the industry 
technologies, resulting in changed production processes (Reichstein & Salter, 2006; Rönnberg Sjödin D. , 
2013). Instead of focusing on the production output, what is done, process innovation is 
focusing on how the manufacturers output is done (Frishammar, Lichtenthaler, & Richtnér, 
2013). Process innovation can range from incremental improvements in processes to radically 
new technologies and concepts. Reichstein & Salter (2006) describes this as terms of incremental 
and radical process innovation, where radical process innovation is new to the industry. 
Therefore, this thesis has focused on radical process innovation as the implementation of smart 
factories is referring to major improvements in the manufacturing industry.  
 
Process innovation projects are often large, which correlates to significant implementation 
challenges (Scott-Young & Samson, 2008). Rönnberg Sjödin (2013) mentions that the scope and 
interdependence of activities creates information gaps and uncertainty, that entail significant 
management challenges during implementation. These challenges in process innovation projects 
decreases the budget performance by suffering from budget overruns and delays, putting increased 
pressure on the implementation process (Rönnberg Sjödin, Frishammar, & Eriksson, 2016; 
Filippou & King, 2011). 

Rönnberg Sjödin et al. (2016) discovered through their research that early user involvement will 
reduce uncertainty by providing vital information from start, resulting in increased budget 
performance. Further, manufacturers risk assessment and work in the earliest stages of the 
implementation, is important to minimize risks and is hence considered success factors 
(Frishammar et al., 2013; Rönnberg Sjödin, 2013). Other success factors during implementation, 
is to create an accurate requirement specification through a needs analysis and to put enough staff 
resources on the implementation team (Rönnberg Sjödin, 2013).  
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The success of process innovation and long-term survival for manufacturing companies, are 
highly correlated to the development of production systems and its integration (Bruch & 
Bellgran, 2012). Reconstructing a manufacturers production processes, supports a manufacturers 
possibility to gain a competitive advantage (Bruch & Bellgran, 2012). The competitive advantage the 
manufacturer may gain from radical reconstruction of the production system and design are faster 
time to market, increased production volume and improved production efficiency (Pisano, 1997; Bruch & 
Bellgran, 2012). 

It is claimed that smart factory is a radical process innovation rather than an incremental, 
implying the need of a faster implementation process. A radical process innovation strives for 
achieving speed to market and shorten cycles of implementation (Reichstein & Salter, 2006), 
which coincide with the purpose for developing agile characteristics in manufacturing (Yusuf, 
Sarhadi, & Gunasekaran, 1999). An implementation process that follow agile characteristics is to 
prefer for radical process innovation due to the created flexibility, but also kept structure – an 
accelerated structure. 

The outcomes, success factors and challenges for process innovation implementation are 
described as common for production processes within all industry segments. It is important to 
note that they may differ between different industry segments and industries, just as Dennis & 
Meredith (2000) describe that specific industry segments have different characteristics.  

2.2 Investigating Smart Factory and related concepts 

Due to the lack of research regarding implementation of smart factory, literature from different 
terminology but within the same context as smart factory, has been investigated. One example is 
Industry 4.0, which Brettel et al. (2014) describes as an establishment of intelligent products and 
production processes, where factories cope with demands for agile manufacturing in complex environments, an 
establishment including the concepts Industrial Internet-of-Things; cloud computing; machine 
learning; artificial intelligence; smart factory; big data; cyber physical systems etc. Another 
example is digital and virtual factory, which is the first phase to prepare the smart factory for the 
actual manufacturing of the product (Lucke et. al, 2008; Kuhn 2006; Bley & Franke, 2004; Bracht 
& Masurat, 2005; Upton, 1996; Jain et. al, 2001). Resulting in that the challenges, success factors 
and outcomes for implementing similar concepts as digital factory and industry 4.0 are assumed 
to be of significance for smart factory, which is presented in the following subchapter.  

2.2.1 Challenges, Success Factors and Outcomes for Smart Factory  

Bracht & Masurat (2005) mentions some organizational challenges with implementation of smart 
factory, stating that structures and processes will change. For example, physical prototypes will not be 
necessary which will force departments to reallocate resources, the challenge is to efficiently 
integrate and confront staff with new planning procedures (Wenzel, Jessen, & Bernhard, 2005). 
According to Bracht & Masurat (2005), the implementation of smart factory might be questioned 
on its uncertain level to yield return. It is pointed that smart factory is only relevant to large-scale 
enterprises and for the automotive industry as it requires an assembly product and large amounts 
of investment capital (Bracht & Masurat, 2005). Large manufacturers have implemented this 
concept and have seen that not only internal structures and processes changes, also that vertical 
integration in the supply chain is required. This might be difficult, suppliers vary in size and might not 
have the capabilities to exploit the potential of smart factory equally as they lack appropriate 
structures, information and technologies (Bracht & Masurat, 2005; Park S. C., 2005).  

A pre-requisite to become a smart factory is installation of developed technology, which also is the least 
transformational challenge according to Zuehlke (2010). Smart devices should be developed for 
industrial purposes since manufacturing requires different environmental conditions than what 
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these devices are initially developed for. For an instance, there are conglomerate companies 
delivering monitoring solutions through industrial tablets that are using same technology as 
consumer tablets (Palattella, et al., 2013). As new tools and technology are more frequently 
introduced in production processes, the working habits of users are changed. The challenge is to 
adopt to the plethora of technology as each are designed differently, also respect data protection as users 
can be monitored. Therefore, cybersecurity becomes more important on the agenda for 
management (Wamba, Akter, Edwards, Chopin, & Gnanzou, 2015).  

As memory capacity increases, the volume of data is rapidly growing and the created flood of 
data should be managed (Bracht & Masurat, 2005). Wamba et al. (2015) agrees that Data 
Management is of importance whilst data records are growing, therefore it is a challenge to 
hire/assign right competence to manage data and know-how. Large quantities of obsolete data 
are considered as one of the main challenges to address to in implementation as it generates 
inappropriate information flows upon decision making in planning and production development 
(Bracht & Masurat, 2005).  

In order to succeed with data management, the smart factory has to ensure transparency across all 
departments, so planning processes and experiences are available for the right users (Wenzel et 
al., 2005; Bracht & Masurat, 2005). Wamba et al. (2014) highlights establishment of data policies 
so transparency can occur without risking data-leakage or restrictions in data sharing. It is 
foreseen that smart factory supports rapid development and efficient operation of integrated 
manufacturing systems. As a result of integrated systems, a manufacturer may achieve speed to 
market, which is a success factor for agile manufacturing (Youssef, 1992; Yusuf, Sarhadi, & 
Gunasekaran, 1999).  

Integration of systems is seen to be of significance whilst implementing smart factory, insights can be 
taken from the introduction of CAD/CAM tools in manufacturing environment (Vernadat, 2006; 
Kuhn, 2006; Bley & Franke, 2004; Bracht & Masurat, 2005; Upton, 1996; Jain, Fong Choong, 
Maung Aye, & Luo, 2001). Integrating hardware, software to architectural systems creates a 
multiplicity of interfaces as the communicative capabilities are reduced (Zuehlke, 2010; Bracht & 
Masurat, 2005; Jain et. al, 2001). For example, machines and devices may not be able to 
download information in real-time if issues in integration occurs, resulting in delays or no 
delivery of information (Jain et al., 2001).   

To succeed in integration, the interface in manufacturing systems (ERP/MES/SCADA) and 
devices such as tablets and PLC should be standardized to be able to communicate – which is 
developed over time (de Ugarte, Artiba, & Pellerin, 2009; Park S. C., 2005). Therefore, software 
developers must design standardized systems for future investments so future systems are compatible 
with current interface development, developers call this for holistic design (Gulliksen, et al., 2003). 
The most crucial challenge to tackle whilst designing is the user-centered development approach, 
putting operators first (Goodwin, 2009; Maguire, 2001; Gulliksen, et al., 2003; Zuehlke, 2010).  

The outcomes of implementing smart factory is claimed to be beneficial. Klein et al. (2014) show 
that the introduction of digital technologies in production smoothens bottlenecks and leads to 
increased efficiency. In design phase, smart factories reduce the need for physical prototyping and 
introduction of pilot plants since it can be simulated and thereby decreasing costs (Klein et al., 2014; 
Bracht & Masurat, 2005; Jain et al., 2001). Simulation in early phases can detect error(s) and 
malfunction(s) in products and process introductions so actions can be taken for quality 
improvement (Klein et al., 2014). Table 1 summarizes the success factors, challenges and outcomes 
which are gathered from different concepts that has been likened with smart factory. Yet, what 
exactly is valid for smart factory is still undiscovered. 
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Table 1. Summary of Success factors, Challenges and Outcomes for implementing Smart Factory 

Success factors (SF) Challenges (CH) Outcomes (O) 

▪ Change Structures and Processes 

▪ Install developed technology 

▪ Include data management 
▪ Ensure transparency 

▪ Integrate systems 

▪ Design standardized systems 
holistically 

▪ Uncertain level to yield return 

▪ Fail to integrate supply chain 

▪ Fail to adopt technology 
▪ Restricting data policy’s 

▪ Multiplicity of interfaces 

▪ Fail to involve users 

▪ Large quantities of obsolete 
data 

▪ Flood of data 

▪ Faster speed to market 

▪ Delay in delivery of data 
▪ Increased efficiency 

▪ Decreased costs 

▪ Quality improvement 

▪ Reduced physical 
prototypes 

2.3 A conceptual framework for implementing Smart Factory 

Current literature lacks an implementation model for digital technologies. The traditional stage-
gate model from Cooper (2008) could be applied, but has two limitations. First, the time frame 
for idea to launch is too thorough consisting of multiple stages. Secondly, the model is developed 
to launch a few of many ideas and concepts, instead of integrating them all together as one 
project. Due to the need of rapid implementation for smart factory, the researchers of this thesis 
agreed upon searching through literature stream to create a conceptual framework for a more 
agile and accelerated model that suits implementation of digital technology modules in smart 
factory.  
 
There are a few lessons that may be learned in the process of implementing smart factory and 
become digitally ubiquitous (Iansiti & Lakhani, 2014). Accordingly, the most frequently 
mentioned lessons through literature stream are Apply, Connect, Collect and Evaluate (Iansiti & 
Lakhani, 2014; Wamba et al., 2015; Lucke et al., 2008; Pisano, 1996). If brought together, the 
four lessons may be integrated into a suggested cyclic conceptual four-step agile, smart factory 
implementation model, as seen in Figure 2. Because of the fast-moving trends and development 
of digital technology (Iansiti & Lakhani, 2014), a faster agile and cyclic implementation model is 
to prefer for each module (Yusuf et al., 1999). Each lesson and the corresponding key activities 
for each lesson will be presented below.  

 

Figure 2. Smart Factory implementation model 

The first lesson and implementation step of digital technologies, is to apply a digital lens to all 
existing products and processes (Iansiti & Lakhani 2014; Lucke et al., 2008). We interpret this as 
purchasing and installing the digital technologies provided in the fourth industrial wave. Namely 
compatible sensors, IDs, barcodes and screen technology for all automated industrial systems, 
equipment, products/services and parts (Bauer et al., 2004). This will generate a network and give 
pre-requisites for connectivity where each object can communicate with each other. 

Apply

Connect

Collect

Evaluate
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Second lesson and implementation step is initializing the set-up of connecting existing assets across 
the organization (Iansiti & Lakhani, 2014). This includes connecting and integrating all systems, 
processes and operational tasks, where the ERP system will become fundamental. Regarding the 
assembly, the MES and SCADA layer will have to be as uniform across the organization as 
possible, but at the same time not lose the capability that is built to meet the customers’ needs 
(Groover, 2007; Lee, et al., 2015). Goodwin (2009) agrees that the user interface is important to 
have in mind when integrating modular systems like SCADA and MES, at least for achieving 
user-friendliness. One method for succeeding while connecting is to identify the current network 
and plan the architectural changes to the future network (Vernadat, 2006; Lee, et al., 2015). 

By collecting and accumulating Big Data generated by the connected systems, processes and 
operational tasks, new possibilities are made possible for improvements (Iansiti & Lakhani, 2014; 
Wamba et al., 2015). The attributes that is attained by using big data have a game-changing 
outcome for the circumstances on the organization, both ways. It is important to identify and 
interpret the most relevant data that could extract maximum value from using a big data 
approach (Iansiti & Lakhani, 2014). Wamba et al. (2015) discusses the importance to sort, store 
and share the data through established data policies to facilitate the process of data analytics. As 
the organization grows in both efficiency and resource capabilities, more resources could be 
allocated for a complete digital transformation. 

Evaluation of changes in production is of critical importance and the last step in the smart factory 
implementation model. An efficient approach pointed out by Pisano (1996) is to develop and 
refine new technology during the implementation of it, to successfully evaluate and change it for 
future use. Rönnberg Sjödin (2013) also emphasizes that the evaluation criteria are critical in any 
process-oriented implementation project. The activities at this phase can be compared with 
Cooper’s (2008) gate activities where gatekeepers have to plan actions and changes according to 
the collected data (e.g. cost-benefit analysis of each action). However, it is important that on 
every end of an implementation cycle to evaluate the changed circumstances and what steps that 
should be taken for introducing the next technology module. Eventually the implementation 
process can be evaluated as fully-mature. The key activities and a short description for every 
phase is summarized with the main references in Table 2.  

Table 2. Summary of Key Activities in Smart Factory implementation model 

Phase Short desc. / purpose Key Activities Reference 

Apply Apply digital lens, to existing 
products and processes. 

- Purchase of digital technology  
- Installation of technology 

(Iansiti & Lakhani, 2014; Lucke 
et al., 2008; Bauer et al., 2004) 

Connect Connecting and creating a 
network through applied 
technologies. 

- Mapping current and future 
network 

- Integration of technologies 
and systems 

(Iansiti & Lakhani, 2014; Lee et 
al., 2015; Vernadat, 2006) 

Collect Collecting big data from 
applied and connected 
technologies. 

- Sort, store & share data 
- Interpret collected data 

(Iansiti & Lakhani, 2014; Wamba 
et al., 2015) 

Evaluate Evaluation and constitution 
of action plans according to 
phases. 

- Planning actions and changes 
according to collected data.  

- Cost/benefit evaluation 

(Pisano, 1996; Rönnberg Sjödin, 
2013; Cooper, 2008) 
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3 Methods 

The following chapter presents the research methodology chosen to complete the study. Each subchapter consists of a 
short description, to motivate the choices that has been made.  

3.1 Research Approach and Case Selection 

This study is exploratory and qualitative, as it seeks to explore the subject of smart factory, why 
an industry should invest in making their production processes smart and have guidelines for 
how they should implement them. The narrow research area regarding smart factory 
implementation made it natural to use an inductive research approach where theoretical 
contributions and managerial implications is a result of data collection and analysis which can 
henceforth be verified in practice (Saunders, Lewis, & Thornhill, 2009). 

The case study was conducted at Scania CV, a part of the Volkswagen (hereinafter VW) group. 
The company was chosen because of the possibility to give insight and a deeper understanding of 
the phenomena smart factory implementation within production processes. Using a single firm, 
may be an obstacle resulting in a too small sample size limiting generalizability (Saunders et al., 
2009). Nevertheless, several reasons motivated the selection of Scania. First, Scania is a leading 
example of truck and bus manufacturing and has been realizing third wave technology 
implementation to remain leading. Secondly, Scania is currently putting significant resources into 
implementing smart factory. For example, Scania’s recently launched corporate venture capital 
fund which made its’ first investment in 2017 by becoming one of the owners of a finish smart 
factory company, the amount of the deal was not disclosed. Also, implemented a new group 
responsible for the smart factory initiative at the firm. Third, Scania is a part of the third largest 
manufacturer group by revenue in the world, VW, which was used to confirm that the case is 
valid throughout the industry.  

Further, the fact that Scania is operating multiple factories made it a relevant case for comparison 
since certain conditions could be held constant to identify clear knowledge of best practice 
(Saunders et al., 2009). Indeed, the firm consist of several factories, producing different products 
at different locations spread multinational, makes the sample size large and powerful enough. The 
research was conducted and insights gained from several of Scania’s factories and was not limited 
by one. The explored factories had different levels of digitalization, creating a great foundation of 
information, resulting in increased quality of the study’s contributions within smart factory 
implementation (Shenton, 2004).  

Five factories with varying digitalization level, and a central technology development unit, was 
chosen. Recently (due to the time this thesis was written) the studied manufacturer Scania CV has 
decided of two action plans for creating or transforming into smart factories. There are two cases 
of becoming smart; building a ‘New factory’ or transforming an ‘Existing factory’, described as: 

New factory: The company is transforming an existing factory to a smart factory, where processes 
are changed through investments in implementation of fourth wave technologies. 

Existing factory: The company is pursuing a larger investment of building a new factory. Here, 
smart factory technologies are included, making it smart from the start. 

The five factories were chosen because of their varying digitalization level, their transformation 
process and their main production products hereafter given factory pseudonyms. Einstein was 
chosen as it has one of the lowest levels of digitalization within the company group and is about 
to transform into smart factory. This fact made Einstein the complete opposite to the Nobel 
factory, as it is newly built and has one of the world’s highest digitalization levels. Newton was an 
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existing factory of gearbox machining that rapidly increased its digitalization level a few years 
through external suppliers. Curie had important input as it produces the same products as 
Einstein, but has been part of a digital transformation since 2013, making it a more relevant 
counter-part to Einstein than Nobel. Beethoven, one of the world’s largest and most high-tech 
automobile manufacturer, was chosen since it gave external input. Lastly, Tesla is a central smart 
factory supplier and IT department, working with the whole company groups digital 
transformation. The interview sampling was a continuous work progress, decided by the 
researchers after input from interviewees and in collaboration with managers within the Einstein 
factory. The managers gave contact information and mediated contact persons within the 
different production factories and the central unit, to make sure that the sample selection became 
accurate as possible. The cases are described in  
Table 3. Case description.  
 
Table 3. Case description 

Factory 
pseudonym 

Country Employees Main product Implemented 
Existing/New 

Factory 

Einstein Europe, Sweden 1,400 Chassis assembly SCADA Existing 

Nobel Europe, Sweden 3,000 Cab production MES, SCADA New 

Newton Europe, Sweden 1,100 Gearbox machining SCADA Existing 

Curie 
Latin America, 

Brazil 
3,000 Chassis Assembly MES, SCADA Existing 

Beethoven* Europe, Germany 60,000 
Automobile 

manufacturer 
MES, SCADA Existing & New 

Tesla** Central unit 1,300 IT 
Smart factory 
Showroom 

Existing & New 

* Another manufacturer within VW group 

** A supportive unit to various production units 

3.2 Data Collection 

Within the case study, interviews were the primary data source, the sample selection guidelines 
were set up by the researchers (Saunders et al., 2009). Guidelines of five interviewees for every 
case factory, with different positions varying from senior managers to operators, and experience 
from smart factory implementation, has been used. A smaller amount of secondary data was 
sampled, most of the time it was collected as a compliment to the interviews by the interviewees 
(Saunders et al., 2009). The secondary data was reviewed and used as input for the researchers to 
grant a more holistic and specific understanding of the firm’s smart factory initiative. The 
secondary data mostly enclosed internal documents and presentations regarding the smart factory 
initiative and results of smart factory implementation, used findings are presented in the next 
chapter. 

The interviews were conducted in two waves, in an explorative manner (Saunders et al., 2009). 
The first wave of explorative interviews was formed to explore how the case firm defined smart 
factory, how they work with the concept and how much of the smart, digital technology that has 
been implemented throughout their different factories. While the second wave of interviews was 
conducted to exploit and evaluate the outcome, challenges and success factors of smart factory 
implementation. During the first wave, a total of ten semi-structured interviews were conducted, 
while 21 semi-structured interviews were conducted during the second wave. Thus, the results are 
based on 31 interviews and ten site visits at various locations. The interviewees are presented in 
Table 4, describing their position, where they are based and years of employment. All of which 
lasted from 40 to 70 minutes. To minimize interviewer bias and misinterpretation, most 
interviews were conducted face-to-face (F2F) and often in combination with a tour of the 
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factories where the smart technology had or shall be implemented. See Appendix I – First Wave 
Interview Guide and Appendix II – Second Wave Interview Guide for a copy of the used 
questionnaire.  

Table 4. First & Second Wave Exploratory Interviews 

Position Location Face to Face/Digital  Duration (min) W(ave) 1/2 

Senior Manager Tesla F2F 60 W1 

Manager Tesla F2F 60 W1 

Project Engineer, PhD Tesla F2F 70 W1 

Automation Engineer Tesla F2F 60 W1 

Plant Manager Einstein F2F 40 W1 

Supervisor Einstein F2F 60 W1 

Supervisor Einstein F2F 60 W1 

Process Engineer Einstein F2F 60 W1 

IT Coordinator Einstein F2F 60 W1 

Engineer Newton F2F 60 W1* 

Portfolio Manager Nobel F2F 70 W2 

Super User Nobel F2F 70 W2 

Super User Nobel F2F 70 W2 

Test Manager Nobel F2F 70 W2 

Senior Project Manager Nobel F2F 50 W2 

Head of Chassis Production School Curie F2F 40 W2 

Supervisor Curie F2F 50 W2 

Process Engineer Curie F2F 40 W2 

Head of Smart Factory Engineering Curie Digital 60 W2 

Smart Factory Engineer Curie Digital 60 W2 

Supervisor Einstein F2F 60 W2 

Supervisor Einstein F2F 60 W2 

IT Coordinator Einstein F2F 70 W2 

Team Leader Einstein F2F 60 W2 

Process Engineer Einstein F2F 60 W2 

Plant Manager Einstein F2F 50 W2 

Lead Architect Tesla F2F 60 W2 

Solution Architect, PhD Tesla F2F 60 W2 

Senior Manager Tesla F2F 60 W2 

Project Engineer, PhD Tesla F2F 60 W2 

Head of Digital production, PhD Beethoven Digital 60 W2* 
* Used for validating results 

3.3 Data Analysis 

A case study can interpret different techniques when analyzing data (Yin, 2014), this thesis has 
used a pattern-matching logic of the gathered data (750MB of voice recordings and 117 pages of 
transcribed material). A comparison was made amid empirical study and the theoretical 
framework, proceeded from the research purpose and research questions. The patterns were 
drawn and resulted with an answer to the purpose. The patterns were matched and challenges, 
success factors as outcome of implementation was conceptualized through a framework that 
expects to guide management in production. Nonetheless, it could be useful for further research 
as it verified the theoretical outline. Although, this was not the only used analysis logic as ‘cross-
data’ has also been utilized due to data collection from multiple-cases (Yin, 2014). Single-case 
data was matched and crossed in contrary to multiple-cases. The used analysis techniques led to a 
clear approach towards providing a framework and reaching conclusions. 

More specifically, the first wave of exploratory interviews was summarized by the researchers as 
notes were taken. Through notes, patterns and keywords could be identified through cross-case 
analysis (Yin, 2014). The notes were then compared to the literature review that was made and 
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relevant information could be extracted. The information was put in different themes through 
the RQ’s (challenges, success factors and outcomes) and keywords could be pattern-matched 
toward the theoretical framework. To exemplify, the concept of smart factory was revealed 
through similarities to previous implementation of digital factory. However, the second wave 
exploited similar logic as the first wave, with the difference to more specifically interpret success 
factors and challenges as antitheses through the Gioia methodology (Gioia, Corley, & Hamilton, 
2012). The purpose to utilize this method was to seek qualitative rigor through our inductive 
research combined with thematic coding. The identified effects embodied by outcomes of the 
interpreted data followed the methodology for thematic analysis (Braun & Clarke, 2016).  

3.4 Actions for Quality Improvement 

This study aimed to be comprehensive, resulting in more than 1800 minutes of interviews and 
more than 750 MB of data forced the researchers to filter and combine themes and categories to 
represent each case. Data might have been so large that some findings was unseen. Findings were 
never being analyzed bias, which might have been necessary since some successful practices, 
barriers and outcome are more favorable than other. In addition to previously mentioned 
performed actions for quality improvement, this study emphasizes the opportunity that was given 
to confirm interviewee results through the VW group. An interview was held with the head of 
digital production at Audi (Case Beethoven), a world leading automobile manufacturer that 
confirmed the held results at Scania CV. Also, the interview added a perspective of other 
cooperation initiatives within the VW group where Scania CV was not included. Hence quality of 
the given result was assured and validated. Case Newton was used to validate wave one results, 
especially regarding the possibility to contract external suppliers of smart factory.  

Further quality improvement has been made by applying the four criteria; credibility, transferability, 
dependability and confirmability (Amis & Silk, 2008; Shenton, 2004) . Firstly, the criteria for 
credibility has been addressed by triangulating answers with theory, also the utilization of 
different thematical coding methodologies helped us to merge our research questions into one 
framework. Secondly, transferability was assured by seeing smart factory implementation as a 
digitalized and radical process innovation in whole. Insuring that the findings can be validated for 
any process innovation literature. Further, dependability of this research was attained by letting 
diverse opponents on four different occasions review this thesis and further be evaluated 
together with researchers and supervisors. A third-part evaluation was made by the examiner to 
confirm this research quality. Finally, confirmability has been one of many strengths of this study 
as it was facilitated in early stages when the studied case company guaranteed a certain number of 
interviews with people working with smart factory. This helped the researchers to map a network 
of suitable candidates to interview.  
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4 Results and analysis 

The following chapter is interpreting the collected and analyzed data, consequently this research result is displayed. 

The chapter is divided into three sections, each answering respectively research question (see 1.3 Purpose and 
Research Questions): [1] Success factors and challenges in implementation of smart factory in 
production processes, [2] Outcomes of implementing smart factory technology. [1] and [2] is then 
merged to develop a framework to reach the research purpose in the third section.  

One main finding was that all representatives from the five factories and managers from Tesla 
agreed on, is that defining smart factory for the unit in question is of importance before 
implementing smart factory. Generally, Scania CV defines smart factory as a connected manufacturing 
engineering and operational environment for predicting and optimizing processes. Tesla made a, for Scania, 
general maturity framework to reach smart factory. The maturity model is inspired by Maslow’s 
(1943) hierarchy of needs. The bottom of the model represents lower maturity that must be 
fulfilled stepwise to become a smart factory, Figure 3. Smart Factory maturity model is an illustration 
that has been modified by the authors. It is assumed that generic insights and that the 
environment affect the maturity as well that each maturity level generate outcomes. A factory can 
be seen as smart factory when ‘structured data gathering and sharing’ is performed as a standardized 
routine.  

 

Figure 3. Smart Factory maturity model, adapted from Scania CV 

The result of coding the gathered data can be summarized in Figure 4. Data coding structure where 
the aggregated three dimensions (successful practices, barriers and outcomes) are used for 
structuring the data analysis and development of the framework together with Figure 3. The two 
aggregated dimensions Successful practices and Barriers is put on the same level since many second-
order themes are antitheses to the corresponding aggregated dimension. Outcomes is withholding 
the result of an implementation enclosed by previous two dimensions. For more detailed 
information regarding the quotations for themes and categories, see Appendix III – Theme coding 
with representative quotations. 
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Figure 4. Data coding structure 
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4.1 Success factors and Challenges in implementation of Smart Factory  

Senior management, at executive level at Scania CV, has decided that implementation of smart 
factory differ between New and Existing factories. However, a few major challenges and success 
factors was identified, some of which are general for both cases, while others are specific for each 
case. During the interviews, the interviewees discussed successful results of the smart factory 
implementation rather than challenges and success factors. The following subchapter describes 
the identified successful practices and barriers promoting/restricting implementation of smart 
factory.  

4.1.1 Successful practices promoting implementation  

A united vision of what smart factory is has shown to be crucial in implementation, at first sight, this is 
not the most obvious practice that implementer nor managers thinks off. It was claimed during 
the research that different departments are using the same name for different meanings or 
functions, even different names for same definitions. It is crucial in large organizations to speak 
the same language. The respondents rather mentioned internal context, while Bracht & Masurat 
(2005) and Park (2005) in the literature highlighted integration across the supply chain which was 
not coded from any respondent’s answer. In a timeline, this practice is recommended to think of 
in early stages – so future misunderstandings are prevented. The practice can be further narrowed 
to activities such as defining the scope, what smart factory will achieve displayed through 
roadmaps. Given the effect that many units, factories and/or departments can cooperate more 
efficiently. A portfolio manager at Nobel, stated the following regarding cooperation in 
implementation projects: 

“We need look-alike factories to align their smart factory vision and work together through the 
implementation project.” – Portfolio Manager, Nobel 

It is claimed through the interviews and theory that there are existing principles for succeeding in 
implementation of smart factory. The principles can range from traditional methods such as 
continuous improvements in lean manufacturing to strategic choices in implementation regarding 
detail levels and functionalities. Continuous improvements are a core principle for lean 
manufacturing and should not be disclosed from any project within the manufacturing industry, 
according to the interviewees. Implementers are fighting with evaluation of strategic philosophies 
such as what detail level the project should be discussed on and with who, what security level the 
project is covered with and what functions should be implemented before the other one. To 
create awareness, it is to an advantage to choose principles as early as possible, when principles 
have a need for change – the change must be accelerated. On the contrary, Gulliksen et al. (2003) 
emphasizes a holistic design – saying that changes shall be made over time. A supervisor at 
Einstein claimed the following about managerial contradictions that are available for a successful 
implementation:  

 “We need everything adapted to every specific production process, but in the same time I 
understand that the system must be standardized if we are in need of central support. Maybe a 
modular-system?” – Supervisor, Einstein 

The adequate models for succeeding in implementation are as relevant as the principles. The differences 
are that most of them are well-known methods or general phases that the implementer can 
concretely take advantage of. The research has shown that the successful practice includes the 
activities of pre-study, establishment of pilot projects, prototype factories, stakeholder mapping, 
user-requirements and evaluation of performed phases. The Lead Architect at Tesla discussed the 
importance of having flexible organizations that responds to changes through agile methods, at 
the same time utilize a traditional stage-gate model to reach the actual implementation. By 
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utilizing only agile methods, the organization would never finish an actual implementation as 
changes are accepted simultaneously. The architect quoted the following:  

“We used both agile methods for addressing missed functions and a traditional stage-gate model 
to reach implementation. Only agile methods didn’t work due to delays and changes in 
organization.” – Lead Architect, Tesla 

Like Klein et al. (2014) described its benefits, a natural effect of digitalization in manufacturing 
environment is the utilization of the digital twin, the digital twin is the mirror of the physical factory 
in a virtual and simulated reality. The results of the study claim that simulating the production 
processes through digital prototyping will make the implementation smoother, as obstacles are 
predicted and henceforth prevented. Thus, the challenge remains to visualize the results of the 
digital twin correctly and clear as possible so appropriate actions are taken both from production 
line and management. A PhD project engineer at Tesla confirms that the utilization would 
benefit the implementation as following:  

“A major part of smart factory, and a lot of cost benefits, could come from testing and visualizing 
production of a factory digitally.” – Project Engineer, PhD, Tesla. 

Identify & evaluate key business activities in an implementation project is important to promote right 
activities, which also was confirmed through the conceptual smart factory implementation 
framework. As described by Rönnberg Sjödin et al. (2016) Frishammar et al. (2013), thorough 
risk assessment is a part of the identification and evaluation is of vital importance. To do so, the 
implementer should identify what activities are value-creating for the implementation project and 
what risks the project has. As soon as the results from these activities are put to the surface, they 
can be promoted through evaluation and resources allocated more efficiently. By showing Figure 
2 to interviewees, the model could be verified, a significant finding was that all respondents 
agreed with the model through some minor modifications. A senior manager at Tesla claimed 
that evaluate should be included in several steps in order to work iteratively with the 
implementation, the manager said the following:  

“Evaluation at the end of an implementation will restrict changes in prior steps. If evaluation is 
included in every step, smaller adjustments can be performed iteratively to fit the client.” – Senior 
Manager, Tesla 

Project managers in an implementation project for smart factory are likely to be equipped with 
tools for project management. In a successful practice, these must be applied in a relevant manner and 
at right time. A senior project manager at Nobel claims that implementation projects must start 
with an evaluation of the current state (as is) and of the future, wishful state (to be). Helping the 
organization to have and reach common requirements. Rönnberg Sjödin (2013) discusses this 
practice as doing requirement specifications. On the other hand, implementation experts claim 
that managers tend to miss making decisions, alike assigning product owner and SCRUM-master, 
also what methods are going to be used to create cross-functional teams and collaborations with 
other departments. Further, authors like Wenzel et al. (2005) enlightened the aim for 
transparency in implementation which interestingly enough was confirmed by the head of digital 
production at Beethoven, as following:  

 “One of our major issues is the lack of transparency across the departments and brands. Which 
is why we started this successful collaboration.” –  Head of Digital Production, PhD, Beethoven 

A key finding through the theoretical framework was the increased importance of data policies, 
which the respondents claimed to be handled through methods for structured information handling. 
Interviewees argued that interference of data overflow where too comprehensive, consequently 
an infrastructure for data handling was set, where all excessive information could be stored. Also, 
some senior managers claimed that a central virtual storage place for KPI’s would be to prefer as 



 17 

the process for calculating and looking for performance indicators would be more efficient. 
Indeed, many manufacturers faces the challenge to set up a convenient data structure. If the data 
structure is set in a user-friendly way, the manufacturer will experience successful and efficient 
use of data. A portfolio manager at Nobel quotes the following about how important a 
waterproof information structure is:  

“If this fully digitalized and automated warehouse have a computer break down, all Scania's 
European truck production units will stop for at least six weeks. Which is the time it would take 
for us to do an inventory manually.” – Portfolio Manager, Nobel 

Bracht & Masurat (2005) determined that organization structure and processes will change, but  
not how. An establishment of an including/supportive organizational structure could be used for 
creating advantages for organizations. The results show that organizations with limited 
knowledge in implementation of digital technologies prioritizes support, sometimes external 
suppliers offer a more including support in short-term than what internal support would have. In 
long term, external suppliers must prioritize the customer relation, meanwhile the internal and 
central unit have to be supportive for all factories. Managers emphasize their regrets on not 
making up a clear structure of what services are being outsourced and what is being developed 
internally. A supervisor at Einstein exemplifies external customer support as following:  

“A mistake with this project, was that we hired a German contractor for the job. Support has 
been far from satisfactory.” – Supervisor, Einstein 

4.1.2 Barriers restricting implementation 

Every implementation of digital technology increases the organizational digital maturity, giving 
digital immature organizations substantial deficient technological understanding and readiness. This barrier 
decrease with the amount of successful implementation projects, since successful projects 
increase trust in new technology, understanding for smart technology and increases digital 
maturity. Similar with Wamba et al. (2015) explaining that failing to adopt technology has always 
been a hinder for the implementer. A supervisor at Einstein described the effects of this barrier 
as follows:  

“Neither the technicians nor supervisors understand the possibilities with the new systems. If 
they would have, our processes would look completely different today.” – Supervisor, Einstein 

As the above-mentioned barrier correlates to the organization, there are also technological barriers 
correlated to the technology itself. Even if management succeed in connecting old, non-
compatible tools & equipment they face the barrier of making them communicate successfully. 
The respondents claimed that even when technology is wirelessly connected and communicates, 
there are risks of interference and information overflow through multiplicity of interfaces, 
causing overlaps in systems that frustration and delays may happen. A test manager at Nobel 
mentioned the dilemma of information overflow in an interview: 

 “The information overflow caused a critical signal to be delayed for eight hours. Imagine what 
happens when the systems say your stock is full, then suddenly it is emptied.” – Test Manager, 
Nobel 

A few paradoxes are anchoring managers, paradoxes as; putting a lot of resources and people on smart 
factory projects may be comfortable to assure success, but too many people trying to steer the 
same project may cause greater damage than gain. As the theory of process innovation highlight 
the importance of putting enough resources on the projects, it provides incentives to put a lot of 
resources from the start of the projects. However, this has shown to be misleading, as too much 
resources from the start may cause problems. Leading to that ambidextrous capabilities are born 
in organizations and its’ structure. Other paradoxes as usage of standardized versus tailored 
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systems, agile versus stage-gate project models, are anchoring managers in their decision making 
for smart factory implementation, a manager at Tesla describes one of which as:  

 “To make the projects successful, we need to allocate few resources on longer time rather than 
many on short time. However, this causes a paradox since people tend to advance in their career 
after a year or so.” – Manager, Tesla  

As the smart factory develops, increased pressure is put on the lacking internal recruiting and training 
routines. The trend saying that assemblers need to become operators and employees become tech 
savvy, management need to recruit and trained staff accordingly, especially since the cost of 
hiring external smart factory expertise is increasing by the day. If an organization tends to keep 
expertise, they need to provide employees with new opportunities, a process engineer at Einstein 
described the downside of implementing such culture:  

 “Scania is such a great employer, since the company has a culture of moving around people and 
give employees great opportunity. This culture is a problem for long and complex projects like 
these.” – Process Engineer, Einstein  

Scarce business knowledge amongst co-workers is threatening implementation, as the gains are not 
certain for everybody. Which is leading to reluctant work-force prior, under and after 
implementation, at least until the gains/requirements are proven. The reason for frustration 
could be that the end-users (operators, assemblers) are convenient with old habits and that 
developers and managers have ignored to involve users early in the implementation. Indeed, a 
user-centered perspective is important to include since we have seen this challenge already in 
literature. A frustrated super user at Nobel quoted the following:  

“To be honest, I don’t see the gains of implementing these technologies and systems. Everything 
worked fine yesterday and ten years ago!” – Super User, Nobel 

Organizations must develop or be temporarily created upon implementation, which implies for 
inertia in new and existing (project) organizations. Prior implementation, there are no current processes 
or organizations within a new factory which creates the challenge to structure a new set of 
routines for a new organization or project. On the other hand, an existing organization will have 
to adopt to changes where other challenges might occur. Lacking information regarding changes 
is making the implementation denser, as described in the process innovation theory information 
gaps is evidently a significant barrier to face during implementation. Again, the fear of internal 
reluctance amongst workforce is slowing down the implementation since managers are frugal on 
radical decisions. A manager at Tesla quoted the following regarding decision-making:  

 “Departments that are expanding due to projects like these has a risk to be affected of slow 
decision-making as responsibility areas aren’t certain.” – Manager, Tesla 

The risk of uncertain levels for yielding return are not unknown to practitioners. Prior 
implementation, uncertainty in the business case is putting a spoke in the implementation wheel since 
funding for the project is a key activity before implementation. The uncertainty is claimed to 
decrease with estimations, indeed project like these are funded basically on rough estimations 
since immaterial effects as improved safety, ergonomics is hardly measured. The head of digital 
production at Beethoven claimed the following about uncertainty:  

 “It is uncertain what the margin between possible benefits and costs of smart factory projects. 
Especially since basic systems need to be implemented before other more beneficial systems can.” 
– Head of Digital Production, PhD, Beethoven 

When the funding and budget is set, the barrier of insufficient knowledge in investment of technology is 
shown since larger investments like these hasn’t been performed before on whole factories. 
Similar to the findings by Rönnberg Sjödin et al. (2016) correlated with budget overruns, delays 
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and quality problems are frequent in this kind of projects. The unexperienced project manager 
might not be able to limb down activities properly so investment cycles can be cut. Cost of new 
technology decreases with time, which exemplify the complexity of when the technology should 
be purchased. A senior manager was certain of the following regarding high investment cycles in 
manufacturing:  

“Equipment in this industry generates long investment cycles as costs are high. It is difficult to 
stay competitive and change production equipment when the budget is allocated to old 
equipment” – Senior Manager, Tesla 

4.2 Outcomes from Implementation of Smart Factory 

In matter of outcome, the desired or achieved effects of implementing smart factory in 
production processes are equal in Existing or New factories, at least according to the interviewees. 
Most interviewees rather talked about positive outcome than negative, as negative might hurt 
their current objectives of implementing the concept on the company’s plants and shop floors. 
The following subchapter is describing the found outcomes concerning smart factory 
implementation. 

4.2.1 Results of implementation  

Improved Quality. Implementing smart factory technology will improve quality, according the 
interviews and Bruch & Bellgran (2012). It will enhance a factory’s ability to trace and monitor 
products and processes, subsequently quality will be improved. The shop floors desire more 
accurate and better real-time information of work instructions and other processes as quality 
deviations and malfunctions could be traced to its’ root of origin so issues can be resolved. For 
example, managers at Tesla expects managers of shop floors in Nobel (new factory) and Einstein 
(existing factory) to demand traceability solutions to remain competitive through reduced quality 
deviations and increased monitoring of processes. A supervisor at Curie quoted the following: 

“The new smart traceability and stop system reduced the amount of quality deviations of my 
responsible area from 20 á day to 0-1/day.” – Supervisor, Curie 

A Developed HR-Organization. Structures and processes are claimed to be changed (Bracht & 
Masurat, 2005), but an expected effect of smart factory implementation is that the organization 
regarding human resources will have to develop as the environment changes become more 
innovative and technologic. New technology also has downsides, as staff might draw to 
convenience and become reluctant to the changes a transformation might require. Managers are 
struggling with these effects, the only antidote to be found is inspiration of new technology, 
where the successful practice of recruiting tech savvy people is highlighted. A senior manager at 
Tesla quoted the following about competence level and changes that might be expected with 
more automatized solution as smart factory means: 

“With the smart factory, assemblers will have to develop to become operators. We will have to 
increase their competence level through training and education.” – Senior Manager, Tesla 

Improved Safety, Health and Environment (SHE). Utilization of smart factory technology in 
production environment will reduce the risk of inconvenient workloads and injuries. Ergonomics 
and safety are prioritized in all kind of organizations, but especially at lean manufacturers 
production systems such as Scania Production System is. This is claimed to be one of the main 
reasons that the truck and bus manufacturer has decided to transform into smart factories as the 
concept results in improved SHE. Remarkably, this was the only outcome not found in literature 
and therefore a direct contribution. For example, sensors can detect an operator or assembler 
within a machine cell or another area where the operator shall not pass and henceforth the 
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operation can be stopped. A supervisor quoted the following at Einstein about the thought of 
implementing smart factory technologies: 

“I wish we were more risk-conscious and installed systems that detects when a person is entering 
a restricted area so we automatically turn-off operations. Luckily enough, no serious injuries have 
happened so far. But what if it does?” – Supervisor, Einstein 

Improved Maintenance. Another claimed benefit of implementation is said to be improving the 
process of maintaining technology. As every machine, tool and other equipment are connected, a 
larger network is created where all objects can be monitored, analyzed and next maintenance can 
be predicted (Iansiti & Lakhani, 2014). So, an indirect effect of improved maintenance is resulting 
in improved KPI's for machines e.g. machine uptime, mean time between failure (MTBF), mean 
time to failure (MTTF) and less mean time to repair (MTTR). More specifically, implementation 
of SCADA layer in the manufacturing system are capable to automatically stop the line, 
subsequently deviations traced to equipment will be visible and eventually decrease with the stop-
time made due to equipment. A process engineer at Curie claimed the following about the 
lifetime on process equipment: 

“Unnoticed maintenance will not go under the radar in a smart factory since everything is 
connected. This would help the factory to increase its’ lifetime on process equipment. “– Process 
Engineer, Curie 

Gained Flexibility in Production. Interviewees at Tesla are certain that real-time updates in 
production will include the full supply chain in production by sending information regarding 
production status leading to increased customization of the order. By sending real-time updates 
internally, engineers in production can use the data to reveal smaller bottlenecks, that wouldn’t be 
noticed in a traditional system. Management can adjust production hours towards market 
demand or to level revealed bottlenecks, which an engineer at Newton commented as following:  

“It is far more convenient to ramp up the production speed now than before, since we are less 
dependent of human capital.” – Engineer, Newton 

Constraints in Production. A claimed outcome by connecting and integrating all technology is that 
the amount of data increases and spam of signals might occur so interference in systems, 
becoming dense. Delays and information overflow are also confirmed by Bracht & Masurat 
(2005). Another significant outcome is that production becomes dependent of technology, 
becoming stationary and hard to move in the integrated systems, at least from what the engineers 
and coordinators at Curie has experienced in their implementation. As technology becomes 
immobile the possibility to level the production flow is reduced. The only way of levelling the 
production flow will be to move labor throughout the production line. Which the head of chassis 
production school at Curie confirmed as following: 

“When the layout for the factory is set, it is set. We rather move people than equipment on our 
work stations.” – Head of Chassis Production School, Curie 

Increasing Productivity. A result of the study shows that smart factory implementation boosts the 
productivity of the factory, since the output can be increased more easily because of increased 
automatized and standardized processes (Klein, et al., 2014). Generating an indirect effect of 
faster time to market since many phases and activities can be performed collaterally, coinciding 
with Yusuf et al. (1999) and Bruch & Bellgran (2012). The head of smart factory engineering at 
Curie argue that the production output can be steered to fit the production like a glove, 
expressed as following:  

“The production output is steered of customer demand, by automatizing all processes this can be 
adjusted according to the market.” – Head of Smart Factory Engineering, Curie 
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Decreased Costs. A wishful effect for any project is decreased costs, either short- or long-term, an 
implementation of smart factory is claimed to have both. Generally, this outcome is gained 
through other activities that is perceived with smart factory implementation. For example, 
centralized logistics will move buffer zones to one, single warehouse. Leading to less buffer zones 
which saves a lot space, supplies and resources. Indeed, resources are saved as they are allocated 
more intelligently based on gathered data and performance indicators. Engineers at Curie 
gathered data of each assemblers’ activity to analyze weaknesses and strengths, e.g. put the 
employee in right training and utilize the assemblers’ competence in right place. Klein et al. 
(2014), Bracht & Masurat (2005) and Jain et al. (2001) Confirm with reduced physical prototyping 
and several cost savings. Employees at Tesla was definite that the successful practice of digital 
twin will directly decrease costs, a project engineer said the following: 

“Increased digital prototyping leads to reduced physical prototyping so both raw material, 
products and time can be saved.” – Project Engineer, PhD, Tesla 

4.3 Towards a framework of Smart Factory implementation 

A framework with key activities, guided by the smart factory maturity model was developed and 
correlated with success factors, challenges and outcomes from literature and studied cases. The 
framework of smart factory implementation level-by-level is presented in the following sub-
chapter and illustrated in Figure 5 with corresponding key activities, a detailed plan with exact 
successful practices, barriers and outcomes for each level is shown in Appendix IV – Level-by-level 
guide.  
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Figure 5. Smart Factory Framework 
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Generic. With input from Appendix IV – Level-by-level guide, key activities were developed in 
general and for each level. Two specific key activities that is general for the whole smart factory 
implementation, is recruitment & education of staff and continuous improvements in data infrastructure. 
Management is henceforth guided in the level-by-level paragraphs below, and will be further 
investigated on level-degree as the smart factory arises.  
 
Level 1. The first level affirms modular processes, which uses standardized but flexible modules. 
This technical foundation could mean implementation of separate systems (e.g. SCADA, MES, 
ERP). If the factory fails in using standardized systems, it will suffer from having difficulties in 
gaining benefits in latter levels. The input in this level is spread through successful practices, 
barriers and outcomes, with a slight majority of barriers, see Table 6. There are three key activities 
during this level, described as general activities management need to use during the 
transformation.  

Level 2. The second level is highly correlated with communication, communication between 
different technologies, production teams and the interaction between human and machine. The 
key activity within this level is to make sure an effective communication platform is developed. 
When entering this level in the transformation, previous levels has been implemented 
successfully, benefits as increased traceability and increased maneuverability of production output 
may be gained. To succeed in this step, a number of successful practices and barriers need to be 
considered and used, see Table 6. 

Level 3. While the previous level was about providing the tools for communication, this level 
need to make sure the communication is performed correctly. The gathered data and KPIs need 
to be communicated, hence the key activities is to be transparent and use the communication 
platform. In order to be successful in level 3, the transformation must lead to a structured 
sorting, storing and sharing architecture with back-ups. While there are numerous successful 
practices in this level, it lacks barriers and especially outcomes, which is why this is a breaking-
point for negative and positive outcomes. Thus, this is where the factory starts to become smart 
factory mature.  

Level 4. In comparison to the previous level, this level provides the beneficial effects of 
collecting and communicating data, by analyzing and structuring an action plan for the given 
results. However, this step puts a lot of pressure on competence, which makes the key activities 
about hiring and using experts for interpreting information. Table 6 gives two great practices of 
how this can be done. Most outcomes are beneficial on this level, subsequently trust for smart 
technology is gained and physical installations of technology facilitates staff to understand smart 
technology. Recruiting experienced experts for smart factory analytics and optimization is a 
significant barrier on this level. However, the recruitment of experts should be seen as an 
investment that will result in education and training of current staff leading to future recruitment 
costs are kept at a low level.  

Level 5. As the factory has reached the top of the maturity model during this level, the key 
activity is to continue the smart factory development and work with proactive continuous 
improvements, which has shown to be one of the main factors for the success of the case 
company. The last and most flourishing level of a smart factory is reached upon predictable 
production, barriers are mitigated and the implementation can be seen as complete, which is 
illustrated in Table 6. The claimed outcomes are all seen as beneficial. Indeed, the investment in 
implementing smart factory pays off at this level and the smart factory is risen. 

Overview. A pattern has been recognized for the successful practices, barriers and outcomes 
correlated to Figure 5 The usage of key activities will provide positive outcomes increased by 
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every level of the smart factory maturity model with a breaking-point in the midlevel, Level 3. 
While barriers restricting the transformation and negative outcome by becoming a smart factory 
is decreasing by every level. Again, Level 3 is proven to be the breaking-point for defining the 
factory as smart. Further, it has been denoted throughout the interviews and levels of the 
maturity model that an agile approach need to be adapted, in order to speed up the 
transformation and align smart technologies with users and management.  

4.3.1 An agile approach 

In order to migrate to the next maturity level in the smart factory framework, an agile approach is 
needed and an adapted agile stage-gate model has been developed for smart factory 
transformation. Interviewees mentioned several times that using a traditional stage-gate model 
would result in a too long and costly time-frame of smart factory transformation, which could 
lead to that the smart factory transformation never will happen. Hence, they used and promoted 
a mixture between a traditional stage-gate process and agile methods, similar to this model. Our 
findings and literature revealed several lessons that could be used to form an agile stage-gate 
model, illustrated in Figure 6. The model is based on three elements: stages, sprints and feedback loops. 

 

Figure 6. Agile Stage-Gate model for Smart Factory, adapted from Cooper (2008) 

The original stage-gate model includes more stages and processes. An agile stage-gate model 
cannot afford to be spread over a long-time frame, due to the need of fast results from radical 
process innovation. Some of the stages were merged for faster acceleration through the level 
solution with four stages. First, the generic successful practice of uniting the vision of smart 
factory is dismantled over the Discovery stage, when the implementer defines what the purpose 
and scope of the level solution is. Secondly, Stage 1 is building the business case that has been 
emphasized in both literature and interviews as a barrier/challenge. For example, cost/benefit 
estimations for reaching ’Level 3 - Structured data gathering & sharing’ after that ’Level 2 - 
Connected technologies’ is complete. Thirdly, Stage 2 is an action stage where the major 
implementation happens. Finally, Stage 3 is launching the concept in full-scale. The level becomes 
mature and the implementation is ready to move onto the next level, post-launch review has been 
excluded due to the fact that evaluation with user is performed continuously on each level.  

Through literature, a model for implementing smart factory was conceptualized (Figure 2) with 
the four lessons Apply, Connect, Collect and Evaluate. Interviews verified the lessons, but also that 
they should be included several times in the transformation. To accelerate the implementation 
project, three sprints for each level solution has been integrated in Figure 6. First, the Scoping sprint 
discover the level solution. By applying and connecting a digital lens, information may be 
collected that is required for making progress through the level. For example, in ‘Level 2 - 
connected technologies’ apply a digital lens to a torque tightener, connecting it to a SCADA-
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system (implemented from Level 1) and collect data from it. This will facilitate the evaluation 
process since data-driven decisions can be made for the next sprint. Secondly, the Concept sprint is 
initiated. The sprint builds a business case from the collected data and apply and connect digital 
lenses to multiple units to display the complete project. Back to previous mentioned example, 
instead of one, now all torque tighteners on a certain production area are integrated. This sprint is 
similar to a pilot project or showroom. Finally, the Execution sprint does the actual implementation 
the development, testing and validation of previous stages are taken to consideration. Again, back 
to the previous example, now all torque tighteners in the whole factory has a digital lens, are 
connected and collects data for evaluative purposes. Repeatedly, same principles are applied in all 
levels of the maturity model to mimic an iterative process until the factory is fully-smart. 

The last element, feedback loops illustrates the importance of evaluation, which was found both 
through literature and respondent’s answers. They were incorporated to exemplify how and when 
the user shall be included. In the development of the agile stage-gate model, gates were replaced 
since literature stream confirmed the similarity in gates and evaluate. Instead of only 
communicating with the gate-keeper, now the user and end-user are included. Particularly since 
literature regarding process innovation expressed how early end-user involvement will provide 
positive outcomes. Expecting positive outcomes as increased budget performance through 
communication of vital information. Indeed, this agile approach tend to develop a customized, 
fitted smart factory solution towards the specific needs of the production processes by 
developing an including organizational structure. 

Interviewees criticized several aspects of agile methods, for example the Lead Architect at Tesla 
feared that changes are made so often and simultaneously that it will cause fuzziness and delays 
in deliveries (e.g. in feedback loops). This may be addressed by keeping small and many, rather 
than large and few teams, and by utilizing an agile stage-gate model that is ambidextrously strict 
but flexible. 
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5 Discussion and Conclusion 

This study was conducted with the aim to address the literature gap of smart factory 
implementation and to guide industrial automotive management in their digital transformation. 
The result was seen as surprising as the process of becoming a smart factory was more complex 
than expected. Numerous success factors, challenges and outcomes of implementation was 
identified through a multiple case study of six factory units, which also confirmed the major 
contribution of literature regarding correlated concepts. The success factors, challenges and 
outcomes was merged to a maturity model for smart factory, leading to development of a 
framework and an agile stage-gate model to guide management. In a wider perspective, this study 
has been important for literature and practice regarding digitalized process innovation, the 
contribution is further explained in the following paragraphs regarding theoretical and managerial 
implications, limitations and suggestions for future research.   

5.1 Theoretical implications 

The authors agree with Lucke et al. (2008) that to transform into smart factory, one must define 
it. This theoretical finding was confirmed through the study as a successful practice and was one 
of many major findings that this research verified and contributed with. A framework based on 
rich data gathering was developed, tested and verified. The framework provides successful 
practices, barriers and outcomes of smart factory. On top of these three dimensions, researchers 
are granted key activities, aiding factories to raise level-by-level in smart factory maturity. Indeed, 
gathered literature regarding smart factory implementation is confirmed and so are the developed 
framework directly contributing to literature. 

The results of this study deepen prior literature by developing an agile stage-gate model that 
combines practice from our case studies with insights from literature with the aim to visualize a 
theoretical implementation model for smart factory. More specifically, Iansiti & Lakhani (2014) 
mentioned three lessons for reaching digital ubiquity; apply, connect, collect, Pisano (1996) and 
Rönnberg Sjödin (2013) emphasized that evaluate is an important step for any successful 
implementation. These, together with Coopers conventional stage-gate model (2008) were used 
for creating a model that suits smart factory implementation. The model may fit any digitalized 
process to suit agile and digital implementation projects that requires an iterative characteristic.  

As highlighted in the background and problem discussion, it is believed that smart factory 
implementation can have many positive outcomes considered for traditional manufacturers to 
compete (Bruch & Bellgran, 2012; Zuehlke, 2010; Lucke et al., 2008; Park et al., 2012). On the 
contrary, our study shows that the results of smart factory implementation tends to be negative at 
least, on the first steps of the maturity levels. However, this is seen as necessary to take advantage 
of future benefits in latter levels of the maturity model that this study confirms is vital to the 
manufacturing industry. For example, process innovation literature has continuously opposed 
uncertainty in innovation processes (e.g. Rönnberg Sjödin D. , 2013; Bruch & Bellgran, 2012), 
process innovation researchers haven’t been able to deepen their research in specific details as 
rough estimations have been used. Using smart factory implementation as a case for process 
innovation contributes with proven expected outcomes leading to more precise research.  

5.2 Managerial implications 

Figure 3 guide plant managers or chief digital officers by describing what smart factory is built 
upon. Further, Figure 5 describe what key activities management should undertake during the 
digital transformation. The guides complemented with Table 6. Level-by-level guide visualize and 
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explain that building a smart factory is not just about investing in a new system, but highlights the 
complexity and steps a factory need to take during the digital transformation. By providing a 
step-by-step plan, from the basic phase of using modular processes until the factory becomes 
smart, management has been given a guide for the implementation. But in order for upper 
management to succeed, an agile project approach need to be adapted, which is described and 
illustrated in Figure 6. In summary, these discoveries will aid upper management and provide an 
understanding of what smart factory is, enhancing the possibility to transform into smart factory 
and become more competitive. One major contributions of this study is for project managers, as 
they would benefit the most from using the agile stage-gate model for implementation. 

By describing what outcomes, the smart factory implementation will have, it will guide 
management in the pre-study phase when constructing a business case. The business case has 
been proven to be one of the greatest barriers, since top management fail to see the benefits and 
put numbers on it, which is a necessity if smart factory transformation projects are to be initiated. 
As the head of digital production at Beethoven explained, some business cases do not even add 
up, but is a necessity for further, more lucrative smart factory projects. Hence, by informing 
management of the steps to become a smart factory and the benefits on implementing specific 
steps and smart factory in general, they are given a tool supporting the decision-making.  

Finally, to help upper management and project managers to understand that there will be barriers 
in their journey, barriers anchoring the case factories transformation has been evaluated and 

displayed thoroughly in chapter 4. Together with the successful practices in smart factory 
transformation, managers have with this thesis been given guidelines that they may distribute 
throughout their organizations prior, during and after the smart factory implementation. By 
illustrating when the barriers are anchoring the most, at what point the successful practices are 
most important to use, when the outcomes of the implementation may be expected, what key 
activities are to prioritize and what kind of process model the transformation follows they are 
aided throughout the whole digital transformation process.  

5.3 Limitations, future research and conclusion 

A challenge this research faced was to concretize implementation facts into numbers, e.g. how 
much an implementation would cost. Today, this is roughly estimated since every case differs 
from the other and indeed limiting the research. Yet constraints were respected such as; 
internal/external factories, successful/failed projects and new/existing factories. Even this 
research spread, not a single case was considered on top of the maturity model, ‘Level 5 – 
Predictable Production’ and therefore based on estimations. Otherwise, all levels were 
represented at different degrees.  

This research has given exclusive insight from smart factory transformation within a leading 
automotive manufacturer. As the insight from several factories within this industry is one of the 
greatest strength of this research, it also generates the gap for future research to be done in the 
same topic within other industries. The authors speculation is that the process industry has an 
interesting gap to be filled, as the process industry in general is even more automated than the 
automotive manufacturing industry (Linton & Walsh, 2008; Frishammar, Florén, & Wincent, 
2011). By filling the gap of how this study’s framework could be adapted to other industries, 
especially the process industry, the gap for both literature and management would be filled.  
 
In conclusion, several challenges, success factors and outcomes of implementation concerning 
process innovation and smart factory has been identified through the development of a 
framework and an agile stage-gate model. This will hopefully facilitate a manufacturers journey 
in implementing smart factory – the digitalized process innovation case.   
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Appendix I – First Wave Interview Guide 

General Questions 

• For us to be able to improve the quality of our transcripts, is it ok if we sound record this 

interview?  

• Tell us more about yourself:  

o Name? 

o Academic background? 

o Current position and duties?  

o Number of years at the case firm?  

o Describe your department?  

▪ What do you do?  

▪ Describe your current projects.  

• How would you define smart factory?  

o What is the difference between smart factory, Digital Factory, Virtual Factory, 

Future Factory, Industrial Digitalization, Industrial IoT and Industrie 4.0?  

• Have you been participating in any implementation of smart factory technology? 

Explorative Questions 

• What smart factory initiatives are you aware about? 

o Are there any pilot projects? 

▪ A pilot project, how significant is it to the process of implementation? 

o To what extent? 

o Other process improving initiatives? 

• What is required to have and pursue a functional smart factory? 

o What processes do you follow to implement smart/new technologies? 

• What benefits and challenges could you achieve by integrating systems in different layers? 

• What does Scania thrive for smart factory initiatives? 

o What synergies are Scania expecting to achieve? 

o Why does not Scania build new production plants with modern technology to roll 

out smart factories? 

• How do other production plants work with these questions? 

o At Audi in Ingolstadt? 

o At Man in Munich? 

o At Volvo? 

o At other chassis assembly plants? 
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Appendix II – Second Wave Interview Guide 

General Questions 

• For us to be able to improve the quality of our transcripts, is it ok if we sound record this 

interview?  

• Tell us more about yourself:  

o Name? 

o Academic background? 

o Current position and duties?  

o Number of years at the case firm?  

o Describe your department?  

▪ What do you do?  

▪ Describe your current projects.  

• How would you define smart factory?  

o What is the difference between smart factory, Digital Factory, Virtual Factory, 

Future Factory, Industrial Digitalization, Industrial IoT and Industrie 4.0?  

• Have you been participating in any implementation of smart factory technology?  

Questions Regarding smart factory Implementation Outcome 

• What outcome did the smart factory projects you were a part of have?  

• Benefits?  

• What could have been improved?  

• We have identified from current literature, that possible benefits from implementing 

Smart Factories could be; Faster time to market, increased production volume, improved 

production efficiency, smoother bottlenecks, cost and time efficiency, precise controlling 

and monitoring of production events 

Questions Regarding smart factory implementation 

• Is there a general implementation model of Smart Factories to be used at all Scania 
factories? 

• Could you describe the implementation model you used in your projects?  
o What was the scope of the project and how was it communicated? 

o Any challenges OR success factors in the process of forming the project? 

o How large was the budget?  

o How were human resources for the project team managed? What was crucial? 

o How was the need of change identified? Did everybody involved in the project 

agree with the change? 

• From current academic literature, we developed a theoretical implementation model. 
What is your thoughts and relevant experience from using this approach? What 
Challenges / Success factors do you think each stage can involve? (If explanation is 
required, describe Figure 2. Smart Factory implementation model) 

o Apply (Name at least one challenge and one success factor for implementation) 

▪ What challenges AND success factors did you meet when implementing 

smart factory technology?  

▪ How was new technology adopted by users? Suppliers? Other affected 

partners or companies? 
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▪ What factors were considered during design of the technology/systems? 

o Connect (Name at least one challenge and one success factor for implementation) 

▪ How was transparency across departments and supply chain reached? 

o Collect (Name at least one challenge and one success factor for implementation) 

▪ How was Data and knowledge managed? Data privacy? 

o Evaluate (Name at least one challenge and one success factor for implementation) 

▪ Which challenges AND success factors have your colleagues had in smart 

factory implementation projects? 

▪ How was risk assessment managed through the project? 
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Appendix III – Theme coding with representative quotations 

Table 5. Representative quotes underlying first-order codes 

Second-order 
theme 

First-order 
codes 

Representative quotation 

Dimension A. Successful practices 

United vision of what 
smart factory is 

Use a general definition of 
what smart factory is 

“It is far more than important to define what smart factory is for the whole company, 
road maps and general definitions are preferred.” – Project Engineer, PhD, Tesla 

Define the scope of what 
smart factory will achieve 

“Critical to define the scope of what the smart factory implementation will achieve, for us 
to be able to make a business case.” – Plant Manager, Einstein 

Align departments point-
of-view on smart 

factory 

“We need look-alike factories to align their smart factory vision and work together 
through the implementation project.” – Portfolio Manager, Nobel 

Principles for 
succeeding in 

implementation of 
smart factory 

Increase abstraction level 
“Increase abstraction level towards stakeholders from start and funnel to the end to cover 

core functionality…” – Lead Architect, Tesla 

Implement functionality 
“Implement functionality instead of steps by identifying commonalities of desired 

functions to different departments.” - Portfolio Manager, Nobel 

Using a standardized 
system with adaptable 

process modules 

“We need everything adapted to every specific production process, but in the same time I 
understand that the system must be standardized if we need support and keep the costs 

down. Maybe a module-system?” – Supervisor, Einstein 

Continuous improvements 
“When implementing smart factory technology, we cannot forget about the SPS. 
Continuous improvements from SPS is what has made Scania this successful.” - 

Supervisor, Curie 

Models for succeeding 
in implementation of 

smart factory 

Use stage-gate model with 
agile methods 

“We used a mix of agile methods for addressing missed functions and a traditional 
stage-gate model to reach implementation. Only agile methods didn’t work due to delays 

and changes in organization (and changed ideas).” – Lead Architect, Tesla 

Include core phases and 
activities 

“Include pre-study, pilot projects, prototype factory, stakeholder mapping, user-
requirements, evaluation when implementing a smart factory.” – Portfolio Manager, 

Nobel 

Utilization of the 
Digital Twin 

Test and visualize the 
factory digitally 

“A major part of a smart factory, and a lot of cost benefits, could come from testing and 
visualizing production of a factory digitally.” – Project Engineer, PhD, Tesla 

Create digital prototypes of 
the factory 

“By first creating the factory and a prototype of it digitally, its layout and processes, 
implementation would be much smoother.” – Senior Manager, Tesla 

Communicate digital tests 
to operators 

“We need the digital assemblies to be visualized correctly to the operators.” – 
Supervisor, Einstein 

Identify & Evaluate Key 
Business activities 

Identify value-creating 
activities 

“Resources can be allocated more efficiently through prioritization, if stakeholders and 
value-creating activities are identified in the implementation project.” – Solution 

Architect, PhD, Tesla 

Include evaluation in every 
step 

“Evaluation of results at the end of an implementation will restrict changes in prior 
steps. If evaluation is included in every step, smaller adjustments can be performed 

iteratively to fit the client.” – Senior Manager, Tesla 

Tools for Project 
Management 

Proactive work 
“CPM-meetings is about proactive work, if smart factory can achieve future prediction 

then our meetings would become more tangible.” – Supervisor, Einstein 

Transparency across 
departments 

“One of our major issues is the lack of transparency across the departments and brands. 
Which is why we started this successful collaboration.” –  Head of Digital 

Production, PhD, Beethoven 
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Using a successful project 
structure 

“Some processes need to be evaluated by management, i.e. recruitment of product owner 
and SCRUM-master, methods for setting up cross-functional teams, co-op with other 
factories and how delays in deliveries should be handled.” – Lead Architect, Tesla 

Identify current situation 
and wishful scenario 

“Our model for managing smart factory projects starts with a requirement identification 
of the current and future scenario, which makes sure the organization have a common 

goal.” – Senior Project Manager, Nobel 

Structured information 
handling 

Sort and store info 
“The problem with all the information our new factories give us, is what we should do 

with it and store it. Therefore, we launched the Scania Lake project.” – Lead 
Architect, Tesla 

Gather data for KPI's at 
one place 

“If all information regarding our KPI's is stored in the same place, our work would be 
more precise and effective.” – Plant Manager, Einstein 

Calculate and Analyze 
info 

“As we are sorting and storing information in the Scania Lake, the usage of the data 
should be used more efficiently to gain predicative capabilities.” –  Lead Architect, 

Tesla 

Backup systems 
“If this fully digitalized and automated warehouse have a computer break down, all 

Scania European truck production units stop for at least six weeks. Which is the time 
it would take for us to do an inventory manually.” – Portfolio Manager, Nobel 

Using an including 
organizational structure 

Structure of internal and 
external systems 

“It is important to make decisions whether internal and/or external systems are used, 
and not to mention how important the structure of it is.” – Automation Engineer, 

Tesla 

Support users and owners 
“With several internal super users, we are able to make sure our operators get the aid 

they need to work with the new systems.” – Test Manager, Nobel 

Include support from 
contractors and suppliers 

“A major mistake with this project, was that we hired a German contractor for the job. 
Support has been far from satisfactory.” – Supervisor, Einstein 

Dimension B. Key Challenges 

Deficient technological 
understanding and 

readiness 

Limited technological 
understanding of 
operational staff 

“The truck drivers did not understand the technology, so they started making deliveries 
in their own way.” – Senior Project Manager, Nobel 

Difficulties in 
understanding smart 

technology 

“Neither the technicians nor supervisors understand the possibilities with the new 
systems. If they would have, our processes would look completely different today.” – 

Supervisor, Einstein 

Organization is not digital 
mature for smart factory 

“Regarding digital maturity, our organization is decades before Einstein. This has 
enabled us to integrate new systems that Einstein cannot.” – Portfolio Manager, 

Nobel 

Distrust in technology 
“Problems with the new technology and systems, create distrust among operators and 

supervisors against it.” – Test Manager, Nobel 

Paradoxes anchoring 
managers 

A paradox, “Too many 
cooks spoil the broth” and 

a comfort 

“It could be a comfort to put a large amount of resources and employees at the 
transformation projects, while it is also preferable to not engage too many people in the 

same thing.” – Automation Engineer, Tesla 

A paradox, using 
standardized versus 

tailored system solutions 

“Standardized systems are preferable to guarantee support and maintenance, while it 
also has to be adapted and tailored for every specific production process.” – Solution 

Architect, PhD, Tesla 

A paradox between agile 
methods and stage-gate 

model 

“A confusion may happen when managers have scarce knowledge in choosing and using 
agile methods and/or stage-gate model.” – Lead Architect, Tesla 

A paradox of keeping 
people on long projects and 

resources 

“Allocate few resources on longer time rather than many on short time, also 
organizations are unable to keep same people on longer projects.” – Manager, Tesla 
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Technological barriers 

Wireless interference & 
information overflow 

“The information overflow caused a critical signal to be delayed for eight hours. Imagine 
what happens when the systems say your stock is full, then suddenly it is empty.” – 

Test Manager, Nobel 

Frustration in aligning to 
rapid development of 

technology 

“Why should we invest in this technology now, when it will be way cheaper and better in 
a year?” – Solution Architect, PhD, Tesla 

Hard to develop interface 
to all users 

“All operators want different information displayed in different ways, how would the 
new systems handle that?” – Team Leader, Einstein 

Difficult to connect old 
tools & equipment 

“Most production tools are as stupid as a nail. How could we possible make them smart 
and connected?” – IT Coordinator, Einstein 

Inability to create 
communicative capabilities 

between technologies 

“We have experienced problems in the interface between the layers of different systems so 
the communicative capabilities were reduced.” – Head of smart factory 

Engineering, Curie 

Lacking internal 
recruiting and training 

routines 

Hard to find and recruit 
tech savvy people 

“We need tech savvy operators and technicians in our organization, but finding them is 
not as easy as it sounds.” – Supervisor, Einstein 

Difficulties in gaining 
commitment towards 

smart factory 
transformation 

“Smart factory transformation takes a long time. How do we get people to stay the 
course and keep motivation throughout the whole transformation?” – Senior Project 

Manager, Nobel 

Costly to recruit 
experienced smart factory 

experts 

“Our need for experienced programmers have never been higher. But the market makes 
their salary requirements too high.” – Lead Architect, Tesla 

Lacking routines in 
introduction of new 

equipment 

“The technology was not useful and just felt complicated so we returned to our old 
habits.” – Super User, Nobel 

High user and employee 
turnover 

“Scania is such a great employer, since the company has a culture of moving around 
people and give employees great opportunity. This culture is a problem for long and 

complex projects like these.” – Process Engineer, Einstein 

Scarce business 
knowledge 

No or limited 
understanding of business 

processes 

“To be honest, I don’t see the gains of implementing these technologies and systems. 
Everything worked fine yesterday and ten years ago!” – Super User, Nobel 

Difficulties in identifying 
business case/need 

 “If we don’t understand what the digital system can provide us and fail to see what 
requirements the system need to fill, it will fail.” – IT Coordinator, Einstein 

Inertia in existing and 
new (project) 
organizations 

Lacking introduction 
routines for new processes 
and organizations in new 

factories 

“There are no current processes and organization within a new factory. Creating 
challenges since a lack of routines makes it hard to improve anything.” – Super User, 

Nobel 

Lacking information 
regarding changes 

“Lacking information regarding changes in processes and organizations in current 
factories.” – Senior Manager, Tesla 

Internal reluctance 
“I fear internal reluctance amongst workforce and especially the operators, to change and 

create new processes.” – Process Engineer, Einstein 

Dull decision-making 
“Departments that are expanding due to projects like these has a risk to be affected of 

slow decision-making as responsibility areas aren’t certain.” – Manager, Tesla 

Uncertainty in Business 
Case 

Uncertain margin 
“It is an uncertain margin between possible benefits and costs of smart factory projects. 

Especially since some basic systems need to be implemented before others, more beneficial, 
can.” – Head of Digital Production, PhD, Beethoven  

Hard to put numbers on 
benefits of smart factory 

“How could we put numbers on increased SHE?” – Process Engineer, Einstein 
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Insufficient knowledge 
in investment of 

technology 

Failing to include long-
term investments cycles 

“Equipment in this industry generates long investment cycles as costs are high. It is 
difficult to stay competitive and change production equipment when the budget is 

allocated to old equipment” – Senior Manager, Tesla 

Uncertain timing to new 
tech investments 

“As cost of new tech decrease, when is the right timing to invest in it? What factor flips 
the project from prospect to implementation?” – IT coordinator, Einstein 

Dimension C. Outcomes 

Increased Quality 

Increased traceability 
“We developed a solution with traceability function here, locally at Marie Curie. This 

traceability solution made it possible for us to put resources on training and development 
on the right operators and orders.” – Head of Chassis Production School, Curie 

More efficient quality gates 
“If we constantly got feedback of possible deviations, our quality gates could be adapted 

to focus and fix those.” – Supervisor, Einstein 

Decreased deviations 
“The new smart traceability and stop system reduced the amount of quality deviations of 

my responsible area from 20 á day to 0-1/day.” – Supervisor, Curie 

Developed HR 
organization 

Changed job descriptions 
“With the new smart factory system, assemblers will have to develop to become operators. 

We will have to increase their competence level through training and education.” – 
Senior Manager, Tesla 

Internal reluctance 
“How do we get the whole organization to join us in the journey to become industrially 

digitalized?” – Plant Manager, Einstein 

More innovative 
environment 

“With more smart technology, the whole company will be more inspired in a more 
innovative work environment.” – Automation Engineer, Tesla 

Improved SHE 

Increased SHE 
“I wish we were more risk-conscious and installed systems that could detect and turn off 

an operation when a person is entering a restricted zone. Luckily, no serious injuries 
have happened so far without it. But what if it does?” – Supervisor, Einstein 

Improved Ergonomics 
“By implementing new and smart technology, unnecessary manual lifts may be avoided.” 

– Team Leader, Einstein  

Improved maintenance 

Increased machine uptime 
“The created and enlarged network of machines, tools and equipment results in increased 

uptime as they become one system instead of many.” – Supervisor, Einstein 

Creating predictable 
maintenance 

“As gathering of data increases, the information of machine and equipment’s well-being 
can be analyzed for predicting next maintenance.” – Process Engineer, Einstein 

Increased lifetime on 
process equipment 

“I believe that unnoticed maintenance will not go under the radar in a smart factory 
since everything is connected. This would help the factory to increase its’ lifetime on 

process equipment. “– Process Engineer, Curie 

Reduced production stop-
time caused by equipment 

“The SCADA layer in the integrated manufacturing system will automatically stop the 
line. Since equipment is connected, all deviations due to equipment will be undiscovered 

so stop-time may eventually decrease.” – Smart Factory Engineer, Curie 

Gained flexibility in 
production 

Customization through 
real-time updates 

“Real-time updates in production will enable the full supply chain to stay updated 
regarding the product for eventual customization.” – Project Engineer, PhD, Tesla 

Flexible production hours 
“It is far more convenient to ramp up the production speed now than before, since we are 

less dependent of human capital.” – Engineer, Newton 

Leveling bottlenecks “Many notifications in production that are used to be unseen will instead be revealed, so 
that smaller bottlenecks will be brought to the surface.” – Supervisor, Curie 

Constraints in 
production 

Immobility in factory 
layout 

“When the layout for the factory is set, it is set. We rather move people than the 
equipment.” – Head of Chassis Production School, Curie 

No re-balancing with 
machines and eq. 

“We are experiencing challenges when we are re-balancing the line as machines and 
equipment are bound to one physical place in the network. Machines and equipment has 

therefore to be moved physically and digitally.” – Process Engineer, Curie 
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Production more 
dependent on technology to 

function properly  

“If we have a system break-down, it will take us six weeks to check the stocks.” – 
Portfolio Manager, Nobel  

Generated data flood “The extensively increasing amount of data is spamming our systems, it creates inertia so 
that signals interfere between connections.” – Test Manager, Nobel 

Increased productivity 

Easily increased 
production output 

“The production output can be increased more easily since more and more processes 
becomes automatized.” – IT Coordinator, Einstein 

Flexibility in production 
output 

“The production output is steered of customer demand, by automatizing all processes this 
can be adjusted according to the market.” – Head of Smart Factory Engineering, 

Curie 

Shorter time to market “Many processes will through a smart factory implementation put phases and activities 
in parallel with each other, instead of in line. This decreases the total time to market.” – 

Head of Digital Production, PhD, Beethoven 

Decreased costs 

Centralized logistics “By having logistics controlled centrally and moving buffer zones to the same stocks, the 
same system and robots can be utilized with same results. Reduced buffer zones save a 

lot of space and supplies.” – Portfolio Manager, Nobel 

Reduced physical 
prototyping 

“Increased digital prototyping leads to reduced physical prototyping so both raw material, 
products and time can be saved.” – Project Engineer, PhD, Tesla 

Intelligent resource 
allocation  

“Resources can be allocated more intelligently and based on facts as KPI’s are gathered.” 
– Automation Engineer, Tesla 
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Appendix IV – Level-by-level guide 

Table 6. Level-by-level guide 

Successful Practices (SP) Barriers (B) Outcomes (O) 

GENERIC 

- Unite the vision of what smart factory is 
- Use the principles for succeeding in implementation 
- Use the models for succeeding in implementation 
- Utilize the Digital Twin 
- Identify and evaluate key business activities 
- Use the tools for Project Management 
- Structure the information handling 
- Use an including organizational structure 

- Deficient technological understanding and readiness 
- Paradoxes anchoring managers 
- Technological barriers 
- Lacking internal recruiting and training routines 
- Scarce business knowledge 
- Inertia in existing and new (project) organizations 
- Uncertainty in Business Case 
- Insufficient knowledge in investment of technology 

- Increased Quality 
- Developed HR organization 
- Improved SHE 
- Improved maintenance 
- Gained flexibility in production 
- Constraints in production 
- Increased productivity 
- Decreased costs 

LEVEL 1 - MODULAR PROCESSES 

- Align departments Point-of-View on smart factory 
- Implement functionality (SCADA, MES, ERP) 
- Assign SCRUM-master & product owner 
- Using a standardized system with adaptable process 

modules 

- Hard to develop interface to all users 
- High user and employee turnover 
- Hard to put numbers on benefits of smart factory 
- Failing to include long-term investments cycles 
- Lacking routines for changes and introductions in 

new & existing factories 

- Changed job descriptions 
- Internal reluctance 
- Immobility in factory layout 
- No re-balancing w/machines 

and eq. 

LEVEL 2 - CONNECTED TECHNOLOGIES 

- Structure internal and external systems 
- Recruit support organization for users and owners 
- Include support from contractors and suppliers 

- Limited technological understanding of operational 
staff 

- Wireless interference & information overflow 
- Difficult to connect old tools & equipment 
- Inability to create communicative capabilities 

between technologies 

- Increased traceability 
- Production dependent on tech 
- Easily increased production 

output 

LEVEL 3 - STRUCTURED DATA GATHERING & SHARING 

- Create digital prototypes of the factory 
- Communicate digital tests to operators 
- Transparency across departments 
- Sort and store info 
- Gather data for KPI's at one place 
- Backup systems 

- Hard to find and recruit tech savvy people 
- Difficulties in gaining commitment 

- Generated data flood 
- Centralized logistics 

 

LEVEL 4 - REAL TIME PROCESS ANALYTICS & OPTIMIZATION 

- Identify and evaluate value-creating activities 
- Identify current situation and wishful scenario 
- Calculate and Analyze info 

- Distrust in technology 
- Costly to recruit experienced smart factory experts 
- No or limited understanding of business processes 

 

- More efficient quality gates 
- Decreased deviations 
- Increased machine uptime 
- Increased lifetime on process 

equipment 
- Customization through real-time 

updates 
- Leveling bottlenecks 
- Reduced physical prototyping 

LEVEL 5 - PREDICTABLE PRODUCTION 

- Proactive work  - More innovative environment 
- Increased SHE 
- Improved Ergonomics 
- Creating predictable 

maintenance 
- Flexible production hours 
- Flexibility in production output 
- Reduced production stop-time 

caused by equipment 
- Shorter time to market 
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