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Abstract 

Leading industrial nations invest to try to increase advanced manufacturing and 

innovation to catch up in a free-market world. One common vision for these 

investments has been Industry 4.0. In short can this topic be described as the 

internet moving into the industry. The concept is relatively new and has become 

one of the most discussed topics during the last couple of years in many 

manufacturing conferences. However, the industry is so far lacking a clear 

definition of the concept, and much of the focus is on laboratory experiments 

rather than industrial applications. The research that has been conducted so far 

has not involved the process industry, where this thesis will operate.  

The purpose of this study is to contribute to the understanding of how Industry 

4.0 can be related to the pulp and paper industry by contextualizing the concept, 

and function as a “door-opener” for further research. Potentials, sustainability 

aspects and a concrete example has been used to comprehend this. The study 

has been designed with a qualitative approach through semi-structured 

interviews at the specific case company Stora Enso, Skoghall. As the concept of 

Industry 4.0 not yet has an explicit definition the start of the thesis was therefore 

to create a theoretical framework of the theory to relate to during the rest of the 

study. 

The findings of the research show that Industry 4.0 in the pulp and paper 

industry focuses on Availability through possibilities of prediction and response 

improvement. The concept should emphasis on keeping the production 

ongoing with fever break-downs and increased Quality of the products. 

Communication improvements will be essential in reaching the new industry level, 

with connecting the whole plant as a crucial part. The thesis contributes with a 

first insight to what Industry 4.0 will mean to the pulp and paper industry and 

how it contextualizes in the sector.  

Keywords: 

Industry 4.0, Pulp and paper industry, Cyber Physical System, Internet of Things, Smart 

factory  
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Sammanfattning 

Framträdande industriella nationer investerar idag för att öka den avancerade 

tillverkningen och antalet innovationer för att hänga med i den fria marknaden. 

En gemensam vision för de här investeringarna är Industri 4.0. I korta drag kan 

det beskrivas som att internet flyttar in i industrin. Konceptet är relativt nytt och 

har kommit att bli ett av de mest diskuterade områdena under de senaste åren 

på tillverkningskonferenser. Industrin saknar dock en tydlig definition av 

konceptet, och mycket av fokus gällande ämnet hamnar på 

laborationsexperiment istället för praktiska applikationer. Vidare finns det ett 

behov av att titta på hur detta ser ut i processindustrin eftersom detta ännu inte 

granskats, vilket kommer vara området för uppsatsen. 

Syftet med denna studie är att bidra till förståelsen för hur Industri 4.0 kan 

relateras till pappersindustrin genom att kontextualisera konceptet och verka 

som en ”dörr-öppnare” för vidare forskning. Möjligheter, hållbarhetsaspekter 

och ett konkret exempel har använts för att skapa förståelse för detta. Studien 

har designats med ett kvalitativt angreppssätt med semi-strukturerade intervjuer 

på det specifika fallet, Stora Enso Skoghall. Eftersom konceptet Industri 4.0 

ännu saknar en tydlig definition började studien med att skapa ett teoretiskt 

ramverk för att kunna relatera till detta genom arbetet. 

Resultaten visar att Industri 4.0 i pappersindustrin fokuserar på Tillgänglighet 

genom ökade prediktions- och åtgärdsmöjligheter. Konceptet borde lägga vikt 

vid att hålla igång produktionen med färre avbrott och ökad Kvalitet på 

produkterna. Kommunikationsförbättringar kommer bli essentiella för att nå 

den nya nivån av industri, där integrationen av hela fabriken kommer spela en 

stor roll. Examensarbetet bidrar med en första inblick i vad Industri 4.0 kommer 

betyda för pappersindustrin och hur det kontextualiseras i branschen.   



5 

Acknowledgements 

This master thesis is the last part of the five-year program of Master of Science, 

Industrial Engineering and Management at Karlstad university. The thesis has 

been written towards Stora Enso Skoghall, with many helpful advises from Citec 

Karlstad. The project has been inspiring, and I have learned a lot during the 

time of the semester. 

I would like to thank Stora Enso with Choy-Hsien Lin, Mikael Hjerpe and Per 

Svantesson for assisting me with the data collection, as well as all of the 

interviewees.  

Special thanks to my mentors Johan Quist, Karlstad university, Fredrik Nilsson, 

Citec Karlstad, and Linus Åkesson, ÅF for having your doors open at all time. 

Finally, I would like to thank my master thesis colleague Jens Plate for helpful 

thoughts whether it regarded the thesis or some matrix for the office. 

Björn Persson 

2018-06-19 

 

  



6 

Table of Content 

1. Introduction .................................................................................................................. 9 

1.1. Background ..................................................................................................................... 9 

1.2. Industry 4.0 ..................................................................................................................... 9 

1.3. The pulp and paper industry ......................................................................................... 10 

1.4. Research Gap ................................................................................................................ 11 

1.5. Purpose and foundation of the report .......................................................................... 11 

1.6. Scope ............................................................................................................................. 12 

1.7. Contribution .................................................................................................................. 12 

1.8. Arrangement of the thesis ............................................................................................ 13 

2. Theory ........................................................................................................................ 14 

2.1. The potential of Industry 4.0......................................................................................... 14 

2.2. Key concepts of Industry 4.0 ......................................................................................... 15 

2.3. Explanation of the concepts.......................................................................................... 16 
2.3.1. Internet-of-Things (IoT)............................................................................................ 16 
2.3.2. Cyber Physical Systems (CPS) ................................................................................... 17 
2.3.3. Smart factory ........................................................................................................... 18 

2.4. Sustainability in Industry 4.0......................................................................................... 19 

2.5. Theoretical framework of Industry 4.0 ......................................................................... 20 

2.6. Literature discussion ..................................................................................................... 21 

3. Method ....................................................................................................................... 22 

3.1. Research purpose .......................................................................................................... 22 

3.2. Research strategy ......................................................................................................... 22 

3.3. Case study ..................................................................................................................... 23 

3.4. Scientific approach ........................................................................................................ 23 

3.5. Literature study ............................................................................................................. 24 

3.6. Interviews ...................................................................................................................... 24 
3.6.1. Interview Guide ........................................................................................................ 24 
3.6.2. Selection of interview objects.................................................................................. 25 

3.7. Analyzing of data .......................................................................................................... 26 
3.7.1. Transcribing interviews ............................................................................................ 26 
3.7.2. Coding ...................................................................................................................... 26 
3.7.3. Data analysis construction ....................................................................................... 27 

3.8. Literature material criticism ......................................................................................... 27 

3.9. Empirical material criticism .......................................................................................... 28 

3.10. Ethics ............................................................................................................................. 28 

3.11. Trustworthiness ............................................................................................................ 28 

4. Findings ...................................................................................................................... 30 



7 

4.1. Description of context .................................................................................................. 30 

4.2. What are the potentials of Industry 4.0? ..................................................................... 30 
4.2.1. Possibilities .............................................................................................................. 31 
4.2.2. Goals ........................................................................................................................ 32 

4.3. Industry 4.0 and sustainability ..................................................................................... 35 

4.4. Energy monitoring system ............................................................................................ 37 

5. Discussion ................................................................................................................... 41 

5.1. Contextualizing Industry 4.0 in the PPI ......................................................................... 43 

5.2. Future and managerial implications of Industry 4.0 for the PPI .................................. 47 

6. Conclusion .................................................................................................................. 48 

6.1. Recommendations for future research ......................................................................... 48 

6.2. Limitations and trustworthiness ................................................................................... 49 

7. References .................................................................................................................. 51 

8. Appendices ................................................................................................................. 56 

 

Table of Figures and Tables 

Table 1. Interviewees, roles and time duration of interviews. ....................................................... 25 
 
Figure 1. Relations between the different concepts of industry 4.0. ............................................. 21 
 
Figure 2. Energy consumption in relation to gross production of carton on machine X. ............... 38 

 
Figure 3. Energy consumption in relation to gross production of carton on machine Y. ............... 39 

 
 

  



8 

Abbreviations 

AI - Artificial Intelligence 

BD – Big Data 

CC – Cloud Computing 

CPS – Cyber physical systems 

IoS – Internet of Services 

IoT – Internet of Things 

PPI – Pulp and paper industry 

RFID - Radio-Frequency Identification 

WSN - Wireless Sensor Networks 

  



9 

1. Introduction 

In this chapter the reader is introduced to the concept which the thesis will be about. To 

understand why this research is needed background and research gaps are presented. The 

purpose, aim and research questions of the study are further presented. The chapter will be 

finished with the discussion of the scope and contribution of the thesis. 

1.1. Background 

During the last couple of decades the world has opened up with regard to trade, 

making the manufacturing industry face an increasing competition from all 

around the world (Hofmann & Rüsch 2017). This means that companies’ lead 

times need to be shortened and the characteristics of products need to adapt 

quickly to the fickle consumers’ preferences (Yang et al. 2016). Besides facing 

increased competition, companies in countries with high labor costs need to 

explore new technologies to continue to stay competitive (Strandhagen et al. 

2017). Leading industrial nations invest to foster advanced manufacturing and 

innovation to catch up in the globalized world. One common vision for these 

investments has been Industry 4.0. The concept is considered highly interesting 

for the future, where intelligent factories and smart manufacturing will be 

standard (Thames & Schaefer 2016).  

1.2. Industry 4.0 

The concept of industry has changed over the years. Industry 4.0 succeeds the 

earlier three industrial revolutions. The first revolution took place back in the 

19th century when the steam engine made its appearance. This was later evolved 

with the introduction of electricity and mass production in the early 20th century. 

The latest revolution happened during the 60s and 70s when electronics enabled 

automation and improved the manufacturing possibilities (Saldivar et al. 2016; 

Pereira & Romero 2017). As of now, researchers talk of a new revolution, which 

has yet to happen, called the Industry 4.0 (Lasi et al. 2014). The term was more 

or less coined in 2011 in Germany (Hofmann & Rüsch 2017) and has since 

gained much attention. Many organizations and countries are taking steps in that 

direction to avoid getting left behind (Liao et al. 2017). This is also why this 

subject of the new kind of industry has become one of the most discussed topics 

in many manufacturing conferences, forums and exhibitions during the last 

couples of years (Liao et al. 2017).  

The transformation that is ongoing is the introduction of the internet in the 

manufacturing process (Brettel et al. 2014). This will enable different parts of 
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the production to communicate with each other and increase not only 

productivity, but also efficiency and flexibility (Thames & Schaefer 2016). As 

lead times need to be shortened in today’s fast-moving markets this is thought 

to be of great importance (Ignat 2017). With the possibility to collect data in a 

greater manner companies can better comprehend patterns of consumption to 

improve the customization of the products, and to understand how the product 

actually is being used (de Sousa Jabbour et al. 2018). Zheng et al. (2018) argues 

that the ultimate aim of Industry 4.0 is industrial applications, and that almost 

all industries can benefit from this new so called industrial revolution. However 

the possibilities, Hofmann and Rüsch (2017) talk of the need of a clear and 

common definition of the concept Industry 4.0 and what it actually means as 

the academic is missing a general definition. Hermann et al. (2016) agrees and 

points out that there are difficulties for companies to start implementing 

something that they do not really know what it is. Strandhagen et al. (2017) 

stresses the importance of having a company, or industry, specific approach 

when looking at the potentials of Industry 4.0. A lot of research is being done 

in regard of the subject, but much of it focuses on laboratory experiments rather 

than industrial applications (Liao et al. 2017). However, Strandhagen et al. 

(2017) identifies repetitive production as of special interest for applying Industry 

4.0.  

As the regional placement of this thesis writing is situated in Värmland, Sweden, 

where the pulp and paper industry (PPI) have a strong foothold, looking more 

into this industry with regard to Industry 4.0 is of interest, especially with 

consideration that this has not been done before, as far as the author can find. 

1.3. The pulp and paper industry 

As the process industry is more focused on repetitive production, Strandhagen 

et al. (2017) mean that it will be easier to realize the new kind of industry in this 

area. In their study they showed that there might be a positive correlation 

between the repetitiveness and the applicability of Industry 4.0. Pantsar et al. 

(2015) further discusses in their report the meaning of Industry 4.0 towards the 

PPI. The results showed that people in the industry are seeing a clear need to 

identify the potentials. Toppinen et al. (2017) asks for more research about 

strategic investments which can ensure and maintain the global competitiveness 

in the future for the sector. Depending on the potentials, Industry 4.0 can be 

the strategic correct way for the PPI to develop towards. 
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Karlsson (2000) argues that the PPI will see an increase in the collection and use 

of data, as well as in automation technology. As energy prices and raw material 

prices will go up, there is a need for the PPI to adopt for the future (Karlsson 

2000).  

1.4. Research Gap 

As Strandhagen et al. (2017) talks of the need of having industry specific 

approaches when looking into the potentials of Industry 4.0, this thesis tries to 

contextualize the phenomenon by applying the concept on the PPI as this has 

not been done before. Potentials and sustainability aspects will be elaborated, as 

well as general thoughts of the concept as it is illustrated in the sector. As 

researchers has not yet been able to pin-point the exact meaning of Industry 4.0 

the thesis will start by making a theoretical description to relate to in the 

contextualization.  

1.5. Purpose and foundation of the report 

The purpose of this study is to contribute to the understanding of how Industry 4.0 can be 

related to the PPI by contextualizing the concept, and function as a “door-opener” for further 

research. The research goal is to make a first assessment of what features could be of importance 

to the industry. 

First will the potentials of the concept in the industry be elaborated to 

understand the expectations of it. To generate an up to date understanding, 

sustainability aspects derived from Industry 4.0 will be included in the research. 

This will be done through a literature study, to assess what the concept of 

Industry 4.0 really is. To have a foundation to relate to, a theoretical framework 

will be made. Interviews will be held with people with insight in the 

development of the carton machines at Stora Enso Skoghall. Potentials that they 

see with the new concept will be merged with their perception of the impacts it 

will have on sustainability aspects, which together will function as the 

contextualization of Industry 4.0 in the PPI.  

To try out Industry 4.0 in the PPI on a real case, the concept will be applied to 

a recently implemented energy monitoring system at the case company Stora 

Enso Skoghall. The interviews will contain a section concerning this system.  

Research Questions 

1. What are the potentials of Industry 4.0 in the PPI? 
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2. How will Industry 4.0 affect the work with sustainability in the PPI? 

3. How can an energy monitoring system in the PPI be related to Industry 

4.0? 

The first question will support in the understanding of what is expected from 

the concept by the specific industry. The second question broadens the 

perspective of the matter for the sector; besides being a most relevant topic. 

Lastly this is exemplified with a real case for the respondents to apply their 

thoughts on, to see how they relate Industry 4.0 to a real case. The research 

questions in combination should enable understanding of the contextualization 

of Industry 4.0 in the PPI and to give a first insight in this. 

1.6. Scope 

The scope of the thesis is primarily to understand the meaning of Industry 4.0 

for the PPI. It should be mentioned that the time frame for the thesis is 20 

weeks why the focus has been kept on the main topics. The potentials cannot 

all be elaborated deeply but are discussed to understand how to contextualize 

the concept in the PPI. The energy monitoring system will be looked upon as 

an example as energy will be a clear focus for the sector the coming decade 

according to Toppinen et al (2017). Also, an important note, the focus of the 

thesis is to understand what Industry 4.0 means for the PPI, rather than to 

understand in which direction the PPI is developing. Further, the thesis focus 

on the possibilities and positive aspects of Industry 4.0, rather than what down-

sides the concept might bring. 

1.7. Contribution 

This study will contribute to a first understanding of Industry 4.0 for future 

research within the sector. As the concept is believed to affect all parts of the 

value creation, much research might be expected, why a contextualization is of 

value. Further, Pantsar et al. (2015) has requested for identification of 

possibilities of Industry 4.0 in the PPI. This study will serve as an example. 

Above all, the thesis is connecting one of the hyped manufacturing changes 

nowadays with the PPI, which has been sparsely done before. Hopefully this 

research can open up for future research towards the PPI regarding Industry 

4.0. This thesis should be of interest for the PPI, especially in Sweden where the 

study is being made. It may also serve as inspiration for other industries within 

the process industry as they might see similarities with the PPI. However, the 
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most likely readers are students within engineering. The thesis is adopted 

according to this. 

1.8. Arrangement of the thesis 

The thesis starts off with a theory chapter to give an insight in the concepts 

being studied. Method of the study is thereafter described in the following 

chapter. After this is the findings presented followed by a discussion. The thesis 

is lastly settled in a conclusion chapter, where future research is presented as 

well as trustworthiness and limitations.   
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2. Theory 

In this chapter the literature used in the thesis is presented. The chapter starts off with an 

introduction of what Industry 4.0 means, and what key concepts that builds the foundation of 

the phenomenon. These concepts are then elaborated, as well as the impact of Industry 4.0 in 

sustainability matters, and lastly concluded in a theoretical framework. The chapter should 

introduce Industry 4.0 for the reader as well as to give the reader an understanding of where 

the current research stands regarding the concept. 

2.1. The potential of Industry 4.0 

Saldivar et al. (2016) defines the concept of Industry 4.0 as: “Industry 4.0 aims 

at realizing mass customization at the cost of mass production” (Saldivar et al. 

2016, p. 5317). This quote shows one of the essential aims of Industry 4.0 

according to the literature. At least considering the manufacturing industry i.e. 

where products are produced in separate batches. For the process industry 

however, it is still unclear what exact influences the concept might have. 

Strandhagen et al. (2017) argues that Industry 4.0 should fit the process industry 

quite well, considering it being repetitive. They further assess that to identify 

potentials for Industry 4.0 a company or industry specific approach is needed. 

Many scientists believe that Industry 4.0 has great potential. First, it is believed 

that it will help companies to cope with the quickly changing world where 

market volatility is increasing, products lifecycles will be shortened, and the 

complexity of products will increase (Zheng et al. 2018; Saldivar et al. 2016). 

The introduction of Industry 4.0 is believed to have the potential of coping with 

this, as well as to enable increased production flexibility (Pereira & Romero 

2017). Second, Industry 4.0 is thought to speed up innovations and thereof 

productivity. This is argued as digital chains, smart systems, and the Internet of 

Things (IoT) will enable new business models to implement faster (Pereira & 

Romero 2017). Morrar et al. (2017) agrees stating that Industry 4.0 is 

representing a change towards innovation-based economy where data and IoT 

will have a central part. Third, the introduction of Industry 4.0 increases the role 

of the final customer as a co-producer. Customization is believed to be a vital 

part of the future business, which is why Industry 4.0 is also believed to be of 

high importance as it enables more customization (Saldivar et al. 2016). Fourth, 

the realization of this new industry is said to ease the work towards sustainable 

manufacturing (Stock & Seliger 2016). For example, more efficient production 

will help to reduce energy consumption (Morrar et al. 2017).  
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However, trying to define what Industry 4.0 exactly is gives a difficult task as 

researchers isn’t fully agreeing themselves (Hofmann & Rüsch 2017). Hermann 

et al. (2016) further argue that Industry 4.0 is such a vague term why companies 

are facing difficulties when trying to identify and realize the concept. This makes 

it necessary for the sake of the research, as mentioned before, to make a 

definition, to have a framework to relate to. 

2.2. Key concepts of Industry 4.0 

The framework below, explains the different concepts that together builds 

Industry 4.0. However, first it needs to be defined what key concepts are 

considered to be fundamental parts of Industry 4.0 since researchers today are 

struggling to define the phenomenon. Hofmann and Rüsch (2017) argues that 

there are four main concepts of Industry 4.0; IoT, Internet of Service (IoS), 

Cyber Physical Systems (CPS) and the Smart factory. Hermann et al. (2016) has 

a similar definition with the IoT, CPS and the Smart factory as key enablers. 

Wang et al. (2017) however defines the concept a little bit different, still with 

CPS as a part, but also including; mobile and cloud computing and IoT, big data, 

data mining and knowledge discovery, and IoS. Pantsar et al. (2015) claims in 

more broadly describing words that for the PPI the concept of Industry 4.0 

consists of smart equipment, networking and connectivity, value chain 

integration, smart products and data analytics. Zheng et al. (2018) describes the 

key enabling technologies for smart manufacturing, building Industry 4.0 as 

CPS, IoT, IoS, cloud-based solutions, artificial intelligence (AI) and big data 

analytics. Pereira and Romero (2017) on the other hand argues that Industry 4.0 

is fundamentally built upon CPS, IoT and IoS. Stock and Seliger (2016) 

summarizes the literature in a different manner, and concludes that Industry 4.0 

can be settled into three dimensions. Horizontal integration through the entire 

value chain, end-to-end engineering through the whole product life cycle, and 

vertical integration. However, much literature has CPS and IoT as core 

techniques, often along with the Smart factory. That is why this study also will 

define the concept in this way. IoS is another popular term, but it is often 

vaguely described, and repeatedly with the reference to IoT, which is why it will 

be looked upon as a part of IoT in this thesis. Though, it is interesting to note 

that as the society is moving towards a service society (Andersson & Mattsson 

2015), this might play a more important role in the future.   



16 

2.3. Explanation of the concepts 

2.3.1. Internet-of-Things (IoT) 

Wang et al. (2017) states the IoT as an enabler of things and objects to 

interchange information with each other to collaborate for reaching common 

objectives. Yang et al. (2016) claims that there are three different core 

technologies that will play central roles in IoT; Radio-Frequency Identification 

(RFID), Wireless Sensor Networks (WSN), and Cloud Computing (CC) and Big 

Data (BD). RFID can be used to detect and identify objects to keep track of 

them, even though these items might not be detectable by traditional sensors. 

This enables potential of using the technique in supply chain management etc. 

(Yang et al. 2016). WSN on the other hand has the possibility not only to 

supervise the condition of objects, but as well to support multi-hop wireless 

communication (Yang et al. 2016). The BD is datasets in a greater form, where 

traditional processing technologies are insufficient. Yang et al. (2016) puts 3 V’s 

for BD; volume, for the large amount of data, up to terabytes, variety, for the 

differentiation of data, and velocity, for the amount of data generated and time 

frame for processing this. IBM (2018) further argues of an additional V, 

Veracity, as the uncertainty of data. Yang et al. (2016) goes as far as stating that 

the success or failure of IoT is dependent on BD. CC is presented by the 

National Institute of Standards and Technology as “A model for enabling 

ubiquitous, convenient, on-demand network access to a shared pool of 

configurable computing resources…” (Mell (NIST) & Grance (NIST) 2011, p. 

2). 

Stergiou et al. (2018) gives a simpler explanation of IoT where they argue that 

IoT is built upon three different parts; “the things (objects), the communication 

networks that connect them and the computer systems using data streaming 

from and to objects” (Stergiou et al. 2018, p. 964-965). This is more or less the 

same as described above from Yang et al. (2016). Hofmann and Rüsch (2017) 

further reason that the IoT might open up various new economic opportunities 

and that it might be seen as one of the most capable technologies of today.  

With the IoT built upon smart objects and smart communication networks, 

Shrouf and Miragliotta (2015) discusses that smart objects possesses some 

mandatory characteristics as well as some optional ones. Mandatory can be said 

to be; self-awareness by being able to digitally uniquely identify the object and 

self-diagnosis and awareness of the location through communication. Also, 

communication with other smart objects and/or with a central system can be 
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seen as mandatory. The optional ones stated by Shrouf and Miragliotta (2015) 

is the possibility to interact with the surrounding environment by e.g. sensing 

and metering, and possibly data processing. 

 A closely related concept to the IoT is the IoS. It can be said to be more or less 

the same thing, with the obvious difference that it focuses on services. Industry 

4.0 will enable to collect data and understand this to provide innovative services 

(Kagermann et al. 2013). IoT is the enabler for the CPS to communicate, while 

also IoS allows both internal and cross-organizational services to be accessible 

and used by participants in the value chain (Strandhagen et al. 2017).  

2.3.2. Cyber Physical Systems (CPS) 

CPS can be described as a computational resource that tightly integrate the 

physical and virtual world, and was first coined in 2006 (Lee 2006). It collects 

data from sensors in the real world and links them to different information 

sources for real-time analysis to understand the data (Tang et al. 2010). Lasi et 

al. (2014) explains CPS as the merge between the physical and the digital level. 

Further, Pereira and Romero (2017) sees the core of CPS as an embedded 

system that exchanges data through an intelligent network which allows smart 

production. Lee et al. (2015) defines CPS quite similar, with two main functional 

components. First, it is built upon having advanced connectivity which can 

ensure real-time data gathering from the real world, and at the same time having 

information feedback from the cyber space. The other component is the 

intelligent data management, analytics and the computational capability which 

will construct the cyber space.  

Further, they have created a 5-C layer architecture (connection, conversion, 

cyber, cognition and configure) of the construction of CPS, from initial data 

gathering, to final value creation. The first layer represents the gathering of 

accurate and reliable data from machines etc., to supervise the manufacturing in 

a greater manner. The second layer means the conversion of data to useful 

information, which in the end brings self-awareness to the machines in the 

production. The third layer is the cyber level. This layer acts as the information 

hub in the architecture. As massive information is gathered, specific analytics 

can help to extract additional information to improve the understanding for 

each machine. The fourth layer means cognition, and this is when the decisions 

can be optimized in a greater manner, as well as be prioritized regarding 

importance. The last layer in the architecture is the configuration stage. This is 
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when the feedback from the virtual world to the physical makes the machines 

self-configure and self-adopting (Lee et al. 2015).  

The level of adaptability is of interest in the assessment of the level of CPS. As 

conditions change, the system has the potential of adapting to these new 

conditions. Further, as CPS gathers and monitors information it creates a virtual 

copy of the physical world (Hermann et al. 2016). This enables simulation in a 

greater manner, almost erasing the need of physical prototypes, as well as 

enabling for the operators to test and optimize the machine before making 

changes (Gerbert et al. 2015). 

The implementation of the system further enables decentralized decisions 

(Hermann et al. 2016), which in the end makes the production more productive. 

Lasi et al. (2014) points at the necessity for this as it enables faster decision-

making procedures. In order for this, organizational hierarchies need to be 

reduced. Zhong et al. (2017) stresses the importance of decentralization in 

production in the future, as intelligent components in the system can make self-

adaptive decisions. Lasi et al. (2014) further argues that CPS will enable better 

preventive maintenance as product parameters can be recorded digitally. This 

gives a better understanding of the condition of the systems. 

2.3.3. Smart factory 

Another important part of Industry 4.0 is the Smart factory. Kagermann et al. 

(2013) describes it as being capable of managing complexity. Further they argue 

that it is less likely to break-down and can produce goods in a more efficient 

way. Wang et al. (2016) goes on stating that the Smart factory makes machines, 

transportation systems and products communicate and negotiate to adapt to 

each other, making the production more flexible, and in the end enabling diverse 

types of products in the production. Wang et al. (2016) means that for the Smart 

factory to be implemented the combination of big data analytics and smart 

objects is required. This is, more or less, what is mentioned above, meaning that 

CPS and IoT are fundamental parts of the concept. This idea is supported by 

Kagermann et al. (2013) who sees close connections between the concepts. 

Further, as smart objects can reconfigure themselves to reach higher level of 

flexibility, the big data analytics can provide feedback and coordination to reach 

high level of efficiency (Wang et al. 2016). 

Smart factories are already starting to appear and are argued to have a whole 

new way of approaching production. Products are separately identifiable and 
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can be located at all times (Kagermann et al. 2013). Wang et al. (2016) argues 

that the possibility of vertical integration of different components in the Smart 

factory leads to flexible and reconfigurable manufacturing. Kagermann et al. 

(2013) goes as far as saying: “In the smart factory, human beings, machines and 

resources communicate with each other as naturally as in a social network” 

(Kagermann et al. 2013, p. 19). Hofmann and Rüsch (2017) further states that 

products will find their own way in the Smart factory within the production and 

can be located at any time, making it cost-efficient and still flexible enabling 

individualized mass production. Hofmann and Rüsch (2017) defines the 

connection between the Smart factory and Industry 4.0 as:  

The close linkage and communication between products, machinery, 

transport systems and humans are expected to change the existing 

production logic. Therefore, smart factories can be considered another key 

feature of Industry 4.0. (Hofmann & Rüsch 2017, p. 25) 

Strandhagen et al. (2017) further puts it as a Smart factory is where the other 

components of Industry 4.0 are put together in a production context.  

2.4. Sustainability in Industry 4.0 

Stock and Seliger (2016) argue that Industry 4.0 holds great opportunity for 

value creation in all of the three sustainability dimensions, i.e. economic, social 

and environmental. Shrouf and Miragliotta (2015) mean that as Industry 4.0 will 

enable better monitoring of the production, the possibility of proactive 

maintenance will increase leading to less break-down, and material wastage. 

Dubey et al. (2017) further argues that big data and predictive analysis, both 

parts of Industry 4.0, has significant impacts on social and environmental 

performance for companies.  

Stock and Seliger (2016) defines several aspects that will contribute to 

sustainable manufacturing in the context of Industry 4.0. First, they separate the 

macro and micro perspective, where the former covers the horizontal 

integration along with the end-to-end engineering dimensions of Industry 4.0. 

The two categories are further given sub categories, where the macro contains; 

business models and value creation models. Stock and Seliger (2016) argues that 

new business models are driven by the use of smart data in the creation of new 

services. The development has to be done with regard to creating new 

sustainable business models. For the value creation networks, they argue that 

this opens up for new opportunities in realizing closed-loop product life cycles, 

meaning that companies will be able to overview the whole life cycle for an 
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increased understanding of how the products are being used (de Sousa Jabbour 

et al. 2018; Stock & Seliger 2016).  

For the micro perspective, they separate it into five different parts; equipment, 

human, organization, process and product. With equipment they refer to the 

possibility to enhance existing machines with sensors etc. to extend the usage 

and increase value creation. For the human category, Stock and Seliger (2016) 

argue that there are three different ways of coping with the social challenges of 

Industry 4.0. First, increasing training activities regarding digitizing 

technologies. Second, try to increase motivation and enhance creativity by 

establishing new CPS based methods for work organization. Third, increase 

motivation among workers through incentive systems. The organization 

category is considering the efficient allocation of resources, products, materials, 

energy and water by taking the dynamic constraints of CPS into account. The 

process category regards the holistic resource efficiency approach in Industry 

4.0 by the designing of appropriate manufacturing process chains. Lastly, the 

product class aims to the realization of closed-loop life cycles for the products 

where the enabling of reuse and remanufacturing is essential for each product, 

applying a cradle to cradle principle (Stock & Seliger 2016).  

2.5. Theoretical framework of Industry 4.0 

To define the concept of Industry 4.0 in this thesis a framework has been 

created. The CPS will be viewed as an interface between the real and the virtual 

world gathering and enabling greater data analysis. IoT on the other hand will 

be seen as the enabler for CPS to function. IoT connects objects and machines 

with each other through sensors etc., enabling data transferring, and makes it 

possible for the data to reach the CPS. These two will then be contextualized in 

the Smart factory where the CPS will make use of data that hasn’t been used 

before, meaning IoT also integrates in the manufacturing.  
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Figure 1. Relations between the different concepts of Industry 4.0. 

This framework was used to relate to when discussing how the respondents 

from the interviews viewed upon Industry 4.0, and how the concept 

contextualizes. Figure 1 shows what is important in regard of the concept for 

the study to make this comparison easier. 

2.6. Literature discussion 

As the concept of Industry 4.0 is relatively new, the explanation also tends to 

be quite theoretical. The view of the concept from the respondents and the 

description from the theory did show to be quite different, but this needs to be 

seen as a good thing. As the concept has not been contextualized before, this 

needs to be done to understand how the industry views upon Industry 4.0.  
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3. Method 

In this chapter the reader is presented to the way the thesis has been conducted. Arguments for 

choosing different approaches are presented, as well as the general work of the thesis. The 

chapter is finished with a discussion of literature and empirical material criticism, ethics in the 

thesis and a discussion of trustworthiness. 

3.1. Research purpose 

The thesis attempts to contextualize a vague concept in an area where it has yet 

to be applied. This is done to understand the possibilities it provides as well as 

to study an example in the production that can be related to the concept. 

Svenning (2003) argues that the explorative approach is good for penetrating 

research areas that are somewhat unclear. He further states that in areas where 

there is information enough to define concepts relevant to the problem 

formulation, this can be seen as a descriptive approach. This relates to the earlier 

part of the study where the concept of Industry 4.0 is to be theoretically defined. 

Saunders et al. (2009) argues that a descriptive approach might be an extension 

or a forerunner to an exploratory approach. In this case, it can serve as a 

forerunner to the contextualization of Industry 4.0. Kothari (2004) defines the 

major emphasis of an exploratory research study as the discovering of ideas and 

insights. This rhymes with one of the objectives of the study, to understand the 

potentials in the PPI regarding Industry 4.0. Saunders et al. (2009) further argues 

that the exploratory approach is particularly useful if a problem is not 

understood. This can be directly connected with previously mentioned 

problems of applying Industry 4.0 to the PPI. The exploratory approach can be 

connected to the qualitative approach as it is useful when researchers don’t 

know what important variables to examine (Creswell 2009).  

In conclusion, as there is already some literature regarding Industry 4.0 the first 

part can be said to be of the characteristics of a descriptive approach, meanwhile 

the discovering of potentials has an exploratory approach, since Industry 4.0, as 

far as the author knows, hasn’t been applied to the PPI. 

3.2. Research strategy 

As the investigation attempts to understand how the concept adapts, affects and 

provides opportunities in the PPI, the qualitative approach is more applicable 

in the case. Svenning (2003) defines the “soft data” from a qualitative research 

as a mean in answering why, which supports the chosen approach. Further, as 

Industry 4.0 has yet to be applied to the PPI, there need to be theory generated 
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as there are none yet. Bryman and Bell (2011) argues that this is the difference 

between a qualitative and quantitative approach, where the former generates 

theory and the later tests it. Creswell (2009) agrees and points at qualitative 

research as suitable when the concept needs to be understood as little research 

has been done in the area. This means that the qualitative approach fits the thesis 

in a better way, why this research strategy was chosen. 

3.3. Case study 

As this research looks at a highly debated concept, Industry 4.0, it is certain to 

be contemporary. Further, “how” and “why” questions are necessary to 

contextualize and understand the potentials of Industry 4.0 in the PPI. These 

are reasons according to Yin (2013) to use the Case study approach. 

The case company chosen for the thesis was Stora Enso and their plant in 

Skoghall, Värmland. The company has recently hired their first digitalization 

manager and is looking at digitalization in general. The currently implemented 

energy monitoring system is a good and tangible example, which contributes to 

the context, and makes the plant an even more interesting case to study.  

3.4. Scientific approach 

As the research being conducted starts with the theoretical defining of Industry 

4.0, there may be different views whether this is an inductive, or a deductive 

research. The definition of Industry 4.0 is being applied on the plant of Stora 

Enso in Skoghall, which would argue that this is a deductive research. However, 

there is limited knowledge about Industry 4.0, especially in the context of the 

PPI, why the approach rather is to understand and gather information to make 

conclusions. By having this approach, the research can be argued to be of an 

inductive type. There is however a middle way of these two different approaches 

where they can be combined in a so called abductive method. This is a way of 

merging the inductive and deductive approach in order to create something 

better and benefit from both approaches (Patel & Davidson 2011). As the thesis 

aims at applying Industry 4.0 in a new context it is vital to be responsive to 

changes, why the abductive way functions better with a more pragmatic way of 

attacking the problem.  

Further, as the concept of Industry 4.0 is quite wide and defined in many 

different ways, the first part of the work was to give a description of how the 

concept is viewed upon in this thesis. This framework was then compared to 

the responses in the interviews to merge these two into an understanding of the 
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concept in the PPI. The abductive way can thereof be a good way of defining 

the research being conducted. 

3.5. Literature study 

Firstly Industry 4.0 was used as the main keyword, but as an understanding of 

the parts building this concept grew, sub words was elaborated, including for 

example IoT, CPS and Smart factory. This was later tried to merge with 

concepts of sustainability and the PPI to connect to the research questions 

asked. The search engine at Karlstad University, Onesearch was mainly used. It 

covers a wide range of databases and enable easy and fast adaption of the 

searches. However, when more specific articles were found, the search could be 

moved to the databases ScienceDirect and Scopus as they both provide better 

search tools. 

3.6. Interviews 

Bryman and Bell (2011) argues that interviews probably are the most used 

method in qualitative research due to the flexibility of the method. The study 

used the semi-structured interview approach as the study aims to understand 

the concept of Industry 4.0 in the PPI, why the same standard questions were 

used in every interview. The semi-structured approach also gives the possibility 

to change the order of the questions according to the flow of the conversation, 

which eased the interviews (Saunders et al. 2009). It further enables to add 

questions according to replies from the respondents enabling to pick up on the 

answers (Bryman & Bell 2011). This was suitable since one of the research 

questions was to elaborate potentials in the PPI, meaning that every interview 

could take different directions, although the core subject needed to be the same. 

The interviews were further prepared through an interview protocol. This 

protocol with lists of questions and themes for the interview can according to 

Bryman and Bell (2011) be referred to as an interview guide. 

3.6.1. Interview Guide 

Kothari (2004) gives, in a guideline for successful interviewing, advice to create 

an interview guide that is to be shown for the participants, for them to 

understand what the interview will be about. Bryman and Bell (2011) argues that 

this can be provided if requested upon. They further talk of the interview guide 

as a tool for making a list of questions or issues needed to be addressed in a 

semi-structured interview. The use of an interview guide was of great 
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importance for the study. The author has little experience with interviewing, 

which is why an interview guide provided a safety to fall back on when the 

interviews didn’t proceed as first planed.  

For the interviewees, the interview guide was not provided, due to the fact that 

the respondents needed to know the different areas to talk off, rather than 

possible follow-up questions. The themes were therefore provided instead. The 

interview guide can be found in appendix (A).  

3.6.2. Selection of interview objects 

The chosen respondents for the interviews were selected in regard to their 

connection to the development of the production, all listed in Table 1. Some 

more connected to the production, while others had a greater connection to 

development in general. Also, people with some connections to the use, 

implementation or a role that comprises development to the energy monitoring 

system were prioritized to get a better understanding of the system. The 

participants needed no previous understanding of Industry 4.0, as the study 

intended to compare the theoretical knowledge of Industry 4.0 with the 

practical.  

Table 1. Interviewees, roles and time duration of interviews. 

Respondent: Role/Title: Time (minutes): 

1 Digitalization Development Manager 53:36 

2 Operational Development Manager 64:41 

3 Manager Operations 31:08 

4 Operations Engineer 59:21 

5 Team leader Preventive Maintenance 39:41 

6 Production Engineer 39:49 

7 Operations Developer 32:08 

8 Operations Engineer 36:10 

9 Manager Operations 43:57 

10 Project Manager 60:53 
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3.7. Analyzing of data 

Yin (2010) argues that there are five typical steps in the analysis in a qualitative 

study. Firstly, there is the Compiling phase where the sortation of the collected 

data starts. The program Nvivo was used for this matter where data could be 

sorted according to nodes specified by the author. The second phase is the 

Disassembling. This means breaking down the compiled data into smaller 

fragments and sorting them according to new “codes”. The third Reassembling 

phase means organizing these codes into groupings and sequences. More about 

this and how it was conducted in the thesis is described in section 3.6.2. In the 

fourth Interpreting phase, the idea is to understand the data and look at it from 

a new perspective to find new fresh ways of looking at the area studied. The 

final and fifth phase, the Conclusion phase, aims at drawing conclusion from 

the study. This is of course closely related to the fourth stage. However, these 

phases are not linearly correlated, but there is a pragmatic way of orienting back 

and forth to be able to analyze the collected data in the best possible way (Yin 

2010). The analyzing of the data was active through the rest of the study from 

that the data collection started. This meant that the research was able to adopt 

to interesting themes in the data collection.  

3.7.1. Transcribing interviews 

Saunders et al. (2009) makes a good point of the advantages of making a 

summary of the interview after the transcription. By doing this it is possible to 

get more familiarized with different themes in the interview, and how the 

interview guide can be modified to explore these themes more in upcoming 

interviews. Also, in the summary a short brief of the nature of the interview can 

be stated, i.e. if there were any disturbances, what setting the interview was 

conducted in etc. (Saunders et al. 2009). By summarizing an easy route to how 

the interviewee perceived Industry 4.0 could be made, for the ease of further 

analyze across the interviews. A copy of the summary was after the interviews 

provided for each interviewee to let them know how they were interpreted. 

3.7.2. Coding 

Kothari (2004) defines the coding part as a process where responses from the 

interviewee are assigned numbers or other types of symbols to limit down the 

answers to a number of categories or classes. These classes or categories should 

be derived from the research problem that is to be looked upon. Saunders et al. 

(2009) agrees and points at three different ways of deriving names for the 
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categories; from the interviewees, from the data or from the previous theory. 

This thesis chose to look at words expressed by the respondents as the purpose 

of the study is to understand how Industry 4.0 applies in the PPI, with help 

from the interviews. It was therefore important to understand potentials and 

key processes according to the respondents. However, the thesis has also caught 

keywords from the literature to try to understand the topic in a wider context 

and how specific parts of the concept contextualizes according to 

interpretations of the respondents. 

3.7.3. Data analysis construction 

In order to understand Industry 4.0 in the PPI, the answers from the interviews 

had to be related to the theoretical framework of the concept. As to build an 

understanding of how the concept is related to the sector, the possibilities was 

first elaborated. From this, common potentials and goals could be found, 

working as a direction of what is important for the PPI regarding the 

development of the industry as well as the concept of Industry 4.0. This was 

compared to stated potentials and goals from the theory to see if the theory 

could be developed and extended. 

From this followed an elaboration of the view upon sustainability and the 

implementation of Industry 4.0 to expand the view of the respondents’ 

interpretation of the concept. When this was done, an industry specific 

understanding could be elaborated through the responses of the interviewees 

combined with essential parts of the theory, to see what was missed out on from 

the industry. 

The energy monitoring system was then used as an example of how the 

respondents would apply their thoughts of Industry 4.0 on a real case at the 

plant at Stora Enso Skoghall.  

3.8. Literature material criticism 

As the concept of Industry 4.0 is relatively new, so are the sources being used. 

This is a good thing as the material is up to date. However, there is a risk that 

thoughts considering the same subject are defined and named as something else 

than the ones used in the study. This creates the risk of missing out on relevant 

sources. This has been avoided in as great extent as possible. Towards the PPI 

there are no article at all considering Industry 4.0, as far as the author can find. 

However, this is one of the things that the thesis tries to contribute with. 
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3.9. Empirical material criticism 

The persons being subject for interviews are all believed to be relevant for the 

thesis. However, as the author has no previous experience of Stora Enso 

Skoghall there is a risk that there are more suited persons that should have been 

interviewed. The data from the interviews are though still believed to be of great 

importance, contributing in seeing the potential of Industry 4.0 in the PPI and 

contextualizing the concept. Further, there might be better systems to look at 

than the chosen energy monitoring system, regarding Industry 4.0. However, 

this was mentioned as a potential during the specification of the thesis why the 

system was looked more specifically on. 

3.10. Ethics 

Bryman and Bell (2011) lists four factors to bear in mind regarding ethics in 

business research. These are; harm to the participants, lack of informed consent, 

invasion of privacy, or whether deception is involved. Actions has been taken 

to avoid collisions with the different areas. The participants were informed that 

they could exit the interview at any time if they did not feel comfortable and 

would not have to explain themselves. Further, before every interview the 

author explained the thesis and what the data would be used for, as well as how 

the data would be handled. The respondent was given time for questions if 

anything was unclear. The respondent was also given the opportunity to stay 

anonymous. None chose this, but several asked to be informed about citations. 

Further, a summary of the interview was sent to each interviewee to make sure 

that they didn’t feel misinterpreted.  

3.11. Trustworthiness 

Yin (2010) argues that to create trustworthiness and credibility for a qualitative 

study there are three main things to take into consideration. Firstly, the research  

needs to be transparent. The study must be explained and documented so that 

it can be understood and reviewed by others. The method chapter has therefore 

been defined as clearly as possible, with motivations for different approaches, 

as well as given examples of how these approaches have been used.  

Secondly Yin (2010) states that the research needs to be done methodically. The 

study should follow some set of research procedure decreasing the risk of 

thoughtless work. As stated before much effort was put in the method section 

to minimize this risk, and to make sure that the study followed a common way. 

A diary was written during the study to self-reflect and remember important 
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notes. Further Yin (2010) argues that the researcher should try to avoid biases 

that can occur deliberately. To ensure that the data collection was conducted as 

neutral as possible was a list of advises from Yin (2010) used, see appendix (A).  

Thirdly Yin (2010) talks of adherence to evidence, meaning that a study’s 

conclusions should be sketched from its data. The interpretation phase of this 

study demanded a long time and the researcher came back to the data 

repetitively to see that the interpretations were correlated correctly with the data. 

A summary was further sent to the interview participants to make sure that they 

felt that they were correctly understood. 

  



30 

4. Findings 

In this chapter, the reader will be presented to the results of the conducted interviews. The 

chapter is built up by three sections; potentials, sustainability and the energy monitoring system, 

but starts off with a description of the case. The results are discussed to be able to build an 

understanding of the concepts, and how potentials and sustainability matters of Industry 4.0 

are viewed upon in the PPI. Lastly, the energy monitoring system is looked upon to see how 

Industry 4.0 is being applied on a real example by the respondents.  

4.1. Description of context 

The case company that has been studied was Stora Enso and their plant in 

Skoghall, Värmland. The plant employs around 800 people and has during the 

last 20 years been subject of investments of around 1100 million euros. The 

customers are mostly located abroad, leading to an export of 85% of the 

production. The plant celebrated 100 years in 2017, meaning that there is great 

experience and history at the mill for producing pulp and paper (Stora Enso 

2018). The reason Stora Enso Skoghall has been chosen as the case is that they 

recently hired their first digitalization developing manager, focusing on matters 

closely related to the new concept. As investments historically have been 

sufficient in the region, the industry has showed that the area plays an important 

role in the sector. Further, according to Stora Enso Skoghall they supply the 

world with almost a sixth of all liquid packaging paper products which makes 

them a most relevant actor within their industry.  

4.2. What are the potentials of Industry 4.0? 

The interviewees had different levels of understanding of the possibilities and 

usefulness of Industry 4.0 for the PPI. Half of the interviewees knew quite much 

of the concept or could discuss in terms of it and related to the concept to the 

possibility of data processing to see patterns, enable responses and the 

opportunity to connect the production line. The other half had either no or 

limited knowledge and thought of the concept as increasing of data to be 

assisted in the production and saw the possibility of increasing communications 

between systems and humans.  

The respondents can be said to have broken apart the potentials into possibilities and goals. 

These are therefore presented as subcategories of potentials. The goals are further divided into 

two categories. The whole section is later finished off with a conclusion about the potentials for 

the PPI, relating the answers to the theory. 
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4.2.1. Possibilities 

The interviewees differed in their way of viewing the possibilities where some 

saw greater potentials than others. Some had a more classic digitalization view 

of the concept of Industry 4.0 compared to the theoretical definition. Their 

main description of the possibility of Industry 4.0 was to increase the 

communication, where systems being used can communicate with each other, 

transferring data, increasing the understanding of the process. By connecting 

production, maintenance and customer systems a greater understanding can be 

reached in the company. Further, as a respondent puts it: “I think it will mean that 

we will be better at adopting our production”, arguing that switching between product 

grades on the machines will become easier as communication increases, and the 

adaptability thereof becomes better. There was an understanding that there will 

be more data available from the process, but this couldn’t really be defined. In 

general, the main possibility of Industry 4.0 for this group can be concluded as 

Communication in different aspects.  

The other group also saw Communication as a key possibility of Industry 4.0. 

However, this was viewed in a different manner where the purpose of the 

communication is to tie the production closer together, providing information 

between sections of the process, through for example RFID. This will enable 

the process to be even more automated, improve the overview of the process 

and making faster decisions according to provided information, e.g. from the 

previous section. These respondents saw greater value of the Communication, not 

stopping at interaction between humans, or in the connections between systems, 

but also saw an opportunity to connect data over the production in different 

sections, generating a greater understanding of the process.  

This opens up for the second main possibility for the PPI, the opportunity of 

Pattern Seeking. By connecting more and more of the process, additional data will 

be available. This provides opportunities, or as a respondent puts it: “It’s an 

incredible useful tool. Combining huge amounts of data and conclude a digit to adjust to.”  

The respondents saw possibility in transforming “dead-things” into smart things 

by providing them with sensors to connect data from the object. This will make 

it possible to see new patterns in the production that humans earlier have 

missed. One of the respondents puts this as: “I think that Industry 4.0 is about 

reaching the next level in seeing patterns, and connect these relations.” As sections in the 

production as of now are quite isolated, this will enable to see how they impact 

on each other, making the process even more complicated, providing new 

possibilities in form of controlling the process. Further, data can be used to 
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understand the condition of parts in the production. This enables better 

preventive maintenance to keep the production ongoing. Some of the 

respondents did in some extension see that looking at patterns can evolve into 

predictions of the process. By predicting failures in the process, precautions can 

be made to keep the production running. Data from different sources can be 

used to triangulate other data i.e. making the assessments better whether a part 

is going to break-down. By comparing different measurements on a specific 

part, a greater understanding can be reached for the actual condition of the 

equipment.  

Part of Pattern Seeking was that as the production line starts to communicate, the 

interviewees saw that this helps to Enable actions. Through more data gathering, 

systems can provide possibilities to take action faster and more accurate than 

before, relying on the basis of facts. For example, one respondent said: “It’s an 

incredible opportunity if you can according to data from the process calculate quality digits 

instead of having to wait on laboratory results which can take between 1-3 hours to get.” The 

changes in response possibilities becomes quite different enabling near real-time 

responses. Further, some interviewees argued that AI can be used to assist in 

making better decisions and to better understand the data. Though, this is more 

viewed as a complement to humans rather than the replacement of them in the 

production.  

There were many different possibilities mentioned, but most of them can be 

related to the mentioned ones. Communication is believed to be supported in a 

greater manner, patterns in the production are considered to be found in a 

bigger occurrence due to data analysis capabilities, and there are considerations 

in possibilities to take action quicker according to changes in the production 

compared than today. Data generation stands central for those who understand 

the concept of Industry 4.0 in a greater context.  

4.2.2. Goals 

Through the interviews some specific words showed up, more or less acting as 

keywords for the respondents both regarding the general development of the 

PPI and also for their view on Industry 4.0. Availability, Decision support and 

Quality was often mentioned as important factors to bear in mind. Decision support 

can however be argued to be seen as a part of Availability as decisions taken 

often aims in the end to increase the Availability in the production. The 

respondents were agreeing in their thoughts of these keywords, although some 
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developed their reasoning in a more extent way compared to the rest of the 

respondents.  

Availability 

In general, the respondents agreed that Availability of the machines is of main 

importance considering significance in the production. One of the respondents 

puts it as: “Well, the purpose is as I see it to increase the availability” when talking about 

Industry 4.0. However, there were differences in the depth of this meaning. 

Some talked more of the communication between operators and the systems, 

enabling greater use of the machines as a consequence. Better communication 

makes the transferring between different qualities of paper shorter, but also a 

possibility for preventive maintenance to have the machines producing when 

they’re supposed to. As communication increases it becomes easier to 

understand which changes that will have the best effect for the problems the 

production is facing today, leading to increased Availability.  

The other respondents had the same view about this but differed a bit in 

defining that the data analysis will be central in order for the possibility to 

increase the Availability and elaborated the potential. The possibilities of pattern 

seeking by measuring throughout the process will help to prevent downfalls, 

keeping the process running. As the data analysis will enable to find patterns 

that weren’t possible to see before, it enables explanation to certain behaviors 

of the machines. They further believe that making these correlations between 

sections expands the possibilities to understand the process. It is also important 

between the sections that the data is provided forward according to the 

respondents, so that the next unit can prepare to the material arriving in the 

future. By organizing beforehand, adopting becomes easier when new material 

is arriving. As data is gathered and patterns can be discovered, this opens up for 

better preventive maintenance to increase the Availability.  

Most of the respondents expect to have more back-up regarding decision 

making as they expect Industry 4.0 to provide them with more information, 

making decisions easier to make as they are substantiated by facts and relies on 

patterns seen in the production. They continued and talked about the need of 

the data to be provided as fast as possible for the possibility of making real-time, 

or at least fast, decisions responding to changes in the production. This also 

relies to the goal of increasing Availability as quick responses to changes in the 

production increases the accuracy in the production. 
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Quality 

Quality is also an aspect, and a goal that the respondents talked of as highly 

important for the PPI. More than half of the interviewees further connects this 

aspect with the introduction of Industry 4.0 and believes that the concept will 

ease the race towards better quality of the products. In the clash with 

competitors it’s also important to keep up with trends in order to stay in the 

front in the development in the industry. It could mean improving quality by 

initiating new projects in the area, through predictions which will enable 

possibility to produce better quality, or by decreasing the production waste 

meaning better quality overall, or just the combination of all of them. Quality in 

general is argued as a main cause to look at while producing. All respondents 

relate to quality as something absolute fundamental for the PPI. One of the 

respondents summarizes this quite neatly: “Basically, no matter section, it’s about 

increasing availability, plant utilization and of course quality.” 

Conclusion Potentials 

Concluding the possibilities stated, half of the group had more of a general 

digitalization view of the communication with small parts offering a potential of 

being Industry 4.0. The other half had a broader view of the possibilities.  

Looking first at Communication it is seen as a way of connecting the whole 

production chain, working as the foundation for reaching greater understanding 

of the process. Sections can be merged in their data analyses to get a better 

understanding of the ongoing process. Connecting this with the theory makes 

it possible to associate this with the possibilities of what IoT offers. The focus 

from the theory is more on what parts that actually builds the IoT, whereas the 

interviewees lists the opportunities of it. For the Pattern seeking potential some 

respondents connect this to the possibility to relate and analyze data to 

understand patterns. Data can be related over different sections, and new 

relations in the data can be discovered which humans earlier have missed out 

on. This can more or less be seen as a CPS, where the data analyses expand in 

possibility. The respondents don’t take this as far as mentioning self-awareness 

of machines etc. but some respondents think that the connection permits great 

possibilities.  

Lastly, possibility of enabling actions was talked of related to Industry 4.0. As 

data is collected, the responses to changes in production can happen faster and 

with better accuracy, relying on facts and trends. Related to the theory this can 
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be seen as a Smart factory where flexibility in production increases and enables 

faster responses to changes. However, the respondents rely much on humans 

in their thinking of the responses to changes whereas the theory argues these 

changes will be managed by a greater system such as CPS, enabling an even 

more automated and adoptable process.  

4.3. Industry 4.0 and sustainability 

From here, an elaboration will follow about how the respondents viewed upon Industry 4.0 

and the effects on sustainability matters in the PPI. This part will end in a conclusion to 

summarize the important notes. 

There are differing thoughts of how Industry 4.0 will affect the sustainability 

work for the PPI among the respondents. Some did not think that it will be of 

great impact directly, but that it will have a greater affect in the long run. They 

see that competition will increase thanks to the concept, pushing companies to 

be more efficient, thinking in new ways. New work approaches can be used to 

motivate the operators in their daily work, increasing safety and calmness at 

work. Further some argue that as the process consists of many things to 

supervise, Industry 4.0 can ease the overviewing for the operators, making it less 

likely for downfalls, increasing the up-time thereby providing more efficient 

production regarding for example energy and water consumption. Further, even 

if there are persons in the production that do not considers sustainable aspects 

during production, it can be discovered as the whole plant is monitored in 

Industry 4.0, providing possibilities to determine faults in the process and work 

with sustainable aspects.  

Also, one respondent relates the increase of their production to the decrease of 

plastics: “But the product is environmentally sustainable compared to plastics. Us being more 

efficient means that we have the possibility to offer our product in a greater extinct”. 

Social, economic and environmental affect 

Looking at the three different parts of sustainability, an overwhelming part of 

the respondents lists the economic share as the one being mostly affected. 

Industry 4.0 and the implementation of it has its foundation in making more 

money. Changes between qualities will become quicker with less waste as a 

result. Better efficiency of the machines with less downfalls means decreasing 

losses. If production is bad and batches need to be wasted, not only is the 

material wasted but also the energy used for producing the material.  
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The economic part is seen as the main cause for implementing such a new 

concept, and if it would not be beneficial for the economy, there would be little 

motivation for realizing it. However, as one of the respondents puts it; “But at 

the same time, where does the money come from? Money that we earn by being more effective 

depends on that we consume less of something.” This bridges to the second most 

considered part, the environmental aspect. As the production is more efficient, 

less material will go to waste leading to better raw material utilization. As the 

understanding of the process increases critical parts can be improved. Some 

respondents mention that as different seasons provides different raw material, 

this means different preparations. The chemicals that needs to be used can be 

utilized in a more efficient manner. Same thing goes for preventive maintenance. 

If the supervision can be improved, parts can be treated in a better way, 

increasing their sustainability. Further, if energy consumption can be decreased 

a respondent argued that the need of the plants current back-up oil-furnace 

fades, meaning no risk of need to run the furnace.  

Some respondents claimed that by connecting data with the suppliers, raw 

material can be supplied when needed. As of now there is a risk for the trucks 

delivering wood to be standing at the gates of the plant, as there is no need. This 

brings more efficient use of the trucks, as well as securing material in time and 

up-time of the machines. 

Lastly, the social part is mainly thought to mean the improvement for operators 

in their role. Information will be presented in a better way, making it easier for 

them to supervise the production. As of now there are huge amount of 

information for the operators to overview, making it easier for human errors to 

occur. This can be reduced by providing the correct data making the overview 

better. Decision support can ease choices when uncertainty is big, and there are 

fast decisions needed. Stress might be reduced as a result from this. Further, 

some respondents argue that as operators might be able to control the process 

in a mobile way, where they can move around in the production, not being stuck 

to a specific location.  

Conclusion Sustainability 

Most of the respondents believe that there will be impacts in the work with 

sustainability. Correct and good production is viewed upon as main enabler for 

the work with sustainability. The PPI seem to have quite agreeing thoughts of 

sustainability in Industry 4.0 as the theory provides.  
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4.4. Energy monitoring system 

According to the above sections will now the energy monitoring system be looked upon to see 

how the respondents apply their knowledge and thoughts of Industry 4.0 on a real case at the 

plant. This to see how well their defined potentials fits and applies to the system. 

Function 

There is an energy monitoring system implemented in Stora Enso Skoghall at 

both machines producing carton. This energy monitoring system functions in 

such way that it measures the energy consumption, i.e. electricity and steam, in 

real-time during the production and gives warning signals whenever there is an 

abnormal energy usage in any specific part. The warnings are based on data 

collected over time for specific qualities and specific speeds of the machines. If 

the consumption exceeds normal usage compared to saved data, the system 

sends these warning signals. This energy use can then be derived to the right 

pump, motor etc. in order for the operators and engineers to understand where 

the overconsumption is taking place and can with this knowledge take action. 

The system has no built-in response possibilities which makes it more of a wall 

of information for the energy consumption. The system is also independent and 

not integrated into the general control system for the production. 

Usage of the system 

The system is in general quite unknown and half of the respondents need a 

description of it to relate to the system. Some can specify what they believe it 

can do, whereas a few can explain it in detail. The system aims at being used in 

order for operators in the production to relate to the energy usage with greater 

understanding. As one of the respondents puts it: “The underlying purpose is that we 

want to make better energy efficiency” [Edited for reading]. However, as many of the 

respondents know little of the system this is a barrier for usage in the daily 

production. Today it is mainly used as a report system to follow up the energy 

consumption, by a few workers, rather than to fix existing problems.  

Industry 4.0 fulfillment 

As mentioned above there are some key features or goals with Industry 4.0 for 

the PPI. For the system to be usable now, in a context of this concept, it needs 

to meet goals of increasing Availability and Quality. More than half of the 

respondents discusses the relation between the system and the possibility of 

reaching quality of the products. Quality is of main interest and as one of the 
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respondents puts it: “I am actually quite pinioned by quality. That incoming pulp is what 

runs the set of production.” They argue that it is difficult to take into account what 

the system is saying as they need to produce paper that is of good quality rather 

than energy efficient. If energy consumption goes up, so be it, or as a respondent 

puts it: “Regardless if it would be cheaper to run like that, you wouldn’t let it if the quality 

doesn’t allow it.” Making sure that the carton is of enough quality comes first. If 

the energy system can rely on that energy and quality goes hand in hand, it could 

benefit the usage of it, supporting the work towards Industry 4.0. However, by 

looking at relations between how the production looks, compared to how the 

energy usage changes according to production, it can be seen that the system 

can’t provide such information. Figure 1 and 2 shows that there is a problem 

relating quality and energy usage on the machines as they do not relate.  

 
Figure 2. Energy consumption in relation to gross production of carton on machine X. 

The blue stacks in Figure 1 and 2 shows how production fell out every month 

during year Z, which can be seen as reaching a certain quality level, whereas the 

black lines visualize the energy consumption in kWh per tonnage produced 

carton.  
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Figure 3. Energy consumption in relation to gross production of carton on machine Y. 

As can be seen, the stacks and the black line do not relate in the figures. When 

production goes up, energy usage can go either up or down, showing no 

correlation. This provides no indication regarding quality, why the system lacks 

in usefulness for the PPI in Industry 4.0, so far. If the system could be connected 

to the whole plant, a greater understanding of the energy consumption could be 

reached. What happens in the previous parts are not considered, meaning lack 

of Communication. As one of the respondents puts it: “If “previous part” want to 

increase their production they grind less which means that I will have to grind three times more, 

or twice what they save…”. The system needs to take more into account to function 

as a system giving potentials in the context of Industry 4.0.  

One respondent relies to the system as a great tool for triangulating assessments 

on parts in the production, which shows that the system might have potential 

of pattern seeking or at least contributing in this line, thereof increasing Availability. 

If energy consumption goes up on a specific engine, the respondent argues that 

maintenance can use the data from the system to assess every possible detail to 

make as accurate decisions as possible. Here lies potential for the system, as well 

as to be implemented over all the plant to see greater connections in the energy 

consumption. 

In general, there are some thoughts connected to Industry 4.0, but there is still 

much to do with the system to see great potentials in the concept. However, the 
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respondents apply some of the possibilities mentioned above on the system, 

showing potential for the system.  
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5. Discussion 

In this chapter the findings are elaborated in a wider discussion. Each research question will 

be discussed according to the answers, and the consequences of the contextualization of Industry 

4.0 in the PPI is discussed. The chapter is finished with a view of managerial implications 

and the future of Industry 4.0 in the sector. 

RQ1: What are the potentials of Industry 4.0 in the PPI? 

The interviewees named different possibilities of what Industry 4.0 might offer, 

but all of these could more or less be summarized into the three different 

potentials of better Communication, allow Pattern seeking and Enable actions. This 

shift focuses somewhat with what the theory emphases on. Communication can 

be said to be of the same view, as the theory focuses on the connection between 

machines, humans, transportation systems etc. The interviewees talked more of 

the possibility to connect different sections in the plant and to have the 

possibility of transferring data between these sections. However, this could be 

said to be of joint view as the respondents answers rather is a consequence of 

what the theory focuses on, even though the theory goes further and emphases 

on the self-controlling factory. Looking further at Pattern seeking, about half of 

the respondents see this as a key possibility to better understand the process. 

The theory also mentions this as smart monitoring with the possibility to turn 

key data trends into well-based decisions (Saldivar et al. 2016), connecting with 

what the respondents mentioned as Enable actions. The presence of IoT and CPS 

will according to Zheng et al. (2018) enable this smart monitoring but this is 

nothing that the interviewees mention, also here rather focusing on the 

consequence of the technique.  

There is some focus on flexibility from the respondents as some of them 

mention the possibility of changing qualities faster on the machines. However, 

this is more viewed upon as a possibility of better communication between 

sections and operators rather than reasoning of a self-adopting factory. This is 

why this is included under Communication rather than given its own group. The 

theory focuses more on the possibility of having flexibility as communication 

increases, leading to self-adapting systems. The respondents didn’t elaborate this 

that far. As this reasoning could imply replacing operators with machines it 

might be a complex problem to talk about and the interviewees might have felt 

uncomfortable in the reasoning. However, as the analysis of Industry 4.0 

reached a specific level rather than the full understanding this is not experienced 

as a problem for the end results. Also, worth to be mentioned is that as the time 
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frame of the thesis is only 20 weeks, why only a certain number of interviews 

were possible. Extending the research might open up for further possibilities 

mentioned from the respondents. 

RQ2: How will Industry 4.0 affect the work with sustainability in the PPI? 

Although the respondents in general believe that Industry 4.0 will have a 

positive impact on the work with sustainability, most believe that the economic 

part will be of greatest impact. Measuring and connecting the whole production 

enables possibilities for reducing wastage and increasing up-time. Even though 

some of the respondents mention this, there is a need for the industry to take 

on such thoughts in the long run for sustainability matters. However, the 

respondents do touch many of the things that the theory mention about this, 

even as a general possibility.  

The theory takes the analyzes a step further with the discussion of how the value 

chain will be affected. Cradle to cradle is nothing that is mentioned in the 

interviews, and the thoughts going beyond the own factory focuses on the 

suppliers, although just by a few of the respondents. The customer perspective 

is left out from the reasoning of sustainability, where greater understanding of 

the usage of the products might give increasing understanding for how to best 

produce the products. However, there are great potential in the concept of 

Industry 4.0 for the PPI as they experience it, even though this might lie in the 

future of the concept.  

The social aspect wasn’t given much thoughts, but there were argues that it will 

provide a better work environment for the operators. This as they might be able 

to work in a mobile way, being supported in their decisions in complicated 

choices and that they can be provided with accurate and relevant information 

rather than too much information. The respondents did focus on integration 

between sections in the production, which can be derived to better horizontal 

integration in the plant, also seen in the theory focused on by Stock and Seliger 

(2016). Conclusion from the sustainability can however be that the economic 

part seems to be seen as a part affected quite directly from the implementation, 

whereas the social and environmental part will be affected later. 

RQ3: How can an energy monitoring system in the PPI be related to Industry 4.0? 

The energy monitoring system is not specifically pronounced as a system aiming 

towards Industry 4.0 by Stora Enso. The thesis rather touches the system as an 

example of a system that could have characteristics of the concept. However, as 
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can be viewed upon in the findings there are limitations to the system. It only 

looks at two specific machines rather than to try to overview the whole plant. 

This makes it fully possible for misinterpretations as the process in the PPI is 

connected, affecting each other. As the system cannot show any clear 

connection between quality and energy, it’s difficult to say that it contributes in 

the line of the development towards Industry 4.0. The respondents seem fully 

aware of this as they assess the system in the context of Industry 4.0. If the 

system would evolve to include most parts of the production there would be 

greater opportunities in seeing patterns, as well as to discover faults or predict 

failures in the process. As the respondents focuses much on Communication it’s 

also a bit surprising that the system only involves two machines and not more. 

However, this seems to lie in the future, to further connect additional parts.  

Including the system into the general control system and adding possibilities for 

responses would make the system match with the description of possibilities of 

Industry 4.0 by the respondents. As Availability and Quality matters seem 

especially important to the PPI, there is a problem for the energy monitoring 

system as it does not connect, so far, to the work with Quality. The system 

provides an opportunity to overview where energy usage is excessive but gives 

no certain opening suggesting how to fix it. The system needs to be widened to 

include more of the process, rather than small isolated cells in the production, 

to provide accurate and useful information for the production. These arguments 

could in other words function as important factors for evolving the system. 

5.1. Contextualizing Industry 4.0 in the PPI 

As some of the respondents describes the potential of Industry 4.0 differently 

it’s difficult to say that they keep a general view of the concept in the PPI. Some 

have a greater understanding than others, which might be the underlaying 

difference. However, they have the same goals, reaching increased Availability 

on the machines and increasing Quality of the production and products. These 

are the key elements when looking upon what Industry 4.0 should provide and 

mean for the PPI. Good production qualities mean less wastage and therefore 

also a more sustainable production. Comparing the answers from the interviews 

with the theory, shows that the PPI have yet to fully understand the potential 

of the concept Industry 4.0 in some areas. However, as the theory relates to 

research that has been conducted so far, where the PPI hasn’t been looked 

upon, it’s important to learn from the answers from the interviews.  
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The respondents that draws the potential of Industry 4.0 further stops the 

reasoning as the data has been analyzed and related to decision support, 

considering it solely as a tool for humans to use. The theory rather sees this as 

where the real use of Industry 4.0 starts, having self-adopting systems which can 

run the best possible production according to present state. Products can 

communicate with machines, transportation systems and humans to find its 

own way through the factory, telling different parts what to do with it. For the 

PPI who has continuous flow of products this rather relates to machines 

communicating more in depth to prepare each other for changing conditions. 

As of today, production sections function on their own, not taking more than 

necessary regard to each other. Providing analyzed data for the next coming 

stage in the process could ease and help the production to function in a better 

and more efficient way as the stage then knows the specifications and how to 

treat the incoming material. The theory sees this as an essential part of Industry 

4.0, where products, machines, humans and transportation systems 

communicate with each other in the Smart factory. Further, some argues of the 

necessity to start to combine data over the whole plant to see patterns that the 

human mind could never imagine. As much of the production line isn’t 

connected today, this makes it necessary to connect “dead things” to the 

network to fully understand the process.  

As of today, the PPI seems to be positioned in the beginning of the first layer 

of the 5-C architecture (Lee et al. 2015) where they try to increase the data 

collection to better understand the process. A group of interviewees however 

talks of the second layer, trying to make sense of the gathered data as well as the 

third layer, seeing deeper connections improving conditions for specific parts 

of the process. To reach the next stages in discussions regarding Industry 4.0, 

there need to be a greater understanding of data analytics and data responses as 

central parts for the future of the industry. 

The theory for Industry 4.0 focuses much on making companies flexible in their 

production, providing opportunity for fast changes according to market 

changes. However, for the PPI who provides converters with their raw material, 

this could provide a protecting barrier toward fast moving end consumers. The 

changes could rather need to be happening at the converters. The theory sees 

potential in Industry 4.0 to include the final customer as a co-producer to 

increase customization. As the PPI does not work directly towards end 

consumers this is however difficult to overview. Flexibility is though included 

in what is believed to be important, but not in the way the theory defines it. It 
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will probably be more important within the production to adapt to changes of 

for example the pulp, rather than as the theory suggest toward fast moving 

consumers. At least in the beginning of the implementation. 

Concluding all of this down to some words, possible to understand Industry 4.0 

in the PPI, results in focus on mentioned Availability and Quality, but also the 

prediction possibilities and the response improvement. These two can also be 

seen as foundations to increase the Availability, but as they provide such essential 

possibilities they are still mentioned. Prediction possibilities derives from the 

potential of pattern seeking, where this is viewed on in a greater stage as for the 

PPI to earlier see faults in the process. Before an engine collapses it can be 

changed during scheduled maintenance stops. This enables to have more 

efficient use of the engine, leading to better sustainability aspects in the 

production. However, the prediction possibilities might further offer the 

potential of foreseeing the quality of the carton as the wood arrives. In such way 

the total understanding and control of the production increases vastly. 

Although, the response improvement should become a bit different from what 

some of the respondents talked of. As a CPS enables analysis of the data, it 

generates an understanding of the process, enabling direct responses from the 

machines, products and transportation systems themselves, rather than 

involving humans, or just assisting in decisions. The system itself will in greater 

manner control the process and enable decisions. All of this does not really 

contradict the theory, but it rather shifts focus on what implications Industry 

4.0 will mean. Instead of better flexibility towards the market, better flexibility 

will be achieved from within to keep the production ongoing. As the stream 

between different sections in the plant changes, so can the machines adapt to 

these changes. 

What does all of this then mean to the PPI? The possibilities appear to be huge. 

One of the main focus today seem to be to connect different sections, which 

can more or less be seen as an absolute fundamental of Industry 4.0. Just by 

starting to integrate the sections in the process with each other in a greater 

manner should provide great synergies and potential profits in improved 

production. If this creates huge benefits for the PPI, so should the rest possible 

potentials of the concept, like the mentioned prediction possibilities and the 

possibility of response improvement. Rising Availability enables more 

production, which could make investments pay-off faster, leading to an even 

faster development of the sector. Developing this further with self-adapting 

production and prediction possibilities provides countless profits. As plastics 
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experience greater restrictions, market shares will change to other sectors, 

potentially the PPI. Having a more efficient, productive and flexible production 

can ensure that these market shares ends up at the “right location”. Also, today 

the products from the PPI can be considered to be sustainable, whereas Industry 

4.0 might enable to make the production of it environmentally preferable as 

well. The potential profits for the PPI are difficult to overview as the concept 

of Industry 4.0 seems to affect many, if not all, parts of the business. Increasing 

productivity, efficiency and flexibility will nevertheless mean a great potential 

for the development of the industry. Many of the means enabling this new kind 

of industry does already exist, such as transforming “dead-things” into smart, 

and the question should rather be to make the focus of the development in line 

with such techniques.  

As mentioned before, the views of Industry 4.0 differ quite a bit between the 

theory and how the respondents in the PPI related to the concept. The interview 

participants rather discussed the consequences of the concept than arguing what 

exact parts it consists of. This might be as the practitioners don’t have to bother, 

as of now, about what specific techniques they need, or what it’s called, but 

rather how they will use these new techniques. As much of the research of 

Industry 4.0 is conducted in laboratory experiments rather than looking at 

industrial applications (Liao et al. 2017), there is a risk that researchers loose 

grasp on what will be essential in the concept, or what the industry is demanding. 

The interesting part to look at now would rather be to look more into the 

potentials and the challenges that this concept brings in a real context. As this 

industrial revolution is anticipated (Lasi et al. 2014) rather than understood 

afterwards this might open up for misinterpretations and misleading. This study 

shows for example how different the views can be between the theory and the 

practitioners.  

The industry is when it comes down to it, in full control, being the ones that 

will implement this new type of industry and therefore will control how it will 

be defined and what exactly it will consist of. This might be different for each 

specific industry as there are different ways of utilizing the techniques in 

different areas. Specialization has through the years increased, which could 

argue that there might be very different ways of how Industry 4.0 will affect 

specific industries, perhaps leading the discussion towards something else than 

mainly focusing on the word Industry 4.0.  
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5.2. Future and managerial implications of Industry 4.0 for the PPI 

So where does the future for the PPI lie in regard of the development of 

Industry 4.0? As the interviews have shown, there are definitely some potentials 

regarding the concept for the PPI, and there might as well be more that the 

thesis has not been able to identify. However, regarding those listed there are 

major benefits in reaching them. Providing better Communication, allow a new 

type of Pattern seeking and Enable actions could have huge effects on the future of 

the industry. As these in combination should provide better Availability of the 

machines and increase and secure the Quality, the concept should be vital in the 

development of the production.  

First step seems however to be to connect the different sections in the plants to 

enable these possibilities. Isolated cells in the production needs to have, and 

give, input to each other to permit Pattern seeking and to Enable actions. First step 

for the PPI therefore seem to lie in the Communication development. Things need 

to be connected, and data needs to be transferred to connect the production 

lines. “Dead-things” need to be enhanced and connected to a greater system. 

Some respondents’ reasons in the first and second layer of the 5-C architecture 

developed by Lee et al. (2015), but this needs to be implemented as well and 

spread as a vision of where the PPI want to go with the development towards 

Industry 4.0.  

Even though there might be clear benefits of Industry 4.0 for the PPI, do they 

want to implement it? It seems so, and the potentials appear to fill the greater 

outlined goal of the PPI with increased Availability and better Quality.   
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6. Conclusion 

In this chapter conclusions will be made. Firstly, connections between the purpose of the study 

and the results will be concluded, followed by a discussion of interest for future research. Lastly 

is trustworthiness and limitations examined.  

The purpose of the thesis was to understand how Industry 4.0 can be related to 

the PPI and what it means for the sector. This has been elaborated through 

looking at potentials in the sector, evaluating the impacts on sustainability 

matters of the concept, as well as applying these views on an example with the 

energy monitoring system. What can be said is that Industry 4.0 in the PPI 

focuses on Availability through prediction possibilities and response 

improvement. The concept should emphasis on keeping the production 

ongoing with fever break-downs and increased Quality of the products. 

Communication improvements will be essential in reaching the new industry level, 

with connecting the whole plant as a crucial part. The thesis contributes with a 

first insight in what Industry 4.0 will mean to the PPI and how it contextualizes 

in the sector.  

6.1. Recommendations for future research 

This thesis has been done in a qualitative manner, why theory has been created 

rather than proved. In order to try out the ideas there need to be further research 

to try to test these conclusions, preferably in a wider context than only the 

Swedish market. Further, a road map needs to be created for the PPI to relate 

to in their work of implementing Industry 4.0. As the interviewees in this study 

has connections towards the development of the production in some way, and 

yet lack understanding of this new concept, there need to be research upon what 

path the PPI should follow to be able to implement the concept.  

As Industry 4.0 has been viewed upon sparsely in the sector there is little 

understanding of what exact effects it will have. This is of interest for future 

research. The cost of implementing such a system is difficult to overview and 

there should be research about what parts that is needed in order for the PPI to 

at all have the possibility of implementing such an industry. Critical studies 

evaluating the potential income versus the likely costs would be of interest to 

give an insight in how the economic incentive might look like.  

The thesis discusses only the possibilities and positive impacts of what Industry 

4.0 can provide for the PPI. However, there need to be conducted studies of 

how an implementation of the concept could affect the industry negatively. 
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Especially towards what this might mean for operators and their role in the 

manufacturing industry. An interesting approach would be to test if the process 

industry overall possesses the same conditions regarding the concept, making a 

generalizable approach towards Industry 4.0 possible. This needs to be looked 

upon however, as there is not much research regarding the concept towards the 

process industry. 

A greater study of the possibilities and risks in the work with sustainability would 

also be of interest for future research. This thesis mainly scratches the surface 

of the subject to give a broader perspective of the contextualization. However, 

there need to be research of how sustainability matters will be affected through 

a real example.  

As the concept of Industry 4.0 is different specified from the theory and the 

practitioners this could be looked upon to try to assess what creates these 

differing thoughts considering Industry 4.0. Researchers are trying to define the 

concept but should perhaps draw conclusions from how practitioners are 

defining the concept, as they possess information of the actual current 

production. Here might perhaps interesting research areas lie to understand 

what Industry 4.0 is and will mean. Further this could be developed into looking 

at what techniques companies are investing in to adopt to the concept. 

6.2. Limitations and trustworthiness 

As the research has been conducted in Sweden, Värmland, there might be 

problems generalizing the results to other plants in other regions. The results 

should rather function as a guideline of how it can be viewed upon. As the 

researchers lacks a common definition of Industry 4.0 so does the industry. This 

led to different ways of defining the concept, that could be widely spread. 

Considering the work only touching one factory with 10 interviews there can be 

criticism about the validity of the research. However, this thesis isn’t said to be 

of proving a definition, but rather creating a theory that needs to be tested. This 

is important to relate to when reading the results. As the respondents work in 

real-life contexts there were differences in how they related to the concept of 

Industry 4.0 compared to the theory. They did not mention specific aspects such 

as CPS, IoT or Smart factory, but rather focused on what these can achieve. 

However, this can be viewed upon as a way of seeing the concept being 

contextualized.  
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The literature study has been based mainly on English sources, with some few 

exceptions where the sources has been in Swedish. As the phenomenon is 

originally from Germany there might be important sources that has been missed 

upon. Further, different areas around the world has different ways of relating to 

the concept. Some names it Industry 4.0, others see this as smart manufacturing 

whereas China for example includes this in “Made-in-China 2025”. The thesis 

has based its main searches on “Industry 4.0” as it derives from Germanies way 

of defining the concept, who can be seen as leaders of the development of the 

concept.  
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8. Appendices 

A Interview Guide 

Text written in italic text indicates text for the interviewer, while text in normal 

font means text that will be presented for the interviewee.  

Notes:  

Yin (2010) discuss the difficulties in conducting qualitative interviews, and gives advises for 

how to avoid errors during the interviews. These advices are:  

- Talk as little as possible 

- Not direct the respondent 

- Stay neutral to answers 

- Make sure that the respondent feels okay 

- Use an interview protocol 

Research questions: 

1. What are the potentials of Industry 4.0 in the PPI? 

2. How will Industry 4.0 affect the work with sustainability in the PPI? 

3. How can an energy monitoring system in the PPI be related to Industry 4.0? 

Formalities 

- The interview will contain of four parts; introduction, Industry 4.0, the 

energy monitoring system and miscellaneous. 

- Possibility to be anonymous. 

- The interview will be recorded in order for analysis. The conversation 

will only be listened to by me and my supervisor, while the transcription 

might be shared. 

- Possibility to overview the transcription of the interview. A summery will 

be sent to each interviewee in case they do not want to read the whole 

transcription. 
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- Possibility to exit the interview without any explanation if the interviewee 

does not feel comfortable. 

- The interview will take approximately one hour.  

- Let them know it’s their knowledge that is important, not the correct 

answer. 

- Let the respondent ask questions they have about the research. 

Terminology explained 

- Industry 4.0 

As previously shown, Alfredo Saldivar et al. (2016) defines the concept of Industry 4.0 quite 

delicate: “Industry 4.0 aims at realizing mass customization at the cost of mass production.” 

The thesis has defined three concepts that jointly builds the foundation of Industry 4.0, namely; 

CPS, IoT and the Smart factory. 

o CPS 

CPS can be described as a computational resource that tightly integrate the physical and virtual 

world and has been throughout the study looked upon as an interface between the virtual world 

and the real world. The system also creates a virtual copy of the real world which enables 

simulations in a greater manner. 

o IoT 

IoT can be seen as an enabler of things and objects to interchange information with each other 

to collaborate for reaching common objectives. Objects are connected by providing them with 

sensors, RFIDs etc., and the IoT is the fundamental enabler of CPS, why they are closely 

related. 

o Smart factory 

The Smart factory can be described as that smart machines, transportation systems and 

products communicate and negotiate to adapt to each other, making the production more 

flexible, and in the end enabling diverse types of products in the production. IoT and CPS are 

both important parts of the Smart factory, and the concept itself is closely related to Industry 

4.0.  
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Interview topics and themes 

Introduction 

Start the conversation and explain clearly what is being studied, and that the opinion of the 

interviewee is of interest for the research. Do not chat but have a serious approach but start by 

presenting yourself and explain what you are studying.  

- Name, position, age? 

- How long have you worked at Stora Enso? 

o In the position you have now? 

o What does that mean to you, what do you exactly do? 

o What have you worked with before? 

- How does your role relate to the development of the production in 

carton machine 7 and 8?  

Industry 4.0 

- Have you heard about the concept Industry 4.0? What does it mean for 

your company?  (If respondent doesn't know the concept please explain the main 

points with it. The purpose of this question is to capture the definition and the company 

perspective) 

Definition Industry 4.0: Industry 4.0 will come to mean an increased digitalization 

through the whole production in the industry. It will also mean that the whole 

production chain will be tied closer together with better connection between different 

parts in the production. Machines will be able to communicate with each other, with 

products, transport systems, humans etc. 

- What business functions does Industry 4.0 involve? (The purpose of this 

question is to capture the business perspective) 

Definition of business functions: Something that a company does, or needs to do, to 

reach their goals. 

- What actions are you taking in this area? Can you give examples? (The 

purpose of this question is to capture the practical perspective) 

- What practical challenges/opportunities does it have? (The purpose is to 

find out enablers/hinders) 
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- What are your competitors doing in this area? How does it affect you? 

(The purpose here is to get their perception of the world around them/outside 

perspective) 

- What part of the factory do you experience has come the furthest with 

this? (The purpose of this question is to understand if the interviewee experiences more 

development in other areas than where the energy system has been implemented) 

o What do you base this on? 

- How do you in your role get in contact with the development towards 

Industry 4.0? (The purpose of this question is to see how the interviewee relates its 

own role to the development in their department) 

- What are the technical key concepts of Industry 4.0 for you? (The purpose 

of this question is to understand the level of knowledge about Industry 4.0 among the 

employees) 

- Do you believe that the implementation of Industry 4.0 will affect the 

sustainability work at Stora Enso? (The purpose of this question is to understand 

how the interviewee relates Industry 4.0 to sustainability) 

o I which of the three parts; social, economic and environmental 

do you believe that Industry 4.0 will have the biggest impression 

in? 

Energy monitoring system 

- On carton machine 7 and 8 do you have an energy monitoring system; 

how does it work? What are your perception of how it works? (The purpose 

of this question is to firstly understand how the system actually works, but also to 

understand how each individual has understood the system and see if they at all 

understand it) 

o What data does it collect and how? – Is this data being used? 

- How is it being used in your department? (The purpose of this question is to 

see if the system is being used in each specific department, and for what reason they use 

it. If the respondent doesn’t work at a department where the system normally is being 

used, ask them to give their opinion of how they believe the system is being used in 

production) 

o What do you think of the system? 
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▪ Why? 

o What was the underlying reason the system was created? 

o Do you see any potential in the system? 

o Do you see any faults with the system? 

- How do you relate quality and energy optimization? (The purpose of this 

question is to understand the view of how these relate) 

- Is there data in the energy monitoring system that is considered key 

performance indicators? (The purpose of this question is to understand if the 

system was implemented founded on the request of key performance indicators) 

- How, if, would you relate the energy monitoring system to Industry 4.0? 

(The purpose of this question is to see if the interviewee sees any connection between 

the both) 

- How can it be improved? (The purpose of this question is to see how the 

respondent relate the development of the system to Industry 4.0) 

o Ask for general opinions first, i.e. implementing the system in more areas for 

example. 

o In the context of Industry 4.0 

- If you could give an advice to the company of how to develop: (The 

purpose of this question is to let the interviewee express freely about the right way to 

proceed with the development in two areas) 

o The energy monitoring system 

o The production towards Industry 4.0 

- Are there other systems at Stora Enso that you believe have greater 

potential within Industry 4.0? (The purpose of this question is to find out other 

potentials within Industry 4.0 in the PPI) 

Free for all 

- If you look back on the interview, which has been the most difficult 

answer to respond to? Why? (The purpose of this question is to get the interviewee 

to reflect, and express freely about the different subjects) 
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- Is there anything that I have not asked about regarding your experience 

about this that you would like to elaborate? (The purpose of this question is 

to let the respondent speak freely, and to catch data that wouldn’t otherwise been told)
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