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Abstract 

The manufacturing company is very competitive and has to make technical 

changes in order to secure their growth. The fourth industrial revolution is 

happening right now where Internet and Communication technologies (ICT) 

will make way for a smarter manufacturing industry, making the production 

more connected and sustainable. But the transformation towards a Smart 

Factory, the digital transformation may not be that simple. Therefore the 

purpose of this thesis was to examine the digitalisation of a small manufacturing 

company towards a more sustainable production, its potential and what barriers 

they are facing, to furthermore give managerial and practical implications for 

the digitalisation. To examine this a case study was conducted for a small and 

medium sized enterprise that just started their digitalisation journey. 

Digitalisation in this thesis refers to improving the production operations with 

digital technologies, where a digital transformation is a wider aspect, which 

integrates the digital technologies into all areas of business resulting in changes 

of the operations. Observations, interviews and documents were used in this 

case study. This research anticipated many technical and organisational barriers 

that may occur, which can be seen as critical success factors, to be able to 

anticipate barriers to get the most out of the digitalisation. The key aspect of the 

change is that the digitalisation will change the manually experienced knowledge 

into a data driven knowledge. And there will be barriers for the change initiative 

both technical and organisational. The theoretical contribution is that there are 

more barriers for the digitalisation than just lack of strategy, insufficient 

innovation culture, and lack of agility, organisations are complex and there will 

be many barriers along the way with digitalisation towards a digital 

transformation. The digital transformation towards a Smart Factory have the 

vision of information integration within the organisation and the production 

both vertically, longitudinal and with a product life cycle management, for this 

vision these barriers presented in this research will be seen as critical success 

factors for a Smart Factory. 
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1. Introduction 

This chapter introduces the research by stating the background and its problem discussion 

concerning the digitalisation and its potentials and barriers for a more sustainable production, 

followed by research questions, purpose, limitation and the thesis structure.  

1.1. Background 

This thesis is conducted due to the increasing competiveness in the 

manufacturing industry and where it has to converge with cutting edge 

technologies in order to secure their growth. As well, manufacturing activities 

have been designated as one of the most important factors for the 

environmental damage of the planet, where it is also one of the most important 

factors for the economic development (Dubey et al. 2015). The traditional 

drivers for the manufacturing industry have been developed through 

economical aspects, where it today is turning into a more sustainable practice, 

from maximum profit with minimum capital investment to maximum value 

creation with minimum resource consumption (Steenkamp et al. 2017). 

Resource efficiency is becoming a crucial factor due to less resources and a 

growing population with higher standards that consumes more (Garetti & 

Taisch 2012).  

Today the forth revolution of the industry is happening and it is seen as a new 

chapter where technologies will make way for a smarter manufacturing industry. 

The technology supports effective and accurate data-collection for decision-

making and analyses in real-time and gives a greater transparency of the 

production (Kang et al. 2016). IT-systems of today in the manufacturing 

industry are rarely tracking processes or parameters in real-time, making 

operational decisions based on late and incomplete information (Ting et al. 

2017). The government in Sweden is setting up a strategy called Smart Industry 

to strengthen the companies’ capacity of change and competiveness by digital 

transformation (digitalisation) of the industry and its transition to a more 

sustainable production. By conducting new technologies as Internet and 

communication technologies (ICT) it enables a whole new set for data collection 

and analytics and measurement systems to improve resource efficiency for a 

more sustainable manufacturing.  

Loonam et al. (2018) reviewed managerial actions for a digital transformation 

initiatives for both externally and internally focused, for the organisation they 

recognized the importance for fostering the culture with the digital 
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transformation. The digital transformation requires both the organisation and 

management to reflect on how to implement it to be as successful as possible. 

The digital transformation will continue and become an important aspect for 

organisations in the future, and it is important for organisations to better 

understand how they can prepare for the digital transformation what barriers 

there might be and what organisational changes are required (Loonam et al. 

2018).  The organisation and its culture are the most important enablers for the 

digital transformation, because without the people technologies won’t make any 

difference. Many leaders underestimate the digital transformation and the 

organisational change required with it (Raut 2017).  

1.2. Problem discussion 

The industrial production is a key factor of the environmental damage of the 

planet and plays an important role for the UN sustainable development goals 9 

and 12, sustainable industrialisation and responsible production (Beier et al. 

2018, SDG).  The manufacturing industry has to become more resource 

efficient, as it is a necessity today. Beier et al. (2018) is saying that the 

digitalisation of the industry is unlocking the potential for a more sustainable 

production making it more resource efficient with a greater transparency. By 

connecting the manufacturing devices by Internet of things data can easily be 

collected and analysed for a more sustainable real-time decision-making. This is 

making a shift for the decision-making to be data-driven and is moved closer to 

the operators working in the shop floor (Gölzer & Fritzsche 2017). Beier et al. 

(2018) conducted a survey to examine the possible benefits through the 

Industrial Internet of things for a more sustainable production, but they stated 

that further research has to be made assessing the real potential and also to take 

possible rebound effects into account.  

Digitalisation is also in the new era, where it is still in beginning of research and 

still has to be evaluated where a digitalisation towards a digital transformation is 

a continuous improvement area that takes time to implement. Where the 

industry has been very conservative and it is hard to change the culture of the 

organisations. Especially bringing in pressures from stakeholders for both a 

more sustainable production and for the digitalisation required, there is a lack 

of research regarding what barriers there might be when starting digitalisation, 

and how to better prepare for the changes in an organisation.  

Loonam et al. (2018) conducted a research where they reviewed 10 different 

case studies from a literature review and analysed their digital transformation 
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and what managerial actions were required, but saying that further research 

should be conducted with empirical data. This thesis will with the help of 

empirical data find barriers that might appear with the digitalisation and what is 

needed from an organisation to achieve a higher efficiency with the adoption of 

Internet and communication technologies. Digitalisation as well is an emerging 

field of research that needs to be further exploited to ensure the potential for 

the digital transformation towards the fourth industrial revolution (Gölzer & 

Fritzsche 2017). Bogner et al. (2016) also argues that there are a lack of detailed 

understanding of the digital transformation in general but especially for small 

and medium sized manufacturing companies. Digitalisation in this thesis refers 

to improving the production operations with digital technologies, where digital 

transformation is a wider aspect, which integrates the digital technologies into 

all areas of business resulting in changes of the operations. 

1.3. Purpose of the study 

The thesis will examine the digitalisation in a small manufacturing company 

towards a more sustainable production. The purpose is to first examine its 

potential impact and secondly what barriers they are facing for the digitalisation 

and a possible digital transformation, to furthermore give managerial and 

practical implications for a digital transformation.  

1.4. Research objective and questions 

Due to the problem discussion and the purpose of the study following research 

question for this thesis will be as:  

 RQ 1 - How can digitalisation in the manufacturing industry of SMEs 

impact a more sustainable production? 

 RQ 2 – What technical and organisational barriers are there for 

digitalisation towards a digital transformation in the manufacturing 

industry? 

1.5. Delimitations 

Due to the limitations of 20 weeks, the research was limited for one case study 

to get a better understanding of the organisation and its potential and barrier 

for the implementation. This will include the technical and organisational 

barriers with the digitalisation and a possible digital transformation. The 

digitalisation will be looking at internet and communication technologies as 
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cloud computing (shared computing service of the internet), Internet of things 

(embedding sensors and communication equipment), big data and data analytics 

(the development of software and systems that can interpret and analyse 

incoming data), for a sustainable manufacturing (production system that can 

increase resource efficiency and reduce the emissions). Digitalisation in this 

thesis refers to improving the production operations with digital technologies, 

where digital transformation is a wider aspect, which integrates the digital 

technologies into all areas of business resulting in changes of the operations. 

The aspect of sustainable manufacturing will be focused on the prevention of 

waste by improving the transparency. 

1.6. Thesis structure 

Chapter 2 – This chapter will introduce the reader to the theory that is necessary 

to understand the digitalisation towards a digital transformation and a Smart 

Factory and the barriers that might come up. There will be description about 

earlier research about the digitalisation and its barriers for a digital 

transformation. 

Chapter 3 – This chapter will present the methodology used for this thesis. It will 

motivate and discuss the research methodology; it will include the research 

approach, research design, data gathering, sampling, qualitative data analysis 

method and lastly the trustworthiness of the research.  

Chapter 4 – This chapter will present a description of the case, it includes a 

company description, their current production situation and lastly the 

digitalisation project.  This is necessary to understand the potential and the 

change with the digitalisation for a digital transformation.  

Chapter 5 – This chapter will present the empirical findings, it will present the 

potential for the digitalisation, the potential for a sustainable production and 

lastly the technical and organisational barriers for digitalisation and a possible 

digital transformation.  

Chapter 6 – This chapter will analyse the empirical findings with the theoretical 

framework, it will present the value of the digitalisation for a sustainable 

production and the barriers for the digitalisation and a possible digital 

transformation and lastly present some managerial and practical implications for 

the digital transformation.  
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Chapter 7 – The final chapter will present a final conclusion, the theoretical 

contribution and lastly further suggestions for future research. 

 

2. Theory 

This chapter will present relevant literature summaries for the understanding of this thesis. It 

will present a theoretical base and previous research about digitalisation towards a digital 

transformation and a Smart Factory and its barriers.  

2.1. Digitalisation – towards a Smart Factory 

There are many things becoming “smart” today, as smartphones, smart grid, 

smart manufacturing and smart factory, its meaning with regards to object are 

not clearly defined yet though, but it can be interchangeably used as intelligent. 

Smart can refer to devices that exist with a sensor, and/or an actuator 

(responsible for moving and controlling a mechanism or system), a 

microcomputer and a transceiver (Radziwon et al. 2014). 

Smart Factory as well has several names as well and refers to as a technology, 

an approach or a paradigm, with a vision for the future. The key characteristics 

of Smart factory are: information transparency, autonomous control, as well as 

sustainable manufacturing. There are different visions of the Smart Factory, and 

different ways on how to implement it. The German government announced 

Industry 4.0 to establish Smart Factories that are the ultimate realization of 

smart manufacturing, which was first announced at the Hannover Messe 2011, 

which links the things inside and outside of a factory and services through the 

communication networks based on CPS (Cyber-Physical systems), IoT, and IoS 

which are enablers for the Smart Industry (Kang et al. 2016). Zuehlke (2010) 

calls Smart Factory as Factory of things, identifies information and 

communication technology (ICT) as the main key enabler for the vision of 

Smart Factory.  

The digital transformation is the transformation happening with the 

digitalisation, which has been enabled with ICT, digital technologies, which 

enables a digital enterprise (Loonam et al. 2018). The term digital includes the 

entire gathering, storing, processing, providing and using information with the 

help of IT (Goerzig & Bauernhansl 2018). The digital transformation has 

become a priority for the manufacturing industry with great opportunities for 

business growth (Loonam et al. 2018). Since SMEs have special conditions and 
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don’t have the same resources as larger companies, SMEs are more dependent 

on a return on investment and must outdo their costs and risks of every project. 

SMEs don’t have many resources and have to be time-efficient and have a small 

demand for IT-capabilities for a digital transformation (Goerzig & Bauernhansl 

2018).  

2.1.1. Internet of things - IoT 

The term Internet of things or also called Internet of objects can be defined as: 

“Global infrastructure for the information society, enabling advanced services 

by interconnecting (physical and virtual) things based on, existing and 

evolving, interoperable information and communication technologies”  

By the International telecommunication union (2012), this enables objects to be 

able to connect and exchange data. Internet of Things solutions are getting 

implemented in many different areas, but the most prominent area is the smart 

industry, where the development of intelligent production systems and 

connected production sites often are defined under Industry 4.0. For 

implementing IoT technology three core layers are required:  

1) The thing or device layer, 

2) The connectivity layer and  

3) IoT cloud layer.  

In the first layer it is necessary for the devices to implement additional sensors, 

actuators or processors to existing core hardware, and embedded software can 

be modified to manage and operate the physical things. In the second layer 

communication protocols are needed to enable the communication between the 

physical thing and the cloud. Where the third layer, the cloud layer, is needed a 

device communication and management software that is used to communicate, 

provision, and manage the connected things. For the full potential of IoT the 

interoperability among the IoT system is a critical factor, to get the system to 

work together (Manyika et al. 2015). In the cloud layer there may be an 

application platform that enables the development and execution of the IoT 

applications. The data collected by the connected things can be used to store, 

process and analyse its data with analytic and data management software as a 

tool (Wortmann 2015). Figure 2 shows the technology of IoT, and its three main 

layers. 
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Figure 1. Description of the IoT technologies (Based on Wortmann 2015) 

For the full potential of IoT the interoperability among the IoT system is a 

critical factor, to get the system to work together. To work with standards are 

fundamental for enabling smart manufacturing systems, and the integration 

between systems. Many times with different systems the interoperability 

between them may be limited, making manufacturers limited into single vendor 

solutions (Lu et al. 2016).  

2.1.2. Cloud computing  

Cloud computing can be divided into two sub categorizes of information 

technology: IT efficiency and business agility. Where the two categories are 

converged and can by highly efficient hardware and software resources. Cloud 

computing in general is a pay-per-use and not a commitment. It is just paying 

for the utility used and has an elastic capacity and may be seen as an infinite 

resource. The self-service interface can be configured as needed for the 

enterprise and it is a resource that is abstract or virtualized. Where cloud 

computing isn’t a new technology, it is a combination of many pre-existing 

technologies converged together. Cloud computing usually offers many 

software solutions and the goal is to be able to run the everyday IT infrastructure 

in the cloud (Avram 2014).  

Advantages of cloud computing are that it dramatically lowers the cost for 

starting with cloud computing, starting at a smaller scale for more computer-

intensive business analytics and gives immediate asses for hardware resources 

with no upfront capital investment. Cloud computing also makes it easier for 

IoT cloud 

•IoT application - Software 
that interact people, 
systems, and 
things/devices 

•Analytics and data 
management - Software 
to store, process and 
analyze the data

•Application platform -
Fundamental application 
to develope and execute 
the IoT aplications

Connectivity

•Network communication 
- Standards that enable 
the communication 
between thing/device 
and cloud

Thing/Device

•IoT components -
Embedded sensors, 
actuators processors and 
connectivity port

•Thing/device - Software 
and hardware to manage 
and operate
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enterprises to scale their services/production, and makes it possible to use new 

application technologies that respond in real-time to changing information 

(Avram 2014).  

2.1.3. Big data and data analytics 

There are no unite definition of Big data, but in general it is data collected from 

either machines, weblogs, sensors, logs, and social data and the traditional 

enterprise data, everything added up to big data. The word big data is originated 

from the need for analysing large amount of data for the larger companies such 

as Yahoo, Google and Facebook. Since this is collecting mass of information, 

there are challenges for the organisations of how to storage the data, to analyse 

and process it. Big data are characterized by its volume, velocity and variety that 

can be in both structured and unstructured data. There are also a fourth 

characterized added later on by IBM and Microsoft, veracity, which highlight 

the importance of quality data and the level of trust of the data source. These 

4V have been provided to define big data. Mc Kinsey and company added Value 

as their fourth V instead of Veracity that stands for the value of analysing the 

data. Researchers argues that Big data is too large for regular software programs 

as Excel, and thereby requires specialized programs for analytics, due to the 

large amounts of complex data (Dubey et al. 2016) (Yaqoob et al. 2016). 

Because of IoT, the cloud and smart assets, there are huge amounts of incoming 

data that are continuously growing to be collected and analysed. Big data is 

useless if not analysed and used to drive for decision-making. Organisations 

have to find ways to process the large volume and fast moving and diverse data 

into useful insights. This process can be divided into five stages that can be 

divided into two sub-processes as: Data management and analytics that can be 

seen in Figure 3.  Where data management involves processes and supporting 

technologies to acquire and store data and then to prepare and retrieve it for 

analysis. Where the analytic part is techniques to analyse and acquire intelligence 

from big data (Gandomi et al. 2015).  
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Figure 2. Big data processes (Adapted from Gandomi et al. 2015) 

One of the big challenges of big data analytics is how to visualize it in order to 

support the decision-making of different levels in the enterprise (Mourtzis et al. 

2016). There are visualisation systems as Business Intelligence (BI), is a term for 

decision support systems that are based on the integration and analysis of 

organisational data resources toward improving business decision-making 

(Alxenit 2015). BI systems has the potential to maximize the use of information 

by making the platform that has the capacity to structure large amount of 

information and making is accessible for evident decision making. BI can be 

categorized into three processes: analysis, monitoring and reporting (Petrini et 

al. 2009). 

Researchers have identified the analytics of the big data as a critical technology 

to support the data acquisition, storage and analytics in data management 

systems in modern manufacturing. Organisations need to conduct big data 

storage and analyse it to make decisions related to their manufacturing and 

strategy goals, where methods are needed that can process big data and analyse 

its data related to sustainability (Dubey et al. 2016). 

2.1.4. Sustainable manufacturing  

Sustainability is defined as a quality that permits to preserve, to keep or to 

maintain something, when something is sustainable it can be kept. Where the 

definition of sustainable development is “development that meets the needs of 

the present, without compromising the ability of future generations to meet 

their own needs” (Garetti & Taisch 2012). In the past sustainability was mostly 

linked to environmental, today the term is defined with three dimensions: 

Economic, social and environmental (ibid). Considering the big impact of 

manufacturing to the world’s development, sustainable manufacturing can be 

considered as one of the most important issues to address for pursuing the big 
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picture of Sustainable development (ibid). Last years there has been presented 

many definitions of sustainable manufacturing, Badurbeen et al. (2017) defines 

sustainable manufacturing as: 

  

“At the product, process and systems levels must demonstrate reduced 

negative environmental impact, offer improved energy and resource 

efficiency, generate minimum quantity of wastes, provide operational safety 

and offer improved personnel health, while maintaining and/or improving 

the product or process quality with overall lifecycle cost benefits” (Badurbeen 

et al., 2017, p.20).  

 

Investments of new Internet and communication technology are usually 

invested for cost reductions and time efficiency in the production, but looking 

at the sustainability aspect of it, the gain is lowering the resource consumption 

and making the production more energy efficient (Bradley et al. 2017). Beier et 

al. (2018) discussed the transparency of the production as a prerequisite for a 

more sustainable production, where they made a survey that gave the result 

there are potential benefits with IoT for a more sustainable production.  

Since the population is growing and the standards are getting higher, the impacts 

of the ever-increasing resource use of the planet are getting more and more 

obvious. The manufacturing industry attitude is changing due to sustainability 

pressures from maximum profit with minimum capital investment to maximum 

value creation with minimum resource consumption. To minimize the resource 

consumption visual management systems should be implemented in the 

production process for a greater transparency (Steenkamp et al. 2017). 

According to Dubey et al. (2016) Big data is one of the emerging research areas 

that can be considered as a game changer in the manufacturing sector for a 

sustainable production.  

Figge et al. (2014) discusses the rebound effect when aiming for eco-efficiency, 

to reduce the environmental impact from resource consumption, but the 

resource consumption than might gain. Figge et al. (2014) concluded that both 

Eco-sufficiency and Eco-efficiency could be linked to the rebound effect, but 

that it wasn’t a certainty. They concluded as well that the rebound effect would 

be positive for other market participants. 

Larger companies have over the recent decade developed the capability for 

sustainable manufacturing, where small or medium enterprises have often 
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barriers and more challenged for the development of sustainable manufacturing 

due to they often lack the awareness, expertise, skills, finance and human 

resources to build the required changes for sustainability within the 

organisation. But despite the barriers, changes towards sustainable 

manufacturing by environmental management systems still gave benefits for 

SMEs (Singh et al. 2016). 

Sustainable manufacturing decouples between environmental pressure and 

economic growth, by making the production more efficient. Resource efficiency 

is one of the key activities for sustainable manufacturing, prevention of waste 

will reduce the use of raw materials, reduces the energy command, increases the 

waste segregation which reduces the environmental impact as well as improving 

the economical and social impact for a more sustainable manufacturing industry 

(Shahbazi 2018). Where Prevention is the most favoured option to reduce and 

manage waste in the waste hierarchy (Van Ewijk & Stegemann 2016). 

2.1.5. Summary 

The key characteristics of Smart factory are: information transparency, 

autonomous control, as well as sustainable manufacturing. The ICT that will 

make way for the digital transformation as IoT, Cloud computing and Big data 

have been presented to get an understanding of the value of the technologies. 

Sustainable manufacturing is also a part of the vision towards a Smart factory. 

There is a need to decouple between the economic growths with the 

environmental impact.   
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2.2. Barriers for a digital transformation 

2.2.1. Organisation and changes 

The Cambridge dictionary (2018) defines an Organisation as “a group of people 

who work together in an organized way for a shared purpose”. Bolman & Deal 

(1997) defines the organisations to be complex, full of surprises, deceptive 

phenomena, and ambiguous. The interplay between different individuals, 

groups and department of the organisation may have different cultures, 

environment and objectives. The organisation may be deceptive since the 

communication usually rarely are honest or open, or comes in the wrong time. 

The ambiguous and unclearness can be of several factors, as the information 

might not be clear and people of the organisation interpret it differently. 

Different leaders may have different objectives, they might not really be sure of 

what really is happening, not having enough resources, don’t really know who’s 

role it is to complete different assignment etcetera.  

Vey et al. (2017) describes the phenomena of the digital transformation and its 

pressure for changes in the organisations. Vey et al. (2017) distinguishes four 

reasons why the digitization impact is not yet fully recognized and implemented 

in the organisation as followed: 

 

“1) There is a lack of imagination and strategy, coupled with increasing 

unpredictability 

 2) A lack of agility and insufficient encouragement towards innovation.  

 3) A lack of pertinent competencies and insufficient innovation culture. 

 4) New roles and action areas for learning & development (L&D) (Vey et al. 

2017, p. 22).” 

With more steps in the hierarchy of the organisation, the harder the 

communication within the organisation may be, it also gets harder to get things 

done or change something in the organisation (Bolman & Deal 1997).   

To make an organisational change is difficult, it happens when there is a 

transition from a current state to a desired future state. New technology can be 

seen as a key factor making organisations change in order to stay competitive.  
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2.2.2. Change initiative and change management 

With organisational changes the employee resistance may be a complex issue. 

With a change initiative, the management must carefully anticipate and diagnose 

employee resistance that may come with the change process. Burchell (2011) 

defined a research gap where change leaders didn’t really know how to anticipate 

and diagnose potential resistance before a change initiative. He defined a plan 

to diagnose and manage IT change resistance and concluded when the possible 

resistance have been identified, possible a plan of action and a timeline for the 

IT implementation can be created.  

Dehmlow (2016) who started a change initiative to move 80 % of their 

technology infrastructure of their office into the cloud noticed the importance 

of change management. They noticed the personal developed habits with 

processes as well as emotional attachment to certain way of doing things. They 

developed some strategic approaches for the change management:  

1. Explaining the case – Staff can adjust to changes when they understands 

why changes are being made.  

2. Consistency and persistence – The acceptance for the change can be 

hard, but by listening and integrating their opinions will show that their 

opinions matters and they can feel the approach of the implementation 

is built on something solid.  

3. Training and investments – IT developments requires investments and 

not just for the IT infrastructure, but as well for the development of 

knowledge and skills regarding the implementation. It will both give 

them the tool to be successful with the implementation as well 

motivational for investing in their job development as their job security.  

4. Envisioning the future  - With the new IT changes new roles developed, 

with fewer task for operational level there will be changes for the staff 

with newly defined roles (Dehmlow 2016).  

Stumpf et al. (2013) highlighted employee motivation for a change initiative was 

driven by both extrinsic rewards (Pay, promotion) and intrinsic rewards 

(Meaningful job). As well the research support that employee motivation gives 

a positive outcome on change programs, and especially the intrinsic rewards.  
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2.2.3. Digital strategy 

Kang et al (2015) identified strategy as a key driver for the digital transformation, 

without a strategy the technology won’t really matter. They argue that the 

success factor for changing the business is a clear digital strategy that should be 

supported by leaders that fosters a culture for change and innovation.  The 

research argued the lack of a digital strategy is the biggest barrier for the digital 

transformation in the early stages, when the transformation has been more 

developed barriers as competing priorities and digital security is of greater 

importance.  For the digital strategy the power is the scope and objective to be 

able to achieve it.  

2.2.4. Digital culture 

Shaughnessy (2018) states the dramatic culture change as well that has to be 

made. The digital transformation requires both technical- and culturally 

changes. As the changes are being made the organisation have to remember that 

the true goal is to provide value for their customers. Where also Raut (2017) and 

Loonam et al. (2018) discusses that culture is the most important enabler for the 

digital transformation. Without people, the technologies and tools won’t make 

any difference. Raut (2017) says that the culture is the operating system of the 

organisation, and many leaders underestimates the importance for a culture 

change with the digital change. For the digital transformation it is important to 

get everybody involved in the organisation from leaders to frontline employees. 

Loonam et al. (2018) discovered the core of the digital culture as speed to 

market, collaboration and smart use of data.  

Buvat et al. (2017) defines the digital culture to be apart of seven key attributes 

as: Innovation, data-driven decision-making, Collaboration, open culture, digital 

first mind-set, agility and flexibility and as customer centricity.  

2.2.5. Critical success factors 

Loonam et al. (2018) reviewed the managerial actions initiatives required for the 

digital transformation as externally focused with customer operations and 

business model strategies, and internally focused with the technology operations 

and organisation strategies, this thesis is limited for the internally focused 

initiatives. Loonam et al. (2018) reviewed the technical and organisational 

initiatives as followed:  
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Technical 

Where within the internally focused operational perspective for the technology 

Loonam et al. (2018) found three key approaches for adopting a technology-

centric perspective; first was the integration approach for systems across the 

organisation where customer requirements and preferences be integrated to the 

shop floor for example, to be able to see everything in one place. The second 

was the importance to get insight from the analytics and big data, the ability too 

analyse the data. The third was to and to build “cross-platforms” around social 

and mobile tools for their customers. 

Organisational 

For the internally focused Loonam et al. (2018) defined three different strategic 

perspective approaches for the organisation as recognizing the importance of 

fostering a digital culture, identifying the critical success factor to execute the 

digital transformation and to focus on organisational structures and pressures 

rather than just technologies to make changes.  They discovered the critical 

success factors as effective leadership, a focus on change management and 

organisational wide communication. Where as well Kumar et al. (2018) explored 

the relationship between success factors for implementation of advanced 

manufacturing technology (AMT), and what changes is needed as a result for 

the implementation. They defined Education and training for employees as the 

most critical factor, especially with new technology with the utilization of it, 

education and training with it is an important asset for the manufacturing 

operators.  

Other critical success factors as the organisational structure, the numbers of 

engineering’s, wide variety of skills and the work environment were important 

factors for the AMT implementation. As well critical success factors as 

Management know-how, Technical know-how, meaning that the management 

supports the implementation, gives proper funding’s for the implementation, 

and as well for the technical know-how of the critical success factors as 

availability of professional consultant help with the AMT implementation.  

Finally Kumar et al. (2017) defined the manufacturing strategy as well as a critical 

success factors, defined objective for the implementation. They found all these 

factors to be positively related to the implementation of AMT. 
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2.2.6. Implication of a digital transformation  

Gölzer & Fritzsche (2017) conducted a research to review the implications of 

the digital transformation in the industry for operations management and how 

the new digital technologies are affecting the management with data-driven 

management. Their finding is that the digital transformation of industry shifts 

for improvement in efficiency and effectiveness from the physical production 

process to the management of data involved in it. This process requires 

integration of data, a standardized way to interpret and interface the data this to 

enable efficient communication and data exchange. The Future vision should 

be to integrate both vertical, horizontal and with a life cycle perspective.  

2.2.7. Summary 

With the digital transformation there will be barriers since organisations are 

complex and change initiatives requires change management. There have been 

some researchers conducted on why the digital transformation haven’t come 

further that there have been barriers for the digital transformation as lack of 

imagination and strategy, lack of agility and insufficient innovation culture. 

There may be issues as developed habits with processes as well as emotional 

attachment to certain way of doing things that might develop employee 

resistance. The digital transformation will change the organisation, and there 

will be a need to change the company culture.  

Critical Success factors for a digital transformation can be seen as:  fostering a 

digital culture, identifying the critical success factor to execute the digital 

transformation, to focus on organisational structures, effective leadership, a 

focus on change management, organisational wide communication, Education 

and training, Management know-how, Technical know-how, proper funding’s 

for the implementation, availability of professional consultant and 

manufacturing strategy with a defined objective for the implementation.  
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3. Methodology 

This chapter will describe the methodology used for this thesis, the research approach, research 

design, data gathering, sampling, analysing method and lastly the quality of the research. 

3.1. Research approach 

The purpose of this thesis was to examine the digitalisation in a small 

manufacturing company. To first examine its potential impact and secondly 

what barriers they are facing for the digitalisation and a possible digital 

transformation, to furthermore give managerial and practical implications for a 

digital transformation. Research is conducted to enhance knowledge where 

research can be classified into various categories as: Descriptive, Exploratory, 

Predictive and Causal research (Godwill 2015). This research will be descriptive 

and exploratory; meaning the phenomena of the digitalisation will be described, 

and then exploratory to try to explore its potential and barriers.  

3.2. Research design 

Depending on the purpose of the research the investigator has to decide on 

what type and then what forms of research that will best serve the goal of the 

study. The research design defines the “How” part of the research conducted. 

This research had a case study and literature review research design. Where case 

study focus on one unit or an organisation, and the literature review don’t 

contribute to any new knowledge but can give a new perspective (Mligo 2016). 

The research was conducted for a technical consultant firm that specializes in 

industrial digitalisation, and the case study is a smaller company that just started 

their digitalisation. The company was chosen since it was a typical small and 

medium sized enterprise that felt they needed to get further with their 

digitalisation but struggles with resources.  

There are two domains of research methods: Quantitative and qualitative 

research. For this descriptive and explanatory purpose of its potentials and 

barriers, a qualitative research was fitted best to conduct. Qualitative research 

uses methods for data collection and analysis that will describe reality as 

experienced by the respondents (Adams et al. 2007). Since the digitalisation 

towards a digital transformation is an on-going process, a longitudinal research 

design would be best suited, but since time was limited to 20 week a cross-

sectional study was used. Cross-sectional means the data was taken at one time, 

but during interviews and observations, the questions were asked regarding the 
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transformation, how it was before and its potential for the future and how they 

thought it would be.  

This research had an iterative approach, that can be seen in Figure 3, where new 

literature review were conducted with the empirical findings and theories that 

would contribute for a greater analysis that will end with a final conclusion with 

a theoretical contribution.  

 
Figure 3. The research process for this thesis 

3.3. Literature review 

To describe the phenomena and get a understanding of the conceptual 

framework of the study a literature review was made with key words as: Smart 

Factory, Digitalisation, Digital transformation, Cloud manufacturing, IoT, 

Business Intelligence platform, Big data, Sustainable manufacturing, World class 

sustainable manufacturing, Change management, Change initiative, 

Organisational change, Digital culture. All of these searches where made in 

Karlstad University’s “One Search” and “Google Scholar”.  

3.4. Case study 

Case studies are very effective to analyse an organisation or a unit. Case studies 

investigates an in depth and within its real-life context over a duration of time 

(Neuman 2000; Farquhar 2012).  Cases can be individuals, groups, organisation 
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or geographic units and the data is usually extensive. Most of case studies use a 

qualitative approach. Almost all-qualitative research tries to find an in-depth and 

detailed knowledge of a case (Neuman 2000). According to Yin (2009) case-

studies are preferred in situations When, how or why questions are being asked, 

when the research has little control over the event and when the focus is on a 

contemporary phenomenon.  

For this research a case study seemed natural in order to investigate in depth 

and a real-life context how a small manufacturing company have started their 

journey for a more sustainable production with the digitalisation and their 

barriers. This can be seen as both a weakness and a strength of the research, 

since the objective haven’t been fully implemented, the strength is there have 

been barriers along the way, but the weakness is that there might occur more 

barriers when it is fully implemented, this research will try to anticipate barriers 

that may occur as well.  

3.4.1. Methods for the data collection 

There are numerous ways for data collection; there are primary and secondary 

data. Primary data is the data collected by the researcher, and secondary data is 

already conducted elsewhere. It is very important aspect for the research design 

and the ability to answer the research questions. Due to time limitation it is 

important to think how to most practically collect the data needed to answer the 

research questions, for this research primary data were needed even though it is 

more time-consuming for the researcher (Adams et al. 2007).   

3.4.2. Observations 

Observations are an important element for data collection. Many researchers 

often find important finding by accident and captured from an observation, a 

finding that could have been hard to catch by other data collecting methods 

(Adams et al. 2007). Especially since the actions and behaviour of people is a 

central aspect of many researches, and to observe can then be a obvious 

technique (Robson 2002) The observation should be transcribed in a notebook 

or in a laptop, so it can be analysed and interpret afterwards (Adams et al 2007: 

Robson 2002). There is direct observation, that is observation by the researcher 

and there are two fundamental approaches, participant observation and 

structured observation. Participant is amore used in flexible design and 

essentially qualitative style and the structured have fixed design and quantitative 

style (Robson 2009). There may be an issue with observation, that the observer 
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may disrupt the way they work. This can be overcome by making sure the 

observant aren’t aware they are being observed, or they can get accustomed to 

the presence of the observer and work as usual (ibid).  

In the beginning of the research a tour was conducted to understand the 

production process in the manufacturing company, a notebook was brought, 

and notes were taken about the production process. Observations was also 

made during the times research were conducted at the company, a word 

document was used to put down thought, and thoughts about barriers, issues, 

mind sets or things that came up interesting during the research time were 

written down.  Lastly, before interviewing the operators observations was made 

in the production floor, following the operators and their habits in the 

production floor. The aim of the observation was to see how they were 

geographically set, their teamwork their objectives and obstacles.  

This to get an insight of their everyday work and to be able to fit interview 

questions for the operators. The observations were made with interaction with 

general questions to get an understanding of the organisation and their work 

habits. The interaction was also made to make the observers comfortable and 

work as normal. The observations were made for the description of the 

production today that is described in chapter 4, and contributes some part to 

chapter 5 as well.  

3.4.3. Interviews 

The purpose of conducting interviews may be to understand the organisation 

and their beliefs where you conduct your research (Adams et al. 2007). 

Depending on the purpose different types of interviews may be conducted. 

There are three types of approaches when conducting interviews: Fully 

structured, semi-structured and unstructured interviews (Robson 2002). 

For this purpose a explorative unstructured interview were conducted at first 

with three of the decision-makers in the management in the beginning of the 

research to get a better understanding of their production and their issues, this 

to getter a better understanding of the digitalisation and also to determine 

suitable questions for the interview guide. This also helped to build up the 

relationship so they would feel more open for discussions.   

For an assessment of the potential and barriers that may come up with the 

digitalisation, interviews were conducted with semi-structured in-depth 

interviews with decision makers in the management, questions were asked how 
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it has been earlier and what potentials they see with the digitalisation. These 

interviews were divided in two times, since new questions came up during the 

research. Semi-structured interviews were also conducted with three of the 

operators in the shop floor. It was the same people that were observed that 

participated in the interviews. Semi-structured in-depth interviews were also 

conducted with the system developers of the technical consultant firm regarding 

potentials and barriers when implementing new technologies for the industries 

in general.  

An interview guide was used to structure the interviews, which can be seen in 

Appendix 1. Word-association was used for digitalisation and sustainability, to 

get their personal perception of digitalisation and sustainability. Then followed 

questions were asked for the exploratory understanding of why digitalisation is 

implemented, its potential, what barriers there are and how it can affect a more 

sustainable production. Most of the data from the interviews were presented in 

chapter 5, potentials and barriers.  

Following people were interviewed: 

Table 1. Conducted interviews 

Interviewed Firm Location Date and time 

1. Production 

manager 

Manufacturing 

Company 

Company, F2F 19/3 +16/4, 41 min 

2. Quality manager Manufacturing 

Company 

Company, F2F 19/3 +16/4, 37 min 

3. Financial manager Manufacturing 

Company 

Company, F2F 19/3 +23/4, 27 min 

4. Process operator Manufacturing 

Company 

Company, F2F 25/4, 15 min 

5. Process operator Manufacturing 

Company 

Company, F2F 25/4, 20 min 

6. Process operator Manufacturing 

Company 

Company, F2F 25/4, 25 min 

7. Area manager Technical consultant Consultant firm, F2F 10/4, 1h 10 min 

8. System developer Technical consultant Consultant firm, F2F 28/3, 30 min 

9. System developer Technical consultant Consultant firm, F2F 29/3, 35 min 
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3.4.4. Documents 

A sensitivity analysis was made of a potential gain for the reduction of waste for 

a more sustainable production. Documents from the manufacturing company 

and their waste were used for March 2018 and can be seen in Appendix 2. The 

data was first categorized into three categories depending on the reasons for 

waste. The data was then used in equation (1) to calculate the variance of waste 

for the different categories.  

𝜎2 =
∑(𝑥 − 𝑢)2

𝑛
                 (1) 

Where 𝜎 is the variance, x waste in procentage for every batch, u the mean value 

of waste in procentage, and n the number of batches.  

For the sensitivity analysis, the company estimated a potential percentage for 

the waste reduction. They estimated a reduction of 10-20 % in the start up of 

new qualities. The mean value was calculated for March 2018, and of a 10 % 

and 20 % waste reduction in the start up of new qualities. With the mean value 

a calculation of the cost for the waste and the energy usage for the waste and its 

Co2-emission for the energy used. The equations that were used can be seen in 

Appendix 3.   

3.5. Sampling 

It is important to collect a suitable sample for the purpose of the research 

questions; this process or technique is called sampling. Sampling includes what 

size it should be, whether the size is justified and what method of sampling 

should be used. The two most basic sampling techniques are: probability sample 

or non-probability sample, defining if the participants have an equal chance of 

being selected, or if they are chosen cause of personal judgement. This thesis 

has used a non-probability sample since the research design is for a case study 

and the interviews were made with decision makers and the operators of the 

manufacturing company, and then as well the people who implemented the 

digitalisation project for them. As well the observations were made of the same 

people that later were interviewed. A purposive sampling sample was made that 

means a probability sample that conforms to certain criteria’s. In this case a 

judgement sample is applicable. A judgement sample was made out of who in 

the organisation would be affected by it and what the digitalisation would mean 

for them, both interviews and observations had a purpose to see possible 

potentials and barriers that may come up (Adams et al. 2007).  
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3.6. Qualitative data analysis 

Qualitative research with semi-structured interviews may give a lot of data and 

the challenge will be to reduce what is important, without coding the data will 

not be manageable to interpret (Farquhar 2012). 

This thesis will be in the exploration phases for the interviews with aim to detect 

patterns, identify deviants and oddities of the interviews and as well their 

opinion will be identified in to two categories. The main purpose of the data 

analysis is to summarise and organise it to get insight to answer the research 

questions (Adams et al 2007; Farquhar 2012).  To organise the data interviews 

were transcribed. Then it was categorized key points were taken out, what they 

said different and what were similar. This similarities and oddities where then 

put under categories that were suited. From this text factors that may affect the 

digitalisation and a possible digital transformation was seen as barriers or 

incitement, if they had a negative or positive affect for the digitalisation.  

Any negative factors or barriers were categorized as Brake-blockers and positive 

factors and incitements as Re-thinkers. The interpretation of the interviews was 

then presented as empiric results from two types of personas; Re-thinkers and 

Brake-blockers.  

There are two types of approaches for a qualitative data analysis deductive and 

inductive. Deductive research approach start from general theories to a specific 

situation where inductive research approach moves from a specific situation and 

gives a general theory (Goodwill 2015). An abductive research approach uses 

both the empirical and theoretical dimension for a conclusion. For this research 

the barriers will be analysed from the data collected and explained from a 

theoretical perspective to find a suitable conclusion (Goodwill 2015). It was also 

used a systematic combining approach, meaning that relevant literature review 

were conducted with the empirical findings and theories that would contribute 

for a greater analysis (Dubois & Gadde 2002).  

3.7. Trustworthiness 

To determine the trustworthiness in this research, Lincoln and Gubas (1985) 

criteria’s for trustworthiness was used. The criteria’s are credibility, 

transferability, dependability and conformability.  

Credibility, which is the naturalist substitute for internal validity, shows the 

credibility of the data. In this research data triangulation was used, the data came 
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from multiple sources, interviews, observations and documents, and several 

people were interviewed an observed on different times.  

Transferability, which is the naturalists substitute for external validity that 

demonstrates if the findings are applicable in other places. Management, 

operators and technical consultants were interviewed to get a wide range of 

insights in different opinions, and a thick description of the case was made for 

the transferability to similar organisations.  

Dependability, which is the naturalists substitute for reliability, to ensure the 

findings are accurate. Therefor supervisors and external researchers have 

critically read and opponent the research and questioned its methods.  

Conformability, which is the naturalists substitute for objectivity. In this case the 

researcher had no personal agenda for the company, and was objective in the 

opinion of the research. 
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4. Description of the case study 

This chapter presents the data collected from the case study in the order of, company description, 

current production situation and their digitalisation project.  

4.1. Company description  

The company is manufacturing nonwoven and is located in Sweden. It was 

originally established 1959, in 2008 it went bankrupt and its assets were bought 

by a major nonwoven manufacturer based in Spain, but its key personnel stayed, 

and was transferred to the new subsidiary of the major industry.  

The company is in the interface between a small and medium sized enterprise. 

They are around 50 employees and the turnover and operating profit for the last 

five years can be seen in Figure 4. The diagram indicates a growth for the last 

five years, but the trend for the last year is a decreasing trend for both the 

operational profit and turnover.   

 
Figure 4. Diagram of the company turnover and operating profit 

 

4.2. Current production situation 

The company is manufacturing nonwoven where they have two different 

production lines, called 789 and 5. Production line 789 that can be divided as 7, 

8 and 9 is producing nonwoven used for the car automotive industry, and line 

5 is producing nonwoven for the medicine industry. Since they are a smaller 

company, they are not able to compete with the bigger nonwoven production, 

and therefor specializes in producing different high quality nonwoven solutions, 
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and therefore have to produce different types of requirements and qualities, 

most of the orders are based on unique recipes. Where the unique recipes can 

be seen as a trial and error production. Waste also occurs in the start-up of new 

qualities, to adjust to the right parameters as speed and tension for example for 

the line.  Waste prevention and energy consumption are their main factors for 

a more sustainable production.  

The production line that will be focused on in this thesis is from 8-7 called line 

87, can be seen in Figure 5 and 6. Figure 6 shows the process and its machines 

and Figure 7 shows an actual drawing of the production process, from the 

carding machine 8 until the retractor in line 7. The focus will be on line 8 to 7 

since that is where the digitalisation project is starting.  

 
Figure 5. Line 87 and line 97 
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Figure 6. Line 87 and line 97 

The operators are divided in five different shifts, where it is three per day and 

two on weekends, they are divided to be responsible working with the different 

lines, 8,7,9 or 5.  

To achieve a greater control of what parameters in the production affects the 

quality and product characteristics the operators write down all the parameters 

of the production, and what receipt that was used for every product, this sheet 

will be referred to as receipt sheet in this thesis. During the observation an 

operator were followed while the receipt sheet was filled in, this receipt sheet 

can be seen in Appendix 4.  

The operators are very self-propelled from the management on the shop floor, 

and they consider teamwork an important factor to adjust the production as fast 

as possible, and as well to analyse any errors in the production. They value 

teamwork to produce less waste.  

Receipt sheet  

There is always someone in charge for every line that is responsible to write 

down the parameters today in a report sheet. Today the report sheet is printed 

from a computer in the shop floor. The report sheet has two columns, one with 
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the parameters there should be that is already filled in the computer depending 

on what product they are doing, in the other column the parameters that are 

actually in the production line should be filled in manually by the operators, the 

receipt sheet can be seen in Appendix 4. The reports to fill in are long with 60 

parameters for line 87 around the shop floor, and it takes around 15 min to 

check of the list and to put it back in to the computer. Where it is usually handed 

over to the ones in charge for the lines to fill in their parameters. They write 

what product they are producing and the date of it on the sheet with the 

parameters, then they go back to the computer and write down their parameters 

in the same excel file for that product and saves it on their server, so it can be 

used later on to know what parameters that achieves the quality required. There 

is a space to write down comments, if there was any special to think about. The 

parameters used when a batch does not meet its requirements are not saved. It 

may be hard to analyse the errors when only parameters that gave sufficient 

quality are saved. The walking distance for making the report can be seen in 

Figure 7. 

 
Figure 7. Walking distance for making the report 

The receipt sheet is supposed to be filled in after every quality change, but it 

isn’t always filled in, this because many feel they have good experience and 

knowledge about what parameters there should be, but it is an issue then that 
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the knowledge doesn’t convey to the other and newer operators. One of the 

operators also said that they don’t always has time to fill in the report, and 

sometimes they don’t do it when they have had the same quality many times 

that it feels unnecessary. One operator said it is the one in charge for the line 

that was responsible to fill in the paper, another one said it sometimes get 

forgotten cause they think someone else have done it, and it is unsure who 

should do it.  

They feel it is a lot of work to fill in the report; it could be done more smoothly 

with an ipad or something. They are saying the reports are helping them and 

that they are good to have, but they don’t always have time to write them.  

Quality assurance 

In the end of every nonwoven batch they extract apiece where they make a 

quality control, they control the weight, thickness, not flammable, tensile 

strength, and checks it holds for having water, diesel and oil on it for two hours. 

These measurements are written down on a paper that can be seen in figure 8. 

Figure 8 shows a normal filled in paper with the quality parameters of a product, 

and the product number.  

  

 
Figure 8. Quality parameters of a product 

Then they go back to the computer and write the numbers of the quality control 

in their SPC system on the computer.  

The walking distance to make the quality control and to go back to the computer 

can be seen in figure 9.  
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Figure 9. Walking distance for the quality control 

They are saying the quality usually gets approved but, they get a lot of waste 

when they are making new qualities in the beginning in the start-up to get the 

right parameters, as well they get some waste if the batches may have something 

defect as holes or scratches, but this can be cut off. This is then calculated and 

put in their enterprise resource planning system as a percentage of how much 

waste there was on a batch. This is also calculated in the quality assurance room 

and put down on a paper and then later also written down in to the computer, 

with the same walking distance as in Figure 9.   

Smaller problem of why a quality went wrong they are already trying to solve 

themselves, bigger ones the management does with the data from the receipt 

sheet.  

Production plan and objectives 

During observations a planning sheet was noticed put by the computer and next 

to the carding machine, where they put in the new recipes. This planning sheet 

shows what product that should be produced the next coming days, and there 

is also included some maintenance aspects in the planning sheet. As well as 

planned waste and time efficiency level, and what customers they are for, what 

width and the speed target of the line.  The operators are always working with 
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this planning sheet, and they underline the product when they have produced 

the product.  

During observations an operator told that feel they have too little knowledge of 

their customers requirements sometimes. They can be a bit unsure if a batch 

would be approved or not, and it can sometimes depend on which customer 

they are how important different aspects are.  

The management put out sheets to define the objectives and the actual 

production of waste produced from the line every week for the past year can be 

seen in Figure 10.   

 
Figure 10. Objective and the actual production of waste for line 87 

 

A calculation was made where the waste was categorized as three causes, The 

waste produced in the start-up with a new quality, waste produced as a start-up 

within a batch and the third were different errors within the production as 

scratches and holes for example. The variance was calculated and the max, mean 

and min value can be seen in Figure 11.  
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Figure 11. Waste and its variance in the production for line 87 in March 2018 

 

Most of the waste comes from the start-up when changing a quality. The 

variance is also highest there showing its volatility.  

4.3. The digitalisation project 

The technical consultants and the manufacturing company started the 

digitalisation project and meetings were held to discuss what the manufacturing 

company wanted to accomplish and what their issues were end of June 2017. 

The company wanted better control and a better transparency of their 

production. The ideas of what should be included in the platform came from 

the company, they decided they wanted the receipt sheet with the parameters of 

the production in real-time to be able to analyse errors in the production, and 

analyse how parameters may affect the quality of products.  

The technical consultants then made IoT architecture for the company that can 

be seen in figure 12. It consists of an architecture with a cloud service from 

Microsoft called Azure, it collects raw unstructured data from three different 

PLC and different sensors in the production, the data is saved raw and 

unstructured, and 47 parameters that were affecting the quality of the products 

were transformed to structured data and visualised in real-time in an Business 

Intelligence system called PowerBI from Microsoft.  
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Some of the parameters in the PowerBI can be seen in figure 13, its shows 

humidity and temperature in real-time. The digitalisation project started in June 

2017 and the platform was finished and introduced to the management of the 

company December 2017, so far the management has used it to find errors that 

have occurred, but there are changes to be made with some data that is 

visualised so it haven’t been implemented to the shop floor and introduced for 

the operators yet. There have been some delays and barriers but the objective is 

to get the platform presented in the shop floor. 

IoT Hub
Raw data collector

SQL database DW
Structured data

Azure Function
Store raw dataAZURE

data-collect

Azure Function
Transform to structured data

Storage blob
Raw data

data-process

Achitecture

Power BI

Figure 12. IoT architecture for the company 
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Figure 13. Parameters of temperature and humidity in the shop floor in the PowerBI platform 

 

The operators haven’t been apart or heard that much of the digitalisation project 

yet, one that had heard about it the receipt being saved in the PowerBI platform 

thought it was badly constructed. This since they many times just change 

parameters after the receipt, instead of starting it over, because that is more 

effectively, and this doesn’t get saved as a new receipt sheet in the platform then.  
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5. Empirical findings 

This chapter will present analyses of the findings that were made from the case; it will show 

the potential for the digitalisation and the potential for a more sustainable production and 

lastly the barriers for the digitalisation towards a digital transformation in this case.  

5.1. Potential for the digitalisation 

The potential for the digitalisation refers to the impact and change that will 

happen with the digitalisation project for the small manufacturing company. 

Since its not fully implemented there may be even more or less potentials that 

are still unknown.  

From observations it was noted that the walking distance for the receipt sheet 

will be removed when the digitalisation project will be fully implemented and 

the changes of the parameters in the PowerBI will be fully developed. The data 

of the production will then be digitally and automatically saved in real-time. This 

will save approximately 15 min per written receipt sheet for the operators to 

work with their actual objective, to prevent any errors with the production. All 

the parameters of the production would be saved as well, the parameters that 

gave insufficient quality of the batch and the ones that gave sufficient quality.  

The walking distance to make the quality assurance will remain since this data 

of the quality is taken manually after the production. The time for the walking 

distance could be reduced by installing a tablet or a computer in the quality 

assurance room, this so they don’t have to first write the numbers down on a 

paper and then walk back to the computer, this was written in the observation 

notes where the operators commented that this would facilitate their work 

routine. Many human errors may occur when they are written down twice, first 

on the paper then from a paper to the computer. This is the same issue to keep 

track of how much waste there are, human errors of writing it down twice, and 

the same walking distance, this could be removed with a tablet or a computer in 

the quality assurance room.  

Since the PowerBI is a cloud service it can be opened on any computer with an 

Internet connection making the information flow of the production more easily 

accessible for all the employees, which can make way for a greater integration 

of information within the organisation.  

From interviews and from interaction within observation they said there would 

be of great value of having the parameters in real-time instead of manually 
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collecting the parameters when the production is stable, it will be greater to 

analyse the data, to see the process of every parameter getting into the right 

velocity, tension, temperatures etcetera. It will be easier to analyse the 

parameters and its fluctuation. 

 

“I think digitalisation is positive, it will be easier to find the data and to get 

more knowledge of the production, today we use the receipt sheet to get it 

more standardized, but the paper work is kind of clumsy” – Interviewee 4 

 It will be easier for the operators to see if any parameter goes beyond the 

minimum or maximum value on a screen. Today Interviewee 4 said it is the 

manually knowledge, they see it with their eyes if there are any errors occurring 

in the production. With digitalisation their manually experienced knowledge will 

be changed into a data-driven control.  

 

“There is so much to gain from digitalisation, today we are very depended on 

the operators knowledge and in my opinion the parameters for every quality 

have been to general, where every operator can do as they feel like, and they 

don’t always follow the receipt-sheet, and they have different opinions on 

what parameters should be used, with the data we can see what parameters 

are needed to meet the requirements.” – Interviewee 1   

 

“Digitalisation would reduce the dependency of the manually experienced 

knowledge of the operators.” – Interviewee 2 

There is also a great value of the visualisation to prove myths wrong within the 

walls of the company, on how to optimize the production, where the 

management said during interviews they has felt that the visualisation facilitates 

change initiatives within the production, to get it more standardized, to actually 

show the parameters needed, to actually have proof.  

During interviews they were also asked what could further be done, there is 

further potential for the digitalisation to improve their platform, more data can 

be collected as the data from the SPC can be saved to the cloud and could be 

saved on one platform where the recipes, the parameters of the line and the 

quality achieved could be on one place for an easier overview for the operators 

and management. 

The planning sheet can as well further be digitalised, and put on a dashboard, 

and to be able to be in real-time for a greater information flow, and there could 
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be improvements made to get more access for specific customer requirements. 

The production of waste is calculated backwards depending on how much waste 

was produced and can’t be put in real-time.  

5.2. Potential for a sustainable production 

In this case looking at the challenges for a more sustainable production the main 

issues according to the management are the energy consumption and waste in 

the production. So far they have had insufficient transparency of the energy 

consumption, and of factors that may affect the quality to be able meet the 

quality required by the customers.  

 

“The most critical factors for a more sustainable production would be to 

produce right to minimize our waste and also to lower our energy-usage.” – 

Interviewee 2 

In this case the most gain for a sustainable production for this company is the 

transparency of the data collected. The company believed it would prevent 

waste and minimize the energy consumption at first, and then later also improve 

the time-efficiency of the line. They said during the interviews that the data 

collected would give a greater control of the production, and it would improve 

the efficiency of the line by improving the start-up to faster adjust the line in the 

right parameters to meet the quality required for their customers. Before this 

digitalisation project, the company didn’t really have great knowledge of the 

energy consumption for their heaters. With the transparency the company can 

analyse and optimize what temperatures are necessary for the quality required. 

The transparency can facilitate to make the production more standardized 

between the shifts regarding what parameters they are using.   

Today the platform have been useful for the management to prove some myth 

wrong, they have also used it to find errors when the production didn’t meet 

the requirements.  In general none of the interviewed believed in any special 

rebounds effect that would occur with the digitalisation for a more sustainable 

production.  

A sensitivity analysis was made if the Start-up of new quality would be reduced 

by 10-20 %, the number was anticipated by the case company what they believed 

they could reduce with the digitalisation project. The Mean value was calculated 

for March 2018 and with a 10 % waste reduction and 20 % waste reduction. 

With the mean value the Co2- emissions was calculated for the energy 
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consumption for the heaters and the electricity in the production for the waste 

was calculated. The cost of the waste in SEK was also calculated and can be 

seen in Table 2, and all the data and equations that were used can be seen in 

Appendix 2 and 3.  

 

Table 2. Sensitivity analysis of the waste reduction 

 March 2018 10 % - waste 

reduction 

20 % - waste 

reduction 

Mean value of 

Waste (%) 

31,7 30,3 28,7 

Energy usage 

(Heater – Gas) 

(kWh) 

17 832  17 028 16 169 

Energy usage 

(Electricity) (kWh) 

9 896  9 450 8 973 

Co2-emissions 

(ton) 

5 855 5 591 5 309 

SEK (kr) 302 270  288 643  274 086 

Just this small change of a 10 % waste reduction in the start-up of new qualities 

have the potential to save 163 357 kr and 3 168 ton Co2-emissions in one year. 

A 20 % waste reduction in the start-up of a new quality have a potential to save 

338 219 kr and 6 552 ton Co2-emissions in a year.  

5.3.  Barriers for the digitalisation towards a digital transformation 

From the interviews the focus was mainly to understand their point of view for 

the digitalisation and a possible digital transformation, its barriers and how it 

could achieve a more sustainable production by it. The interviews were later 

coded where the people were divided into two categories when speaking about 

their point of view, the Re- thinkers and the Brake-blockers, where Re-thinkers 

are incitements and Brake- blockers barriers. Here the Re-thinkers are eager to 

make changes, and innovative solutions for the digitalization and a possible 

digital transformation and the brake-blockers believes that changes is a bad 

necessity only. In this description their point of view was determined from the 

interviews if they were a brake-blocker or a re- thinker, depending on the 

subject. 
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5.3.1. Re-thinkers and Brake-blockers 

Re-thinkers 

The Re-thinkers believed the digitalisation happening was the best way for a 

more sustainable production by the prevention of waste and the energy usage 

and the next step for the company to evolve. The easy accessible data and the 

ability of measuring things that wasn’t possible before. The data collected about 

the process can be used to analyse ways to optimise the production, preventing 

defect batches and making it more energy efficient. The digitalisation can make 

real-time data available for the shop floor that will be able to make changes in 

the production faster, and discover mistakes quicker that will make the 

organisation more involved.  

The Re-thinkers believed changes were good; that all that was needed was a 

clear purpose and then the changes happens. They believe you can’t continue 

working the same way, it comes to a stop where you can’t make it more efficient 

with traditional ways and you need new innovations. The Re-thinkers believed 

that many things could be digitally handled, and that would have saved a lot of 

time for them, and improve the control of the production. The Re-thinkers 

would have been motivated to work with the digitalisation project and to be a 

part of it. They see many benefits for the production and for themselves with 

the digitalisation.   

 

 “It is a change, but if we just get a hold of this I think everyone will 

appreciate it a lot. I only see positive gains with it” – Interviewee 1 

Brake-blockers 

The Brake-blockers believed there were other more important aspects for a 

more sustainable production. For the prevention of waste other factors were 

maintenance of the production, synchronization of the lines, the interoperability 

between the systems, different fibres have different qualities so having the same 

parameters don’t always give the same quality depending on different fibres. The 

Brake-blockers see many errors that can occur and don’t really believe it can be 

much more efficient. It is just the way it is cause it takes time to get the right 

velocity etcetera, and it doesn’t really matter that much to save all the 

parameters. The process is too complex. The Brake-blockers for the 

digitalisation believes the manually knowledge can’t be removed. The Brake-
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blockers rather use their experienced knowledge to solve the problem before 

looking into the data collected.  

The Brake-blockers believed the organisation could be a bit slow when adapting 

to changes. It usually takes some time. It is also hard to keep the motivation 

about the change up, a Re-thinker has to keep it active and work towards the 

change, or something doesn’t happen.  

The Brake-blockers don’t really believe the digitalisation will change the way 

they work that much, or that it will make any special organisational change. 

 

“The hardest is to get the organisation to understand the value of the 

digitalisation and what they can gain from it” – Interviewee 9 

 

5.3.2. What barriers are there? 

All barriers are Brake-blockers for a digitalisation. Following barriers have been 

conducted from both observations and interviews.  

Technical barriers 

From the observations it was seen there is only one computer on the production 

shop floor. In the computer they both save the SPC quality control, the receipt 

parameters, the logging into their enterprise resource planning system about 

what products have been used, and how much waste was produced. They 

haven’t had that much computer experience in general, and many of the 

operators may not feel comfortable working with a computer.  

Interviewee 4 discussed the interoperability of the lines, they have had some 

problems with the interoperability the different systems need to get better 

connected and changes as the speed of the process need to be forwarded 

between the systems quicker, leading to unnecessary wastage if not. The 

interoperability of the lines as well also affects the tension in the process, which 

changes the width of the production that leads to unnecessary edge wastage if 

not better connected, the interoperability is also a precondition for the uptake 

of digital data. They have recently bought new control systems to improve the 

interoperability.  

During observational interaction and interviews their IT skills were discussed, 

they have insufficient IT skill within the organisation and therefore is depended 
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on consultants for the implementation and the integration of information and 

for improving the interoperability with the lines.  They can’t make small changes 

quickly by themselves, which would make it faster and easier to experience what 

would be needed in the platform and what would be unnecessary for the 

PowerBI. Where it also gets to insufficient budget for bringing in consultant for 

every small change needed. 

A lot in the production process is manually handled as manual settings of the 

parameters, it is easier to collect data from production processes that are more 

automated.  

Organisational barriers 

With digitalisation towards an digital transformation an organisational change is 

required, which according to the technical consultant many organisations don’t 

really think about that much. There is a barrier for the operators of how they 

are working today, from manually experienced knowledge to data-driven. The 

management or operators didn’t believe it would change the way they would 

work that much, this will be a barrier by not really anticipating the organisational 

change.  

 

“Digitalisation doesn’t happen in a day, we make an IT infrastructure, so they 

can continue working on it for a long time, and the digital culture with it is 

something the management have to work with it, where they have to inform 

them and involve everyone in the organisation.” – Interviewee 7 

As well during interviews the organisation said they today feel they have too 

much data collected manually, and they don’t have time to aggregate and analyse 

it. A barrier may be that with ICT and the easy accessible data, that they are 

collecting too much data and don’t have time to analyse it. The data would be 

unnecessary to save if not needed.  

The operators haven’t really been included in the digitalisation project, this may 

lead to a barrier for both motivational for the operators why they even should 

use it later, as well as with the construction of the platform, what should be 

needed in the platform. As well some operator believed the money should be 

invested elsewhere leading to some operator being dissatisfied for not being 

involved.  

They have had issues with organisational changes; their organisational change 

capability could be improved. Some believed they could be a bit slow with 
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changes, and that there were in need for someone to keep the changes active, 

and this can be seen as a barrier.  

There have been some communication barriers as well, since different 

employees may believe different aspects are the most important one for the 

prevention of waste and what should be included in the platform, there is a 

deeper knowledge and experience about why waste occurs with the operators, 

and the management have a deeper knowledge of what the waste is costing 

them, and when the waste occurs and how much. As well there can be a lack of 

communication between the CEO, management and operators. The 

management and CEO purchases the fibres, the operators argued that it gets 

wrong sometimes, because the ones purchasing it isn’t that involved with the 

production. The operators said they only have meetings with the management 

once a year, for a presentation of how it is going for the company and its planned 

development. This was comments noted in the observational notes.  

One barrier for not coming further with the project has been insufficient 

budgeting of resources as time and money. The brake-blockers are saying that 

there are other aspect that gets prioritized before, the brake-blockers make small 

excuses for not coming further with project it can be seen as a motivational 

barrier, a lack of encouragement for innovation and insufficient innovation 

culture. Also the lack of collaboration between the consultants and the company 

can also be explained by insufficient budgeting. They also argue that it is hard 

to calculate the return on investment; they believe the pay back would be quick 

but it is hard to anticipate it.  

 

“I think the pay-back would be quick, downtime it is expensive, so if we 

could prevent anything there it would be a short payback. But this can be 

difficult since the prevention of a downtime is hard to see.” – Interviewee 3 

This can also be explained with the barriers for Re-thinkers to make Brake-

blockers understand the value and the potential with the digitalisation.  The need 

for staying competitive has started the digitalisation happening that have made 

the Brake-blockers curious of what it can do, but they don’t really know what 

kind of result, or where they should start or how to put up the digital strategy.  
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These organisational and technical barriers for the digitalisation towards a digital 

transformation can be summed up as:  

Technical 

 Insufficient data equipment in the shop floor 

 Insufficient data experience 

  Insufficient interoperability 

 Insufficient IT knowledge 

 The inability for experiments with the platform 

 Insufficient automation of production 

Organisational 

 Lack of anticipation of the organisational change 

 Lack of time, for the interpretation of data 

 Lack of motivation from the workforce 

 Organisational change capabilities 

 Lack of communication within the organisation 

 Lack of integration of information within the organisation 

 Insufficient budgeting  

 Lack of resources as time and money 

 Lack of collaboration between consultants and company 

 Lack of a digital vision and a strategy 
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6. Analysis 

In this chapter the results of the empiric will be presented and analysed, the value of 

digitalisation for a sustainable production, what barriers there are and it will end with some 

managerial and practical implications for the digitalisation towards a digital transformation 

in general 

6.1. The value of the digitalisation for a sustainable production 

Sustainable manufacturing is defined as:  

“At the product, process and systems levels must demonstrate reduced 

negative environmental impact, offer improved energy and resource 

efficiency, generate minimum quantity of wastes, provide operational safety 

and offer improved personnel health, while maintaining and/or improving 

the product or process quality with overall lifecycle cost benefits (Badurbeen 

et al. 2017, p. 20)”.  

The digitalisation has the potential to reduce negative environmental impact for 

the company by optimizing the production that will reduce wastage and 

minimize the energy consumption. It will be reduced by getting a greater 

transparency of the parameters in real-time and to have an understanding of 

how the parameters affect the quality of the products. Beier et al. (2018) argued 

the transparency were one of the most important factors for a sustainable 

production. The digitalisation in this case doesn’t change anything about the 

operational safety and just indirect change their personal health, by making their 

work shifts less stressful, where they can put time for their main objective to 

actually meet the quality required. There is also a need to analyse the true 

outcome of what factors are the most important to produce less waste.  For this 

specific case as well if the interoperability between machines will improve it will 

reduce the wastage and energy usage as well, and the interoperability is a key 

factor for the digitalisation (Lu et al. 2016, Manyika et al. 2015). 

Singh et al. (2016) were saying that changes towards sustainable manufacturing 

gives many benefits to Small and Medium sized enterprises even though they 

have more barriers and are more challenged for making changes within the 

organisation, which is the same for this company. There are many barriers 

occurring for implementing but the outcome for a more sustainable production 

by preventing producing waste have many beneficial for employees, customers, 

government and local community for example.  
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They are not speaking about any rebound effects, Beier et al. (2018) discussed 

the importance of taking the rebound effect in to account with the digitalisation, 

generally when improving efficiency of the production the prices of the 

production get cheaper, and the demand of the products rises, making it 

produce more. Figge et al. (2014) discussed the rebound effect when reducing 

the environmental impacts from resource consumption as they can be linked, 

but that it wasn’t a certainty. Also with the digitalisation and all the new 

smartphones needed in the company it will be positive for other market 

participants just as Figge et al. (2014) discovered.  

6.2. Barriers for the digitalisation towards a digital transformation 

6.2.1. Technical barriers 

As shown in the empirical findings there were small technical barriers as 

insufficient data equipment that is just a practical barrier. In general the 

operators in the company haven’t had that much data experience before, this 

could be a possible barrier but can be overcome with education and training as 

Kumar et al. (2017) discovered as one of the main critical success factors.  

For the interoperability barrier it is important when implementing new 

technologies as well with new machines in the company to work with universal 

standards, since the standards are the fundamental for integration between 

systems and the main fundamental to achieve a Smart Factory (Lu et al. 2016), 

Without the interoperability the IoT has no value (Manyika et al. 2015). There 

is as well a need to make sure there aren’t any single vendor solutions (Lu et al. 

2016).  

Since the company today feel they have too much data even though it is 

manually collected, and that they don’t have time to analyse and interpret it, this 

shows the importance to consider what data should be collected. With the 

volume, velocity and variety with big data, and the easy collection of it today, it 

will be a great barrier if too much data is collected and visualised (Dubey et al. 

2016). The data can be saved as unstructured data as historical data for analyses 

in the future, but there should be a clear purpose of what data is structured and 

visualised to make it easier for analysing it. This due to cloud computing that 

can be seen as a infinitive resource that makes it possible to storage large 

unstructured data. The servers of the company as well is getting older, and since 

the goal is to be able to run the everyday IT infrastructure in the cloud of a 
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Smart Factory, it will be more costly efficient to use cloud computing since it is 

a pay per use service (Avram 2014). 

Something that was not a part of the literature review, that this research can se 

as a key aspect for a successful digitalisation was the ability to make quick 

changes. The ability to experiment with the platform to get quicker further with 

the digitalisation project, this should be seen as a critical success factors for the 

digitalisation and a digital transformation. The platform could have been 

implemented to the operators if the company had the ability to make quick 

changes with the platform. This could be achieved if there could be a greater 

collaboration with technical consultant that has the technical know-how that is 

a critical success factor (Kumar et al. 2017). This leads back to the insufficient 

budgeting, which is a general problem for SMEs, they need to be time efficient 

and have a little demand for IT-capabilities (Goerzig & Bauernhansl 2018). In 

this specific case the company want the platform to be assured and correct 

before introducing the platform to the operators, this can be seen as both a 

strength and a weakness, the data that are there today that are correct could have 

been helpful for the operators, but it is also understandable to keep the old 

system of writing the parameters down until the data in the platform is accurate, 

it could be discussable by involving the operators in this stage and they could 

give comments of parameters that should be included or not.  

6.2.2. Organisational barriers 

Organisation and changes 

As shown in the empiric analysis there was organisational barriers lack of 

anticipating of the organisational change. For a digital transformation it is 

inevitable to argue there will not be any organisational changes necessary, there 

will be a change from manually collection of data to digitally collected data. Vey 

et al. (2017) argued for the pressure to make changes just to stay relevant and to 

be able to be competitive. For the smaller industries to stay competitive it is 

crucial to adapt to digitalisation as quickly as possible, to do so it is important 

to anticipate barriers that might occur to make the organisational changes. 

Burchell (2011) recognized that many leaders did not know how to anticipate 

change resistance and what organisational change would be needed. Vey et al. 

(2017) distinguished reasons why the digital transformation has not been further 

developed, and discovered lack of imagination and strategy, lack of agility and 

insufficient innovation culture.    
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In this case it is also clear there will be a shift, specifically from manually 

collected data and the experienced knowledge and control of the operators will 

have a change for a more digitally collected data and a data-driven knowledge 

and control. For this case there were also a barrier of not believing the 

digitalisation would change the organisation that much, where Kang et al. (2015) 

argues that organisations that have come further with their digital 

transformation have focused on strategy for the change over the technologies. 

All these changes will depend on the organisational change capabilities. 

Change initiative and change management 

The employee resistance may be a great barrier and it is a complex issue. 

Dehmlow (2016) who started a change initiative noticed the employees were 

attached to do things a certain way and the important of change management. 

Where Burchell (2011) defined the importance for anticipating and diagnosing 

the resistance that may come for the change in plan.  

In this specific case employee resistance may occur from the idea that 

experienced knowledge are more important than data-driven, and there may be 

attachment for the experienced knowledge, and “that’s the way it is”- thinking. 

But in general the operator and management were positive towards the 

digitalisation and a digital transformation and that it would facilitate their work.  

Digital strategy 

Kang et al. (2015) identified strategy as a key driver, and that it is one of the 

greatest barriers for the early stages of the digital transformation, which may be 

a barrier in this case as well. The company here didn’t have a clear digital 

strategy, their main objective was for improvements and to get a greater control 

of the production but not a specific plan of how to work with it and how to 

implement it in the organisation, they have some ideas about it, but not a 

concrete strategy. There is a need for a strategy on how to change decision-

making and innovation when working with the digitalisation towards a digital 

transformation. Kang et al. (2015) also argues that early adopters of the 

digitalisation focuses on technology rather over the strategy for it, where the 

companies that have come further with their digital transformation have 

focused more on the strategy for changing the organisation with the technology.  

In this case the digitalisation project could have involved the operators earlier 

of the adoption as well, as they are the ones working in the production, and they 

are the ones that are going to use the platform in the future.  
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Here the motivation of working with it and to faster get it out to the operators 

and they could have reduced the time workload for the management, as well the 

motivation would have come from reducing the workload for the operators with 

writing down the parameters of the production for every quality. Stumpf et al. 

(2013) highlighted that the employee motivation were driven by both extrinsic 

rewards (pay, promotion) and intrinsic rewards (meaningfulness and choice). 

This involvement of the digitalisation project would improve the intrinsic 

reward and increase the motivation of the employees. For the management the 

main motivation was to get a better control of the production, where there are 

other things they feel are as important for a better control of the production as 

sync the line which makes the project to get put on ice. This will be a great 

barrier for a digital transformation in general, to see the value of the 

digitalisation and the digital transformation with it, and to see it as a priority to 

stay competitive.  

There is a lack of research regarding the barrier of how to properly calculate the 

return on investment for the digitalisation, if it would be easier to show the pay 

back period, this would make organisation invest more in the digitalisation, and 

prevent the barrier of insufficient budgeting. Where SMEs are more dependent 

that there is a return on the investment (Goerzig & Bauernhansl 2018). 

Digital culture 

Many researchers argue over the dramatic culture change required for every 

organisation starting their digitalisation towards a digital transformation 

(Shaughnessy 2018, Raut 2017, Loonam et al. 2018).  The digital transformation 

requires technical and organisational changes, just digitalisation and the 

technologies will not make any different without the people. Shaughnessy (2018) 

also argues for the importance not forgetting the true goal of providing value 

for customers.  

In this specific case the digital culture will be of great importance, and if not 

changed it will be a great barrier for the digitalisation. The operators argued 

there were a lack of customer requirements knowledge in the shop floor, and 

according to Buvat et al. (2017) is one of the key attributes for the digital culture, 

the customer centricity. So far the platform will contribute for a greater 

transparency of the production, there is as well a need to further digitalise the 

production planning and objectives of the company, to get a greater 

transparency of the customer requirements. This is especially important for their 

digital culture that will improve their agility and flexibility regarding the 
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customer centricity for the operators in the shop floor. This can also be 

improved with the digitalisation, to get a greater integration of information 

within the organisation and systems.  

Buvat et al. (2017) also defines innovation as a key attribute, the operators in 

the shop floor are very innovative regarding their problem-solving in the 

production. They have manually experienced knowledge, but it is crucial to 

focus this innovation with data experienced knowledge. The operators as well 

value teamwork that is a crucial factor for the digital culture as well (Buvat et al. 

2017).  

Critical success factors 

All these barriers can be seen as critical success factors for the digitalisation and 

a digital transformation, the barriers found can be correlated to the critical 

success factors found in the literature review as proper funding’s for the 

implementation, the availability of professional consultant for the technical 

know-how and a focus for change management.  

Gölzer & Fritzsche (2017) reported that the digital transformation is making a 

shift of the attention with searching for improvements for efficiency from the 

physical production process to finding the improvement by managing all the 

data involved, which will be the same for the management and operators in the 

company. Today they are very depended on their experience and knowledge 

when any errors occurs in the production, with a digital transformation the 

general objective is to get full transparency and integration within the 

production, both vertically, horizontally, and with a product lifecycle view.   

This also shows the importance for education and training for the operators, 

(Kulmar et al. 2017) to be able to analyse and interpret the data collected. Since 

the management today don’t have time for all the manually collected data, and 

the operators will have more time over due to time savings from manually 

collecting data on the shop floor, as well with the importance for the findings 

of Gölzer & Fritzsches (2017) research with the shift from traditional efficiency 

in the production to making it more efficient by managing data.  

Kumar et al. (2017) defined other critical success parameters for implementation 

of advanced manufacturing technologies, this was aimed more for the 

production system, but their critical success factors is suitable for overcoming 

the barriers for a digital transformation as well. They defined the critical success 
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factors as Education and training, Organisational structure, management know-

how, technical know-how and the importance of a manufacturing strategy.  

For a digital transformation all these factors can be seen as critical when viewing 

the barriers occurring, insufficient knowledge and the lack of a digital strategy 

and the organisational changes and education and training required for a digital 

transformation.  

6.3. Managerial and practical implications 

For a digital transformation it is important to anticipate barriers in order to be 

able to overcome them. There will be a change from a manually experienced 

knowledge to a data-driven knowledge. To make a digital transformation 

happen all these barriers presented in this research are important to consider.  

For the technical barriers; it is important to work with the interoperability, to 

work with universal standards so there aren’t any single vendor solutions.  Also 

important to bring in consultants with the technical know-how to get sufficient 

agility to experiment with the digitalisation and work with continuous 

improvements.  

For the organisational barriers; it is important to design a digital strategy, and 

the purpose of the digitalisation. What data should be collected and visualised 

to get the most value for the digitalisation, and how the organisation should 

work with it, and to get everyone involved.  Kang et al. (2015) recognized that 

organisations that have come further with their digital transformation have 

focused on strategy over technology.  
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7. Conclusion & future research 

This chapter will present a final conclusion, the theoretical contribution from this research, 

limitations and finally further suggestion for future researches 

7.1. Conclusion 

The purpose of this research was to examine the digitalisation in a small 

manufacturing company towards a more sustainable production, to first 

examine its potential impact and secondly what barriers they are facing for the 

digitalisation and a possible digital transformation, to furthermore give 

managerial and practical implications for a digital transformation. 

RQ 1 – How can digitalisation in the manufacturing industry of SMEs impact a more 
sustainable production? 

 The digitalisation in this case will be of great value for a more sustainable 

production and this research confirms that transparency is a key aspect for a 

more sustainable production. The manufacturing company believed 10-20 % 

waste reduction of the start-up with new qualities would be possible with this 

transparency.  Just this small change of a 10 % waste reduction in the start-up 

of new qualities have the potential to save 163 357 kr and 3 168 ton Co2-

emissions in one year. A 20 % waste reduction in the start-up of a new quality 

have a potential to save 338 219 kr and 6 552 ton Co2-emissions in a year. This 

would lead to a decoupling between economic growth and the environmental 

pressure. 

RQ 2 – What technical and organisational barriers are there for the digitalisation towards a 

digital transformation in the manufacturing industry? 

With a digitalisation there will be a transformation that will change the 

organisation as well. This research anticipated many barriers, and showed the 

importance of change management with the digitalisation for a more sustainable 

production. The key aspect of the change is that the digitalisation will change 

the manually experienced knowledge into a data driven knowledge. And there 

will be barriers for the change initiative both technical and organisational.  

There are technical barriers to consider as the workers data experience, 

insufficient it knowledge, making sure there aren’t any single vendor solutions, 

collecting too much data that would be useless if not analysed and insufficient 

automation for the digitalisation towards a digital transformation.  
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There are also organisational barriers as lack of resources, organisational change 

capabilities, a lot of manually experiences knowledge that are hard to remove.   

The theoretical contribution is that there are more barriers for the digitalisation 

and a digital transformation than just lack of strategy, insufficient innovation 

culture, and lack of agility; the organisations are complex and there will be many 

barriers along the way with the digital transformation. The digital 

transformation towards a Smart Factory have the vision of information 

integration within the organisation and the production both vertically, 

longitudinal and with a product life cycle management, for this vision these 

barriers presented in this research will be seen as critical success factors for a 

Smart Factory, it will add the interoperability, partnership with technical 

consultants for continuous improvement and organisational change capabilities 

as critical success factors. It also contributes with the importance for agility, to 

be able to experiment with what data is necessary for visualisation. This research 

also discovered a research gap for how to properly calculate the return on 

investment the potential gain is hard to calculate with traditional measures.  

This research will be of help for other small and medium sized enterprises that 

are starting their digitalisation, to get an understanding of what the digitalisation 

can do for them, since this is a barrier for a digital transformation as well to 

understand the value of the digitalisation, it will also add what barriers they will 

face, and some suggestion for how to work for a digital transformation. To get 

the most success out of the digitalisation towards a digital transformation it is 

important to anticipate barriers that may occur, set up a digital strategy and 

change the organisational culture.  

7.2. Limitations 

This research was limited by 20 weeks, and therefore it only had one case study, 

the potentials and barriers cannot be generalised, but many SMEs probably have 

the same challenges. It is also a limitation of the research that the operators 

haven’t used the platform yet, but the operators were asked about their opinions 

about it any way. It is also a weakness that it wasn’t possible, due to time 

limitation, to do a longitudinal research design. This to actually ask questions of 

the transformation of the digitalisation, now the people have been asked how it 

was before and how they believed it would be, but the research would be 

strengthen if it could have been a longitudinal research, since the digitalisation 

and a digital transformation takes time.  
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7.3. Suggestion for future research  

Since this research was a qualitative research, with one case study and their 

potential and barriers, it would be interesting to have multiple case studies to 

see if others industries struggles with the same barriers, to confirm this research. 

As well to examine what barriers there are for a larger company, since they don’t 

struggle with the insufficient budgeting, and insufficient resources, this would 

provide a greater understanding of other barriers that might appear. As well 

further suggestion would be to examine an organisation that have come further 

in their digitalisation and what barriers there are for making continuing 

improvements of the digitalisation. It would also be interesting to investigate 

the critical success factors for industries that have come further with their 

digitalisation and the digital transformation. The research gap of how to 

properly calculate the return on investment and its benefits would also be an 

interesting topic to examine.  
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Appendix 1 

Interview guide 1 – The technical consultants 

1. Present yourself, your name and your job position. 

a) How long have you worked here? 

b) What kind of project are you usually apart of? 

 

2. What is sustainability for you? 

a) What is environmental sustainability? 

b) How can digitalisation affect a more sustainable manufacturing? 

c) How does it affect a more environmental sustainable manufacturing? 

d) How do you work with sustainability in your projects? How do you work for 

environmental sustainability in your projects? 

 

3. What is digitalisation for you? 

a) How can digitalisation affect the industry? Positive/negative aspects?  

b) What barriers are there? 

b) Why is the industry starting to digitalize their production? 

b) How can digitalisation affect the resource efficiency of the production? 

c) How can digitalisation prevent waste? 

d) How will it affect the transparency of the production? 

- What to do with all the collected data, how should it be measured and analysed? 

- How do you know what data is needed and which is unnecessary?  

e) How can digitalisation affect the energy efficiency? 

f) Can you think of any “Rebound effect” that might appear when you are 

improving one area that might affect another area negative (Example 3D 



 

printing, more resource efficient production but will produce more cause it is 

so easy)? 

g) How do you work to connect the different machines or systems, the 

interoperability, to collect all the data in one system instead? 

 

4) When you are starting new digitalisation project for the industry,  

a) How are you trying to work towards a sustainable production for the 

industry? 

b) Are you trying to affect your customers for more sustainable decisions even 

though the costs might be higher? Example implement more quality sensor to 

prevent waste? 

c) Extra to add regarding digitalisation and its impact for environmental 

sustainability through transparency?  

 

Interview guide 2 – The management of the company 

1. Present yourself, your name and your job position here 

a) How long have you worked here? 

 

2. How does your production system look like today? 

a) What is manually handled? 

b) What is digitally handled? 

c) What data is collected manually? 

d) What data is collected digitally? 

 

3. What is sustainability for you? 

a) What is environmental sustainability for you? 

b) How are you working for it in your organisation? 



 

c) How could it evolve and be improved? 

d) What are your negative/positive effects of working for environmental 

sustainability? Profiling etcetera 

e) What aspects are your critical factors for environmental sustainable 

production? 

 

4. What is digitalisation for you? 

a) How can it affect a more sustainable production and how? 

b) How do you think it will affect a more environmental sustainable production? 

 

5.  What transparency do you have of your production today? Transparency of 

material input, output, waste and energy usage.  

a) How could this be improved and at what aspects? 

b) How do you think the digital transformation will affect this? 

 

6. How are you working for resource efficiency today? How are you trying to 

prevent waste? 

a) How could this be improved, what possibilities are there? 

b) How do you think digitalisation would improve the resource efficiency? 

 

7. How are you controlling your energy efficiency of your production? 

a) How could this be improved what possibilities are there? 

b) How do you think digitalisation would improve the energy efficiency? 

 

8. Can you think of any “rebound effects” that would appear when you are 

improving one area that might affect another area negative (Example 3D-



 

printing, more resource efficient production but will produce more cause it is 

so easy)? 

9. How do you think the implementation of the digitalisation project and its 

continuous improvements will improve the resource efficiency? By more 

transparency and data? 

10. How do you think it will also affect the company economical and social? 

Further questions:  

1.  Can you tell me a bit how you work for preventing producing too much 

waste? 

a) Organisational – strategies as TQM? What were the effects/barriers? 

b) Quality assurance, in-line? 

c) About your Quality inspections and correction? 

d) What transparency of it do you have? Do you save quality data? 

e) What is your companies driving force for preventing defect products? 

f) What barriers did you have for making the production more standardised? 

2. What kind of digital strategy did you have? 

3.  What were the difficulties when starting the digitalisation project? 

4. Do you believe in zero defect manufacturing will be possible with the vision 

of Smart Factory, or Industry 4.0 and Total quality management? 

 

Interview guide 3 - The operators in the company 

1. Present yourself, your name and your job position here 

a) How long have you worked here? 

 

2. How does a normal workday look like for you? 

a) From putting in the formula of parameters to a finished product? 



 

b) The documentation, how is it working? 

 

3. How is the organisation working for a good quality of the product? 

a) Do you think your quality may be better than for somebody else? 

b) Do you feel you know when it is a good quality or not by experience? 

 

4. How do you think the organisation can be more standardized with what 

parameters they use? 

5. How do you look at changes in the organisation? What’s your perception of 

it? 

 

6. What does the word sustainability mean to you? 

a) What is a sustainable production to you? 

b) How do you think you are working towards it in the organisation? 

c) What would you need for a more sustainable production? 

7. What does digitalisation mean to you? 

a) What can it do for a more sustainable production? 

b) Do you see any value of having the receipt parameters on a dashboard in real-

time in the production? You think it would prevent producing waste? 

c) How do you think the workplace would change with the digital 

transformation? 

 

 

 

 



 

Appendix 2 - Data for the calculation – Waste in March 2018 

 

1 

                                                 
1 Swedish Environmental Protection agency (2017) – ”Vägledning i Klimatklivet – Beräkna 
utsläppsminskningen”. Naturvårdsverket.  



 

 

1.#Different#errors#within#the#production: Approved#(m2)Waste#(m2) Totalt#(m2) %#waste Approved#(m2)Waste#(m2) Totalt#(m2) %#waste

Approved#(m2)Waste#(m2) Totalt#(m2) %#waste 7926 264 8190 0,03223443 13814 205 14019 0,01462301

8244 2248 10492 0,21425848 3645 243 3888 0,0625 9565 195 9760 0,01997951

6424 1752 8176 0,21428571 6028 242 6270 0,03859649 14210 192 14402 0,01333148

2978 232 3210 0,07227414 7020 234 7254 0,03225806 10544 183 10727 0,01705976

12079 2780 14859 0,187092 6612 228 6840 0,03333333 3475 175 3650 0,04794521

3408 2272 5680 0,4 3477 228 3705 0,06153846 3475 175 3650 0,04794521

3408 2272 5680 0,4 3290 210 3500 0,06 19349 171 19520 0,00876025

2835 915 3750 0,244 8790 210 9000 0,02333333 4070 170 4240 0,04009434

3240 510 3750 0,136 6447 208 6655 0,0312547 0 170 170 1

4582 474 5056 0,09375 6259 195 6454 0,03021382 7356 170 7526 0,02258836

4292 444 4736 0,09375 9889 186 10075 0,01846154 3000 170 3170 0,05362776

9479 309 9788 0,03156927 12643 175 12818 0,01365268 3520 160 3680 0,04347826

8534 264 8798 0,03000682 7886 172 8058 0,02134525 3592 158 3750 0,04213333

5168 57 5225 0,01090909 9060 170 9230 0,0184182 7844 157 8001 0,01962255

12981 5319 18300 0,29065574 3482 168 3650 0,0460274 3406 157 3563 0,04406399

1664 2912 4576 0,63636364 5660 162 5822 0,02782549 6931 155 7086 0,02187412

13729 2823 16552 0,17055341 3718 155 3873 0,04002066 2790 155 2945 0,05263158

8320 832 9152 0,09090909 6985 152 7137 0,02129746 2550 150 2700 0,05555556

13421 803 14224 0,05645388 3647 149 3796 0,03925184 5700 142 5842 0,02430674

6935 760 7695 0,09876543 4988 142 5130 0,02768031 5700 142 5842 0,02430674

2920 730 3650 0,2 3377 141 3518 0,04007959 11400 142 11542 0,01230289

7068 627 7695 0,08148148 12456 138 12594 0,0109576 4275 142 4417 0,03214852

2783 341 3124 0,10915493 3312 138 3450 0,04 3608 142 3750 0,03786667

7334 314 7648 0,04105649 3312 138 3450 0,04 3608 142 3750 0,03786667

4988 285 5273 0,05404893 2706 116 2822 0,0411056 12690 141 12831 0,01098901

4624 264 4888 0,05400982 9131 99 9230 0,01072589 11060 140 11200 0,0125

2840 256 3096 0,08268734 2315 99 2414 0,04101077 17183 140 17323 0,00808174

1482 226 1708 0,1323185 8745 95 8840 0,01074661 12456 138 12594 0,0109576

1942 226 2168 0,10424354 3865 90 3955 0,02275601 12456 138 12594 0,0109576

9850 225 10075 0,02233251 14307 86 14393 0,00597513 12456 138 12594 0,0109576

9024 206 9230 0,02231853 2832 83 2915 0,02847341 12456 138 12594 0,0109576

12370 203 12573 0,01614571 6412 71 6483 0,01095172 13010 138 13148 0,01049589

2584 170 2754 0,0617284 5085 56 5141 0,01089282 2700 135 2835 0,04761905

3210 3990 7200 0,55416667 10242 50 10292 0,00485814 3230 135 3365 0,04011887

8160 0 8160 0 6792 48 6840 0,00701754 6897 133 7030 0,01891892

833 1221 2054 0,59444985 7600 48 7648 0,00627615 10507 133 10640 0,0125

2498 1065 3563 0,29890542 8761 43 8804 0,00488414 10507 133 10640 0,0125

2622 994 3616 0,27488938 7657 38 7695 0,00493827 6650 133 6783 0,01960784

3312 688 4000 0,172 10259 33 10292 0,00320637 2316 132 2448 0,05392157

2746 619 3365 0,18395245 8776 28 8804 0,00318037 3519 131 3650 0,03589041

15805 464 16269 0,0285205 7866 19 7885 0,00240964 19398 122 19520 0,00625

14986 1287 16273 0,07908806 9145 9145 18290 0,5 3630 120 3750 0,032

7524 76 7600 0,01 16030 2870 18900 0,15185185 3630 120 3750 0,032

15603 0 15603 0 13272 1816 15088 0,12036055 2025 120 2145 0,05594406

712 0 712 0 2212 1538 3750 0,41013333 6806 118 6924 0,01704217

762 0 762 0 2560 1440 4000 0,36 10862 117 10979 0,01065671

510 0 510 0 2263 1387 3650 0,38 3333 117 3450 0,03391304

9230 0 9230 0 11912 1348 13260 0,10165913 3243 117 3360 0,03482143

8840 0 8840 0 2177 1323 3500 0,378 11768 114 11882 0,00959434

17323 0 17323 0 2779 1281 4060 0,31551724 6916 114 7030 0,01621622

2907 3627 6534 0,55509642 10011 923 10934 0,08441558 6726 114 6840 0,01666667

4906 3194 8100 0,39432099 9588 884 10472 0,08441558 3568 112 3680 0,03043478

7526 994 8520 0,11666667 17673 753 18426 0,04086617 3888 112 4000 0,028

7864 956 8820 0,10839002 3000 600 3600 0,16666667 12768 112 12880 0,00869565

12540 855 13395 0,06382979 4622 435 5057 0,08601938 3504 112 3616 0,03097345

7782 738 8520 0,08661972 3490 420 3910 0,10741688 14625 107 14732 0,0072631

7453 707 8160 0,08664216 10800 405 11205 0,03614458 3344 106 3450 0,03072464

9269 651 9920 0,065625 3300 350 3650 0,09589041 3645 105 3750 0,028

7797 627 8424 0,0744302 8959 341 9300 0,03666667 3645 105 3750 0,028

8492 596 9088 0,06558099 11178 297 11475 0,02588235 3645 105 3750 0,028

3424 576 4000 0,144 15762 293 16055 0,01824977 2498 104 2602 0,03996925

16345 419 16764 0,02499403 2850 285 3135 0,09090909 3735 99 3834 0,0258216

9894 398 10292 0,03867081 3744 256 4000 0,064 3735 99 3834 0,0258216

8463 341 8804 0,03873239 2760 233 2993 0,07784831 3261 99 3360 0,02946429

7505 332 7837 0,04236315 2698 228 2926 0,07792208 8492 99 8591 0,01152369

10179 305 10484 0,02909195 4020 220 4240 0,05188679 10630 98 10728 0,00913497

10800 270 11070 0,02439024 2928 207 3135 0,06602871 2752 98 2850 0,03438596



 

 

 

Approved#(m2)Waste#(m2) Totalt#(m2) %#waste Approved#(m2)Waste#(m2) Totalt#(m2) %#waste Approved#(m2)Waste#(m2) Totalt#(m2) %#waste

3555 95 3650 0,0260274 7600 48 7648 0,00627615 8492 28 8520 0,00328638

4210 95 4305 0,02206736 7600 48 7648 0,00627615 2.#Start@up#New#quality

7600 95 7695 0,01234568 6507 46 6553 0,00701969 Approved#(m2)Waste#(m2) Totalt#(m2) %#waste

7600 95 7695 0,01234568 3518 46 3564 0,01290685 0 7714 7714 1

8133 95 8228 0,01154594 10028 46 10074 0,00456621 12006 6838 18844 0,36287412

2509 94 2603 0,03611218 10028 46 10074 0,00456621 0 5220 5220 1

14048 93 14141 0,00657662 3705 45 3750 0,012 14193 4902 19095 0,25671642

3612 93 3705 0,02510121 9705 45 9750 0,00461538 19325 4831 24156 0,19999172

7966 92 8058 0,01141723 9705 45 9750 0,00461538 0 4582 4582 1

13879 91 13970 0,00651396 4513 44 4557 0,00965548 300 4500 4800 0,9375

16178 91 16269 0,00559346 5942 43 5985 0,00718463 9765 3952 13717 0,28810964

5157 90 5247 0,01715266 9187 43 9230 0,00465872 1846 3834 5680 0,675

3660 90 3750 0,024 9187 43 9230 0,00465872 1768 3672 5440 0,675

9660 90 9750 0,00923077 9187 43 9230 0,00465872 8946 3621 12567 0,28813559

2686 88 2774 0,03172314 4359 43 4402 0,00976829 8680 3500 12180 0,28735632

4219 86 4305 0,01997677 1520 42 1562 0,0268886 6375 3195 9570 0,3338558

8294 86 8380 0,01026253 2561 42 2603 0,01613523 9600 2880 12480 0,23076923

14014 86 14100 0,00609929 6360 41 6401 0,00640525 6468 2426 8894 0,27276816

12488 85 12573 0,00676052 2091 41 2132 0,01923077 942 2288 3230 0,70835913

10642 85 10727 0,00792393 10036 39 10075 0,00387097 14272 2280 16552 0,1377477

9997 85 10082 0,00843087 6802 38 6840 0,00555556 8533 2194 10727 0,20453062

7215 85 7300 0,01164384 10203 37 10240 0,00361328 5700 2138 7838 0,27277367

3039 85 3124 0,02720871 6551 37 6588 0,00561627 17446 2074 19520 0,10625

3367 83 3450 0,02405797 3614 36 3650 0,00986301 12005 1404 13409 0,10470579

4452 83 4535 0,01830209 9194 36 9230 0,00390033 3718 1394 5112 0,27269171

7055 82 7137 0,01148942 5451 35 5486 0,00637988 5700 1330 7030 0,18918919

3716 80 3796 0,02107482 10044 31 10075 0,00307692 10340 1281 11621 0,11023148

8919 75 8994 0,00833889 9734 31 9765 0,0031746 3377 1266 4643 0,27266853

7621 74 7695 0,00961663 3422 28 3450 0,00811594 3824 1264 5088 0,24842767

10654 73 10727 0,00680526 11172 28 11200 0,0025 8776 1164 9940 0,11710262

10654 73 10727 0,00680526 9202 28 9230 0,00303359 6656 1040 7696 0,13513514

2113 73 2186 0,03339433 8918 28 8946 0,00312989 1216 988 2204 0,44827586

5700 71 5771 0,01230289 8492 28 8520 0,00328638 1136 923 2059 0,44827586

5700 71 5771 0,01230289 1969 28 1997 0,01402103 3319 821 4140 0,19830918

5700 71 5771 0,01230289 9344 28 9372 0,00298762 4200 600 4800 0,125

4018 70 4088 0,01712329 8492 28 8520 0,00328638 10162 584 10746 0,0543458

3430 70 3500 0,02 8133 27 8160 0,00330882 3328 520 3848 0,13513514

3682 68 3750 0,01813333 4045 23 4068 0,00565388 6137 513 6650 0,07714286

3682 68 3750 0,01813333 10052 23 10075 0,00228288 4217 469 4686 0,10008536

3682 68 3750 0,01813333 2582 21 2603 0,00806761 4217 469 4686 0,10008536

8182 68 8250 0,00824242 9209 21 9230 0,00227519 4366 0 4366 0

3729 67 3796 0,01765016 7676 19 7695 0,00246914 4700,5 0 4700,5 0

7534 66 7600 0,00868421 8506 14 8520 0,00164319

3730 66 3796 0,01738672 8146 14 8160 0,00171569 3.#Start@up#within#batch

14795 64 14859 0,00430715 9705 45 9750 0,00461538 Approved#(m2)Waste#(m2) Totalt#(m2) %#waste

3498 64 3562 0,01796743 2871 1328 4199 0,31626578 11832 5693 17525 0,32485021

3936 64 4000 0,016 7182 513 7695 0,06666667 7181 3995 11176 0,35746242

3498 64 3562 0,01796743 8520 0 8520 0 8451 2754 11205 0,24578313

9166 64 9230 0,00693391 6345 1215 7560 0,16071429 15721 2450 18171 0,13483022

3388 62 3450 0,01797101 3099 1157 4256 0,2718515 4066 2204 6270 0,35151515

6950 58 7008 0,00827626 9664 1104 10768 0,102526 13263 1596 14859 0,10740965

9086 58 9144 0,00634296 10526 915 11441 0,07997553 11529 1431 12960 0,11041667

4148 58 4206 0,01378982 2097 783 2880 0,271875 6270 1425 7695 0,18518519

3506 57 3563 0,01599775 1841 687 2528 0,27175633 8244 1349 9593 0,14062337

7068 57 7125 0,008 9158 592 9750 0,06071795 13614 1258 14872 0,08458849

7638 57 7695 0,00740741 8669 561 9230 0,06078007 3000 1200 4200 0,28571429

11421 54 11475 0,00470588 9322 428 9750 0,04389744 10640 1197 11837 0,1011236

11421 54 11475 0,00470588 8825 405 9230 0,04387866 15677 1193 16870 0,07071725

10021 54 10075 0,0053598 8208 312 8520 0,03661972 6424 1051 7475 0,14060201

2550 52 2602 0,01998463 6000 300 6300 0,04761905 8052 1006 9058 0,11106204

8948 52 9000 0,00577778 1376 288 1664 0,17307692 891 971 1862 0,52148228

3599 51 3650 0,0139726 1333 279 1612 0,17307692 4058 934 4992 0,18709936

9180 50 9230 0,00541712 10795 255 11050 0,02307692 3931 905 4836 0,18713813

8470 50 8520 0,00586854 10795 255 11050 0,02307692 8409 884 9293 0,09512536

7648 48 7696 0,00623701 9017 213 9230 0,02307692 8421 809 9230 0,08764897

7600 48 7648 0,00627615 9017 213 9230 0,02307692 8065 775 8840 0,08766968

7600 48 7648 0,00627615 9269 31 9300 0,00333333 4232 738 4970 0,14849095



 
 

Approved#(m2)Waste#(m2) Totalt#(m2) %#waste Approved#(m2) Totalt#(m2)

4232 738 4970 0,14849095 67230 0

1628 708 2336 0,30308219 0 0

1752 708 2460 0,28780488 59006 0

6552 689 7241 0,0951526 0 0

603 657 1260 0,52142857 0 0

529 577 1106 0,52169982 480 0

2608 527 3135 0,16810207 85879 0

3220 342 3562 0,09601348 4736 0

3235 328 3563 0,09205726 9000 0

7125 285 7410 0,03846154 1397 0

5650 226 5876 0,03846154 689 0

10906 0

4.#No#waste 358 0

Approved#(m2) Waste#(m2) 3562 0

117 0 5600 0

1980 0 5600 0

1089 0 5600 0

1221 0 5200 0

0 0 5200 0

0 0 5200 0

11686 0 10075 0

14732 0 10075 0

0 0 10075 0

13127 0 9230 0

13929 0 9230 0

14859 0 9230 0

14859 0 640 0

3565 0 112 0

0 0 10075 0

942 0 10075 0

0 0 9230 0

10727 0 9230 0

19520 0 0 0

5660 0 0 0

5660 0 0 0

4988 0 0 0

4988 0 0 0

2848 0 0 0

3562 0 17040 0

4275 0 18460 0

4230 0 18460 0

0 0 1500 0

0 0 135 0

0 0 18460 0

0 0 3990 0

13286 0 2700 0

3600 0 2370 0

4800 0 4500 0

3650 0 0 0

0 0 0 0

6840 0 0 0

6840 0 0 0

7600 0 10292 0

7600 0 9230 0

7600 0 9230 0

300 0 8804 0

1 0 8840 0

0 0 8840 0

0 0 2976 0

7600 0

7600 0

7600 0

7600 0

7600 0

3450 0

7695 0

0 0



 

Appendix 3 – Equations 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑒𝑟 𝑤𝑎𝑠𝑡𝑒(
𝑘𝑊ℎ

𝑚2
) =

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛(𝑘𝑊ℎ)

𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑚2)
 

𝐸𝑛𝑒𝑟𝑔𝑦 (𝑘𝑊ℎ) =  𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑒𝑟 𝑤𝑎𝑠𝑡𝑒 (
𝑘𝑊ℎ

𝑚2
) ∗ 𝑊𝑎𝑠𝑡𝑒 (𝑚2) 

𝐶𝑜2 − 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝑘𝑔) = 𝐶𝑜2 (
𝑘𝑔𝐶𝑜2

𝑘𝑊ℎ
) ∗ 𝐸𝑛𝑒𝑟𝑔𝑦 (𝑘𝑊ℎ) 

𝐶𝑜𝑠𝑡 (𝑘𝑟) =  𝑊𝑎𝑠𝑡𝑒  (𝑚2) ∗ 2,8 (
𝑘𝑟

𝑚2
) 

 

 



 

Appendix 4 – Receipt sheet that was filled in during 
observation 

 



 

 

 



 

 



 

 

 

  


